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B OGR4 AL N AR ) 2,5- TR 2,6- T L HRFERLIE , FI H] Heck-Sonogashira {#IHk

I il £ T TRV SR IV L E HE Y. 2 e B 40 5 H A ST m-PPYPE-SO, Na, X SR LA K R A W E 4T T 404615 5
Rl S AR AE. WA T ISR AL BT m-PPYPE-SO;Na (9 58 5b- 0] WO T8 -5 90 KA E. #F58 1 izdt
90 R LR O PR RO BRI, B2 SR VL AR T EAT 1 D S A T 7R AR P L B e FEE MR, A K U R A7
FERSE. AR AV BRIE A 1 x 107" mol/L Ze A7, BRI HATY I, UL WL I ZE VAV P 3R 45 0 ) SR A
JE CL 2R HEBAR. 2% R HL A S K VA R 5 R TG P 70 2 18] A — 5 B AR ELAE ) I AR B B 23 3R I TG
P 5 A ML e ] ( PVP) 14 3R 45 WK TR G S 25 1 iR, 3 W2 3 T 1% 1) R 2R i e i 19 SR 4. i 3t g
SR VLR T A RO G B i R A L AT IR KA G RAT ) L T 7.

KR LR B, Heck-Sonogashira fIB S N7, AL, R TIP3

FT IR T I Al o A S, RIVi ¢ e
RO AL, i T HA REUE S, w2
W ML B 58 2800, B 23R TIRA
WEFERZ ] BN 1995 4F JpRAS BT~ B fr)
Swager % & IR BN LI, 9Otk 14
AR BTN T O REILHE RS WA R T TR B
T2 —. PECAL AL AR IR DO U
FOBE, R DR IR AW , MAETE TR
B IR AR A S A T AR R R A . S
PSR fif ot 2 EARAE WL R S W 0 T Bk
S A A B R A B M BE B — R RS, AR =
ik PR LA 0 g R L A 0 LA B
2RI ST 3 . 2 10 3 i 2R R A o TR HC L
A DGRV AF- K E BN SUBRT RIS ) 4
R YT R R S ARG R 11 e R e e R
AR T LB R G I AL T RAT R R (P A
TR, IE22 2Ok 82 1 56 0 H i
EASIRAR D R 5 T4 2 28 3 i 3R o figp T ) 41
T AU R T 4R TR IR IR . £ RIS TR R figp
(m-PPE-SO;Na) BIBIFFE. RUE & 2, 6-ME Mk I i )
HWHIIRAGME LB B s e

REAR 5 09 4@ B 7 DR R AR H2 5 ik e 20
) A0 2R rL i Jo A 9 A AR X A, B RTABR T
ot M 5 r S R G 4 T A K TR
rH Y 3R JB A R RN T 9 A 7 2 ) A A
FHENEEAT 8, DA IO 5% 32 208 2 0 5 H i Jo X I
KA DO R MR A EE S X

ARSCRGR T 81457 5 N BE ST 2, B B 2R
PR T ——2R ( (R (3-Mfi Fpt Ak P 4803 ) -1, 4- 3 2%
HEOHREL) -2, 6- W MEnE S ) IR (m-PPYPE-
SO;Na) 6 B RAE St .

1 FE#

B A R 40 HE AR A ED L T, 4-X0(3-
RN B L) 4,2 ,6- = L 2 Hepk Sen g 5
ORI S A 52 = [ .

2 BEEN

1,430 (3-fitf ok Ak P9 480 ) -2, 5- iR (L
D) A R R, £ 200 mL = H B
HOMA 1, 4-00 (3-fiff o Ak N 4028 ) 7R (5,974 g,
14.5 mmol ) , f#t (3.86 g, 15.2 mmol ) . fiftl fig 47
(1.55 g,7.24 mmol) F1 40 mL yKEERR .3 mL ¥R A%
2 LA K 30 mL 5B FK. ¥ ROV IR & H7E 60C

