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1. —frBEAMRAT®Fe:E XGRS Y:
A- (M) =X
A={ (M) (M) ;]-X
A=[ (M), (M) (), ] ~X
A= (MY), (M) ) (M), . .. (M%) ,]-X
A= (M) - (M) ~X
A= (M) = (M) = (M) =X
A= (M) = (M) = (M) = . . - (M¥) =X
X=M,~ (A) =M,~X
X=[ (M), (M%) ]~ () = (M}) , (M?) ] =X
X=[ (M) (M), (), )= (A) =[ (1), (M2), (%) ,] =X
X={(MY s (), O) (M9 1= () = (M), (M), (3) . . . (M¥),] =X
X= (M) o= (M) = (A) = (M) = (M?) -X
X= (M) = (M) (= (M}) = (A) = (M) - (M?) = (") ,—X
KT (M) == (M) = (M2) o= (M) = (B () = (M2) = (M) = . . = (M°) ,-X
A7=( (M) ,~X],
AT= ([ (1), (),]-X),
AY= ([0, (M), (1), ]-X) ,
AT ([ (M), (19), () . . . (M¥),]=X)
AT=[ (M) -X],
Af=[ (M) - (M) ;=X1,
AY = (M) - (M) - () -X], B
Af=[ (M) = (M) = (M) = . . = (MY) ,=X],

JF Xi&a CL, Br, I, ORY, SR", SeR", OC(=O)RY, OP=0)R",
OP(=0)(OR"),, OP(=0)OR™, O-N(R'),, S-C(=S)N(R'),, CN, NC,
SCN, CNS, OCN, CNO #= Nj,
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EFROZAEA 1-20 MR FHIREA, AFTH-ANAERFTHELE
HWREBRK, BA2-20 A BRTHAHE, LA 2- 20 ABRTHRA,
FEAXFTHE, BRETH1-5SARERTR C-Co A FTRK, Fo

R RFERAREER L4 Ci-Cpo o i, X Py N(RM)z EAw, HA
RYEH THAE—-RBRS. 6 X7 REK;

A & R"C(0), R"R"R"Si, R"R"N, (R"),P(O), (R"0).P(O),
(R™RZ0)P(0), F AE=H A R H(E4EX RN 694 H), 3

R', RCARVEABINEL H, AF, C-Colilk, C-CyIiik,
R%Si, C(=Y)R’, C(=Y)NR'R’, COCl, OH, CN, C,-Cyk3h K3 teit,
FRLHA, HAE R, HEATRARGE K H B RRREY C,-C, T
AR, SR, LmA FRA FEBE AP 144G
2R THEERRY C-Colt Rk, Foak 1-3 MRAEBAKE C-Co ik,
HRREZR A C-ColrBA. FA. £3A. C=Y)R. CEY)NRR), 3¢
LI A G K

RELA 1-20 ARRTFHRL BA 1-20 ABEFHERL,
OR™(HEF R*.Z H 3i#4 %), BA 1-20 ARRTFHRAL XX, ¥
WA, K, FAAXLEFRAL

RO RTAR 5302 H K AH 1-20 AR THRE, R R H R T
L—RYGBRAKF2-TAERFHERE, HAHBRT 3-5 8- 3K, #

ROEH, HERIHE C-CuRiREL;

m> 03%1; #

n2o0, 1=X2;

M, M, M, - E MU S ARTAMAROWHEIK, Aadigihes
KARR B AR F 69 (12 AR AR 8 B ST A48 D)

i Jo ke 2 1LEFT A WARS G LKL M, M2 M, - F M" 64 B R 3t
Fu

P,qr-Es ZPRIRFER(E)REVRESBRBEAFTHESEAE
I IACHREW AL EHBENTHRHYH T FE 2 250g/mol.

2. —HEARLT i Feh @ X 6 KM R AR (LB AW

3
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A- (M) T-X
A= (M) (M?),]-X
A-[ (M) (M) 5 (M) ) =X
A= (M) (M) (M) o oo (M) ;] =X
A= (M) = (M?) ;=X
A= (M) = (M?) = (M) =X
A- (M) = (M?) = (M?) =. .. — (M) -X
X-M,~(A) =M,-X
X=[ (M) (M?),]=(A) =( (M), (M?),]-X
X=[ (M), (M), (M%) ] (RA) = (M*), (M*);(M*),]-X
X=[ (M) oo (MF) (0), (M), )= (A) = [ (M), (M?); (M) 4. -+ (M*),]=X
X= (M) g= (M') = (B) = (M) - (M?) —X
X= (M) = (M) o= (M) = (B) = (M}) = (M?) - (M°) —X
X2 (O) o= = (0) = (1) = (M) o= (A= (M) o= (M2) = (W) - . . = (M) -X
A'=[(MY),~X),
Ar=([ (M), (M) ,]-X),
Af= (LMY (M) (M), )-X),
A= (M) (M) (M) e h 0 (M) ,]X),
A'=[(M'),-X],
A7 =[ (M) - (M?) ;~X],
AT-[ ()= (12) = (M) -X], 4o
A =[ (M) = (M) o= (M) ,—. .. = (M) ,—X),

EF X3t A CL Br, I, ORY, SRY, SeR", OC(=0)R", OP(=0)RY,
OP(=0)(OR"),, OP(=0)OR", O-N(R'),, S-C(=S)N(R'),, CN, NC,
SCN, CNS, OCN, CNO #= N3,

AP RUZEA 1-20 ABRTERE, EFPHE-ANERTFTHIR
B ERNK, BA2-20/ R THEHE, LA 2-20 MR TFHRA,
RKERFTRE, BAETH1-5SARERTR C-CAREARR,

4
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RYZFARAER I C-Colelk, REHL NRY), LA, HA
RYAHTHE-RBARS. 6 X7 ALK

A & R"RVR"C, R"C(0), R"R"R"Si, R"R"N, R"N, (R").P(O)ms
(R"0),P(0)m Z(RMRZ0)P(0),., £ F

R, R°ARPEABIHZLEA H, BE, C-Colil, C-CyHrik,
R%:Si, C(=Y)R’, C(=Y)NR’R’, COCI, OH, CN, Cy-Cy %t} H &,
FALKKE, HAH WA, MIRACREARE K HEMBRKY C-C £
SRR EAEK, FR, FHA FE FEEA L 140545
ARTHREHRKY C-Cottdk, ol 1-3 MRRAREY C-Co ik,
BRAKL A C-CoBRk, FHh. &%, CEY)R. CEY)NRR, 3#
A Afgm AR HE ZER. REARPYRBIE2ALH, £P

R'ZEA 1-20 A%BRTHRE, BA 1-20 MERTFHRAL,
OR¥(tF R¥Z H X#2 k), BA 1-20 AmRTFHRAL, FH4, ¥
Rk, #3mEk FREXLEREAL

ROAr R7EFHA HREA 1-20 ARFHEE, X RH R Tk
HE—REREA2-SABRTHERELA, HBHHBRT 3-£6-A3K, #

R'Z H, H#XI4E C-CurihiFi;

m 0X1; #o

n<o0, 1x2;

M, MM, - E MU BRTHAHARSGRK, AdBEihNE
KARGR BB R R AR W (2 AR BT AR MY, M2, M°, - £
MU £ —ARBHTX
R \c:——c/ :

VAN
A PR FR It AH B4 CN, BA1- 104 BB TFHASAR L
hAK, BRATARRRKE, BA 2-10 ARRTHTHBKLN, op-F
fofe A4ER LA EH AR, THIERY C-Cs A, 2RA, £
BERAETEHRTTHAETRTR C-CoRARREABRRAE L b —
AREANARBRTEAL)TRA H X C-Cy A F41, NR%, N'RY,

5
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COOR’ (£ ¥ R* 2 H, #&2A&X C-CskKk), C=Y)R’, CE=Y)NRR,
YCE=Y)RY, YS(EY)R?, YS(=Y)R?, YS(=Y),YRE, P(YRY), P(EY)(YR®),
F2P(=Y)R%, EF Y TUENR. $32 0, £FR’, R, R"##R A b
e, ARERABHETSRON, CETULBLEIELA; F

R* =R A H ®E, CN, C-Cihi# COOR’

R' #» R T £ — &M &#E X (CH)y 8 3L B (T 3B AK) XK
CEO0)-Y-CEO)V A, AP nR2-6/Y 2R LA F

R, R, RRFR FEI/BHALHIRE #R, R, R°FR' $%
F=ARATABARBATRARK: 23K, EREREAT—AREA
RERTH H R C-Cy A F44, NRY, N'RY%, COOR’, CE=Y)RS,
C(=Y)NR’R’, YC(=Y)R?, YS(=Y)R®’, YS(=Y);R®, YS(=Y),YR®, P(YR®),,
P(=Y)(YR®), 3 P(=Y)R®,, HFZEIRREHY C;-Cy 3 i;

Lj ke 21 RXTTHHREARESGEEK M, M, M, - £ M B RIL;
For

Dqr- EsERMIRAFEEEUEGTHELSEAE Y IREBREY
FHXEH L T2 £ 2 250g/mol.

3. —HAEATXOIHKLEY:

A-(M'-M*)p-(M*-Mq-(M'-M?)r-...-(M"-M")s-X
A,

A-[(M'-M*)p-(M*-M")q-(M'-MP)r-...-(M*-M”)s-X
£ Xi&a CL Br, I, ORY, SRY SeR"“, OCE=O)RY, OP=O)RY,
OP(=0)(OR"),, OP(=0)OR", O-N(RY),, S-C(=S)N(R'),, CN, NC,
SCN, CNS, OCN, CNO # N,

Ed RYZAA 1-20 ABRTHRA, R PHE—-ANABEFTHRIW
HRERK, BA2-20 MR THBEE, AA2-20 N8R Femi,
FREAFTRK, BHETH1-5ARERTFR C-Co RABTRK, #o

RUAEFAXAUR LS C-Co ik, REAENRY LAY, BHA
RYKH THAE-RBRS. 6 X7 R L%

A 2 R11R12R13C, RIIC(O), R"RIZRISSi, RllRuN, (R”),,P(O)m,

6
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(R"0).P(O)m H(R"YRZO)P(O)y, 3 F

R, REARPEABRINLEAH BE, C-Cuhik, C-Cyirii,
R%:Si, C(=Y)RY, C(=Y)NR’R’, COCl, OH, CN, Cy-Cy%¥ A R 4,
FALKKE, HGAREHE, HRACEREXE K HERBRKY C-C £
YRR K, S, Ak IR FHER AT 1A4AE40%
ARTHAEFNRY C-Cottdk, P 1-3 MR C-Co A,
GRREZ G C-Co B, FX. 2xA. C=EY)R. CEY)NRR, 3*
AlhAFgmikddil; ZXR. RARPFREBE2A2H, £

ROZALA 1-20 AEBRTHRA, BA 1-20 ABETFHRAL,
OR*(E ¥ R Z H 3 #L k), BH 1-20 A BRFHRAKL, 4
yk, Faik, FRARSIANL

RiA R EFIAHRXEA 1-20 AERTFHRE, X R P R T
A—RGREA2-SAERTHERE, ARHBART 3-£6-AK,

R'Z H, A4 14 C-Cp IR F A

mZ0x1; #

n 0, 12x2;

M'A M & BZFRRGTAREARSG LK, 2BEEHL M B M
P AR T AR M A M P 5 — A AT R A

M'EM Fe M i — A M2 M F2 M F 5 —A #o

P.Qr. £ s BRI EFEHEHFERDGTHRGERXEY 3 XK
¥aFEEY A 250g/mol, # q,r,..E s TEAZ 0.

4. —F AR TG ZXREW:

A-M'p-(M'aM?*b)x-...-(M'cM*d)y-M?q-X
£+ Xi&8 Cl, Br, I, OR", SRY, SeR", OC(=O)R", OP(=0)RY,
OP(=0)(OR"),, OP(=0)0OR", O-N(R),, S-C(=S)N(R'),, CN, NC,
SCN, CNS, OCN, CNO #= N;,

AF RUEREA 1-20 ABRTFHRA, RV HE-ANAERFTHIW
HRERK, BA2-200 R THEEL B 2- 2008 RFeHi,
FEXTRIK, BHETH1-5ARERTFR C-CoRAHBK, Fo

7
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RUYZFRARAMRIE C-Cpy ek, REHE NRY, LA, HA
RYEATHAE-RBARS 67 REK

A 2 RHRIZR”C, RHC(O), RURZRIS; i R”RIZN, (Rll)nP(O)m,
(R"0),P(0)n Z(R"YR"O)P(0),., HF

R", R'FRPZE A LA H BE, C-Colk, C-Cyiii,
R%Si, C(=Y)R’, C(=Y)NR’R’, COClL, OH, CN, Cp-Cy %% % 3 1%,
ALK, HAH WA, HAALREAREKEHENBRKY C-C T
SRR AWK, FA, RIK, FhREA FEBE AP 1AZE4AFY
AR TR EBERN C-Colr i, fodk 1-3 MRALTURE C-Ce Bk,
BRARAZ A C-CoBRk. FHE. LA, CEY)R. CEY)NRR!, 3%
kA PEGERTHE ZLAR. RPFRPFRBI2A2H, £

R'ZBEA 1-20 AR THRE, BA 1-20 ABRTHRAEL,
OR*(FF R* 2 H 342 k), BAH 1-20 AR TFHRAL FX, F
WAk, RHK, FRAREFRAL;

Réfe R B3 Z HREAH 1-20 A RTFHRE, HRHF R Tt
AE—RYUBREA2-5ABRTHERL, BRHHBART 3-£6-R%K,

R°ZH, A#HIE C-CoXRFA;

m>30x1; #

nA0, 1X2;

M'Fe M> R AR R B ERGTHHERS MK,

a, b, cd AIEIWAFGETHE, £K atb=c+d=100, EF a:b It
A 99:1-50:50, c:d & 50:50-99:1, M'5 M2 EERILIE ER AW
KEF@BMM ab THRE cd; o

P, Q. X Aoy B E ) 2 69 RH,

5. BAZRANHBELERD, A M E5EMAEAMEZ Y 154K
HREIAERER LR X,

6. —FBAATXGHEIMEEST:
Ml_(Mla Mzb M3c "“Mud ) X, é&‘
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M - <Mla1T2bb|43c' ' '1v|1“d> I p-(M)g- (B) - - (M)gle -Xg

Xp Xi X5 Xk
EPM RAAR-ZEERPZF - AXAAGTAREARSGEK X
u]:

X &£ #B CI, Br, I, OR", SRY, SeR"Y, OC(E=O)RY, OP=0O)RY,
OP(=0)(OR");, OP(=0)OR", O-N(R"),, S-C(=S)N(R'),, CN, NC,
SCN, CNS, OCN, CNO # N,

AP RUZEA 1-20 MR THRA, LFH-ANAERTFTHIL
HREBNK, BA2-20 KR THBHERE, BA2-20 MR THB-A,
FEIFTHE, BHETHI-SARERTR C-CoREAFRRK, o

RUYZFARAMRIE C-Cu ik, XBAL NR'"), LA &, #&A
RUEHTHE-RBAS 6 X7 ALK

M? M?, - 2 MU B AR A6 1k

abcEdAETAHOHHE, ZKa b E2dWNERZES

e Z()abs M EXXPH, )b M EX EHH, (i)c s M EX
AW# -~ EGliv)d 5 M" £ X XA 0 fmz b,

f<e#r

(g+h+itjt+k)=e.

7. BAZR 6 i G EIACERESY, L fabc-E2dWEmtE
¥ 3.

8. —HEATXHEHRR BB HESY:

X R"= (M -X).
X R"=[ (M} M%) =X],
Xe R"=[ (M‘iMZjM’k) ~X].
Xe R"=[ (M‘iszM3k. . M) -X].
Xe eR"=[ (M) - (M?) —X],
Xe..R"=[ (M') = (M) o~ (M) .~X],

Xe. R"=[ (M) = (M) o= (B) .= o . = (M) =X ],
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AP RARAEABIRXAF—RERBAFE-CHREWAEL,

X &8 Cl, Br, I, ORY, SRY SeR", OC(=0)R", OP(=0)R",
OP(=0)OR"),, OP=0)ORY, O-N(R'),, S-C(=S)N(R'),, CN, NC,
SCN, CNS, OCN, CNO #= N;,

AP RUZAEA 1-20 A FRFIRA, APH—AEARFTHLK
HEERNK, BA2-20 MR THEHRE, BA 2-20 AR THHK,
FERFHA, BHETH1-5SARFRTR C-CBEAMBK, #

RYZFARAMEIHE C-Cp ok, XREALE NRY, LA, HA
RYAETHAE-RHBARS. 6K 7 REF;

M, M* M, - E MU AT AWERAEA;

e A FHEF 250K

f>e;

P, q,r- EsGERIWAFEEFERBEGFHRSGELET IXEH
B34 F22 £ 250g/mol; #»

i, ke 21 RFTAHWARSGEEK M, M, M, - £ M 9 BRI,

9. MA LK 8 EELRY, LI RXAKERXKRERIER
o4,

10, BA LK 9 BB ERYD, £ F

M, M2, M, - £ MY ATl X-R'RPC-CR’R*- 8 .4k .0, Hf:

R'fs R EIEAH BE, CN, BH1-10 A MERTFHAER L
b, BRATURBRRY, BEA2-10 A MR THAER TAGEBL
F K, I T A, C3-Cs FRBUIE, R THIAR, NR®,
C(=Y)R’, C=EY)NRRY, YC(=Y)RY, YC(=Y)YRY, YSEY)R?, YS(=Y)RY,
YS(=Y),YR®, P(R%,, PEY)R®;, P(YR®),, PEY)(YR®,, P(YRY)R®,
PEY)XYRY) R®, #d X Lemik, L& HETTHRERT. NRY..
Ci-Co B R, Ci-Co AL HAK;

£ Y TULENRY. S & O;

10
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ROZEH 1-20 AmRTFeRA, BA 1-20 MEETERmAE,
ORM(FE ¥ R T H e k), A 1-20 AMERTFHRAL, F4, ¥
Bk, A, FREAXEFRAL;

RAR BIWZAH1- 20 AERTFHREL SRR THA K
AR 2-T AR THEEE, HBRHBAT 3-£ 8-, AR EIK
RABI I C-CoRAE ALY RRAAX N EEETH—RF
LB, TRELE-RBRI-T RIR); o

R’ #» R' #5348 H, 8%, CN, C-Cs5e&k# COORGLT R
ABA1- 10 AR TFHREARFL), X

R' # R’ Tk 5 — &M Rl X (CHy)w 89 A B (THIRK), EF n'Z 2
- 6; #o

R, R, RFR' Y2/ BHAZHAAE.

11
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EATRIFEIMESAREREY
B F ZRBEATRERPREGHRCHREY

AEARE

S LT

AEXRFEHRARA YA TIARLEBNNETIAALBE
S “BRTFHBEHEARS WHEAWERSFT %K.

FREHEXK

EBRBESGRBEERATRANEBEASTRY. 398K, BibEH.
Bk, ERAPHRENLRTRINEARESY. AL F 40 FFLEFR
B s A THET. METFTHARLALCEBEINANGERIKRAAL O.W.
Webster , (4% , 251, 887(1991)).

R, SheiEhinn, cAKXPZAERAHEAESRB &2
5 0. HAARKRGRFTOANERES TR EEN S TER S 5 H
AEBEAHMELEHOZEN I AP,

F—Fdm, BHARSGRAEMBAHRERBSATHS L L EEY
PROFRESRB, ZAERRTH S ABNACELSTERES. ", AW
EBOGRBUACHFEFRAFTEZIHNEAALRY . A CESF %
REERBEERBERY. b, AMRARES TS BLAK,. Fn. &
FaXLky Xitfr, SACREFTERR,

A, BAEE—#AWEARESTE, CREFANELAMELITE.
FOTESHGL “S398MW ). EHEHLERPIEGYILHHDER
L4 .

CBRATE “EW BHAFTETHETEHESMN = HF %
(Greszta ¥ A, {(X%-F» ., 27, 6381994)). F—MHFF et kK
AR ALSARRAABEARATERRRB AN RGEY. F M5
FOHEEALKOARA AN AT TEREAHRAR A WLAGE
B FEMFRoBLELL RGBT EALGRAEBRE, ALEERAHKEL

12
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ey dRagHN .

wTEN/ S EONRARSABEH B LA g, — 2 “EH”
AHARSGRBEUROREBEWNARELSVWAARANE AR AL EH 46
HA R 0L (US £ 4] 4,581,429 ; Hawker, (£ALF 2 L),
116, 11185(1994); Georges ¥ A, WO094/11412 ; Georges FA, (X
2TY, 26, 2987(1993)). 2 CoIRASMUK M THE “EH” BEH
¥ & (Wayland , B. B., Mukerjee,S.L., Fryd, M., { £ B4 F2 %) ,
116 , 7943(1994)). “#FW” R H &g @34 M Al(-Bu) 3: Bpy :
TEMPO 31 A4k # X% & (Mardare FA, (X &2T), 27, 6451994)).
ATHAREXTPRP BRI A AL CAAARAPEAGHETEIC
BRUEBYGTHEANARS R B (Lee ¥FA, J. Chem. Soc. Trans. Faraday
Soc. I , 74, 1726(1978); Mardare ¥ A, Polym. Prep.(ACS),
36(1)(1995)).