#2009-12-10 W A, 2010-02-02 #EFig 5 [ 52 AR Bh27 Bk G (425 50403020) | PO )11 AOb R 2 W3R 7 38 L2 KB H (BT H 5

00770105) %5 Bfy; == @ iHIE R A , E-mail ; cosmicer@ tom. com

942



73 X 58 A5 ¢ )7 3R IV P 56 IV £ ke R 508 L e I ) 5 S S5 9 VRO 6 ) PRV i 943

FEIR PR 12 h. PKIE V2 A 30 min 5 38, S8 5 #
SRR FEAR R B e, i 38 G B S TS
SR AN IR Y L1 A H AR 7. 83 g (81% ). 'H-NMR
(DMSO-d,,8) :1.98 (1,4H,—CH,—),2.57 (1,
4H,S—CH,),4.03 (t,4H,0—CH,),7.28 (s,
2H, Ar—H). IR (KBr, em™'):2923 (ws, v,
(—CH,—)),2875 (ws,v,(—CH,—)), 1620 ~
1427 (s, v (ArC = C)),1230 (ws,v(C—0)),
1212,1050 (ffaEh ,R—S0; M*).

2,6- " CHREENERE (A7 2) A R TER S
AT B 2,6-— = HIIE Pk SEnEIE (0. 71 g,2.6
mmol ) FAFAE 10 mL HIEErh | FEAm A & A8 AL BR K
PR (3 mL,1 mol/L) , 4 HE 3 h, F25 LERYE
F, P SRR B, A HUAE 25 B 1 /K R A
BB , FITC/K B IR B T8 I 25 ) R AR
FHEEZHT 264k (bR e 550 Ry Aok ks STk =1:1) 45
F K k. 'H-NMR (CDCI,,8) :7.63 (dd,1H,
H in pyridine ring),7.43 (dd,2H,H in pyridine
ring) , 3.15 (s,2H,=CH).IR (KBr,em ") :3280
(m,y(= C—H) ) ,3050 (s,pyridine) ,2106 (w,v
(C= C)),1577,815,729 (s,pyridine).

3 REYREK

RE W) m-PPYPE-SO,Na J&F{k 1 5 Hifk 2
i3 Heck-Sonogashira i Bk 52 N 15 2] (Y, & WL #%
LAE 1 PR, FER SRS 7RG LR 5
7100 mL = BRI INA 2,6-2 2 J L np g

(0.126 g,1 mmol) ,1,4-X(3-fiff Bt fb 7N 42 3L ) -2,
5- Ml (0. 126 g,1 mmol) , 7k (14 mL) 1 N, N-
T HEEPEERE (14 mL) , FHE 2 55°C , bk it =
TG (7 W SR 5 I AV A8 Lk S 46 (0. 0571
£,0.3 mmol ) FI Pd ( PPh;),Cl, (0.035 g, 0.05
mmmol) () N, N-—H 3 I Btz (10 mL) f1— 5%

e (10 mL) IR S, FHilR 2 60°C. K4 16 h 2
5, A R E G S KRR R AR TTE B
PR3 AR AE O T WA 2 3 ZU 98 1117 400 mL 2,
it/ PR A REPRREL =5:4: 1) IRBHE T S,
Gl WO R SRR ) VTR UR/ Y =R R IIR A /b
fEAEAK S (R = 1: 1) IRGER A
0.1 g BAL A R, U U8 e R A5 2 1 I W
7 400 mL Z,fik/ PR/ F S (R BUEL =5:4: 1) 1R
BEEREHUTTE, i 85 B2 T8 24 h 153 0
REWTY. IS RE YR IR E N 5 mg/mL
HIKIEWE T M, = 14000 (2T 4 LB Hriim, T
KEFKPBH S ~7 K, kLR A1
BRA WA AL ). I FLKE S AT I 04 R C 1 A
I PR B ) K VS W, B T O A R A
k. '"H-NMR (D,0,8) :2.06 (t,—CH,—),3.04
(t,S—CH,) ,4.01 (1,0—CH,) ,6.90 ~7.78 (br,
H in pyridine ring and Ar—H). IR (KBr,em™'):
2950 (ws, v, (—CH,—)), 2870 ( vs, v,
(—CH,—)),2213 (w,»(C=C)),1576,1556,
1503 (s,»(ArC =C)),1207,1051 (fiffzth,R—