R, Z& “FH REKRATRIAET-HeERTHLIRLSEL
St RALERRBERTHE T %

A —ih X FHET AT Ni(0)FF 2 & o5 RALE R 51 & H (iniferter) 4k
Ro B, RBTEFTENFPRELGY>TEIF, BATHAFALH
FIAMEAER XY 1-2%K £44(T. Otsu, T. Tashinori, M. Yoshioka ,
Chem. Express 1990 , 5(10), 801). Tazaki ¥ A(Mem. Fac. Eng.,
Osaka City Univ., 30 %(1989), 103-113 R)AF TATE B4 FA &
RE—FPEA AW ALERINEHNEEZ. | Tazaki FAFHAFE
o RaEmEIK, Tazaki FALZAF TR ARNGINEAMNKEZELRESX
CHAPEARHRT &,

XEAK A XMT TR A4 E R3] A #H (Bamford
Comprehensive Polymer Science , Allen, G., Aggarwal, S. L.,
Russo, S.%, Pergamon:Oxford, 1991, #3 %, # 123 R), £+
(1) RCHX; & RCX3(#£ ¥ X = Br, CHFRQNi0O)FftecIELEZRH
AL RABFEFEGIILAGE. DALY NI Sl 2931 K AHANT
FRELBRIERAUATREFTEEY, FEHMAGINANAERIETE
BF R T ESH,

13



03155775.9 oo P E3/74m

Bamford(d» L #)ELAF T ATRETFEAAHRBRTEARXCHEY
Ni[P(OPh)s]s / CCly 3 CBry#k %, #o4 Fl Mo(CO)y A ELH R LB R G E 4
B BB ERY AN CCl,. CBry& CCLCOEt 3| XM #y4iE 4 EL
BHRAMNARETEABHBTE. £AF T % CClyF CBry sSHEH M A 4L
#. Mny(CO)o/CCL ##F 4% CClL A HAXE. Bamford L& F T i
f» Mn(acac); Bk A fo— 2P (VYR R LA A ABEG LR, RRZHEH
BB AmEGEL,

W Bamford #i£ 65 # K A2 “ Al bead” (8 31 K F & B4K-F 3L
BWEG L), ACHRATERAEAGERLEP/IAINL. S—-FHBL
NENRAZASBRLE-BRGHBAR. FE£ L, MnCO)Cl , —H# &3 AN,
FELEEXEFHTHA Mn-C &.

/97 Bamford ##EM & ALY, AMABRGEERRET., ANK,
—2HaEKAUAY, BB KIS ERATTE, LAEHBRALLENRE
Hak,

F—AILFEREATTPEAIHERTEORESRE, £ RuCl(PPh;); 4 &
FHCCLI K. B, A KL ELRNGRR6-—HTRAEXAL) TR
BARALX%ERBE(AL M Kato, M. Kamigaito, M. Sawamoto, T.
Higashimura, <X %) , 28,1721 (1995)).

US % #] 5,405,913 (¥ F Harwood FA)AMF T Cu &, TH B it
HBRR(RAHETEERT), AT Cu' 4 Cu' R4E XM G5 HRE
M, AR Cu R ALK B B &6 RAERS K4 %. Harwood ¥
AT EERXEMBRABEAETHEEAINANEAT(BARBRAEGLE
F), CRE B EA LTS ZE Cu", B W AN E A BEF Cu'. Harwood
FAGARUERIINA G EZARRTHEY,

W Tazaki FA, Otsu A, Harwood ¥ Af Bamford # £ 65 %
—h Ay, UBTEAABHITELAAN THEBAGAFHE 71
MERSMAALS BB $ > BEF>1)HRED. XL H Kato F
ABEGKRACKSTFY, 28,1721 (1995) %k F 7 41469 5 o4kt K w,
Kato FAMRSKAZEZ R EAN, #RE, SEACCL. TESL
B AL R AEE MG,

14
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RI#EHAMEMEK, ATRA , RANEGRTH A E-ZLH Ui
o (R THAMNEGRYRTHBS &, £L Curran, D.P. , (&4&), 1988,
489; Curran, D. P., & & A4 % F 65 B & Z(Free Radicals in
Synthesis and Biology), Minisci, F.%, Kluwer: Dordrecht, 1989, p. 37; #
Curran, D. P. A& Comprehensive Organic Synthesis, Trost, B. M., Fleming,
I, %, Pergamon: Oxford, 1991, Vol. 4, p. 715), A3 F R éI—% ATRA
v, CEFAEARBRTHBI R, AT —HCIRTHFRIIGYELRRK
(% % Curran %/\ CAPALFERE), 1989, 54, 3140 ; # Curran F A,
CEBELFAEY, 1994, 116, 4279), A ¥ —HRF(RB A & £)RHE
H (4= SPh 2, SePh)’fF»é% PTFTHFEIATHES>THBE 0K EAHA#Ho-
gApdes B hR:
7 E 1:

R," + R~X T2 R; + R,~=X

X = I, SePh,...
iz am, #RFA SePh AAAKXAAMEFT R, BATEFHH CI
Fo C-SePh & & R BB WA T 64 £(Curran FA, (HAMALFLEE) Fo

CEBALFLEY, WmbfE), AFHOIEY, KXWARXA, ik
T B WARS AR T &L u(degenerative) 3B it 42, # [ LA KK
REESHEGOWARASAB. REUATFE—H: BAAZTHGRE
T4k, RS AEINA TR FH A hEPTEGEBPLEBE R I R TR
B LA (K L Gaynor ¥ A, Polym. Prep. (Am. Chem. Soc., Polym.
Chem. Div.), 1995, 36(1), 467; Wang ¥ A, Polym. Prep. (Am. Chem.
Soc., Polym. Chem. Div.), 1995, 36 (1), 465; Matyjaszewski ¥ A, (X
2FY ., 1995,28,2093). Ak, RALF KA RKH HABLES XN,

B—ARTHBT EBLLRSEN R AL L Bellus, D. , (4
FHREBERANFEY (Pure & Appl. Chem.) 1985, 57, 1827; Nagashima, H.;
Ozaki, N.; Ishii, M.; Seki, K.; Washiyama, M.; Itoh, K. §# #t4b 3 2 &)
1993, S8, 464; Udding, J. H.; Tuijp, K. J. M.; van Zanden, M. N. A.;
‘Hiemstra, H.; Speckamp, W. N. (AL FREY 1994, 59, 1993; Seijas

¥ A, €9 &IKY (Tetrahedron), 1992, 48(9), 1637; Nagashima, H.;
15
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Wakamatsu, H.; Ozaki, N.; Ishii, T.; Watanabe, M.; Tajima, T.; Itoh, K.
CHMALFLEY , 1992,57, 1682; Hayes, T. K.; Villani, R.; Weinreb, S.

M. (£HALFL2E), 1988, 110,5533; Hirao §A, (&K@ iL) (Syn
Lett.), 1990, 217;% Hirao ¥ A, (&RAMLFREY (J. Synth. Org.
Chem.) (H %), 1994, 52(3), 197; Iqbal, J; Bhatia, B.; Nayyar, N, K. 4L %
£22i£) (Chem. Rev.), 94, 519 (1994); Asscher, M., Vofsi, D. J. Chem. Soc.
1963, 1887; # van de Kuil ¥ A, (4L F4HY (Chem. Mater.), 1994, 6,
1675). AXZ2RAET, BAETHABRELEALGYLEALERF EF A4
B ERTHEML,

bk, SRLEEMK, MP, AARALY RX YFERAERT X,
BRRAEGHE, MMM X, el gA P SHABAR . AMEG TR Y,
BHAR L54%BMARE, BAT FRAANERM . &M X
R-M ZEAMABEFEHBFEFY RMX , FHLEEROTRLED A
M", €#—¥ 5 RX R ARt #6) AT R,

AEFAGEFARMXTEREEBUNRTHBARGSGHE - R
¥ EERF60 = R(FF>90%), H7 T7ET M/ MM 306G BALE R A
BAELEES 5L AHEAZ RGN TLERB A #EF(F L Curran,
R b4 hPEFETHABRE ok Comprehensive Organic
Synthesis,¥» L £ ¥), B, SBELENLECIGERAELTRARAITR
SERBBREEGRBEGRY, RELRSLTAHMEARTRAAGINANA
£ TFo #lde, Asscher FA(J. Chem. Soc., ¥ LHE)RiE, LB TLD
I H B TRERB

o, RELSALRBELRUEGIPEAERTREREIRERE
W, REEHGAGARSGAEEFHREGIG I TERS SRS TE
2F)e BM, FERERBHGEHIGPERTRZG W, TFFIREAEL
ABRBATHLEZGTERAENAGEAREGIE, wAXFETRLR
oM. B ERY. I RSB FHHET. ok, BRAHAIINKAKZ
CHBEAT “EW /ZERARE, BEXIFAART Bl /12EBR
S RBEWY—BEBIRT X,

16
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LT ARBERREFE, CHEARF)SCTERELKRWHER
&, PLAOHES, FhAMKELE REFBELFLERELENZ0CL ,
FGALCL F)A A THARGRBURSZAIKELARY, PEXRXERIH
#* B Y 5 # (Hirooka ¥ A, J. Polym. Sci. Part B, 5, 47 (1967);
Furukawa ¥ A, Rubber Chem. Technol, 51(3), 601 (1979)). K@ R A %
MELRAR GBI FHELY, 2REGRBELTRAANY. HIF, £R
SERFFALANIEL, BRBHAETHITENAARL S 28w >
P, E—RBONERIHFE#Y, WAL#% %ALY TESYMHirai, J
Polym. Sci. Macromol. Rev., 11, 47 (1976)) 2,38 Z 6 . L% Kik #
(Bamford ¥ A, J. Polym. Sci. Polym. Lett. Ed., 19, 229 (1981) #=
J. Chem. Soc. Faraday Trans. 1, 78, 2497 (1982)).

AERTHBRHHBEGANRALREGRRETY, RN ARM LA
% % 20-30%% IB AEAAKST%, BEAT IB & HEAEEESUS. & A
2,411,599 #= 2,531,196 ; #= Mashita F A, (E4&H) , 36,2973 (1995).

AHERPAHGEEPAER ELEKERATE., A TH. XLHEA
BEALBALETRAE, £3 1:1 X% £ EWHirooka ¥ A, J. Polym. Sci.
Polym. Chem., 11, 1281 (1973)). % [% % M & ], /[ % % # &) =0.9 #=[IB], >
[(BH&EEH, EFXE%LEY. B3R CAEFE&LER 2-THAE
EIANNIEANLERLZHERG IB PEHBETEMANEEDLAHA
XHe, BAAGLRAAEE Kuntz et §A, J. Polym. Sci. Polym.
Chem., 16, 1747 (1978)) K & EtAICL (10 # %%, T MA)A A TH A
50 C FTEA & (60%)4 R K (Florjanczyk ¥ A, (koFTHF), 183,
1081 (1982)).

®if, BEAAAAEELALEIBAARERSO IS LRSRETEL
544 B A £ 596 K (Mashita FA, (R4, 36,2983 (1995)). #R
SEBEBSOCTAARAGRGRFFAEGTOCEEFTH., 10,4
BEFNEZREVEERYTE. 2Bl > [AHBER| HEFXHELE
P, SHRERAAIRAFLA. EARVRBEASGENBEFRZOE
AWM BEGBER, SRlETRY, LAAGRET, fHABRELIL
R0, 5MBHER(A N S)AK® T (Mashita FA, v EAiE),

17



03155775.9 A I R Y A Y

Dendrimers(WH& H B &%) & & CHANT 2 XE, ALAHEH
MG HHD. A. Tomalia, A. M. Naylor, W. A. G. III, Angew.
Chem., Int. Ed. Engl 29, 138 (1990); J. M. J. Frechet, «# %) 263,
1710 (1994)). XX RSP EA R EM T EGR ML MM ZRGHE, Ff
BRG XS TFTHAERL. A%, dendrimers(FE M R EH)0y4-& 1
RAEHAFHE, FEESATH, BB AHT NG TRFL,

WHEIAZELELO. W. Webster, Y. H. Kim, (ZRALFA
EY 112, 4592 (1990)F= (X &-F» 25, 5561 (1992)), F#%®WJ. M. J.
Frechet, C. J. Hawker, R. Lee, (E B F2LK), 113,4583 (1991)), Kk
% (A. Hult, E. Malmstrom, M. Johansson, J. Polym. Sci. Polym.
Ed. 31, 619 (1993)), & # (L. J. Mathias, T. W. Carothers, (£ R4 ¥
AF) 113, 4043 (1991)), BA£ (M. Suzuki, A. Li, T. Saegusa, (X %)
25, 7071 (1992) YA=#& (V. Percec, M. Kawasumi, (X 2-7» 25, 3843
(19NN AR R B2 AL I HFFREAT .

B, WET—MFk, HREFFEERLCHALARRESAAERS
FEAEASAGEINESDYGERU. M. J. Frechet ¥A, (F5) 269,
1080 (1995)). B CHEMAH —F A B A Af Rt ik & ¥ e F 4
HALAEGERBRETHASEIALREAYG AB, X, B ARSI
B ARXAEL, RS L ERBEGRERE . X —F kT, 3-(1-&LE)-
CHE R ARk SnCL A £ THITMRETRSE.

RAGE—HNLBEATHRLYTERLEL>TEIHN (3 58
(BB W AWMARST k. ERATEEAHN—HAWEARET %, &5
FARGHZAERAKFEMAEHG Y, LEEVNERIBATHLEH
BEEYY M, T gh, Bk, sHRAERS), AF#sE
ATHEFHLORAR(ABEFEEK, SEELRAE. REFRBREKEA
S ERALRESY, RREVARMAG BN, F).

AKX AL

ok, AEXAGBHRE—ARTRTHS A WEARESATRP)H &

HRHHRAWARS T, CRSARGCIATRMLBAIENENS

18
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FRHILBEGABRZIAN S THEAKRTE, S0 FHNEH I HREATEY
£,

AERGHA—ABHRNETRTHBAIEARES R BATRP)H &
HRGEWARS T RGOS, CeRETINANKERLL A £, FK
= B

AEPHX —BREHR I LB ONARSRBEBHARLE (&)
REMA Y ARBGIAFTEEREW.

AXPAHR-ANBHRBRBELAHFFARGERPRROGTERS
. |

AEXPHFE—ABHRIRB— AL ERATHANEARESNFT X, €&
THRARAE & &

AKERHE—ABORRBELEF(BREYN T, G EREH TR
ey A 45 R A

AEPEHR —ANBHORTBEATEIHFARF LR, 5. ARi#E L.
SHEAERRAY. &4, PNEREGVWARAN TEN. HAWKl/R R
R M GBI EHERAE, B, 284, HEMRSE IR, K
®F).

AEWPEH —A B 02— 4 FARAT A WARSGIR F ik,
B RS A RN B SFREFH R REHRCGHRED,

AEKBAR—ANBHRREHHEE)RESY, TAGKREPKRER, 5
BENZER RSN ETE,

AEXRAAZH—ABHXRBEATHEBERATHHBEHRESD(H e,
PFEHFLH, BHEBEN, RTERBERTY, A EN, HHANf L
K, o8N, LN, B TEBH, BEAKKZGEN, ATHE
P AR Ao, RAERLEPKREEN, AR NI/ EAGEEN, @i
B, GARREMHNFREN, FANEZXGX 2T RRABAG T
AR, VEARBEERN, BTs5e0, AAEKLELEFRN, AT FH
FBRBRE, LHMBAHE, ks, XXAAS, LBHERFH L
RyEFa@liei# ), ATaUPkHEE, SH[HfEhE LN,
“BE” IHEHFARLSMN], RTHRE, RRAEGEN).

19
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AL 2R A CBYENELF LTXFRELEST XN MK
REEBER)—FIHRTEERDOIEARLBREOHE T HFHR
B, mHFFOEUT IR

LORATHAINNEKRAALTE—HRSATHEREARS G $4
HATRE R B

BA T B WA 6 BT XA 3 A,

£ 5T RATERBIGTELELEHE, HIXN—R),

— R F Wit 4 B A W6 RALE B LK (redox conjugate), & ¥R
A EYy—ERAHBREGARERE, P

Ro-E 5K 4K REHE N-, O-, P-X S-#EATRAARK An-4E
ER B A EELNAETARRLEK, AR ZELAc-RBITRELLER
5B TREHE LN RBE-SRGETEHBEA,

BREREH,

2B B MR REY;

AR —HF 2 HETEAR)HEASHBRESHEGHEGHRSI R
LR E:S

B 1+ THALNMEBHARRS DB FLH. AP EHRL
BAFFHA, EAXAEA TR CNGRE;

B27h TEBAGRARELSRBEALNG “EH” /2EANEARS
BB AEWE ., T HF LB e o BRE L8R

B3A-BRATEE#RFI6HHELESALEY T EMn)F $ 20K
(Mw/Mn)& B 5 65 8 % (B 3A)H 3 B 69 88 W 28R (Fin) M 88 K 69 0 K (B
3B);

A4A-BRTEE®EN ITHHALARSALEN > TEMn)de 5 280k
(Mw/Mn)a B8 & o Z(B 4A) 3t R 698 AR (Fing) &£ K98 & (B
4B ) ;

B SA-BRAT&E&EN ISHEALRERAN ST EMn)i 5 o800
C(Mw/Mn)* B 69 8 &(B SA)F 3 R 69 8 1 R (Fine) 4 2 K65 0 R(H
SB);

20



03155775.9 oM P FE10/74m

B 6A-BRT @ E#&N 19HAXRERENG ST EMNF S 5400
(Mw/Mn) 24 i Bl 65 o Z.(B 6A)F= & R4 65 88 4 R (Fre) 3 & K 69 i K (B
6B);

BT7A-BRTaE#R 208 BELREGREG ST EM)I S 25H
(Mw/Mn)f i 8] 69 i) K (B TA)P & R 69 8 H 208 (Fioe) 2 8 K 69 ) B(B
7B);

B 8A-BRT&EHEN 208K ELRERBEWG ST EMn)f % 2H0H
(Mw/Mn)f B 8] 65 i &(B 8A)Fo & R 09 8 B 2L R (Fing) 5 45 K 69 o0 K (B
8B);

B 9A-B & T @ %34 20 49 A X RER B 2T Mn)fe 5 o #0k
(Mw/Mn) 2§ & 5 & é Z(B 9A)Fo 3 K0 65 B B 208 (Fing) 42 K 05 o 5(B
9B).

AEBANGE, S EA)K ATRA A A F G H A 4P R-M-X 3
FELE MOARGHABERAQBUERERTE, WAEXEH SR A
FIGRTFHB OB R R (B, THY “ER” /BB EEARE). 5
ATRA £k, AL HE ANAESRAEF AR LA “RTFEAH)
HEBWEARESRR” (R “ATRP ” ), ©FRAMERTRAAEBS L £
Q)& di FEk,

FW/ISEREGRBEC, SEAXIXALEBERL B4 L)RF
REEHN XD TEMNNEH AR L2 TE. 2T E>APBZFETHRA, &£
RERGHELESHERY, CERBPENEREY., EH/SEELSRE
RBMGBRTAGEARE, SR AFKRPAERTH,

AAAXPHETIF, K& “8” RBLEFEA—#HREMEFTE
ATHRAAAGHGREG =Wk h (RE— BRI AH & E), Hlde, ER
w 100%65 51 XM, HANEREGERLERBTEARGTR T £,
XA BHGEYI>TFEMw@) EFTERETHRZOEH > T2
(Mw(pred)), REABTAALR “SHH” ; F, ARFLEERA, &
BAVANAAEEEAN, RRALAZRELAAPRABABAZEEE
(AP, Mw(act)Z #£(0.1) x Mw(pred)— 10 x Mw(pred), 4 #(0.25) x

21
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Mw(pred) — 4 x Mw(pred), XHE#&(0.5)x Mw(pred) - 2Mw(pred), F=
# £ #£(0.8) x Mw(pred) — 1.2 x Mw(pred)& B A).

AW, BAAREEREERBLROGNLEEE BT S, L8
“BH” 2o8MH. Ah, BN RE/BAEKEFEGEETNEREEME
SRR/ ENRAR YT EAREGAARHIT R,

AEXPHETHRNKARAGEA, BRARTER/ SEGBHERS
BB, BINAKRERATAEATRSE LY 3 K HZ R AT R
BEYE KB ANEGTEH R, JIANGHFAERRT)ELS,
Ao aRni®m. #8 XA CEKA-PECHAESHER LN, CuCl
ey R H Fo e abog (BPY)F A BB AR, 2130 CTRCUHY “i&
W AHEARBOABEBRSZEMRIOCHHAZ ST E, AELTFELH
(#l 42, Mw/Mn < 1.5).

EAERATH LR ELLABRARZ X E(LE 10°mol/L — 10
*mol/L , % 10°mol/L — 10°mol/L £ B M)A L E Kk AMAF AR S
K BEERKE 10%mol/L — 3mol/L , %% 10°mol/L — 10" mol/L & B A)
i RE A2 T W RN P SN R RN AR
Fo¥ik ‘B, AEFAIZLEXEEH.

FERIAERXE LA THARESRAE AL XEY, XA XL HHEX
EXEANLSRERERAH S, flio, XL kA hAMRELE 10
mol/L , MARBYHKSHERDR, FREALGEELSE ZHIES
Blde, ARE-BREFER, ABELHNARZUIEGHATERAHET).
Xt KAWRGXEKRT10mol/L, Mgk E LA 2HRELE, Kh, i X
FTERRTARBARAP N ALBBANBE. TUARE, —2AHLR
EEBA, BHARBENR, LALELL-RERLE T, Taﬁxﬂf*ii
% B wik.

£, R BRBEMOREAT 10%mol/L, W EHELHHEH>TFEFHK
SRS, ARG Y TERS PHUGEHN T A EERE. 3
—F &, WRERDAGKAES T ImoVL, M AN LTFEER/RK), &
PregRb R £ FRWGMER. (BRd, AKESFHRARAY, AERCELEA
K% B A).

22
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Plie, LAKY, 24 10°mol/L HHEEHGEXRE K2/ LT EY
100,000g/mol 45 =% . % —7 @, B IMGBREGXE R 2H A%
WYETTEG ¥, RAIMaRER2EEH K=K

B ¥ i A 715 No. 08/414,415(1A £ R EINALIBEAL)PAF T —
W ATRP # £ REWO T &k, € e

B—HREMATAGERSNERLEATAOEAHBGRTIAR
BINAHN. SRLENSGYPREAGELTRARSGAEB R(H)ES
Y, GBRARLENBSYRGEMEINANPERESDES RALERHB
R, PEAKZEMTARc-E ST ELERIENGL N, O-, P-X S-4
WEHEAT-BRELTELERLGETLELESY, AERRATELE
ot kEASWAMAZAHRAENE, o

>EERAHBRACRED.

ARPOIERT:

() ATRP Fik, AvB&#z ket EFGOREY— B AR H &GN
BERRXEAANTRLELEGDALETHAREGRE;

Q)ATRP F ik, AP &Mz A e ARk i T REmEHSIR/ERLAKZ
B A THATRERH;

(G) HEERL. BEHZAETRAPEZENRIAPAEDGELE 1);

(4) BEH X EREILLLRGRE. LR, 4. X45haid TG “H
B YERYHl e, 5L AP SRERGERY, A THP(TR)RHE
BREmOAWALEY, £LE 1)

5) X, REBPRHEAHBER “GEIN HRESIFEREHE LA 1);

(6) HPEHRAM/XS TRALSELIALESY(A LA 1);

(7) XBEREIFREK;

8) KERRLSMWPHGKBERNH I+, YEWARSRABENENHLED,

QEKERTEREREA LR TFRIGRKCECGHREGIR); F

9) ®AKRMEH AR ATRP 7 ik,

E—AS#FEF, AANFARTRAAHBABEARSRBENK
#F%k, EF—2RpA#H i, 0.1-99.9mol%, H%iE 0.2-10mol% A= £ 4 %
0.5-5Smol%) WL B 2 B EAMN R A RAALRLERRKES, A THLELEH

23
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MG ERELAR. ALXTERHTELERLNRINYTRLE BN
B RALE R AR, B, T MM MM RLERES, 90-99.9m0l% &
B AEE M BRTFTAZ n+ &AL S 0.1-10mol%#iT & 2 B M BT T 2L
RXm+iAE. K& “RATRERAK BRABEELEBLNGHAE AL
RERHB X, &ALSnF mRABRTATRP W E L5 M L3,

AEPALA, —RERUABEF—LLRLSARTFERBAGAS
AW B XA HRNEAHNBHARE KRS VR A WAL 4 Link
BAEMBEANRLEREBAX X RART AU S 2T oL
#H., EXARBERPIRAFSGLE K RAZ AN I REEGRY THEK
FRVIA R EESHERACAGUN LAY HAALSTR |, EALXWAL
R ER/ICEREGRAETH S S HBP S TEENAIFGH A,

B 2 FPHF, $BGREGABAPCHEHGREGRB I I XAHE
E¥khdEFRK THAAAE, 2 KkEE$KARE TR Kp THHH®
k, mAFHEEFTHE Kt THBREMF/IAALE, AHEKEZY, AT
LRERAGAMEREGERKONEAGBEXE, [P JoREAH, X8
10" mol/L 3%, % &,

Ko, LB AMEAREREY, XM EHFEFLEEKye ~10°8
SY. b, AEBANARSGRET, JIAHNGERM—BRALENLIHE
BA, EREABRARHANNEAN —EARAE, HELEKRTLHEHRE.

MR, LEBERASRBKRY, AN AKERELET X SR
o, 90%XK £ % 69351 KM AT 10%0G $4kHAL £ T EH#).

AATRP ¥, £ KAWE R K ANV ARAEIDHSTH. M RXF
PX(2 R A3 A MNP B R REEIMXEHEHRIKXAR HREZKAP )
Anitfapei R ARAX . FHE AR TEKAWAGRHXE, B
SR BEFEPLEGER. FHEGHIFELB A5 S ERELEREY
RoMeh 5 oot E.

HI100CTAKETEOESREITHEYNH L, U4 A % ¥ Galerkin
FiEPredici BA)VIEFROVEAD., AEHRT, BB kAL Lt f
F (272 Kp=7 x 10°mol’ L s # Kt=10"mol™ L s™) & S 2\ FF 4 < #k
ERORE. 51K AR 1-X R CHE/CuCl/2,2-B st 8 & L fo & 76 6 %
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EFBREASAKELEAANLER, KHFHFTHRMEAK=10"., #hx—
BEFTHER, CBEAA, FM1% Cu(ll)(& TR & %K) % B Bk B
BAGEOREM At % P BB FRBETAHRLG ST .

FHEHFERPELERETE K BEFE 232 FER KA E)TRET X
AMEWE, AMRER. EANEENG Tl kB ER:

K = Ka/Kd =([Cu"][P " ]/([Cu'] [I}o)

# R4 # 1-PECI ([I]o = 0.1M), 2,2’-Bwt*% CuCl 84%(Cu'), =
0.1M)# 1% K, 0% ¥ Cu™ 4 % & A1 & 76 # (Cu'Jo = 0.001M X 0 M)#5 51 &
A, HTREBRTE(M] = LIM)RX T H[M], = IM))#ATRKES
REH#ER, BHAGBRZRERAXKIOM, £2XX KA XY 108,

AEA Ca(DHR AT LG, AHAGBRHXER 10%HLETH
8 x 10'M & J £ /& 50%H L ETF#53.3 x 10'M Fo e 90%3H4LE T 1.6
x 10'M . HHEH, &&EMNCa)HREMK 10%HALE T 1.2 x 10°M
RHELS0%LETH3 x 10°M Fok 90%HALETH 6 x 10°M .
BEMARELALBGXENE, & 0% FRELET, RALRIEK
A ATA 654 0.6%.

E1%RENRAERLERGALT, RALBLKAWEAGILTFR
RGKE . L 1%BENGELTEAYERENBHXE ERER, A 10%
HAETH 098 x 10'M % £ 4 50%34LE T650.94 x 10*M # 4 90%
HAETH0.86 x 10°M . 5XRAH, #iEHKEM 10%3H4L%E T 6 1.01
x 10°M 35 £ & 50%HAE T 1.05 x 10°M Fo i 90%54L % T 84
15 x 10°M . 2L BHXEERENXENRENE, ZAMERAEGR
H 4 PR 465 0.15%) & 90% 3L T 4ok,

X#HEFH A F £ ¥ (dynamics)*d Ka Fo Kd AR EB NG5 HF
(kinetics) X A H W, Bd, FEFLEEH KT ERS S HMARKGH A,

AW RABUERAE T RAELEENH, A 9 90 6984 A (DPn).
K, WREELRERERE, SAARAEFTESHLITE, MEHLEY
REG, 2 TEFREBREAZ AR, WEOREN S > REARXY
B, AL T&FmiTR.

o RBEELRRGHREETKRETY, 910 mol” Ls?), LK
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2 TESRGCABFABHELL B, BR, SHELLRERN,
A4 DP 255 THAA(SE Kd=10°M"' s B DP = 60, % Kd=10°M" s
HDP =630 ) B, DPHMBARSHATFANLE kiR ERE
ik £ Z b kR

DP = Rp/Rd = Kp[M]o [P "]/ Kd [Cu"]y [P ]

K, 5RENEFRLX, ME S 2RI T 5F @ LR
BHH/ %, R, REAELRRGG Y, ATAHLT, ARINEFTE
0 % S HCHEMw/MD (P4 TF 1.1). F—F @, B diEEEL B4
FRLEEYHEALT, 410 M sHAY—H, HATLHALGHEALT S %
WHRH 1S5, SHEERABYIEH, ATAHATS 2 HHAY425,

R, 1% RENGELT, 54 2 F K —HOBEELERLT
AHEHALNFATERBARBAKLDG S 2K, RXALBHEARR (Y
2), 2A25%HAETTREL IS A TS%HLET<12. 3RELK
BERBH(KI=10%), &40 2HHER 1.7 . FEHEEMN(RALER LK
BIRAFERFRERGRBEEETHAGHE AHE., A XxIFH AL
ERARKRTLEN, ERCHROADERERA TAGKALD Y
R

BaBE2EAF94 L3 FHK=10MIS!, Bh, F4E
REFTHEBARRETRER. S TRKAMA, cHEZX10°M'S?, 4
A TEFKGR, CAREICMIST . A2 BEREGAAPERBUARAR
BZEAH—ALERHNE, LIFHAGBRAESERGRAEYAN AMGH
kK, nAtBAMEARSGRRAFTAGERFEHANEL. s, AKX L
BT, KEBHEARIZALRAL, R EAEBRAOAL T &
2R TEANRARE. MR, AsEKEY, AXH—RE&EKE, &
BRAMERLmEH, AL FEHEEFTRTHINTR, BRILAK
KRAZHALGEZE S ZRBETNESRBEHES.

FAER LWL ATRP T8 Fmdnidid & B Wi v 7 ik o 21K &
BHAJNAMMBAGONARBHRN )T ERS S RBEHEH., Wi, AF
HRAGEVIKEZF, CuCh, AAEESRAEGIHHN, FLFHREFARE
i, GEOREANARBRGHI>TERSDEH K.
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03155775.9 oM P FE16/74m

AERAREE, RER Bk F T2 W &S M (RKAER & HAR)GEH
REBEBRWEF XY, Wi, Smol% AILLERLEEAG S LA KRS
B B i#& F42tT 0.5mol% AALE R EHARK 1042, A/, Smol% £A4iL
ERERKGEREGREEFEEGFTHET AN T 0.5mol% &AL R L 34K
HI0REBFRGE. ERTLAAAAMBEL AL, EXTAAE, b
Bt ATRP JIAHN/EBLENSW/IRERERENFLMH 5 ARAT
BEMN/ZAK “B” Wy, B, &T 10mol% g A ALE R ARG A
AXRLH% ATRP RERE, RRCABRIVHER LABREGRAAEE,

RELBLIHFTHAL: XEHAALLRLARAKSRERELE,
PRBIGAAFRTFILERER ANERLHEAETA Y% ATRA . #l o,
AEREALBMY B HBESEGIEYA ATRP ¥, #4788 &M &(Cu)
EREFECU). AR, REAARANEAALEFFTHEREA LB RY, X5
FRLEFEAK.

do LR, RALREEARALAEE F—E2HHH K63 L H-$4K
oW dik, REANKXAOEAFHES RGEKRED G HABEG
Thit. UBFE2 BB AN ABREWNESCRAEAYR, AEFAHEA
WMENZERGHBERR G TR K E .

b—AE#FEY, SHEFTEORB O ERSGRBEZH KBRS
EAALTERENRKMBRBERESYT. Wi, STELEALEGWARTLE
TAREANTEREARKGREVH X EFTHM I, #5HLEREFH
Cu(DE A A 1-2mol%% Cu(ll)), A#GF E e L ERBATHIR 4
ERGhmANBRERBBEHT

AX—FwmAEY, A#6G ATRP 7k e AR L RRESZWHIE
LENECHEETRE—RHAKE., AKAGERZTEY, RALRAZ
R, PPE B Rl KB R AR 0.1-10mol% it & £ & AW RALIE R &
R, %% 4282 Cu(DiE8H 4= CuCl & CuBr B, X —%#&% £ 247
i,

BT RESF “RK” ATRP, AT BLENLADRALELRLAE, A
BARAPed@d A HENLA NP A _GETH) “AIBN” ). &4
it AU X TP HRBPO)RE B L BRI EXTHRINKL. AOEINLHELE
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HETFTatgs X3 K “R@” ATRP:

I-1 > 2 I°
I" + M™X, 7— I-X + M"X,,
I" + M —> I-M"
I-M + M™X, T I-M-X + M. "X,
I-M" + n M > I-M,,,’

I_Mnol. + thlxn — I"M-mx_x + Mtnxn-x

A “1” R3INEKXHM, MfXpa AEBLELEYH, MREK, P I-MX
M Xp B LEFZALE “£F” X “GA1” ATRP .

ARGTVERZIARG, 2BLHBAGREY. XAV BT Y
ey i 8g, HTRECERZAEHETRIGERP/REN, RXAS
HOEMNF, TRAECHARAREY, dREDF TR AAINE
¥, SRLENEGWHTEIL A AGREYAT —RALE. & LH/
KA LGEXE Rk E. wot, TBLELEDTH R Rl £)H 4
HREZHNRGEGHRSY,

RREENBEEAESEN C-Cg BB R Cs-Cs FFEBEM, ok
K, TR, BR, ROCRXEN &, XER C-C B P 8. LHXHAH S,
KX EEEBENGETRE D AT, Kk, ATREHGEMNLK, ©
K, LRGBSV XT&.

RREGE)REGPIES AL E IR BT A2 EERTE, iz
#n % F(#l 4, %3 Buchner % +FRAAR). ki, REHH)RLSHES
BRESKE, BENEEEFRAPELCGHRESY. (RSB RERK
RIRRBELSWGEMNALE, WREENH., REEE, TELEHFX
AR Es, TEPRET R,

—B 5%k, TALETAAI(H)RESY, dFEZF AU TR,
RFECGFERAELAER), AARUHCHORED THEIR THme#E
#. NMR A #F Ao Hfo/X Lie, BRECREGTE.

AXROEMAHNEARAATHETTAGRERESGE&KE, al(TH
AHBRE. RLUEP_HZ. cOURBEATHGLEY, G RAE. £
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03155775.9 oW P FE18/74m

., x5, BE. ZH. BHEK “KB” , FHALAP/EBEBEHR
L. (BASFF, “(BRAY” ABHEY, 2EBWIAREGY). £
MO EMGEKARTANS R, ERARTHELEREREZG XS TS
.

EXERF, A THAHWARSAHRERRSAERESAEG LK,
R, EMTAEXMA R THREGABGEROIERA T MR L

RI\C-':“—C/ <
R2/ AN R

AP RIPRPEIRAEAH, A%, CN, A4 1 - 204 &R T(H# 1-
ABRT, 2HRAIAANABRT)HEAERLERL, BRATHK 1 EQ20+H)
AEERTFHBA, £F n RRAGZR T HMHF 4= CF;), £H 2-10 A&
BTk 2-6 ABET, 2HhA 24 AFERTFIGo - FRIFALERLER
HRAI R ZHEMALATHI ZECQD-DABEFRTH A L)HBRK, LT
n ZELEG8EB TR o CH=CCl), Ci;-Cs3it¥k, mHxEETH 1 2
Cn-DABERF(HE&)FBRAK, A+ n REREAGER T X,
C=Y)R®, CEY)NRR’, YC(EY)R', SOR’, SOR’, O SOR’,
NR®’SO,R’, PR%, P(=Y)R%, YPR%, YP(=Y)R%, NR’(T A% s
RRAAFER), $EPZETE A FYTRARZNR'. SX O 0);
RRREA 1 - 20 ABRFHRE, AA 1 - 20 AR THRAKL,
OR¥(A ¥ R*Z HHALE), AH1 - 204 8 RTFHIRAK, FAEXK
AL RARBIHZIHIAAL - 2048 RTFHEE, AR
RTHEA-RBEAAF2 - TABRTHE2SARETHERE, B’
HR3I-Z8AMHEI -6 7)F, #RAH, EBRLE C-CpoRERF
X,

R AR BswtA H, sFHEARRX), C-Cihit C)RIF
COOR' (L ¥R R H, B4k, X C-Cri), &

R' # R TH A—£2HREX(CH)yWAR(TH 1 - 208 ERT
H C-Cy BA M B R)K C(=0)-Y-CEO)H AR, A+ n 22 - 6(4hikt 3 XK
HFs Y I A LR L Ao
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03155775.9 oM P FE19/74m

R', R, R°#R' vEZyBHARHAAE.

ARAPHFHETIY, KiE “BE” . “HEX F ‘B l” 284
BRIBAACACGLABRN). “BHL Fo “Bl” TATRARE
RIEERA R Al b, REERTHREOR, 2a,B-R&EF(F Lo £
Fr(o-1DE)R AL,

b, ERYHY, “FR” AMEE, £X, #X, phenalenyl,
B, Rr9,0013 K, &KX, A, FaXE, HE, HFwxKk, EBH
Wi RE, ERAREMMERAFER), ATHEARTTHAEHEK,
AEAL1 - 200 BRTHREMMKEEA 1 -6 ABRTFREHETH)H
K, LERATEARTFTRI ML EHZAHXEAF d £, &
REVER, RTEA2 - 20 B RTHEBER LN ER, BEHEAX
BEVEARFTRI A EHZAN X AA@F R a £, £k &Kik)
R, BEAA1 -6 M BRTHRALER, HEH1 - 6 A BERTHR
REAHR, B C-CGHREAZR, AXRKAFTEARTF TR I A LR
Loy X RAWl e £, KL ERB)HFK, #ELERK, & NH, X C-Cs
BEREAEXC-C-BRARAER, I2EEATAREAAMAEEL, #
COR’, OC(E=O)R®, SOR®, SO,R’, OSO;R’, PR%, POR, %%
HEHK, ZEEATHL - SABERTHA/R C-CoRBEMBA. (“FRA”
Bl “FRIE fo “FRE X)), BR, FEATH—HAKS
ALRBAABRKL - S KPEATH—HARSALERKERK 1 - 7
KR A, HETFR, o RARK, HRK1 - 3 k), kWK, “FL
BERE, RE, HAXEKBRK1 - SkAHXRE, PHRAAAA1 - 6 4%
BItisk. AR 1 - ANBRTOEAREPEEGBRAERK L - 3 &
R, Rk, “FR” BEK, TERAE, o-&KFERKE, a-2TERHE
KT RIEXK,

ARXEPHET X, “ZrA” #BarX, swmlk, aogi, &%
A, ke, wbwe X, wbh K, Ew, A, sk, %K, R &
Fwk, i, XpswE, FERA%xHE, XHEPK, FXHF%EY
F, Fofwaempih, wieb 2k, RhAk, sordh, e, Feki, 23--£
REKE, seg i SmgX 15 8REE RARER, Feai
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03155775.9 oM P E20/741

1,2-= f =84, Feedk, vrerdk, 1,10-3vwsk %, ok, DEEE, %
wh ik, ek, Kl FrEal, FEA4 R HPUNAAARATC
kg AL X, ket atsaboril, Svhil, abeg gt Koy =
ek wbobdk wbh K Ew ik, 2 A, whAfag Rk, RARGE
ARk, B, EXAXPTAEEAGEGEGCHEIETRL O 2-
LR, 4-THEw, 2-CHkateg, 3-CHkag, 2-CHEY
o 4-CHANES, 2R ke, 4-CHAEeE, 2-UHA%E, 4-C
HReke, 3-CHidated, 4-CTHHatek, 3-LHES%%E, 4 -CHER
%, 3-CHEFMES, 4-CHAFES, 3-CHEREAK, 4-CHER
skop Jk 2-CHAER, 4-CHLER, 5-UHAER, f» 2-CTH AR
%, RERR 2-CHEARR. ALARIAGCHEALAXTEF AR EA
bt T “FE 2 LABRREAHEZEIR2AD), AFTEEARTTRLIA
W C-Ce i lk, Cr-Ce A, Ak, BAXBEFRTHER, ACHE
RemAr, phdhlrtr, ob, ILCHERK, ZTARAH,
AATARAAEALEZ O)MAEELNG NERT, 24 N-HABGR
2T AERHARXAFLAD LI ELE EmUfY, E2ER I C-Cs 12,
Z(CCe X)) Park, SARYCOMRBIATRAELAL - 2048
BIek, AFPLAARTTRIAAIFHERARNLOFER), AH 2 -
WASERFHEHEAACHL), AH2 - 104AFR Tt L
), TH1-5A8FRTRC-CREARRGER, XFREAGERK
Bk, AFFALXEAIBRAEENPRELALA 1 - 6 4ABRT, FH),
FF, “RRL BR—RLLERATE “RFAL F 2% FHE
FE.

AR, KRG EREHE C-Cpa — B2, ATH, (FAAHR
FARALEL, C-CpHH(TRHR)RHER, AHE, AHEE, C-Cy
BOAXBHBE, C-C 5t =P & A — &% = & (didehydromalonate
diester), THHwtor, TH A N-C-Cofoihabwd, N-THEERE, L
ke CHER K CHEAER, UHARS, UHAR, vk
Eo-ZRFREF AR TH I, CHE C-CoREEAR, L¥H o aKk
Cr-Cettdh. BEFHR, RCUHEAXER, APEEATH 154 GG K
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03155775.9 oM P FE2/74m

AR EERTHBAR, PECH, BRLHETELHEASY LK1t La-
BRFEEF C-Ce R EPAEXEAT LEF 15 A 1-3 MHRARL, &
BARK#K B C-Co ik, C-CoHAMATHR), C-Cetit(hit Lt
£), Cr-CoRAK, aF, Ak, BX, C-GRAEEE, A C-C &
ARPeEE. SOR’. fAPEL, ZRANEKRLFTH, N-.HEHL
web B, HHETEMA), FTEAAHKETHMMA), &%%7T&BA),
%58 2-CA T R(EHA), AHHAN), XLHSOFT-RTAEXCHE.

AXERAY, NANTAREA —ARSALESLHTT A RAS
BORTRABGETHESY. GG A H a€d6 T X .