SO;Na SO;Na
0 O
1,/KIO;
I I Monomer 1
CH;COOH/H,S0,
/J 0 /_/*O
NaO,S NaO5S
O ko @
—Si—= X —— Si— = N — Monomer 2
I N | CH;0H N
SO;Na
O
Pd(PPh,),CIH,/Cul
Monomer 1+ Monomer 2 7200 \N— N

diisopropylamine/H,O/DMF

NaO,S

— } m-PPYPE-SO;Na
n

Fig. 1 Synthetic routes of the monomers and the polymer m-PPYPE-SO;Na
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SO, M*),729 (w,8(—(CH,),—).
4 m-PPYPE-SO;Na W3t ¥38-i5 7 4k ¥ 1%

— B, BT R SR A W HAT W AR 1Y
w e 5, REWZ R Sl w HERUE it
ST SR AR A A A A0 R R A B AR VA TR R R
SRR, HOCY 3 T 5 R PR S R S W TE A AL
FIFEARU. — B R T RAER P 25 i
WO A S G B 2L RS, 76T ROIRAS T B i
GG YEURE AW, AR A 0O T RCR B
RAEAG. PRI T 0 5 i B e 10, SR AR AR
WG PR BT — 35 72 o AN TE Y. BF R T B0 5K F i
JoT B S GTRR RN, FL W v 1 SR AR A8 B 2
FES NiDE w5 AN

K2 25t T m-PPYPE-SO,Na 7 [] 26 A ¥
FH 2R AN AT LS SO 138 RN 9 S 1, v ok
FEN 1 %107 mol/L(HAE HIT) . & R A, 7E7K
FK/ HESIR G R T R A WSO s A — &
DX, (AR AL AN K, 2 B A WA 06 1 A R R B A6
B X ULIH BN 9 R GRS ] (R 0 v, e
FREE A KK IA5 4. 306 nm Ab By 8 g 06 Xof )37
A ,395 nm Ab i i R I WSO X 1 2R
A FEER m-m " BRAT, X 5 SCERHRGE B AR K
P[RS R W 2R AT £ B -0 Mk W 2 ( m-PPYPE )
) fe R T 1 (380 mm ) M1, I FLIR i i
B ARMAR L. m-PPYPE-SO;Na 1 5 KW W I 4
FE K P (] A0 3R S K 36 . 2, B 3 m-PPE-SO,Na
(325 nm) TR 2L X HHTHE HAR KK
JEA K. HBTE R, RE TR T B HRK
W SR/ BE(RFRLE =10 D) 3l i K
WAHHLZLRE T 5 nm, I FL7E 472 nm AR AL T
— N S P U, AR SRR A IR X RN ZL RS LA
FAPEARIE R8T s RT i 5 Tl LB R 5 )
(1 TG LR AT 1) 2 g G A A 56 g T e S
HAEKFIE L T 5 X5 i PPE-SO,Na AN [f] i R 48
BHK.

XFENE A 5, 14 A0 e 5 H i o ) e
KR S 52 IR s AR . AR T K SR T
440 nm (4R GH0GE, K/ R BECRFREL =12 1) i
REWN RETIEA TR, (AR EESRIE N T2y 16 1%
FEAT I T P 5 R A TR A AT A
TR S0 5 SRR A B AR A P ) 37 2R 7 R I
LBRBE-TV I IE JE (m-PPYPE ) 1) fie K 59 I (425
nm) AT T JE K AR T 533 nm (1 & S g T
R — R, e 2R iR BT E AR A I S

2 iR 2010 4%

12 —-=UV (in water) 500

— = UV (in water/methnaol 1:1) |

1.0F , =--=PL (in water)
s ‘. -+ --PL (in water/methnaol 1:1) _| 400 —~
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G I\ E
3 AN 1300 2
§ 0.6 /f* ///' \\-f 2
5 A 1200 £
2 041 / i . =
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Fig. 2 UV-Vis and PL spectra of m-PPYPE-SO;Na in water or

water/methanol (V:V=1:1)