R11R12R13C_X
R"C(=0)-X
R11R12R13Si_x
RIIRIZN_X
RN-X,
R")P(0)n-X3.0
(R"0).P(0)n-X3.n #
R")R0)P(0)n-X

£ F

X#%B Cl, Br, I, ORY(IRA LMz, SRY, SeR",
0C(=0)R", OP=O0)R", OP(=0)(OR");, OP(=0)ORY, O-NR'Y),,
S-C(=S)N(R'),, CN, NC, SCN, CNS, OCN, CNO#N;, ¢
RYRFERABRIE C-Cp(iit C-Cr)k, X5H54 NRY, AH
B, BARYAATHE-ZHBAS. 6K 7 REFRGEREAL “Z3xik”
g2 X); #o

R, RPARCSEARIMBEAH, 8F, C-CoREMZ C-Cp
REFRHRE C-Co A), GG IR, RSSi, CEY)R,
CEY)NRR'(E ¥ R-R # il Lz L), COCl, OH(## R", RZ#
RE ¥ 4ULH — A& OH), CN, CprCpoiWhERpA(hit C-ColR
KR, THRAEBFARCHER), FRLRL, HrEFwEk, AXLCR
A REm A RREY C-Co EREARBEHL, TR, 25K, 4,
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03155775.9 oM P E22/74m

FHBEGHABRRGEHE, AFFEod bRz, PRHBERTH—
MERBA C-Cs BEAF/RBERTFHAL)RAKACHL), AT¥ 1454
FHE 1 MNARTHAEF(E—AXSANAELRTHEAH, Kt LXK,
Fod—NEARTHBERE, KR, E&XNB)ERSY C-CeEPH 1 - 3
AR T AM)BRRERARN C-Co i, BmRAKR A C-Cel KA. FK.
A, CEY)YREF R LA L). CEY)NRR'(R®F R 4o A L A7
), FACLKE s AEHE, KEHZELRY, RUFARPF RS F
HAZLHEELRT, RABRPY RS T—A2H),

mAOX1; Fo

nz0, 1X2.

LAKAY, XH#HikZ ClEBr. 2 Cl6531 AH —f&k4a 54 Br 3l
AMRBHZEBHRBEERPQRZHG5H $ 2#E. KR, Cl&LILE
REAY—ikm By Br- L RAYH 2 SRR,

K, TR AREARRGFIA#AAEAARY, RVBRU+H
—AE, RATH-FHRAERZ LG X AARRK. B, 3IAMNKFT
RAFIAREHB®DRESUOLEYT. HENEXHNG—AH TR 22-R
(B FH)-1,3-— s RARKHF e, 22-W(KFH)13-—KAFK, 2,2-
(BPE)1,3-—£2KER), PREGHTFRESE R, REARP F—A2#%
1S A C-Ce R ABRKIEMBRG XL, ML ATH-F BRI X K
ABRAM#F I, qo-=%=F X, WR(a-R-Ka-£-7H5)-%),

kB3 KM ede 1- XX K& 1- XA CHh MW, £F R =
Ph, RY=CH;, RP=H# X = Cl1X Br), &4, W &5, 2-K#AM,
2-B K- C-Ce BB (I 2-AAK, 2-2A8K, 2-874TH, 2-2FT8F)
B C-Cs A ®, - APERRXLHEP LA B X CH(CHX), % CHy
[(CHy)o(CHX)]y #94té#, £ F XRCIXBr, x+ty=6, x'+y'=4, 0
<Sn<SABRyPyH>1, 2HhEGNEAMN Gk 1- XL R, 1-x4
Eig, 2-AFBTH, 2-AFBLE, 2-LABTH, 2-ERTHRLE,
M- EFREEXLH, ,0'-—&=F X, o,0-=R = FXfx(a-£ FH)X,

G AMEN AN BEEREODEN RALERBIRGIEATE R £ E L

33



03155775.9 oM P E23/74m

LS ATFAENY. RAMITRLERONRARERAOWEY R LR
- R ML, Halbitthidn o ELAWRLA X MMX, 67K,
3t

M™TRE, #lde, £H: Cu’, C¥', Au', Av*, AU, Ag',
Ag”, Hg', Hg¥, Ni’, Ni*, Ni¥*, Ni*', pd’, pd’, pd¥, Ppt,
Pt", P, P, Pt*', Rh', Rn*, Rh*, Rn*, Co*, Co*, Co*,
I, Irt, i, 1, o', Fe¥, Fe¥t, Ru¥, Ru*', Ru*', Ru",
Rll6+, OSZ+, OS3+, OS4+, Re2+’ Re3+, Re4+, Re6+, RC7+, Mn2+,
Me*t, Mn*, Ccr’, crt, Mo, Mo’, Mo*, Mo*, W, w*¥,
V2+, V3+, V4+, V5+, Nb2+, Nb3+, Nb4+, N»b5+’ Ta3+, Ta4+, Ta5+,
Zn'* e Zn*;

X#letBA%, OH, (0)2, Ci-CeRA&E, (SO912, POy,
(HPOy)12, (HoPOy), Z R T ##AR ( triflate ) , NSRBI, T HKIRE,
FEABBBHEEXABAERT XHKIMR), SeRY, CN, NC, SCN,
CNS, OCN, CNO, N;#R"CO;, £+ R* 42X Lz X+ R 2 H
REBRLH C-C B FTHRORF R E X)), mEFATHE£
BAL - SAkKRERAXKRRKL - 3 k); Fo

n24E LK X LHFH0<n<T).

EREXPrEANSENRELEROERA AR SATHELc-Z 5T
REBEREGE. K. BP/XRRTHLEY, 2ABARSATHELT-
BELABLERLOBERTHELEK, AATEdc-R5FIRLEREN
BEFTRLLEREVBEOFEHTAREERY A B-ZRGELKRP e, K i
(®RAL ) $ARNB-ImR R B ALK, £ L, #lded van de kuil FA,
do L FriE, A2 van Koten ¥ A, Recl. Tranv. Chim. Pays-Bas, 113,
267-277(199)# E G 4K ), AR TAIp-8In-2 53 B LEREY
AR

KL N, O. PR SHELEATARZT AP

R16_Z_R17 é}‘(‘
RIG—Z-(Rls-Z)m-R”
A R P RUBEHEA H, C-Cpiik, FR, xA, ARA#KC-
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03155775.9 oM P E24/74W

Cs K. C-Cq=wEA&E. CEY)R’. CEY)RR' #/% YCEY)R®
BAR C-Celzdk, 4 Y, R, R, R, #REWUA LA R L; &

ROFRVESAA-RBR A LET “2xRA” HHhEGHP. K
AR IR,

Z%0, S, NR’APR”, A+ R# A5 R R AL,

AR BIRA-HED, B CGCGEEXAEE-HF C-C, 2
WA, AYABHE-ANAZHENRARLEALEW I, 12-HI)XRAEB
B(H e, 1,3-#75)), o C-CeHF =3, G-GHHER K, Fr-HHp
BERFEK, RATHEERLE ZHEMRALAESE; Fo

m<x1-6.

% b g, ROGZFRV-ZTHE A4S 5 RPAAH AR, Z
ERPHABH AT RANRASHGEFARLAQedh LT “Frih” 698 ),
ot S REF/HRRARTAY, ZHESAEANB(TALLLXN4L),
CH, #4843 RCF/HX R 694-% 7-03%, Bl LxF Z 692 Lok, AR
B B4R AR A S HIPEIRAR & G d6BEnbog, BEwbek, 1,10-3E789k, Rk &K,
24

%72 PRYH, RPELTAR C, - Cpk &K,

LOAERALXBIEASGEBLEAKG R CO(— R, vhdk,
porphycenes , & B#AT#H 1 - 6 AH#ZE1 -4 MEEFRT, C-Ceiri,
Ci-Ce st 8K, C-Cok &EABERE, FH, xERRK, C-Coxrit#—¥
TH1 - I 8 FRK.

AR TALR LT RAK LA EX R'RYC(CEY)RY), #
o, AT YAR AL ZL, ROPRY S ARt AH, 8 £,
C-Cy ek, FHhfinlk, ARP R TALE-RH K CG-CGHRREE
FRANE, TR, EFEXFIREFEF)FRREHREKR(EH A
EFR Fo i HRL—8), AYHEAT—-ANG HAEENTH
—F#H1 - SAFHE L - 3AC-CeiER, C-CoRAX, AFR T/
REARK. hitd, ROFRIF—ARHKALH.

Bty Ait BRI, Plie, CoBhE B, TN—%TAaaRL
ABFTERC-CREEARBATFTERKL -4k, A CBREALEAE, ©
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M-FTEEP/ZRBEBETER C-CoRERK L -3k, C_BHH 8,
CMN=ZTARART IR C-CEARR IR 2%, —HB-_F8R, =HS
VR, WHE-FRY. |

SENMATREREKGESBER LS T “F 17 654 #)Fe2k X =
ARG, AANEATRYREKREER(ETHT — 6 A C-Cy EA(H
PP RRAR) TR HBRECTHL - SATERRK, ReTAIE LK
REARABAB TS - AKK-_HARGAL). SEAXR_HEAREHKL
H, CRLEATRLENEGHTOHRLETX). KA RAZIKEHRR
REG 5B ARGategfolkabog (L P RARGatzfoBatog 5 AT “F3n
A 8K —#), i, RY0BP, PR'Y;, 1,10-3k=%4k, nhak, Rk
hdo Kopy Fe B 40 18-EB-6 . RAANELEAZE R, 44-—REBK
k2 F2(R0):P .

ARG TIELE-RELEARSDRELRELELA DRI IA
i, EreYaBESRBENGI.

ALXPEFTRERAMEGEAHG—FAHZAGRTFRABHES A HR
REeFik, - AMAKERFTET R RRELSKE. AX—F#F
¥, GHFERAEAFEBRAANELEK, FRAARTIELE-B4
KBS AETRSTERE, KAWELEARAHEARARLG AL ESY
RTH, REEW, LABARFTEY 90-99% T %,

AX—%#EFEY, BRLEATEAAELEX R%ZR" . RY-ZR®-
Z)m-R" e RZORZIC(C(=Y)R5)2 bag—A, kb R16 Fo RY b E S AR R
Fe R F £ — AR Cp-Cop 5K, # C-Co 3 AE /R = C-Cy BRI
BARE C-Co o lh, RAKEF —AMARKERKG S AR 2w, 585
HERARKEL B C-Cyo i H, CrCpii#, CrCpRpeifFit AiH
EFSHBAN. KB E N, RHEBESAAN, PREZEIAABRTA
BABRAGBAREA. AKX — SR FEOHN KL REKR LR
HESHEAMABREBARKEA(ELLHEY SABRF)N 22-Batvz, 4o 4,4
=(5-F #)-2,2°- B w7 (dNbipy), 4,4-= i fk 3k-2,2’- 1 wt °Z (dHbipy) #=
4,4’ - =R T }-2,2’-B "2 (dTbipy).

HASEFEIRLE ANLTREARKALTE LEASKRELGF ik
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LS, AEITYWS > BN EFAI. MY ATRP £35| $ 94
W—gE11 - 15 EARGESY, MR 48 AL RAEKM e,
Cu(D)/Cu(ID) 4 & FH3 B 65 “394 ATRP ”(# 4=, & F dNbipy , dHbipy
X dThipy) ¥ 5 %] $ 2 # AT 1.05 - 1.10 9 E &4,

ERALZPHREASRBEY, AN, SELENLEGWRELIRG EHi
sl A K f ATRP 694 %, #ARKAGN AN KL E LY/
RARKRRGNANAE - BRREFTRIFGWH I, £ 25%, KL ES
50%, ®H£>80%, FmEE>90%). B, JIAMNGEZRELEINL
FKkERA10'M - 3M, % 10° - 10'™M . HsF, FIEAHESA 101
—05:1, %#£10°:1-5x102: 1¥ERAL, ALTEARRZ,
STHERFERLRSHHANAAGR0.1 - IMGIIAMNKE.

ARLELSY M TINEANGE R —BRAAFRAEHAFERER
A6, 2 T2 0.0001:1—-10:1, £%£01:1 -5:1, 4% 03:
1-2:1, PRE£09:1 - 1.1:1. £ AKERFHFTELSRE AL H &K
St RLEMELEIKGRE, AEFRIRLELESYE T K HGE RILY
#% % 0.001:1 .

A, BEARNTEREELAYHE R —HARHAEFE
BAERXBSWUERIY, ERETAIRSEASGD L HFRAEK
CREGRLLEENED. RARTHERBAARLERLLRLELE
R LFEHHABRLGALENRLELEENRD). BEAGELAEE
BEFQOEELELSGVIENELLEEO)FIREAS Y RELE
ZHA01:1-100:1, %£%02:1-10:1, 24£%05:1-3:1,
XKL 08:1-2:1. BRf, AAAFHAFELCHGR, EHXEKRA
THAKEREK, KR, tKke#aT, K&k FARATREKRD)
RO LRGAGERAR, BRA-ZEHRFETH I, HEBEHP/RS
B I BRAYGALAF ), HERTAZ ARG, S
A MR, Bf, $2EKPEHE, F2(FTLAEHRBESEREL
W, 5CAELERLXRIRAELAKRZI};, TR LKLY AR
Ko

AEPHORGAPBRS EIFENGHATRA(CARIR L) Bm,
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ZEMENNE, SHGENCHERE, FREA, C-CyoiR, C-C3F
R, €METHE-F#HT - IACr-CorREABRK, FABREN, ARBEE
M, CTH, —FATPEE, SRECEA®, B82ALE, —FPADMHK,
—WREA, K, HEEHNGRESY, PRBEFEN CO,, C-C, 5B,
AT HTREFAEKF). OTUARRE G ESF, Lk, BIALR, &
H, 2HR, WRPABBEBREG T &, LARARP S HERRE T &
kA FTEAERGRET &

iR A 6kE X RPORP i iLd, AT RPFRP S AR IR
AH1 - 6 ABRFHRARFEAPERL), FAE—F TH C-Co i K
Ci-Cy B RABK, HitH, % RZF R+ —A27EH, 8 R¥F R?
FPH-AREH 4 - 6 ABRRTHRE, C-CiRARCEIA-7REX
X WlFecm, cihnis, —HAR, PARTAR, —&RTAR,
—PREACLKR, —HE TR, 14--FAREXF,

Sk HgEREt 64 THF A =Bk, SN F AR EMN LK, X, 4
ZFXK, A-—FX, - FEPFARGY. CENARABEN &
CH,CL, 12-—& UKok RF/X &K1 — 6 kX, 2 RHEEMH, B
ABFGARBENERGRBEFHFTRALINLAN.

ATRP &T R e A RA KA R T HATEAMNEKBRIKRERRS
Y. KEWMRESHAHA{PIL Y ELEY, AAhcNe by, K
R, EDCF SR T KB & A 5 B0 B & (Bekturov, E. A.; Bakauova, Z.
K. 2&& T 64 % KEWE S (Synthetic Water-Soluble Polymers in
Solution), Huethig and Wepf: Basel, 1986; Molyneux, P. KEHR SR E S
. M & Fe fr B (Water-Soluble Synthetic Polymers: Properties and
Behavior), CRC Press: Boca Raton, Florida, 1991). # % T3 b &FE£85K
EUREGDRABIRNKBRAPCHELEKGADRAREGRAEN LY, BA
E—BAHKiES R TKERESF (Elias, H.; Vohwinkel, F. # &5 13
A % 4% 2(New Commercial Polymers 2); Gordon and Breach: New York,
1936). T EHY, FEGAFARTEHGEHERSAEAA TS
K% 4 R B (Keoshkerian, B.; Georges, M. K.; Boils-Boissier, D. (X %
Y 1995, 28, 6381).
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B, XX ATRP 75 S A4 KA A vitfr. “@XAKR” £
BERBFMIBZETERERGEKEEYM. FITEEK, £RREKE
P C-Ci B, T8, ¥, W8, FACEAR, —FEA 8K, —Fis
W, —PRA, ~PEARE, XCNOGRSWRE. FF, 2KAAH
pH THAENANBE XA e, Ho, I8, AAMAE, LALH, B
BAWH, BRAF)BTESENA. Am, KAGEKAIMRAZK.

LEAKANRAFPHTHE, BEORRBETUROCENANEDARE,
#i% 20 C— 100 CH£HEEL 70 C— 100 T, Hhtih, AX—F#FEF
FOWERREyFoRERERKRERY, ABEgLeE—F ot rais
MR (R AR AL ERG A E)GRIRT RS, L KLk A 80
CARFELSTEARBES 10°M A2k 10°M 65 KX E .

SR ERRKREEER I T XM

Rl\ / R3
C=—=C
RZ/ N\ o4

R

A+ R PR EREAH, 5%, CN, £H 1 - 10 AR FHLR 1-
6 AERT, RHE 14 ABRIGAER L ERE, HREATIUZRK
8, BA2-10 B RT(HKEE2-6 NERT, RHEZ 2-4 MER TG THR
REG. o,B-Raf AR R XL ENEH AL, THBRKY C-Cg3ri i,
NR®%, N'R%, CE=EY)R’, CEY)NRR', YCEY)R®, YCEY)YR®,
YSEY)R®, YS(=Y):R®, YS(=Y.YR®’, PR®);, P(=Y)(R®);, P(YR%):,
PEY)YR?Y,, P(YRH)R®, PEY)YRY) R®, iRl Lifx
), RAF—ARSMEKBETPRELGHTA R EAME H X C-C,
B FEA AFYTARANR', SROME0); RREALAF1 - 104
BRIGEL EA1 - 1048 RTHRAE, K, FaR AR AL,
RAR BiZHRIAF L - 204A8RTFHRE, AR PR THLE—
RBRAEF2 - SASRTHERL, BRHBKI-Z6-AK; f# RE B
AH, AERXEB CGCoREE - AMALOREAAL SR TH—
RYLH, TARA—LHBAI -8 ARN)AFE FERAELTSHO
H, ETURRELEREN RYAR; &
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R R Bt H, SXHABRAXK), CN, C-Cihit Cy)
%A A COOR'(L T R+ LA 2 L); K

R' # R’ T# &—&£% &A@ X(CH)HEABTHRK)R C(=0)-Y-
CEOAR, A n22 -6(RA3IRNHPY AU LR L;

R', R}, R#R yE2SBARHKAE; A E Yy —HEKTR,
R, RRF#R Y25 —AZATAA, XAAATEARK: OH, NRS,
N'R%, COOR’, C(=Y)R’, CEY)NRR’, YC(=Y)R®, YC(=Y)YR®,
YSEY)R®, YS(=Y),R’, YS(=Y),YR’, P(YR’), P(=Y)(YR’), P(YR®
R®, PEY)YRY)R?, PEY)RY,, BEBRAKHN C-Cpoi AR Lxmik, £¢
—AREAERBRFTAREAAM I, HX C-C ) F&1L.

“THBRAK” AR BEELFERBRAGREA, 8K, i,
FH, xA, eREPREL, K02 BAILE BB

AEXPTLOBAEKRBEESYPAER. KERREXELT REMR
PR KRB LR T LERG—HREEM, AEREMUERLXALLERE Y
BAFHEKG 2 AR, —Fk#, ZLREOYRBIA-_CHEAEK
HETHASER AN OUAROABOAN, —CHAEKIARLER
B, REAVAARETHETENG, RL4ERESWFBaLPEKE
#8).

AKX HG ATRP % L RE— A SR KBRS 7 &, BHEAAEZ
REHEIXRPLERESDER TR I DI, AXAGKEKRERES
WhAKEREASDORGAZERNML, ZARLTLFXBEGRES W2
B, A EREGKERERTARNAERLGKEREG) RS
KEKR, HERKRANREIGREDH TREN-CHAREREB-g-X T
H)(R LT @ o 5% ).

ERENERFTETY, RKEROGELABGHBES Y P ER AL LW
fo, BRI EBATARAGRRBARBEELALNAEG ATRP 7 )0 £ & & (K
RES =M, TRAEZTOH, PLEEIKELESFAM)LRARKEGHE,
EABRREHTARSHAKERIKREEEEKGEH)RET, L4ER
AT RSB AKERRKBEEAF 2, 2K £ 10mol%, Hit £
4 30mol%, Fe ikt £ S0mol%H K E MR AKRFPE LK), KK
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Kb 444 8 X-R'RPC-CR’ R85 £k £ 4, KL

RiFRR:iwEAH, &%, CN, £ 1 - 1048 RF(H & 1-6
AERT, THZEIAABRIEER L AL, GRATUAZRKY,
BA 210 ABETF (it 26 ABBET, RRE2IANBRETINALR L &
s AR, ARARETARBK, C-Ceiik, ZREATHR
K, NR%, CEYRS, CEY)NRR', YCEY)R', YCEY)YR®,
YSEY)R®, YS(EY),RE, YSEY),YR:, PR®):, PEY)RY:, P(YRY),,
PEY)(YRY,, P(YRH)R®?, PEY)YR®) R®, XK &wi, ¥4 H
BRFITHAERT. NR,. Cr-CeiERCr-CeRAEER, A F YT
ANR., SROM#ZO0); RAALAL1 - 10A4ABRFHKEL, AH1 -
10 A8 RFHRaL, X, SaREPEFRL RPFPRZEAT - 20
ABERTFHOEL, AR PR TAE-RBEEA 2 - TARRTHER
A BRHBKIZE8AF FPRETALIIZRIE C-Co A (Z—A
AL REAL M BERETRA—RF LY, TAXA—RBAI - 7 ’R*K);
Fa

R AR Bt H, aFHEARXK), CN, C-C(#h# Cy)
BAF COORBE YR ALF 1 - 10AMBRFHAREXFTL); X

R' # R T# £ —£H Rl X(CH) R BH(THRK), ¥ n'x 2
- 6(h & 3 X 4); Ao

R', R, RR#=R' v 25 HARHAA %,

HFEAZXPFEHNEGESW—BRTRAERERBHAW I, BEXCLHEER)
FeRrmEHAREAGHABP PRETERERTHEX PMMA , A X—F
& €42 % PLEXIGLAS™)., &%, AKX T8 48984, © 54
EFAMARBEORBAEFHRELOYRK—FENYIN., THRY., TH
H oG Fe/R T HGEE, RESATHENOXBAGEA,

Bide, REXLHEFRAHEREGREARD(F I, PSt-PA-PSt =
BARIAARGEBRFRE. RPAAHRTR-RAH KM= RAE
E¥ (¥4 PMMA-PA-PMMA)R A A6, 2B H K A RBEFHEEK, KT
W, (FRRHEER/XAERGHRDPARDRARGBH, K
RO, KLHP(PRAHEEIARROREXLALEWRAAS S
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B g 3 PG B MK,

Wb, WAZXWAEFGRA T RBLAMBEE R R ERZ A IHH
HEERURHNEZEHIRCHERIG— ARG H £ £ & &M XK
M. WALAFENEOEHBREOMAATREGIRA EHEERLD.
(#l4e, STYROLUX™ K B EFREANEXLH-T_HEHHALEY, £
City. HAGLEA FHERD).

AEPHEI RSV F/IZARB)TAAFHRSEDOP)AIEY 3, &
REY SHEREES 10, FTAEAEH/ZEHF>TEHE Y
250g/mol , & £+ 500g/mol , £HK&K £ J 1,000g/mol , £ £ £k £
¥ 2,000g/mol , Fog kit £ 3,000g/mol . XXBPH(EESW, AT
TG “HER B, RBAARLRIGRS ST E. BRR, REAA
BEEE, AEXAHRESYAR LA RBAAG LR EHRENY > TN, #
42, 5,000,000g/mol , 4 # 1,000,000g/mol , % 4£% 500,000g/mol , F= &
£ £ £ 250,000g/mol . Hldv, ZAFKTEFH, BHHTETAES
1,000,000(& A& E R K3 o F X LK),

(YT ETHRIHAEEESEORSINANEAES 5EHRKR
A EBAHE NMR £ #&@H e, % 1-ZRACEKRANEANFAHBETHEL
L NGO 2 Up o

A, AAWTeEHERHEHRIL. 24PHEILGHES, U
R&EB. $%E. EH. A, L. BHR ‘KN PSR LLHEE
P AERAENGERMFE A BATRHRFHE,

BA ATRP £ “iW” REAE, CHSLERTHEEZRF LG
sk, b, BEH A HEGTANRAE - FTHREGREHELNERE
“X” . B¥, A—AEEFTEY, —LANRRETERTHAF—HE
W, RETARF - HERRARLF " RETRTLERESYER LY
ARF - HA. REAMEAIXAAERETRMREERAE RN LS RBAER
.

I, T ATRP R ANKAREGRE, RA LR BETMA RN 4
LB, AALERETHEAIHGRBEERY, AV HARSTELRM
MEFBROFESDTRIAORAZHES Y Y RKEET, AR TES
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RAYHEEGAHF. B, RSHNESRBXEY, AFTEFTHHERE
(PR) BHBSRERATANS, REHLXLHEXRT _Haadist
L, FF,
Ed i A b PHiEN, FEAEHRAERAABRERARAL, &
M, RETARXAFHREA SHRE R TREF.
Wb, AREAZIALERALXPREARYO TR KRB AL, LY
Mt FEEGERAH R E LG RE. HIF, THATREFL-ZHA
FHAGL)EA>E L HALHN ATRP 5 24 A REW, REkk
AERRANEMN/MMANKABRERRCDRORE TR EHEAR ‘LR )
LEBEAODERMERRE., EXHWAT, FHREH AR MmEKG
—FRERBHHINEH.
B, AXAL AR TANGKFTRAUARD:
A-[(MY)y]-X
FRAHTXOLALEY
A-[(M"); (MP)]-X
A-[(M'); (M?); (M) ]-X
A-[(MY; (M) (M) (M), ]-X
£+ A TALZRMRZREC, RURVRSSI, RM).Si, RURPN, R'M,P,
R"O%P , R")RZO)P , (R")P(0), (R"0).P(O)ZKR")R?0)P(O);
R, R?, RPHFXPAdLmex; M, M, M, - EM'SAXTHW
ABLGEKEAEHZL); hijk-— E1I5BRETAIGTFHES
B; Fij, k21 AFTARARSHEAM, M, M, - 2 M" AR
o
ik, MLMLM, - EM'$PEF—ARFTFX:
Rl\czc/ R3
s \ gt
LAY R'AFRFTES—ARCN, CF;, AH 4 - 20 &R T(HEE 4-10
ABRT, 2HRAE4SABRFIVEERIERE, CG-GHRREA, FE,
%A, CEY)R’, CEY)NRR # YCE)R®, ¥ 55K, %K, Y,
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R°, R®, R'#R*A LA L; #

R fo R el EF 2 X; &

R' #o R*# & — &% & & X (CHpw K C(=0)-Y-C=O)AH, £+ n
FrY R LR R L,

ik, IEE)REVEAEHIBY LT EHEY 250g/mol , £
.3 £ ¥ 500g/mol , ¥ % R4t 1,000g/mol =&k & £ ¥ 3,000g/mol .
ik, (B)REGWEK % 23N 1.50 RBM, £HiE 1.35 XL, &
EFXHA 1S X EMAREL 120K, ERALXVGBREKAAEES
T 5,000,000g/mol I EH XKL TE, 2R, REFARTE, AXW
B(EVRA VAL RETAAA LR ENIEN S TEAN, H,
5,000,000g/mol , 4.3t 1,000,000g/mol , £ 4L 500,000g/mol , Fok % £
% 250,000g/mol .

HRAEGEARALEWOEREXUH. CLRUER. AHE. A REM
F(FR)BEHE C-Ce RABMHEERAOYH M AR E, B3 bi@TR
AHBPEFRCHEA 10 - 75Smol% X TH),(b) PLAEHB FTRAFAE
HBETEEAL - TSmol%AHBTHE), (c) XLEAAHERTE, fd)
PEAAEBRTEFAAERTRORELREY,

AEXPEF A TXORBLEED:

A-(M)p-(M)g-X
A-(MY)-(M?)g-(M)-X
A-(M)p-(MP)q-(MD); - -+ -(M") -X

AFAFX IR EHRZL, M, ML, M, 2 M5 BARTHEHERAY
FHREALHEL), AR FZREAHBER MR RBAFERRZ A
(PR THEATARR), fop, qr, ~EsHRIRAXBNA
RRERBRIENERDGFHREGEN/ZEHRXBEH ST EEALYT
AXPRSYmBEGRA, bEENREHLABZE(RE LRy
i F), X#TAZLH, OH, N;, NH;, COOH & CONH,.

RAEGRBEARDTEA T A

RHRHRBC-(Ml)p-(MZ)q-X
Rl1R12R13C-(M1)p-(Mz)q-(M3)r-X %,
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RYRVR"C -(M"),-(M?) (M), - -+ -(M") -X

Wik, KEXRAHRBEERDGERBEAA S 2R 1S5 REKE, 24
#1335 XEMh, LERHE 125 XN EAAREL 120 RBA ALHEE
ERY, AZEGEAL, TURAH S 2HHBAI0XEHK, ZHiE 25K
T, HELHEL 20 RLKAARKL 1.5 R LK.

AEXRATRAMNEAMRLHE L RY. KXW ATRP 7 i 4 5] T ¥4
Aik#NEZHERY, ATEXEERFH—HEA - AXBARLXBRARX
(Fide, AF M, M, M, - EM'TESF—AEARLI-=FALH, - K
AH B C-Cyp -8, BABRET LB C-Cyy—®, TABEA/RDLX
ZBREE[ATY APEALHRZLHG NRY, F), RECBEHEHYEW, B
BTZzME4em,. B, 248 “AX” RAAGAKXH IS L RG24
HERBSORERXLHE . FHEHR/R(FTRAERN C-CBE L RBE.
Cr-Ce AL kB EBA/R LI- XX LHEGAS,

BAH LA HREREGERGLREASRF BB REIZAA A E
R % B 8 & (Cowie, " X #% % % & AR B (Alternating
Copolymerization)'', Comprehensive Polymer Science, vol. 4, p. 377,
Pergamon Press (1989)). X 2 £ RW Y 7 kA & 65 bR AL,
TR B TEANE X% L% HCowie, XEEED, Plenum, New York
(1985)).

ey “X%” ARVESALEREALA N ERME, “IH” £
EWaBd—#HREMHEANCTEEREEGERW I, TafrL, CHL
B, F)IE—HARSALA LT SHABRGEARHEES, TEARHES,
Refely, RefemR, FHEESRAENE. BX, AXAXTFRAAAT
X XHLERY:

A-M'-M?),-X
A-(M-M?),- M2-M")-X
A-( MM M2-MY)+( M'-M)-X B,
A-[(M'-M)p-(MP-M)¢-(M'-M?),- -+ (M'-M); -X

EFARX ALY, MAM ERAHTH HLELH LKL
EHRL), M M F M FH—Af M ZM $F M F85—4,

45



03155775.9 o P EE35/74m

R, pqr EsBIititBHEZRENARDAERANGTFHR
BEFIREHREN P T ESALT TAANZFERAIAAERSE
YRR, (“r-£s” &iE, 5HFhHEpgqir A2 F
BT RBERGAEN TR rfs ATFHREZEA L),

#ikH, ARZRIRPRPC, M'REF LFLAEEG—HXSH4E
Wl I, Cp-Cyp RHaFaBB R, CTEA—AXS Mo A LA ZLHRE.
sHE. ik BAE. BAaA. —EEAEE. FERZBRAFRFRH)
¥ ek A AL [# 4=, isobulene X CLHHE C-CoB], F)FM ZAA &
F SRR — A X 5 A R H e, (FR)RHBRALLE, (FTH)AHER
C-Ca B, C3-Cy THaAoly, C3-Cypoap-RRAEX, BEX, AL, HEK
dE, BBEEEF, PUALHEN).

i, AEANHIHELEEDAEAEHAEKAHLSTEHEY
250g/mol , * & 500g/mol , * £ £ & # 1,000g/mol , Ao & 4L ik
3,000g/mol . &, ALXPXEARVEA RS EARKN S TEN
5,000,000g/mol , #£& 1,000,000g/mol , Fo# £ £ 4% 500,000g/mol , %
B AKX E <l (BRSNS TELRIA MRS, ik, KXW
XEARWAA S 2HEA 150 K E4&, BHE 135HRK, LERHER
1.25 H EaA R H# 1.20 X 4K

ALV AARZE LRV EMEAT AR A RE. EH., E4.
CRERY STES L AL TS G

L3 A Mg AGKE R RIRVRPO)A AL A = “X A HH, ATRP
THRHAE 24" (BESY. “ad” HRVAHUTEHA X

X-Mp-(A)-Mp-X
£V AGHKELE RIRIREPO X WA LA ZL, MRBRALAZLHTHA
WEARESWEK, PpREJAIHFARGE, IRFARAREFX
BAREGKA. |

hAWzERRWOEECH, AR/E, (FTR)AHKEK C-C B, &C
B, LELEBRORALENORE, RAZ4HRDIELEFEHIEY
>FEHEY 250g/mol , LHEZE S 500g/mol , & £ XHEE N
1,000g/mol , F=5% % & £ ¥ 3,000g/mol , Fo/XEH $ SHHN 1.5 X R4&,
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Rk 13 REK, HERKL 1.2 XBHK, PEEL LISKEK, KEF
AEAE, AKANXAEARVEAZZ EAREPHH»TEH
5,000,000g/mol , 4t 1,000,000g/mol , % 4t 500,000g/mol , ok £ #
#.ix 250,000g/mol , FARKKHE “iEH” (XMBLYH I TFELREIATH
AR,

HWATRPARAH = “X” AW AN HNEGRBELEWTAEANT
) X F 85— A

X=(M?) = (MY) ;= (A) = (M) ,— (M?) ;—X
X=(M?) = (M?) ;= (M') = (B) = (M") ;= (M?) (M) ,-X

X= (M) = o o= (MP) = (MP) = (M) =A— (M}) ;= (M?) = (M) (= ..+ (MY) ;=X

PARARDTEATAA T A

X=[ (M) (M) 1= (B) - (MY, (M?) ]1-X
X=(h) o (M) (M%) 1= (B) - (M), (M?) (M) ) =X

X‘[(Mﬂp---(Mﬂq(Mﬂr-<MﬂsJ—A—[(wa(uﬂq(mw,...(Mns]-x

*F A& R'RYRYC), X, MM, M, EM", #op,qr, - £
WA LR, WREAZAZEFXBRALHGEA,

AEBEFEARAELREY. BELEVHATEA—LHVAE S5
BB ROREY, GHRATLELREVERHEPALAGFTHLY
iﬁmwﬁjpFBTQ»ﬁﬁﬁﬁ#ﬁE%m%#%%mﬂi#m,#
BRI EA TR G R (H o B TR E /R L),
ML EFE TG BT FANRAS, %Tuk#ﬁﬁiﬁ%ﬁ
HEAA X BAAEHH RGN G BRHRS.

REGLXASEFOHERBNK A ATRP VR BHELEW AT H
HWARDOEAR, FELARRKESVBNEGE kP LRESAYTHY
ARERBRALKR. 1R, $AREALTEROVBROIFHZLAR &
&1

A, AEBRREARVGIEMARIA X T GG ERY. BATHEY
REAGH TRBLERNETRAREHN A BRI T & F W (Sardelis
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¥A, &Y Polymer), 25, 1011(198)F %44, 28, 244(1987);
Tsukubara ¥ A, E4% & EPolym. J.), 12, 455(1980)). &% i# & 3
EVWARBTHELRY, BAHECMERT T RERHSE, REATHRAEY
HABRMHE. A5, BAEEREDNEABER ARG RERTRE
o
FE2
AAAAABAAAABAAABAABABBABBBABEBBABBREB

10 ! =1 I 1 |/ 0

E
&
:ER’ 80F 120
A oo}
601 - B
;i 40 &
£y leo @
W 00 ¥
<« 1 %
" 20- g0 &
B $
0 L 100 a
0 n
Bk
.. . O .. 00 . 000 0000
O #4A
@ #4B

BAAHFXEMHBEAARAREE ERFNGEKEFT ATRP £ R SR
BTAHEHELRHF I, r'>or, A Fr' TAXT 1, TAAAT
1), WELERERTFARLALALES(Odian , (BRESRHE), FIZU,
John Wiley & Sons, New York, 463 ®R(1991)). #ii», A £BH AW
AREGRBEY, kB THRDIGRAGY,

EALXPHSERRY, AVYLARGHETHERS YIS AMLE,
RARBAR(AR)ARBERGERRE, —LEARE THAEFRLK
(RF-R)EARERGERTFRIAELLEEKGRAVETH KT, B %
RRBRBERGERABH, RTXEHFRBEEGERARE AL ZHA
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SIANRBAYEY, LAARYHLEEHNAS. RE, ABRKETRRA
ARTFARRBERGEKR, LECAEN, CALRGYRGEZFHBAT R
FERBERGERGRE. AREEREDTHARGRERBNABREE S
WERABRLE SRR AENEEREN. CETHRAAIN ARV ARYBAA
B, AR TEIRERXT—MHXEAEKOXERER,

B, AOEBHARAERGEEALRSGRALGH T, KXWN %
BRIIAEDEBRELFTEORETRTOLEREGF M PE_HTAY
EESGEE, ARAERGALELRF —HEKREF M ERGER
o ah —baa, AfPafbBEARO0 - 100 f(ath)= 100; KRB AR
MmEGF—Ff/RF MHER, R HEREF _HEAGERIR
cd-d:ic, ¥ cFRRTa, dARTDbA(ctd)= 100, FieXEX6%,
FEEEEREAMATEAESE: oXc>a, WE—FHEEKGERILY
REH)EM, 224X d>b, WE A LKGERILHET 2 K)E
. WHFETALEL, WiroLhXEF—K.

B, AAWLEETXOHELRY:

A-ML (M M) - (M MZg),-M?-X
AFYARXPAERRZL, MABAMRAAFRAREEEHELTHER
BRF/REELRBERRHUMARLES 15, TRZABES 2RKELE
FHETHOARAGERFALAREL), a, b, cfed AT HF UL
a+b=c+d=100 #93F & %, X ¥ a:b X 99:1 — 50:50, c:d & 50:50 —
99:1, F#M' 5 M Y ERUTEERGVWEKEFTAZMKab THE cd,
FenmxfyBRIimZESF2. . KA ES 3. EHBESSHRAEZLES
10 K, SREXENMERDOENIBHLPTETAERA LN TAL
RO EA W HERR., ki, AZR'RPREC, X R A%,

ATHRHE, tERERABERERE, RECIFT LR 5L $K
SBHEREYEAGERRY ., RAEALERGABIAE T — 4 LK H
ME D —AHERGRATRAAS, NEALAGBERLIME S —H ¥
RGPl TR L ERAMBKEAS.

W, BRELZEBROVBRGEREANKARGRNIZERESHEX
BEF@EARLERab Zcd IRk, FTRENEBLAYTETHREFH
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HREALHEB, ETHRENGEBTRAEAIRERTHTFHE NG EKRE L
EB., Hliv, SREGVHTSHRELH 6 MNEKREAH, TUAFHA 3-
¥ AT RBEW G-mer)-G-mer) M 2 E, SRELSWHF S HBELH Hl o
9 Nt AH, UHATTSTFRAEKEZFTHRE S —ANEKET(H
¥e, (4-mer)-(£ M 4-mer)-(4-mer) Y= 4-F AT HET AR 2 FriE kb
, SREVGT S RBLSHH I 10 — 50 M EKEAH, R 5-F 10-
¥ AT HRET AR RAEWEM 4o, (5-mer)-(5-mer), (6-mer)-(8-mer)-
(6-mer), (10-mer)-(10-mer), (5-mer)-(5-mer)-(5-mer)-(5-mer), ¥). %%
SHE TS BB AA Hl e 51 - 380 N EREAH, A 10-£ 20- ¥ AT RE
TAMZHEWRE; F. B P SHERNSERRIZNGE RILE X
FHRENEANIABRECYRGERITHELLELEY.
LH-ANFRFTEY, F—FRK5E ARGl REE S5
XEHG, PRt AEFBHNGEHBRARZEIWE 4 45 E%
7,
ZNAMNKERSABREZ, FLER)LEPCBREAFIGRA
A, ATRP#S AAMNLIBRRESY LR,
AXRETRTHERRY “2H” ReWAARY. B, 33K
MEHZAXEA “X” kAW, “X” RATHE-ARSALREGRE
JN&4i. A, ARXWTECELA TAGEHEESY:
' Ar-( (MY),~X],
Af=-[ (M)~ (M) —X],
Af=[ (M) = (M2) = () K],
Af = (M) = (M?) o= (M) =« -~ (M) ~X].
A’-[ (M4 M%) =X],
AY-[ (MMM,) -X],

Af—[ (M0 M) K],

Af A5 AR, RANREGAR!, RIZFREP—E4H 254X E
B, A XA e, M MALME, - Z MU Bl b FAL R B
B AR, foz 23 -6, i, A'ZRIRREC, XA A%
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(k& XB).

AR THAAEAPEBBDRAWHNANARA T ARK LR
RUIRPREFOEBEAZEFZATAL “ X~ (IR LA 2 V)M B AL A
B AM, ik, TLBAELE “X” AR, REXIANAHT 48
A CeHy(CHX), % CHy(CHLX)y #4b4, ¥ X 2 d%, xty =6,
X+y'=4, ABAyHy&HA>3. T—EWERET LN 636 2,2- (KT
H)1,3-—8&AK, 22-R(BEFH-1,3-—#A K, oo,o'-Z&-Fro,a,0'-
ZaKH, u-Fos(a-&-Fra-R FTR)X), REABGIZS(0-RFTH)X).

INFBHEINEEDETIARELALAHE. GEILREWNE
ROBRAEE—. LERBTHARAN 2T,

WAB, ¥ A A Bk BEBNSEINRESY, AFARBREARE
BRIEZEBAHRARANERAGEHRF L. BRTEAN AB, &H#,
AAHERGEEFEEA - ANAXAFRZABEAAG-REGH K. &3
BARMFXEERK, B, SRERFRABALAE LT &, ZARLY
MEYEK.

HRIAGRESWBNAA—AMAXRAFO+DABAR, AP nREL
$AGEB, KA BRBEFIAGREGUANBERLAZAETRMLYG. AR, X
BEBRANTEFZ EGALENH, WRABAARAUGHR, ETHERAT X
STEEANAFTOLHTRYIEK,

AKX N & EXWREASY AN HEMN RSP (dendrimer) ) — 2 A ¥,
B T ERBBESWEY —2MEE. B Frechet $FAMENME T5 i
(Science 269, 1080(1995) <R TALX W SZA I AREMHE K, TR
ERAGRBMEL, HARABENERAGFRAALIG L,

AXPEFR—HERAAKPFEREy—#FLF R, R R AR ¥
ES—ALSATAREHBG X ARGTAWERS 4K, £ &K%
ARANEANGHEATERPPEERAENAN, WEKAS X ABTALENX
g XAAMRAXAHE), KA “£8° (A, AZAERAORETE
HEARBEAPY, REKRE, EXAETTRAARLTBRGOEARS
Ed), ERFRABHBSAHARLSABATRP)H 4 3 & L LR AWH
B EIAREXLE) 7 &
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Pilde, HLELTERFO-EFERXCHP-CMS)TRAELE L E L
SHF 4, Cu()) Bk, 2,2-BatwX “bipy” )44 FTHHFE
o RUHPD-CMS A RERANFHBRA T L EBBRERAGN LA
TaWGEEPFLE,

¥ 5L, & FRLT AR XN H , & Cu()# bipy 4 £ F P-CMS
MHYREAB) A THREFALANEFTARLIEET, BAH X
Cu(IDCL, e S BA RNLAN KA E R RELRBENFAAMR A LF &
3). ZRFEBREANN-FAKARGMEANRESYHE, AN, BoY
A AR A, CHREBIANLLERGESHE T,

B, KAAWESRTXMEE L ELY:

M- (M, M, M M%) X, Fo/K
M! - <?«11a1712bbl43c' : 'I‘I’Iud) LM p-(M)g- (B) - - - (M)glg -Xg

Xp Xi X5 Xk
At M RAAS-B 3 FRPEY A X RBEA LA ZOSGTHHR
REH$K, M M, - EM'ZATAWARSWEREALHZL); a,
be-EdREYH0MK, EHabc-EdWNEFLEY2, KAE S
3, RRRESAPRKRRESS; eR(@a s M ELXAHK, Gi)b 5
M EXEH %, (i)c 5 M EXABK-E3GdE M EXAARGK
RZ EHr; f<eFr(g+htitj+k)=e .