WA XoF Iy 5RE P fip Jo 1) R A A B U, ok L % 0 g A
% Sk 06 e S B0 0 P SR AR S e ) — S 0 T2k
TR A6 SR P R R PSR 4 R — B il
TEAR S TR 53 53 5% Z (R AH B9 435 , 4% (R] B 25
AN B BT ASHEIN A SRR e A RGE R R
AT DASE AR SR 4% 1 Bk BRAE RS, A TTTIE B
TRERSE. 5KE R PPE Y 40 5 H
J5i m-PPE-SO;Na ( AAE & it , 375 nm; 54 &k It
445 nm) M L, Z R AW KR AR Z 55
RELT AR T 65 nm 5 88 nm, X 5K A
TS Y 58 0= ] WL SO 3 %) 235 SR — B0, e mp
IHK T R A WA 40K B I m-PPE-SO,Na
HK.
5 m-PPYPE-SO,Na BJ%¢ - B fik #i

B3 45 7% R G WA K Wb (8 Wk B -0
FARH 2, 4B 7E 1 x 107 mol/L ] 1 x 10°°
mol/L Z[AIEHL T 9 AUk EE. K vl LUE 2], B
B RV WOHR P I REAIS , B B o vk g
TR —E BT (1 x 10 7° mol/L) V¥R %2
DGR T OIS |, 3K 32 B TR R BRI
TR TS T 10 7 X — U g, 533 nm 4b
B RES R &S S 07, B AR A 440 nm 4b
AR REEAAE K 38, (R Hm B AR T RS K
SF MWL T 0.5 x 10 ™" mol/L J& , ARME & 4 5
P 7 B RAE R ST AESS , HIREE TR
1 x10° mol/L 72 47 b, B4 % S JE AR 4% , Ui BA
DERT PR R AE R B O &8 LU AR, AT 7R =
WeBETR B B B K, A B A L G 25 RN g
B P R ARAR M HL S W BE TR BN A i
RE sS85 Z A HERAE /N, 2 TR AR
ITE B 200 B 28 G SE B L IE 52 T BT B 1) 4 A
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S5 B L 7 i m-PPYPE-SO,Na 76 /K %8 i H B AT

REATH.
500
——1x107 mol/L
2001 N - ==0.5x107% mol/L
~ AN -+++ 0.2x107 mol/L
2 ¥ ‘Q\.. —-=-1X10™*mol/L
L =++=-0.7x 10~ mol/L
z § i P 0.5x 10" mol/L
E 500l ll’;,/.:’ .. \ === 1% 107> mol/L
= ;;;; LRy 05X 10 mol/L
1 Q‘; -+ -+ 1x107% mol/L
100- fi ¥,
Ea e R
'.9 L ) AR M
O » R e S S

Wavelength X 10°(m)

Fig. 3 Emission spectra of m-PPYPE-SO;Na in water at

different concentrations

6 m-PPYPE-SO,Na fE7K B 5 PVP Z A
HEER

ANEI, HERI R BRI Y0 R L fif it PPE-
SO, Na (75 At 32 85 ¥ 3R 1w % M 5] PVP (5
LI MHNE e TR ) 55 el AR K, T 5 28 T 9 2 7
St HAEE MR AR /N bk phy 2 T A 0 5 | g 4
R AGWOLIE R ZE KRR
“ surfactochromicity” "' 75 A= Wy (& B F2 vpr | i L
JEARLERS N A5 S 15w " A T A bR ik 1
BHRA AR B A VE R AH R A 1A B i 5O
S8R 2 AN AN 2 S T A N 1) R AR RIS U TR
S RTAG P PRI BIE 9 0 R e B W P R
HEVER SR AW Z R AR EA B
.