B MM MM M) X ” AF “54£” 58 ELES
W, FF& “X” AARRAEKREAHBE > LW HH, (BALXHH S
BRERLREHY, “B" TREAARLVHBREAGERALF 7|,
DR THRESXALLARBEREAGREESY b 1K % A G4 4T £ 4
ARG AT, B ), WUFE X
M! - (rlal\lazblf%- - 'I‘l’[ud) [M)p-(f)g- (M) - - - (Mhgle -Xg

Xp X1 X3 %k
ATFRAT—AXEA “X” AR TERBFEREL T, RAED L REW
SHAE IR E )R 2 REH .

FEE AZARTOEAT “X"BRAERAEGBROVEML — 5K 5
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%, REAWFEAREALL, IALERSGAREDREH. “AF” X
ARS8 33 0RO PRBRIIAN—FHEAhnEREL, FERAAHAL
“X” R LA aLeRRE,
EEAEPHEREADESH T, 24 FE 320D 1, B
HiAe) “X” RAAMEN ATRP ¥R FREME, #lde, %8B “h”
B “X” XAARXRALKENY ATRP YRR B(Flde, A THE 3 FHFA
BATHLE L1082 CIARAZ—ZALMEN ATRP B YA B, {2
FAELHRE)H, UBKRTRAFATEAXY =9
Mt - (rlarfzblvlﬁc- - .Pldud) I p-(8)g- (M) - - M)gle -Xg
Xp X1 X5 Xk
B 69 X B+ 2",
AEREFAXBAREDRE, ARAEFF ik, B kHAGA
2 ERERG I/ RGEIRRREVARETR, RSB RAKEY
BAY. Hlio, BIRSH-ETERXCHARBERASD T EIILH (e
A TEHNXNLCER), XBEFELRIPAEHRB AT .
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(W, RELAXAGE—F @, RETFTERTARFRAAFHE Y 25%.
KEZFS50%.2HREEY T5% . HEZHLE S 80%FRHERLZE S 90%
ERGGH R, Wb, RAAHNRETRRBSEARUBREARESDER
ABARNRTRENRE. REXEZPEIRTREHE. BREIXEHGH—HK
B, Rd, REVBE—KAHFEMTHEHA).

AXREOLUBERR “RYB” ARY, WEARSALEHF. Hlie,
FMHER)RADTAIEBANEARESRENE, BB, F-(R—#HX
SHACYB)RSYAREATH ATRP BHHF—~(HELSDHL; #d
ATRP #H & % — () EAY, RETHEBAWERBESRAAKF—HX S AL
CBROPBRIREERINF—(BRAYL; IHEFE—(H)ELY,
WA ATRP 5 A XA LBEH A TCEHESHEIARA.

ATRP #—#H R SH AL CELSFTEMELGLBES A THEAEIBRXEH
(B, SARBRVRAVESNE NI NANAE)RELEYORE£E.
tF, ATRP —#HHA S MR CREFTERESLRS A THE “RAEH
B, RYHURAESFTEHNERAA —ARSATRAEEW I A%
BEYSHRDHORIRARE. i “REHEY STk d.,

B, AAWH—FFRHELEBHK “RY” (RSP FTE, € o
BEAKPHATRD 7 ik, 5 ToRit AATANASB6 X BRAL(P
AERRRXEH(H O EFT E)RARTAMARESORALGER
HEF—REWE () 8 A M5 F—ACOREWY T #E KALE R KB IR
Mg A AW, (i) BAKEe LR VGi) —HXSHTHAULAER
L8 R LA R VD REWRITRE, BREAERR “REB” ()
REWEGARRERESY, REARBERASMT X E LB ROERR “HKB”
(B)REY. aHFEH—FokhEdadhE AT, MEFXHEE
S REBMFE— ATRP # & F — (RS UNIF R, Ry Ey—#HEHKLR
AHAE “X” AAHGZAMeiss RIRP BRRE. SARMEE ()
REMGEAN /BN AN, LEBREFRESRLE TR AGHE DI
B, PALE-ZSFRX\EBHEBAN, SEANEEANTRAE &
6 ATRP 3| R /ALK 2 LR E, RTREF R EGPRAN, &5 %
TH—FoABELTEOE, HATRP L F—H(MESDEHME G £k
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EB)ZWBARNEF—CGO)RED OGN Fo/ R 3 KXW &R iE X m A
SRR

Wk, MEEHRK BB OREDN T T 6l WA LX WA ATRP
FEMEF—(OREY, RERFS(HREDBARBBHAE—(H)
ReWE, TEREF (RGP —HXEATREGERZ AN KR
HEBGAR R PELEAGANRAREGRE, $BVYNETELSR
B, $@B0METRAERE, $BWBLEREGRAR, RALHY ATRP 7
k), REALHEHEBFTERATRP T2 TESHERES, BAR4A
ABRHER Wl (BESVGRLREY, REARRRSWY 55 25
BARGBHR “BHB” HRED.

"k, EF-~(R)ESPWENHXBRERLCIXBr. $—(H)E4Y
Wk LR P FARGEHBRRE, BALK, ACH, 1-X2-45%,
ROH, LI-R12-Z&-X-RTH, ZAKNZLLH, WAAWRTH,
T =H, 1-&T =%, 1-RN2-2T M, LCHBLHER, —KLKELH
B, —ALBLHERT. ZHRANEKELKCH, LUH, KLBLH
BA&T =M., &9 ATRP #fTBRZHALZXEERF (D ESY
Fl e &T - H$EA) (HemFik) &4,

B, AXPELIEARTAHEHRR “HBB” ()RS YD:

Xe.R"- (M'(-X).
Xe R"-( (M M) -X],
Xe R"=[ (M' M3M) =X,
K. eR"=[ (MYM2MP, L L MY)) ~X],
Xe RY-[ (M) - (M?) X,
Xe R"= [ (M) = (M) o= (M) ~X].
Xe-eR"=[ (M}) = (M?) o= (M) ;= . . = (M) ,=X],

AYRRRALABARX(HE— LBV E—~(BEBESUWAL, f>¢;
eXFHEY25, KA EF 3.0, REEES S50, Rtk S 8.0 69%K;
X Lz X (A8 %E); M,ML M, - EM 5 AXATHORAES
HERERRERZL); porivsZ2dBE I RANEARBEEYREY
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5F%H % ¥ 100g/mol, &% % ¥ 250g/mol, XKk E Y 500g/mol, 7
£ Z2H% £ 1,000e/mol ; AA G j, k. 1 AFT HHARGHEHK
ML ML M, - E MUWAR R, (EAMRAAIW I, RBERSBH
BHMB)N S 2HE, FPHRSGAP/BRGEAIKBA I T ELALNR
Lo

KM BB AR OEETF—BREDOLKES=ZANKLH. &
LHRBARKCrCoB BB CGGREABM LA LB LERB AN E LY
REBELEEY, ERENERZRPERATE (RGO AERTH
AHEFEARCBLEREANY N-LHEARRERB/ACRUHEBAR
MR EREEREY, ATRAKCEERIEHIAMN G ATRP 7 &4
RECHEBEA ALY, RABHARDFGTATHE A VE K
& H o

AALBGLEBYY, F—RATAAEA LR RFGES LT
. A%, AXVGABPTAAERAARAEH TEBREDIH A,
HERAARBIORAS RAGEH P T ELRANEN S TE.

HAKPGFEEFORAPP LRI THANARGRAELE S
(B BASVARFRAG S o, 228, THFTIHEHFTEIR
( “Mw/Mn” )R&<15, h#&<1d4, FRBEE 1.10 X 24K,

BAKR X X Xh, “EH GORGHBERINENABETARS
Mg aARARRE, TNAAARSRTHRALXETY (5) FRAG)
BAW., A EAYTUAEBATIARCARCERASEATACR
B, BEXE, VE, REEEZERIM), LT ARRSWHFH P
Ra®, RBZEF).

AERRELTHE:
R TETPLCREBARE, PAHAME $RAGEARESHA
WARSRBEEFRS;

- - WAERFHAEFHRODPEREDE TR KN S KK e,
Mw/Mn< 1.5, k<14, H%<1.25, Ferhi<1.10), BHRAHKRG)
ROMMREEE XY AR, TEMNERTLKE;

S RBRBEINAN, BREAALEARSHEARAMEAGSRAQ-X
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K CHK R A 5 K H Fo X T 14K 1K),

- — KX P H RS RS F 5] M E;

-~ AKXWFEEFTEARREG EHR i, BRAATHERENE T
FENEHREALRY;

- WAKPFEE RSV R RRGAZEMH AN, THhHER
ETREGABEEFHRELSDAILE;

~ — P ERAINAMNH 4, % COOH, OH, NO,, N3, SCN ¥
KRS ARLEETRUEZFERLESY, P/RASBFRAAXRRE
RAYREH EHHlIe, h— A LEXBAFH A, b5 —RH &
g4, FRA, 2ARE, EFiAA);

- - HALARFEEFAGR) RSP HFERAMW I, C1, Br, I,

CN, CORESEHHEHLALCERAMF I, Cl. Brilftgde
fn ik HAR OH X NHy, CN#e COR 648 d) O ik KT & 5 8,

FERERSICRFTERALAR®R), ARAATCONRATYELAMW
o, BAKEESRE, BABMXES);

- - hA—2HFATFT@H e, % “X” RC. Br¥IK), WAXWF 4L
FORASVNHEFERARSH LT EmAER, RBEAASELES
RS RGNS

-~ EERAGAARG AL TRERL: £HQ) —REGREERX L
REGLBRELEREY, CRES—FLTRAARSR S S HEPSTE
B/ LY A WK ER/R (b) £¥RKE PR AEMEN I R/ME LK
AHEETHAREGRA;

~ - REIHEGRALASALENPEFOEAE )RS =, RE,

A, B, x4, alBEER “BE”), 2H, “GRAILY, XK
FeRkERERDPRER), CNAFEXEHREREIEERELH;

#o

~ - BERARGEANRTAHNE R LI LBV ESD.

AEPHAECHREXELASATRARELARNN A EHERTEZL X
BEmm, TAERZAXZPHLR.
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% 7.4

%4 1

ZARENRXCHENEN ATRP 98%. ARLARAGTRETT
BHARTH TEASTHNEAANARAENMAA =R LZBLETEE A ¢
11.0mg(4.31 x 10mmol)#j[(bipy) CuCl |, (Kitagawa, S.; Munakata,
M. €EM4LE) 1981, 20, 2261), 1.00mL(0.909¢, 8.73mmol)%)F
B, eh:HHMNGEH, #6.0uL6.36mg, 4.52 x 10 mmol)tyF
# 1- ¥ K C A &[1-PECI].

EAAEZAEBYFTATALEAZTRSE —REEH,

FoREATRETIHFAMH I mAEE, AHLEFRRIAATE
B2 0%, RERGEATAZETR, CRRAKAZYA%X, AAZRT
KERE S o4, WAEMEL, RERAXFATA. LALZTHEF
HZWELL— “DAE-FZRH-BA £/, BRRARESGREERYSR 9T
E

BEZREFRETHRARE 10 ¥ H PSR AR HEGEZF Ml &
3.

eAERHEE 30 CTHEZREME 12 Mo, 256, HEEH4,
KAZRMETO AL H[THF| Y FALTEBYRR. AL ZTARSYOHE ST
hEELXUMHR. ERBEKREEEEGPCl, B THARRXLE, MNEH
FTERS MK, EXFTTFTA1,

A1: ZREZSKRBEWHEX

ZARENHA & Mn PDI

x 100 18,200 1.61

2 % 70 13,200 1.59

10 &% 61 11,900 1.39
%) 2

XTHHM ATRP 99— B A . EXRRARFTHTEEHRANAE
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MmASKFHEF: 12.0mg8.37 x 10°’mmol)#y CuBr, 1.00mL(0.909¢g,
8.73mmol)%) €55 4 M 65 X T3, A 12.0uL(16.3mg , 8.8 x 10 mmol)
6 1-XA X A #[1-PEBr]. ¥ T#& A d\bipy SRERE, Fim
72.0mg(0.175mmol) & & 4 4k , * & A dTbipy , M F M
47.0mg(0.175mmol), F+%4 A dHbipy , ¥ &M 62.0mg(0.175mmol). #
HRAEHREHFAHA “AA-RPB-EA” BHREe LAE), AHEAR
SRR ERTHRESTR. F—RETALARZTTHEN.

¥EEALEERELE 100 CHBBEY. LXHARME T, K& vk
EHERREGHELAHE 0C, AEREESGRBE. 26, BEEAHE, #
AEHET 10.0ml BE&xHF. AL L REDERATIFTHLALEE LG
M, ERAARREEEN TSN G28LE, FAGPCRELT
s o, AYTHEARRLH. BXFTTA2H43.
42 %A dTbipy A BRAKG KX TH M ATRP 95 T %

BE(S4) |#4E %)  [Mn(GPC) PDI(GPC)
60 14.5 1250 1.08
120 20 1610 1.09
181 28 2650 1.09
270 43 3880 1.08
303 49 4670 1.10
438 59 5700 1.08

£ 3: %A dHbipy /£ RALKG KK ATRP 92 F % 58

BHE(a%)  |#4FE®%)  |Mn(GPC) PDI(GPC)
60 31 2860 1.05
124 45 3710 1.04
180 58 6390 1.04
240 78 8780 1.05
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390 90 9230 1.06

F el 3
REHEMGAADT XK TH ¥4 ATRP 9B Aab— K5 k. #4E
Kramer ¥ A#) % ik (Angew. Chem. , Intl. Ed. Engl. 1993, 32, 703)
# % dHbipy . & )5 1% 4& Hadda # Bozec %) % i (Polyhedron 1988, 7,
575)# % dTbipy . # 4% Keller # Wycoff( { L4 &) 1946, 2, 1)
F & b CuCl .
Fikl: TREEAMNGKEwH
AFREFHSETHL CuCl, % CuCly, Btz BLEAK, T8 1-
PECI #= 1,4-= 7 RIE X A S| 3 4 58 /) # ## 69 100mL Schlenk ¥ .
BREARKE A, ATFREFRE, £8#T Schlenk #. ¥E&EEFHF
B, REHHANGKXCERSHIEENMAZRKY, EARAKRKEA
B, YREGAPLBERIERLLZALAATH, #AEE®HEAL 130 CTF
Bemmk, mEAHBRAAE-ZEER. AXHBEIBREAREIGEH
BREFHESRAEEZQR.0mL)H & T 10.0ml 65 THF ¥ . 4 A 248 &%
ERMNEEFRNToELE, RAGPCARYTEMRS 28K, A TR
AREXCH.
BARBEH# 1(ZA CuCly):
8.5mg(0.86mmol)#j CuCl
0.120mL(0.91mmol)%J 1-PECI
46.6mg(1.74mmol)%§ dThbipy
20.0mL(0.175mol)#) X T %
20.0g #92F-—F RE X

A4: BAHSRBHI HER
iR (% %) B ALE (%) Mn(GPC) PDI(GPC)

38 12 2,910 1.60
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M

Bl A5 ZE51/741T

82 19 3,700 1.60
120 23 5,370 1.57
177 46 8,480 1.46
242 58 11,500 1.37
306 66 13,300 1.33
373 69 14,400 1.29
1318 93 19,000 1.22
B4 R B#2(3mol% CuCly):
8.9mg(0.90mmol)43 CuCl
0.4mg(0.03mmol)% CuCl,
0.120mL(0.91mmol)1-PECI
47.1mg(1.75mmol)#j dTbipy
20.0mL(0.175mol)#5 X T %
20.0g #53F-— F AKX
A5 ROREH2HER
18] (9 4) AL # (%) Mn(GPC) PDI(GPC)
37 0 0 -
85 8 1,870 1.44
123 22.5 3,280 1.41
194 30.5 4,470 1.40
256 39 6,920 1.31
312 43 9,340 1.27
381 48 10,000 1.25
1321 79 15,490 1.21
1762 83 15,300 1.21

k2 ARAMNGELEEREGH M0
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EXCHESGHMATRD H—EA2FMARRFTRESRAE, ARG E
BHLBERZREARL CuBr AR EAEKYE CuBr, X LHETHESL
Bk, FAmABEFZETHH 1 - PEBr ¥, REATREFTREFAE
3.

B4 R B#1(ZHA CuBry):
4.5 x 107 mmol #5 CuBr
6.2uL(4.5 x 10*mmol)#j 1-PEBr
32.0mg(9.0 x 10°mmol)#j dHbipy
0.5mL(4.36mol)# X L 3%

£26: REORBHIHER

B 18] (2~ 4F) #4.%(%)  |[Mn(GPC) PDI(GPC)
70 38 4,510 1.08
120 64 6,460 1.09
160 68 6,710 1.10
200 72 8,290 1.1
240 82 9,480 1.14
300 86 10,180 1.13

B4R B#2(1.0 mol% CuBr):
4.5 x 10*mmol # CuBr
4.5 x 10*mmol # CuBr;,
6.2uL(4.5 x 10*mmol)1-PEBr
9.0 x 10mmol # dHbipy
0.5 mL(4.36mol)#) X T %

27 BARABHLAER
] (2 4) B3 (%) Mn(GPC) PDI(GPC)
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S0 5 1210 1.07
105 18 2870 1.05
165 39 4950 1.06
174 40 4990 1.06
300 68 6470 1.07

El 4 KEPEEIKG ATRP
KEWERGREORBG—BAF. LXRBEHT, AEBEIMA

LSEFHALBIO(ARL), bipy, SIXAMPEKR. pEXEAGE, RE
BmK, HEEGHAEWHATBA “BA-ZH-BH” B LHTE), WX
REAREGERTBRELS TR ARZTHEEEH], REHAANERL 80
CTHRI0CTFHymb P& 1200, 26, FEEE.

¥

(a) PONVP). T N-ZHihweeg M, ¥ A EP % T 10.0ml 45 THF
BEEAMAMEEELRMNEI N ROFTHHELE,
A& 4
12.1mg(8.4 x 10 mmol)# CuBr
28.1mg(0.18mmol)%} bipy
4.0pl(6.2mg , 4.1 x 10 mmol)#g T % & 7 K &
1.00mL(0.980g , 8.82mmol)# N-Z 3 J wtrg £
%100 CFAdk 12 b B
%% E = 100
Ak & H:
13.7mg(9.6 * 10 mmol)# CuBr
30.1mg(0.19mmol)#j bipy
4.0pl(6.2mg , 4.1 x 10”mmol)# L% i 7 X &
1.00mL(0.980g , 8.82mmol)# N- T 3 Jk wkvi ¢ ¥
1.00mL %
100 CTFadk 12 h 8
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%3 L E = 80
(b) R(AHBRE). ¥ THAERE, ¥AZHET S0mL KfFxizi
200mL P& . B4 ELHLREY, AATTHRIHELANDA.
FH:
10.7mg(7.5 * 10°mmol)#y CuBr
39.3mg(0.25mmol)#J bipy
8.0ul(12.0mg, 7.2 x 10’ mmol)#y 2 - £ H &% T &
1.018g(14.3mmol) &g 7 H Bt Jic
1.00mL %
£ 100 CFAedk 12 D8
FE: 0.32532%)% & & B4k
(c) PHEMA). ¥ TPEBERB 2-2CA%, WAEHET SomL &
ZP R P BB [DMF & B % A& 200mL L8 F . A BKY b 24k
BN, FALPHET 2SmMLDMF . AZE&RTMA2SML Y LBLR, X%k
AOFZRTmE 408, RE, Fm50mL & THF , #EZRMA 250mL &
PEY, HRIAGESIREIESHAL S, BiL#EA 250mL 0 FBA
SOmLTHF ¥ AR LW A GPCREH LGS TERE 540K, A
STEEXLHRAEY.
&4
11.1mg(2.1 x 10*mol)# Cu(bipy)," (PFs)
6.0ul(8.0mg , 4.1 x 107 mmol)#) 2-£ H T % L&
1.00mL(1.07g , 5.5mmol)#5 73 % 5 & 2-% LA &
1.00mL %
&80 CFmdk 12 b
Mn=17,400 ; PDI = 1.60
LY 5-8: EALEY
W ATRP # 48 ERGAAERY, FAXTARELEH. REEHG
>TERELTELH.
FabS: PERAKBRTEARACHGAALRDGHN &
(@) - 20%XCHWERED
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3 0.007g CuBr, 0.0089g 2,2’-B: b=z He 0.067mI2-£ 5T 8% L&A
HELHEO2SmFPABERHBE FPHO.7SmHKLREBH Y, KALERS
Pk E100C, £250HE, PHREGALE, HRIAGREBH AR A
PEY, BIRXATHF/PETYARRMAR L. 2RP6 5 £ % 35%.

W NMR 2| B £ B Wi 20mol% X . 2EBe59F% Mn £
11,000 #= $ o #HEMw/Mn)= 1.25, X GPC ¥ %, RN TEXLHE KA
.

(b) 2K S0% X LHGEREY

# 0.007g CuBr, 0.0089g2,2’-B w5z 0.067ml ) 2-3 5 T8 L& M
AF X CHOSm)APEAASE P &EOSmGK RSP Y, ALRS
PmHE100T, A3SIHE, PHRGAE, HBANREDIAREA
PEY, BIATHF/ PEHYAXE0ARL. ER1HW6 £ R 18%.

# NMR #F LBk 2 SOmol% X TH. £ EMS9F% Mn £
9,000 # $ o HMw/Mn)= 1.27 , A GPC ¥ #, A TERXCHEAD.

() 2H 65% X UHGERY

3 0.007g CuBr, 0.0089g 2,2’ -B vt A 0.067ml 2-i% F T & L& M A
HEXTHO.75mD)A= P AR H BT HEO25m)EGKLREBF, FAARS
Hm#&kE100C, £20 PHE, THREGRAE, HAFAAREIRR A
PEY, BIRTHF/PHEYBERZMAR., 2EWEFER 16%.

Wy NMR A LB ARZ 6Smol% X TH. £EMG9TF Mn £
6,000 f= 3 o HEMw/Mn)= 1.25 , A GPC ¥ #F, A TEX L H AW,
P 6: XTH(T0mol%)F=# % (30mol%) Mg LA RE R B

H 2,2-B w2 (0.1781g), = P KA XQ20g)F Cu()CI1(0.0376g)Mm A 2|
100ml 278 F, ABKRAFBREEH. RAABAZ, REARALIA.
FELZX—BAEAR. REDEHBKEXCHAT7.2mDA A 5 K (4.2ml)m
A, HALER KA AL BERGR LR T AN PR LR AT LA
K15 8RB AKR. REWERBZF - XA CAK(0.0534g)m AN 2| R B iR
Sy, BARBEMEZE 130 T, BEH&(E 0.5ml). i '"HNMR # 2 # 4
%, #GPCHRZ MnA$o#k (PD) . B §#&ET THF vH# K
ERRETHEFZ kAR, REH 'HNMR #HRLLBHGEHBL

66



03155775.9 o P ZE56/741

¥ FRABEUNEFRBEERB)THEABAHAE. £ 8 FALT L
x.
£8
HEGhH) (448 (%) Mn PD % ¥9 3 I
2.0 27.0 8160 1.65 54.2
5.25 29.6 9797 1.51 35.6
8.0 39.4 11131 1.44 40.8
21.0 53.6 16248 1.31 34.1

R#EHT: RUHEFRAHEETHEOLALREDGH &

3 0.010g CuBr, 0.0322g2,2°-B st 0.010ml2-£ F T H LEMA
A5 B P 8 (0.42m)F X T H(1.00ml) 698 LRESW T, § A A RA W K
290C, A14VHE, YHESRE, HAIGESIHARRLT & P,
BHEKTHF/ P E AR I ARG, 2BWH 22 87%.

) NMR 2 AL EHAKR 4 0mol% XL H. £ EWe4F% Mn =
22,000 F= 3 2 #HEMw/Mn)= 1.18, A GPC %, W TRERXCLHEKEA
o $HRABERFTRUEBRMN A .

L#F8: PARHABRTHEPAHBETEOAALRDGN &

3% 0.010g CuBr, 0.0322g2,2-B#t2A0.010ml2-£ F T H L& MmA
HPEAARBRPRQRSMDAERE T HQSM)AKLRSH T, AERS
VB mEELII0T, £250HE, PHREAE, HRINGRESPIHARR
LEFPEY, ATHF/PHE T H R m AR, L BHe) > %2 53%.,

B NMR RALEDHARR 15mol% AHBETE. AEVGHT¥
Mn & 11,000 = $ 5%l Mw/Mn = 1.50, # GPC #%, A TFEXC
N R, FRGRBEERETRELAABA.

XEMREIIHLAREY

%34 9
XHEERVFTHABYHH R T RE REH 3.5:1)
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EELAAT, EBE ¥ L 4-30 TTFH 0.11g(6.68 x 10 mol) 2,2’-
Btz A2 0.036g(2.34 x 10*mol) CuBr ¥ A 1.75ml(2 x 10%mol) IB,
0.5ml(0.55 x 107mol) % ¥ & ¥ & (MA)#= 0.036ml(2.34 x 10*mol) 1- %%
CHhit., RAFTAALZTREN, ARRAHASOCTRE 48 pH. A
B KA BRAYWET THF ¥, ¥ GC 2156 MA #4L%2 100%. REH#
RAOPAZAETHEF(ER), T&, £ 60 CHAEZTTFR4I8 PHFAE,
IBARAOW Y4 ER 51%, & Mn = 4050, Mw/Mn = 1.46(My, =
3400). & 'THNMR A BN T RASBE —_TRAEHNRIMNZG IB ALEY
¥ 6% % 44% .4 3% & Kuntz # £ 4 5 i (J. Polym. Sci. Polm. Chem. 16,
1747 , 1978)AFARAAATESHAGI B ARG ARALER
rr/mr/mm = 46/28/26 . W DSC MR AP EABALHTBAR-28T.

%49 101 IB/MA 2EH(E RIH 1:1)

ARALART, @XBEFFRAE-30 TTFH 0.055g3.5 x 10*mol)2,2’-
Btz F2 0.017g(1.17 * 10*mol) CuBr ¥ #2 A 0.5ml(0.55 x 10”mol) IB,
0.5ml(0.55 x 107mol) 7 % & P & (MA)# 0.016ml(1.17 x 10™mol) 1- X3
CHEB, BBELATTHAEH, RERAWA SO CTER 24 PH, &
EHRARSYET THE ¥, i GC R F65 MA #4L% R 100%. X5 F
BOPRZALTHF(ZR), 3&E, A0 CHAZT TR A4S IPHFKE,
IB ARAM T4 X% 28%, # Mn = 6400, Mw/Mn = 1.52(Mqy, =
6500). £ 4% & Kuntz # £ 85, § '"HNMR A # 6 7 AEAFH - FAK
MRS ZHIB AXRWFH%RZ 26%. &1 DSC R 265 F ek
EBAEA-24T.,

4 11: IB/MA £ RB(EKREH1:3)

ARALART, AEBE T4 A-30 CTFH0.11g(6.68 x 10*mol)2,2’-
B wt % F7 0.036g(2.34 * 10“mol) CuBr ¥ A 0.5ml(0.55 x 10?mol) IB,
1.5ml(1.65 x 10%mol) % % & ¥ & (MA)#F 0.036ml(2.34 x 10*mol) 1- % %
Chit, ABFALZTAEH, RERAMASOCTEHA 48 i, K
BEWARRESWETTHF ¥, i GCRFH MA #HALER 100%. REHK
RAVRARETHEF(Ek), &, 260 CRATT TR 48 PHHAHE,
IB ARG FHH4 €2 25%, ## Mn = 7570, Mw/Mn = 1.58(Mu =
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7400). A& ¥ Kuntz #£ 655 %, §§ '"HNMR L #8F AASRE - FEAK
MROIMEZHIB AXEDTH%R 24%. & DSC R 2 & P a3 it
TFRER-15T,

$#M12: FTRACHARIBVEAHETROL:DAIELEY

AAALALRT, AEBEEF T4 0.05523.51 x 10*mol)2,2’- B #h oz fo
0.017g(1.17 x 10™mol) CuBr ¥ M A 0.6ml(0.55 x 10”mol) IBVE ,
0.5ml(0.55 x 10%mol) % ¥ & 7 & (MA)# 0.017ml(1.17 x 10“mol) 1- %3t
CERE, RBEARLZTHAEH, REARSWASOTCTRE 12 i, &
E¥RRRSWET THF b, ¥ GC % F45 MA # IBVE ## 4% 2
100%., RERREMWRARRETHF(EXR), &8, &£ 60 CHAZTT TR
48 I H A E. IBVE AXEWTHLER 51%, & Mn = 8110 ,
Mw/Mn = 1.54(My, = 8700). 8 DSC # 8§ 2 eI BB T B A 2-31.3
T,

$RM13: FTRUHEAR/AHBRTRGDOEEY

ERAARAT, AXBE T 011g6.68 x 107mol)2,2’-H kvt fo
0.036g(2.34 x 10”mol) CuBr ¥ m A 1.8mi(1.65 x 10”mol) IBVE ,
0.5ml(0.55 * 107mol) % % & ¥ & (MA)#= 0.034ml(2.34 x 10™*mol) 1-% 3
CHRB. ABTCALELZTRAEH, RERSGHASO CTREHR 12 b, &
EWRBBREMET THF ¥, W GC F 6 MA #= IBVE t54#4L% 2
100%. RERBAOWARATHEP(EX), $#, £ 60 CRAZTFR
48 1 #E. IBVE AEAREV T4 ER 75%, # Mn = 8710 ,
Mw/Mn = 2.00(M¢, = 9090). % DSC #| 2 85 A eg kB b5 £ B & 2-44.3
#27.1TC.,

P 14: FTRUHEAR/AHERTRBAUIGEEYD

E&RALART, AXBF T 0.11g6.68 x 10*mol)2,2’-B wt 7z o
0.036g(2.34 * 10”*mol) CuBr ¥ A A 0.6m}(0.55 x 107*mol) IBVE ,
1.5ml(1.65 x 10*mol) % % & 7 & (MA)# 0.034ml(2.34 x 10*mol) 1- K%
LR, RBELAZTAEH, RERSWASOCTFRA 12 i, A&
EXRBRASMET THF ¥, & GC #%F6 MA # IBVE $984L£ %
100%. RERREDAXETHP(ZK), d&, A 60 CRAZTFR
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48 b+ A E. IBVE AXARIFHEERX 25%, & Mn = 7860 ,
Mw/Mn = 1.96(My, = 8400). &1 DSC %] Z 8 = ey sk B8 £ 2 & £-31.0
#5.6 C.

ABERY

FRH 15

AZLAAT, ¥ 11.1mL X T%(9.6 x 107mol)m A | 50mL 2 5% £
P 45 0.097g(6 * 10*mol)2,2’- B wt A 0.020g(2 * 10*mol)CuCl ¥ . &
EBafgBEINAN0.030mL2 x 10°mo)1- ¥ X LA KEAN . HBRMIA
ABOTHHBT . ASAREER, kA RBERESHEGHSHEH ZNMR
TF, MZEAUEHEGHELE,

25, AXCHGHELEELH20. 40. 60 80%H K 1.5 3 F 5%
% 57(0.03g, 3 x 10*'mol) & X(4mL) T B R EARMT. £25 PHE,
KRB RAWAHEFTE, ¥ 15SmLTHF AR HE ST AEMESY. @
HRMERGEARFANRXHEHLER 95%.

ROPAXRETHRIKY, L&A 60 CHAZETFIR 48 I H,
HAE. FHWEH Mn = 47500 f= Mw/Mn = 1.12(Mg, = 50,000). # IR
AERMNELABEGLE, H5IAGERAE,

BELEY

LM 16: AHBTITR/TAARBETEEALRDENE

3 0.029g CuBr, 0.096g 2,2’-B w2242 0.030ml 2-£ 5 T & L& m A
HAKBTHEQSMDFTRAEHK T HQ.0ml) A L& C5Q2.0ml) ¥ 65K A
BERP. ARRSHEBAI T, £3.0 0K, S5H, 7.0HF 2301
ZEBREHS, AXEHZH NMR MEFNBHAGERKEFARY TE
XUEKHFAYY GPCRERNF2G T EFMME, T HLERLXRIGE
6 A (8 3A-B). B3P E/THF T AR REARULRARESWI6%
HALE),

%ot 17

3% 0.125g CuBr, 0.407g 2,2°-%w#t"2f2 0.118ml 2-i£ F T LM A
HNAHBPRGIMNPFTRAAHRRTHUASMDYRE RS Y. RAERS
@A 8T, £05 0K, 1 IPHFLSPIHZEREHFR, KX EH
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S NMR R EHRF G AR BHE AR TRECHEFEABHG GPCAF
HHANSTERMME, A ZRALEDGRSERMA(B 4A-B). &
HATFEH/THF ¥ 5 RZEARLRLERESW(B8%HLE),

545 18: XLH/TRAARBTEBAELREWGOHE

3% 0.063g CuBr, 0.205g 2,2'-B st 0.064ml 2-£ 5 TH L&A

2 Sml XTHFHA 110 CTrERREY. A 0.1ml/min # 3 ik F o
AXCHGmDATFEAEBE FHEGEmM)YOELSY, REA MR EMA
10ml PRAAHETE. A—XHABAREHES, FRAITLH S NMR R
EHAAGARBERPARG TRECHEFEANYG GPC 2 T ER A,
HABERALEWHESEAREE (AS5A -B) . 83X T &/THF ¢ A X
REARMRARESD(34g). A EEHY DSC WEE FE—RBLH
%, Tg=106 C.

EHR19: AHBRTR/TARHEBTSHELEDOH S

4% 0.107g CuBr, 0.349g 2,2’-Bwt"2 42 0.109ml 2-£ F TH LM A
HAHEFPHEEmMNATREAAR S P RAOMDM RS T . RA B HH M
#Z 90 T. ¥ 0.1ml/min &M Hig £ 5 % KR 7 8BQ0mI)Mm A £ & 5 R4
By, b HEEBCEESD, KX LHESH NMR %355 565 48 % &
BAARNTRERUHFEADAOGPCH T ENEH, A LEREEEDY
Hm i H AR 6A-B), BXATEH/THF TALRZARLRLESY
(3.15g). RAXRMWGDSCHELARE—HABABE, Tg=527T.,

Fbl20: AREBAABAGARBRTR/RXLEREA LRGN A

3 0.063g CuBr, 0.205g2,2°-Bwtsz 2 0.64ml 2-:& 5 T # L& M A 5|
10ml X 5P, R ARASHHmHEE 95T, ¥ 0.1ml/min 60 # ¢ £ 95 &
BB TEMANRBERESMT, ARFRLARALREWEH 0% FEAEH
BY®. A—XHBAAREHR, KI2HFSH NMR MEHF 2688 %
ARG TERXLHEEAVGGPC O TEMNFHA, A ERALEED
MEda s AR TA-B). BEKTER/THF TARRARGRARSY
(1.98g). RAERDG DSCRELNE—HBAEE, Tg=587T.,

AEBE% Y, 3 0.063g CuBr, 0.205g 2,2’-B w2 f 0.64ml 2-
RFATHRLEMAL 10ml XCHTF, REREGWHAMPEE 95 T, W
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0.085ml/min G mH 2 LR EHBPRRANRKRBERSH T, ARBFRZLA
BRAWEH V% TRAKEPHR. A—AHALREHES, KEAXHS
M NMRMEHFFHGHRBEFARGTRERXCHE AN GP 2 F X
M, T HAERLERDOEGAAH (A 8A-B). BI X T 8/THF + &
REERRBRALRESW1.94g). AL RBIGDSCRAF LA E—RFZLYE
¥, Tg=727T.

AFEAEEY, #0.063g CuBr, 0.205g 2,2-# b2 # 0.64ml 2-
BRETHRLSEMAZL 10ml XLHEY, RERGUAMREE 95 T, ¥
0.05ml/min ¥ HEZEEBHEBRTEAINRBEBREDY, AEBRELR
BRESWEH W% PEAAHBETH. A—HARAREHES, RXEHS
U NMRUEH R AGARBBEFAAYTRECHEF AW GPC 2T ¥
RMEHE, A ERLLERPGRG AR (A 9A-B). i i$ A P &/THF ¥
ARARARRLERESW(3.08g). mL&ERWGDSCHELARE—H B
HE, Tg=58T.,

EaRH 2 IFZTEIALREY

¥RALSR B o T4

A, K FEAXCH(Pp-CMS)& CuCl(1%, 5T PCS)d= 2,2
Bt (3%)E4LTF, £ 110 CRALAFAT(FLALALR)THAFRESR
B. ¥-&FEXCHRARLH CaCl/BRRZH BT . £FM p-CMS
EippEATRee. AR RGER. ARK ISP ANKSEER
MBEeRicEER L,

E—RHMZE, BLRBEPFEHDLET THF . & '"HNMR 3 2 $# 4L
2, HRRECHT80%. LABRBETHBILSFRATARINGRE T,
PAREIEBESEHSTIEAR, LRSDAT AL ENERR LI5S
AAD. & GPC M AR ZEH &, R TREXCHEFAD. REBE K THF
PRENPHEFTRRBESY., ZAEHZRREH 'HNMR 24 (M2 5 F
Fo AIOANETERER, A & E>70%.

29: ECu(DA 2,2- Bt R " AATH-RPEXLHGHELGRA
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=E  |HEML (BLE%)C M! M (MM (M,
125C |05 67 1900 (1160 |1.8 1070
" 1.0 75 2250 (1780 [2.1 1870
" 1.5 90 2940 2410 |2.1 2480
" 2.0 92 6280 (2510 [2.5 2750
110 T ® [24.0 96 2420 2100 (1.3

a) ARRES R, [M]y=7.04M, [CuCl];=0.07M , [bipy]e=0.21M .
b) AXFYHERRESAE, M= 352M , [CuCl}=0.035M |,
[bipy]o=0.11M .
O RTFMEHgHALE,
d) A% d '"HNMR # 24 Mn .
e ARNRIMBIRARERIXLHERADY GPC MRGEAHRIY
Mn. Mw.,
f) AARATH/EXTEBLERARXCHE A AS S GPCH ZH Mn .

EREA B 4o FHAT: RAN-=F KEKXQ02)ME N B H £ 50%w/iv &
R HRXCHA8.18g , 20mD)ES. F-KPEXCHNGER 2%(0.4ml).
-8 P KX CH/CuCl(0.2594g)/2,2’-% "% (1.287g) W9 B R IR 1:1:3 . ¥
RO BERAEBRRG AR IREZGRATY, HAZRAFAAAY
AERFZk, RAEKRBEHBEMA, 2 FTUL-ETRE LB RES
EHBEMAN, BRAEMKZEII0C, BIRRATPHEFPERRE, £ 15 )
HE, ' HNMR MEHGHLER 943%. %2 76%.

B A pad SEC #4 4%, AF Mn = 13400 F+ Mw =
75000 . A AE A, EAAKSHE, AF Mn = 31,600 # Mw = 164,500 .

ERATEAHBTHEQOM, 18.729) KB K H. KA A 100 CTFik
7 2 H . Myspc=44,700 F= M, spc=112,400 . M,=58,700(i& A k& %),
M,=141,200(% & #).

XBEGREMWAF K

%4 22 -
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B A - 7 A XA0g)FE X EH £ 50%w/v Eik b FX CH9.09g,
OmHELS. F-KFEAXCHNER 2%02m), H-AF XX H
/CuCl(0.1297g)/2,2 - B w52 (0.6453g) 85 A R b & 1:1:3 . WP Z XA
BERAFEIEFBORATY, WATRAPALLIALRFT =X,
BAEKRBEHBMA, REBEHBERMAN-AFPEXLH. FREMK
£130C, BERRANTHIEARAR., £64.5: 085, i '"HNMR ##F
BALEZ 943%., FER 90%. & THF PHAERIEBAOYR&, 2R
B3 0.45 X PTFE 3 &£ &. B3 ¥ E#%& A 7000rpm F &3 26 I HE,
K LAWY, AREAIFE—DERKY., ibERAT 045 &K PTFE
d#EB. Mn = 118,000, Mw/Mn = 3.74 .

%) 23 :

# A A-= P /X K10g)4E A EH A S0%w/v Bk T &K TH(9.09g,
10mE 4. P-CMS #5¥ % 10%(0.2ml). P-CMS /CuCl(0.1297g)/2,2’-%&
% (0.6453g)49 B R R 1:1:3 . R ERD AL EARKR A ik ) Wit 5
BBaY, BATZRAFARADGALRAFZ K. RAERZEH S A,
REBEHBEMAM-RPRAERCH. WAEMAKZE130C. BLRZHT
BYAERRB. £24 0HGE, B 'HNMR M FHALEZ 943%. X
>90% . B4 & THF ¥ & 3, 2 R85 & RSP H S H A £ X(soxhlet)
$EV, AMATREIAE.

[ EFAHRAANTHF F, L L-F&. MEHRKAA6-F& THF &
¥ % 89%.

R#EM24: —ERALESD

SREAEBALABRBEANGERCE.

A)o,o-=BREXTH:

AR -ZF REKQOQEAENE S0%wWv Bk FHXTH
(18.18g , 20mD)EA. & Ma,o-=F-2F-= 7 X(1.848g)4E H 31 &AM . o0
—#-3t-= F X/X T % /CuBr(1.00g)/2,2’- B ot % (3.282) &7 B R b &
1:1:3. ¥AKRDALEABRBRB A PBEIRFZORAY, BEEZR P
REAGAXHFF=Z k., RAEKRZEHERA, FRENMEE 110 T,
ES550HE, i 'THNMR M FGHLER>95%, B3R TFHFHFX
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RB. FER>90%. ESYHBEEMLE THF AR LETPHE ¥ £ =4,
REDBRALZRERTTRAR. WE5LBAHAPEATERAR
F e 3 B R F 65 Mn £ 2340 . SEC, Mn = 2440 .