4 451 T m-PPYPE-SO; Na 7K (W
1 x10 7 mol/L) FEANRIMK FE PVP A77E F 26k
St TR LUA I, S 1Y 2R A M o i
(PVP) 3 AT LAt SR 45 0 9 298 O Jb 25 3 i, X 15
PVP Xy /b e 5 v fife Joi 1) A Ve —E VR
(9SS g TR R A K T T R S
PVP e B 22 8] RS G 28 (A 435 nm) , MR o
ATLUES] BEE PVP B BT, RE MW
()55 B 20 4 728 A, (L 348 o s 4 R A% 1Y)
MR R, Rt i TR AW 21— &
R, REW T T HEZ RIEE B A 03 KL A7
TEARYFEE 09 H K B PVP A, 73 15
[i] P B B AP, SR G W I O b e i TRt

10T IR T TG PR ) PVP S P L 0 5 o
J B B S R AT 2 5 T B R

PVP in solution
800 i\ —0 pg/mL
N -=-=-2 pg/mL
) N T 4 pg/mL
S 600 i X! —-—6 pg/mL
= |y -8 pe/ml
] '-'," Y ‘.‘\‘ “““ 10 pg/mL
2 400 & NN
k= a TR
2000 § SNV
fl DRI
1 ~ RS
0L > S,
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Fig. 4  PL spectra of m-PPYPE-SO;Na in water at
different PVP concentrations ( concentration of the polymer:

1 x10 > mol/L)
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800 /
600 e

4001 /

200} /

O_

PL intensity (a.u.)

0 2 4 6 8 10
PVP in solution (ng/mL)

Fig. 5 Relationship between PVP concentration and PL
intensity of m-PPYPE-SO;Na in water ( wavelength 435

nm)
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FIFHAL A A 1 Heck-Sonogashira {1 2 W A%,
Tyl 8 1 F HBE (14 [ 437 3% S0 Mk P 356 0. 2, e S
R LT m-PPYPE-SO, Na , i 4T 42 JE J4 i 5 o fif
Jo ELA D R S A W SR AR S LA B e AR
HEA T B KB T —ERENRE, XY
U3 R E 2 B A R AL IR R A A
IRV 5 1 43 18 %) T 0 59 2R 2 e
Tl 22 ) A — 2 PO AR B, At & T vl
DIHEWT , PVP i i 12 1 4 5 el i o i 3R 4R 0 HL X
DA T () B B AE FH I . % 0 3R e i A T
REJE— A T KB DO CIRET B R
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SYNTHESIS AND SOLUTION PHOTOPHYSICS PROPERTIES
OF A meta-LINKED ANIONIC POLY ( PYRIDINYLENE
ETHYNYLENE) CONJUGATED POLYELECTROLYTE

LIU Kuan'?, LI Yang®, YANG Mujie’

(" College of Biology and Science, Sichuan Agricultural University, Yaan 625014)
(* Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027)

Abstract The monomer 1, 4-diiodo-2, 5-di ( propyloxysulfonate ) benzene and 2, 6-diethynylpyridine were
synthesized and a meta-linked anionic poly ( pyridinylene ethynylene ) conjugated polyelectrolyte m-PPYPE-
SO;Na was synthesized via Pd-catalyzed Heck-Sonogashira coupling reaction. Monomers and the polymer were
characterized by Fourier transformed infrared spectroscopy and proton nuclear magnetic resonance
spectroscopy. The conjugated polyelectrolyte m-PPYPE-SO,Na was characterized by UV-Vis and
photoluminescence spectroscopy and the solution photophysics properties of the polymer were investigated. The
fluorescence spectra of the conjugated polyelectrolyte in different solvent and under different polymer
concentrations showed concentration- and solvent-dependency of the conjugated polyelectrolyte , respectively,
which could be attributed to the aggregation of the conjugated polyelectrolyte in water solution. The emission
peak of the aggregation disappeared approximately when the concentration of the polymer was about 1 x 10 ~°
mol/L,and this fact shows that the extent of the polymer aggregation was very low. It was found that surfactant
affected the aggregation of the polyelectrolyte. The introduction of polymer-type surfactant poly(vinyl
pyrrolidone) (PVP) into the water solution of m-PPYPE-SO,Na increased the fluorescence intensity of the
polymer solution. The interaction of PVP with m-PPYPE-SO;Na in aqueous solution broke the aggregation of
the conjugated polyelectrolyte. The solution photophysics properties suggests that the conjugated polyelectrolyte
has potential to be a kind of water soluble fluorescence probe.

Keywords Conjugated polyelectrolyte, Heck-Sonogashira coupling reaction, Aggregation, Surfactants