B)o,o-—2 ARAEEXCH:

AR G6.152) LA AW T A E(Ammol F/g)t 4 £ TF, ¥ Eiko,o-
ZRABRXTHG.0g)E TR THFQOMN) Y . REZEHBEMAZTPRA T
NE A& &4H@O0.706g , 081ml). FRAALIAATEHS 16 MW, 'H
NMR £ 5 ALk FEAATCLLLEARE N 4. & 'THNMR #)
65 Mn 2 2340 . 4ob A # A 2080cmT £ 2%, CHEARETRAN
BLo

Ko,0-—BRAREXCHAHESRWA.TmEAADSC ST, RE
Z 250 CHARE/KH 15 94. K215 CHERLED — £ 7l 65 KAz &
#, bty REETTHF . ¥%®&EANSECHEF. Mn £ 6500,
ST ERG 250%. RasH R,

EwP 25 KEKREESY

(A): NVP/VAc-Cl B&9:

N-Z % Jk wtog 5 B (50ml , 48.07g), & L% L% %(0.26g, 0.25ml),
# AIBN(0.7102g)4 300ml ZH B ARM T RE. Bt & LHBETR
Sk IR, BRSO R ZE 60 CHRHY 1IN, HEAGEKES
YA, REEMTTHF ¥. HERRZALACRK Y, HHFANESBA
FEFLTOCHRAZTTREZX,

B) : KEKA:

ALAEHAT, £CuCl0.0411g)F 4,4’ - — 8T 35-2,2°- B vk %2 (0.2224g)
BET, ¥ERH 25A)8 NVP/VAC-Cl BEP(5.0g)5 TR THQ0mD ¥ .
BRERSH#AMKEI30C, A30 246, RARADEAIRKK. B
AMET DMF R R eXY. KBRRKWAP AL E., 5726 Bk
REFA00gHREK. GRBRATOCHLEAZTTH PO FHR25X, &
X% 4.0g .

(C): *#EB:

ALAEHAT, £CuCl0.0041g)F2 4,4’ - — K T 35-2,2°- B w72 (0.0222g)

75




03155775.9 o 5 ZE65/74m

A AT, 3§ E#EP 25A)% NVP/VAc-Cl R4H(5.08)% T X % Q0ml) ¥ .
REBRSUHEMEE 130 C, £2 PHE, REBEWEAREKE. RE
BREVIHARE 3 PH, AERADERBREBIRFELER S HE,
K¥RESDEMTDMF F, o ZAKT. kFREKDAAmALE. FF
FAGBAKRREEZ N 200 98K . ZRKATOCRELE T P,0s T
25K, FE¥X40g.

D): XTHGXEK
() : AHCBLUHEBHEAGREXCHNGESA(VACc-X LK)
SK BXUH:

¥ Cu(D)CI(0.5188g)#= 2,2’-H wb"2 (2.40g)m A £ 100m] B & L& F 5
ARKERAEH. BROGATYARBALZ, REAZRA AR, I—B45
SpELAH K, HEHBH - XKEEG0.0ml), B LI MG KT HG0.0ml)
Fo S OB O B (0.53mI)(% M1 2 0F b 9 &, U 08 K kAR AT )
MABRHEY. REWHRRRBEHMEZE 130 CHRHF6IH., REXAL
REWEBETERTEABRAGRESY R E. REWARK B KK THF X &
HYB P, >3 LN AREAALZHALERBTTFR. %
121.68g(77.4%). GPC, Mn=4400, PD = 1.22.
10K BX LK

# Cu()C1(0.5188g)F= 2,2’- B w2 (2.40g) M A £] 250ml B & 32 &
RABEBAEH. BERGAEDHEBALE, REAKAIA. X—8455
SFELFH KR, HaEHBH - KER60.0ml), K& IHH e K CH%(60.0ml)
PR CHECHBOSIm)(ENA2FRA KRR LR EB X & RAKEFK )
MANBBAT. REHRAERESD MM E 130 CHHF 24 M. REHFRE
REMHBETHRTRABRARESI R, RRPEKE KKK THF KR
ATHF. »ELNOERAREAREPAERTTR. F¥:
44.36g(81.3%). GPC, Mn=10,500, PD = 1.25.
(i) : KERBERSHHEA

N- L 5 okvd 1. B(75wt%) 5 VAc-X TH(Mn=4400 ; 25wt%)&g 3¢
REARB:

3 AIBN(0.0106g)F VAc-X L% (2.50g)m A £] 50ml B RBEH P, A
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BERAEH. BROBEVAPAZHAALIALZ L. BEHBHR
5 B 3L &9 DMSO(20.0ml)#= N-Z 5 A wbrd 2 B(7.5ml) e A S| ¥ . A
Bam#ZE 60 CHH#¥ 20 IMH. KA 5ALAGAK, A DMFG0.0ml)H
Fo. REBAYBIXZHKXY, RRDRAEKRGBIK. &, LAEZHF 70
CFF®, BEAREGY., HEABKREWAEKRSTHE 3 X, FHAL %
% 89%.

N- T % K wbog 3% B (75wt%) 5 VAc- X L3 (Mn=10500 ; 25wt%)# &
RERAB:

# AIBN(0.0106g)# VAc-% T3 (2.50g)m A £ 50ml B &My, A
BERAEH. BROAAZDABATHALARAR =K. hEHEHR
i & B R 49 DMSO(20.0ml)#» N- T % Hwted 3. B (7.5ml) e A 2| P . R
B#om ¥ E 60 CHHF 20 M., k7F5E8A0EK, A DMFG0.0ml)#A
B, REBRGUHI IR, REDWRGE., FREKWA. 48 &K,
REXVARF—R, REAALZHR 70 CTFH%, #:ELSH. Mn =
116,000 ; PD=2.6 .

ARKBEYHEIRE, WREHFLKLER 89%.

b 26: AREBERESREAS

FEOHARE, ARBERECNA Cu(SCN, ## 2k, LiEx
25 CI'Ak CuCl, % 4 85 3% % 48 Bl (Kochi ¥ A, J. Am. Chem. Soc., 94,
856, 1972).

B 43 4R (2,2° -3 wo 2 [bipy] & 4,4°- = & k& 3-2,2°- 3wt oz [dHbipy]) 5 3]
A #(PhCH,SCN) 5 it % 2 & L&MW (CuSCN)# 3:1:1 B R WA TS EER
Bo. JIANKRAB2BRAEFLKREEATTEZATAH. REE A 4
BRAEALA, 2R 4 120 CTHRAAKRESRE.

®A bipy GAHES PHERIEFHMAY, ARHBEALHEIER,
# M dHbipy 9 R B & 5 PHERZRLHAY, ARAAHETRZimk
24 pH. BEXFTTA10.

(i
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A 10

B 43 4k M/I %34k |Mn PDI
bipy 193 39 158,300  [1.61
bipy 386 43 149,100  |1.75
dHbipy  |193 86 28,100 2.10
dHbipy (386 89 49,500 1.89

AF M/~ REEK/BIAN, “%HALE” B5o4E, & “PDI”
8/ 5 2H0K.

bipy A B R+ TREN S TEHEH, 12 dHbipy ABE EFHEF
T EEH. TARGE, BLARSCREFLEHRS Ca(IDW S RKAT
A3t — ¥ & PDI .

Kbl 27 M PStHE K

i# it 4 A ICH,CN(0.0023mol)#= AIBN(0.0006mol)~ 60 T TF & %
(50%) ¥ it 2F- & P A X L 5#(0.02mol) B4 24 b, # 4 %5 F ATRP 7
AMRET-LFEARXLH)PCMS). #%: 92%. Mn = 1150, Mw/Mn
=1.20.

KJG, #4274 St(0.012mol). # 4 PVBC(9.6 x 10°mol). CuCl(1.5
x 10*mol)#= bipy(4.5 x 10*mol)# M Lk A 130 CF &k 18 pH. ¥
K PSt(F%: 95%). Mn = 18500, Mw/Mn = 1.40 . A¥i&t)
PCMS M XRTF, BATEHL2TEGNRBELXCH ( Mn=40,000 #
80,000g/mol , HERMREXCHFAWAIL, £F K159 F 4 =4).

%741 28 : PVAc-g-PSt #54 &

% A CICH,COOCH=CH;(0.0018mol), CuCl(0.0018mol) #= bipy
(0.0054mol) & A ¥ £ 130 T F £ 18 B K4 St(0.019mol) k4 & L% T
¥% B 3t 3 69 PSt(PSt-VAc). ##: 95%, Mn = 1500, Mw/Mn = 1.35.

ME, A LBLHEBGS x 10°mol), R4 PSt-VAc(6.67 x
10°mol)#= AIBN(1 x 10™mol) & L% L8 F 69K LK i & 60 C T & 48
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DHE(Z 85%HAEN XK. RAEHRAEDEAK: Mn = 54500 ,
Mw/Mn = 1.70 .

LBl 29: HAETRLESY

ATRP 76— AR ERBE AT RARES LD FLRLE LS
MRGERBFRRGZHFTRALESW(F £ 9).

Z-(R)-X + n == Mr/Lx

VAR D ¢
Y
£ 4

ANAARARTARYATRP ZR 544 TRASHETRALELY
P45 5 51 X 65 St 69 ATRP 09 #4348

AE1 A%, TBARRAND R AR ABEHORSDHE, AR
MELE, LRALHGITE, PRENSFESH). XHFE CuCl
TAEXERERAUBRBEH A —2FH “EH” ATRP 7t =4,

BERA3-R-3-FR-1-TH, BRBLELFAZEN. KR, 58
FTERMPHAHIE, $0HBHEGL195. AMFEINRALEEBAFEL
RENFLSXHEAH ARG BEGAE,

A, BLEA2-(RFTRRP-(RTR)EAINEN, HE/NE
CHWETFET 5BLHM 1-RE2EXECER BB A EBABELY
—HRIFEE, AR, 18-WBRTFR)EAMFARAEFHTRE 2-(£ 7
R)EA - (RTH)E—HE THHATRP 31 X H .

REXRWR, EHTREESMRG LA PSt X BB SABHFAER
(21D 21 BEREF CuClHF 3 BREF bipy A4 TFH i 130 CFAE
LB LHEBIILH PSt 45 'THNMR £ # 2 F 4 4.0 — 5.5ppm RA £ 5, &
TLHh#HR, CHARTERRTATHRIESS 5K SEC #2465
TERME>TE; Bp, ERAHENL 090 . XHFE A St 65 ATRP 3 4
RN EStH AHALHRBEEZHE,

A11: B ERARED® o5 ATRP 4 4%
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RX cux lﬁ@b%* Mow.” | M, SEC l M,/M,
< ] Cl
m
C1CH,~-COOH cucl | 60 3000 12500 1.50
HC=CC (CH,),Cl cucl | 95 4800 14100 1.90
C1CH,~CONH, cucl | 70 3500 21300 1.70
‘ C‘"’C' cucl | 92 4140 6730 1.35
CHQBr
ll 'I ' CuBr | 96 1200 1010 1.35
" CuBr | 99" 5260 4300 1.25
CH,BrCH,B
‘H’ ‘ 25t CubBr | 75 1180 820 | 1.25
BrCH,-CH=CH, CuBr 99 5260 6500 | 1.23
" CuBr | 99 1000 970 1.23
C1CH,-COOCH=CH, cucl 95 1000 1500 1.35
" cucl 98 3000 3150 1.30
" cucl | 99 5000 5500 1.30
CH,CHBr-~COOCH,CH=CH, | CuBr | 90 4730 4580 1.40

a) B4 &#: RX/CuX/Bpy A& RW: 11/3; ®E: CI-ATRP, 130
T; Br-ATRP, 110 TC.
b) ¥A Mn=M, x (D[M}J/[RX]e) % % & it 3.

£#M30: MARBRLEESRE

ATRP RGBS THAMARARIRATES A RRG —fo=
HAREED. .

MEDRFTAESE, HEAHStIMA O P B ARDIETR
BFMRRH, 53 KkmHARALE. »TERAERE, S TFEoHFKH
EFE, MwMn ¥ - 1.0 -~ 125. SECRES AN, LFEHF—
HESWGTERAHRBELERD.

AR PILAKSIAF DSCHIE. AW 430 TH 100 CRAEKF AA
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KBELBETRE, A EFEL PMA Fo PSt 8 Tg . REFESPH NMR
IMEEZTPMAFMPStBRBNAL HMAXIELRXANCBEATRANR
R RBEERY.

A12: BEMARH SR =-FZ-RBERD

FARE5) Mn,SEC | Mw/Mn | Mn, 35 | Mn, SEC | Mn, NMR | Mw/Mn

(F—HE) (B %K) GtRY) | GEY) | (EERY) | ED)

PMA-PSt 6040 1.25 8920 8300 1.20

5580 1.20 10900 10580 - 1.12

15100 1.14 20700 21700 — 1.2

10000 1.25 21800 29000 27500 1.2

3900 1.25 18700 21400 — 1.13

PSt-PMA-PSt| 9000 1.25 23800 26400 25500 1.40

" 12400 1.25 23800 24200 - 1.15

4000 1.25 12100 19200 18500 1.13

PMA-PSt- 5300 1.13 12900 12600 — 1.25
PMA

" 7700 1.14 21700 21300 - 1.20

a) MAMBRERHEZAE110 CTi#A4.

b) M AHIAH: —RBEES: 1-XRACHKE;, ZRB8HEW:
oa'-=# 9K

HTEFRFBEHNGRAEEY, ATRP KA TERETESAN.
Bk, FREARER., WL, XXBERKEAZHY, FE5E KR NH
MFLEGRBERESRE, ATHALEMARAStERES AR RAIE, B
B, ZRBIEDRGAIRBIBPA_FERESNAMNAKR. HH MY
—#, BERASTRRASAYESETEN RALEW.

L#H31: EHBESW

(i) A 1,245 FR)EFRSERPIEXEHNLHNESX 45 6-8
E% PSt.

A 13 AT oAEM 1,245 90 PR)EfNGERFTRXAEH AN
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SR AFHEHPStHLEE, 2 TFELAKE, B Mw/Mn<1.3 . ix &
EHBREWHN Mn B &SRB LENRSIFEURSE, ANARBARY
HhYEHBEEELRS D).

XBRPAOULEB RO REVURERLA A4, AR, L2AKRY
FCuBr 6 AR L% bipy A THAE 110 CTRIEANGETPH)XHKE
HAEAMNAHFRARELXCHGATRP, SR 6 PSt i AR H R4
FTTA13 %, &7 A% 1.55ppm WEH-CH- 43k, 5-CH,Br(€ 7% &
# 5.0ppm & £ 3k)x B 6 '"H NMR 4 5 &A% # & PSt-dg 65 "H NMR %, #
PRME, IRETEFE 64 PSt-dg %A Sk,

£13: £110 TTF, %M CsHy(CHy-Br)y#e Co(CH,-Br)s 4 # 31 K #
5 4-F0 65 PSt 4%

HE, e (%, % [Mn, ##F Mn, SEC Mn/Mn
4.75" 90 9000 12300 1.65
5P 90 27000 31100 1.29
71° 85 51200 62400 1.23
16° 92 13000 11800 1.30
16° 89 36400 28700 1.25

a: [R-Brlo/[CuBr]o/[bpylo=1/2/6; b: 64; c: 44

(i) A 1,459 FHR)ERIBRPRRENNEMNEA 44 6-
# 2% PMA # PMMA

Eiek 14 FHB{ LG, BLRME5EH St RSAERRAGH K&
B4o% 4 B 64 PMA #» PMMA . Ka, # A 692 B R (] de,
CuBr-bipy)¥i k&, XKL ERMAERELETRAESKAL.

EMFEET ATRP 85w Ad#., H—5@, LATEELLKY
ROMBORELEHLH % ATRP 6 “iER” 342, BAAREXAENIT]
AHh%T, MAFMMASGATRP RATREZHEHNN T, 3HAE
RALIAFH,
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i 14 : ﬁ: 110 T T, {i)ﬁ Cst(CHz-Bl’)4 %" C6(CH2-BI‘)(, 'ﬁ? 7(7 ‘3' i%‘l
4 4-Fo 6- PMA Fo PMMA #5465

R-Br/  eal HE, |  [Mn |{Mn, |[Mn/

CuBr/bpy b L E, | SEC | Mw
%

1/2/6 C{PMA)s | 5 | 95 |9500| 10500 | 1.55

" " 4 | 90 {9000| 9700 | 1.65
" C{(PMMA)s | 4.5 | 92 |9100]| 12000 | 1.75
" CeH(PMA), | 25 |%K& 2000 - | -

0

" CeHy(PMA), | 25 |%K& (4000 | -- | --
0

1173 . 18 | 95 |9500| 6750 | 1.23

" CeH(PMMA),| 20 |0.90 [9000| 9240 | 1.72
: " 20 | 0.91 [1820 | 17500 | 1.49

a: A11I0 CTFHELARE

S 32 BHEHRA
B EAPCMS4H ATRP AN LRI RERT RIFR RN
PSt. A 152 % T RARAMEGSEC #X. MWD 2# £,
A 15: %A PCMS(DPn=11)#8 % 31 K # * 694 B R 65 6%

¥4  |®EH, PH| %, % [Mn, SEC| Mw/Mn
St” 18 95 18500 1.40
nb " 90 38500 1.35
nb " 85 80500 1.54
BA 15 95 18400 1.60
MMA 15 95 37700 1.74
BA® 22 90 24000 1.46
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MMA*® 22 90 46500 1.47
"e 22 85 51100 1.44

a: AAKTTI30CTHESRAE.
b: A FEmH27.
c: AS0% LB LEERTHESRA.
5486 BROMENN, LRFHERZRLE PCMS ¥ HH G RKBRT
£57 ATRP .
PCMS #= PSt-dg-g-PCMS #5 '"H NMR X # #5327, 5 PCMS ¥
8 CH,Cl 3 B8 A % Sppm &G ERTEHA K, BFHEMBART L PStAEH
2 EY.
£#M33: AT B=FH® 2-CHATEARY ABA KA L RWH SR
(@) ¥ B £ f(a,0-—RR(AHK2-CHATER))NEX
) 50ml B FKBEH F - A CuBr(0.032g), dTBipy(0.129g)#=a,o'-— i -
s F K(0.058g). ARG ARKBH EH. AdHATFALIETAR
BREMKE L. RESERBIACKARRIITHMNGIIEZARK 2-C
A A BA0.0ml). wLdESEMAR L= KESA0.0ml). RBEHNMHE
100 C F# &4 24 b oo & '"H NMR R 565 8 £ %£>90%. Mn = 40,500 ;
Mw/Mn = 1.35 .
MA=FEAERTH
WEMSBEOAERY 33@)TERY. SHRFHES 2-CHTHER)Y
RE A mANTAEES P HE.53ml). RS A 100 CFHE 8 M H.
MMA #3 L£>90%. Mn(&4)= 58,000; Mw/Mn = 1.45.
(©) A =AM I
FHEARNIB@QWUEL BERBALAREHEBR2-CATEAS)(Mn
= 40,500 ; Mw/Mn = 1.35)8 & B 2&H F M A% 3% i (5.44ml). R B &
100 CFHHF 72 P . AHBKGHLE= 35%. Mn(EK)= 47,200 ;
Mw/Mn = 145,
%34 34 : MMA-BA-MMA # B & B W66 %
a,o-— R R(AHBET BN R
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% 50ml B K BRAM ¥ M A a,a-= #-3- = F X (0.0692g),
CuBr(0.0376g)#= 2,2-% w72 (0.1229g), R E RBRIERE A %34, S BRHE
T, RERAALEA, 2#HF=k, 2EHABRRAARIAGAHRET S
(15.0mlF= X(15.0ml)mA . &L BHm# £ 100 THRHE 48 b H, AXEH
ZEHAER 86.5%, i 'HNMR # 2. ¥ AL RESHANL T &(-78 C)
YARRESY. TEXNZY. TEFOREIBREYG. SEAEAGS,
Mn = 49,000, Mw/Mn = 1.39 .

£ (MMA-BA-MMA)# 4",

A B BT, MAo,0-=# R(EH KT &8)(2.0g), CuBr(0.0059g),
2,2°-B b3z (0.0192g) 4 = 7 RIL %(2.0g). BHMABIR R £, B
T, To,o-—RREAHRTE)NESRAHBEIRE, AR LIARTHE.
BAMNSRBEATEAAKE THEO73mDMmA. RE#HMHEE 100 THH
525 b, & '"THNMR M o981t $ R 88.8%. HABREWHANT & F
ARIBEW. HERGARZLENABEKKG. Mn = 75400 ,
Mw/Mn = 1.34 .

E#4p 35 B-RTEXCH)HEK

%1 100ml B RBAL T mA = F &I X(25.0g), CuCl(0.2417g)F= 2,2’-
Bwtvz(1.170g), FABKRA F3. SRMAMET, REALAWA, &
Zk, BAFBERMACLRANBRTERXCHE2S.m)A 1- XA TR &K
(0.33ml). REHFRBE MK E 130 CHIF 85 ., ARREDEXZLET
By, $&FmA-FH. Mn =5531. Mw/Mn = 1.22 .

R, ALERIFHRABINERAL A4S AP TALRTRYG. B
B ZEMORETBEAAZELGEEARN, AAVRSLLOCHENAZT
Z MR A5 .
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AMERSWH ) FFNE

K ¥£ig ER/TE
| Ldec oo Ko(+Cat) . |
R-Xt—=R"+ X
.o Ko Kd
. | .
Kpl R®+H——=P,
P1.+M_-“P2. K
e Kp PP
P +M°—~;;Pn+1 Pl. " Kp P‘- .
+M
o, e _.po H n n+1
Pn +Pm Pn+m (Pn'+Pm) .. Kt H
Po P Poam Pn=tFy)
1: RO-OR, RN=NR | o falrCat L
T=80t20C TR P
K gec=10-9s~]
dev.(1:03i1M"15"1
107ty 1~1 - .
K=10TW s R-X:Py~ONR,P;~Co L,
Py=X+Cull,,
T=120£20C

K ~100%25=Yu=1
K =108 s~ Lk=10-821(u)

sz10 4i1M"1s"1

Ktz107i1M_1S—1

& —

i ? P

7
Mn F\ Mn v //’
My/Mp>>1.5 s

e
P e d Mw/Mn<<1 .5

Y, % _

Y, % /
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