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Scheme 1 Synthesis of ligands and Pd( Il ) complexes

1.2.1 N-( =2RIEHIL) 4R (1) &

T TERE(16.8 g, 160 mmol) I N, N-— 1 J
HEEE (DMF) (50 mL)IBRG /R HZE 0 C. =%
FAH 5 (22.3 ¢,80 mmol) JFF 100 mL DCM J5
getg i A RS IRIR N R 24 h KR B E
G, CBEA RE, A MLAH 2K VRO G, B K
F@AUyE. DCM/PE 455,15 19.5 g F A1k,
7% % 70% . 'H-NMR ( CDCI,,300 MHz,8) :7. 55
(d,J=7.2 Hz,6H),7.26(t,] =7.6 Hz,6H),
7.16(t,J=7.2 Hz,3H) ,3.78(t,J =6.3 Hz,4H) ,
2.57 (t,]=6.0 Hz,4H).
1.2.2 FEf& TsO(n-1) (n=2,3,4) (2)1
B

T ME (110 mmol ) \NaOH (13.2 ¢,
330 mmol) /KW (60 mL) & THF (150 mL) g &
JE BT UK OK W v, G208 T 0 e R R il T S
(41.8 g,220 mmol) /i THF %% (150 mL) , % &
THEFE 4 b RO ZE IR KA R, £ Bk AR,
AHLAZ oKW oK B R 4k T o s R 4 L 15
TC A AR AR 2, R N 95% ~99% .

TsOCH,CH,OMe(TsO1) ;' H-NMR ( CDCI, ,300
MHz,8):7.78 (d,J =8.1 Hz,2H),7.33(d,J =
7.8 Hz,2H) ,4.13(t,J =4.5 Hz,2H) ,3.55(t,] =
4.5 Hz,2H) ,3.28(s,3H) ,2.42 (s,3H).

TsO( CH,CH,0),Me ( Ts02) ;"H-NMR ( CDCl,,
300 MHz,8) :7.78(d,J =8.1 Hz,2H),7.32(d,J
=7.8 Hz,2H) ,4.15(t,J =4.8 Hz,2H) ,3.67(t,]
=4.8 Hz,2H) ,3.56(t,] =4.8 Hz,2H) ,3.46(t,]
=4.8 Hz,2H),3.33(s,3H),2.43 (s,3H).

TsO( CH,CH,0),Me ( TsO3) ;"H-NMR ( CDCl,,
300 MHz,8) :7.76(d,J =8.4 Hz,2H) ,7.31(d,J
=8.4 Hz,2H) ,4.12(t,J =4.5 Hz,2H) ,3.65(t,]
=4.5 Hz,2H) ,3.59 ~3.55(m,6H) ,3.51 ~3.48
(m,2H),3.33(s,3H),2.41 (s,3H).
1.2.3  falfk TPNn (n =2, 3, 4) (3) 4

a4 (1) (7 g,20 mmol) Fil TsO(n-1) (n =
2,3,4) (2) (80 mmol) % T 50 mL THF ,fii#¢
PA YT LR AL 82 (0.7 g,2.3 mmol) Fl NaOH
(45 g, 1125 mmol) 41 B A 7K 5 W, 1l 9 S g 18
h. WRE E WG, INAZE R AKFRG R, kA0, A AL
AHZE K B TC 7K B IR M T 8 b B S TR A AT
O3B A T ARAR TPNn, 7 35 70% ~75% .

TPCN [ ( CH,CH,0),Me ], (TPN2) ;'H-NMR
(CDCL,,300 MHz,8):7.50(d,J =8.1 Hz,6H) ,
7.24(t,J=7.2 Hz,6H) ,7.13(t,] =7.2 Hz,3H) ,
3.63(t,J =7.2 Hz,4H),3.54 ~3.49 (m,8H),
3.36(s,6H),2.58 (t,]=7.2 Hz,4H).

TPCN [ ( CH,CH,0),Me ], ( TPN3) ;'H-NMR
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(€DbCl,,300 MHz,8):7.51(t,J =7.8 Hz,6H),
7.29 ~2.21(m,6H),7.16 ~7.11(m,3H) ,3. 66
~3.52(m,20H),3.37(s,6H),2.62 ~2.52 (m,
4H).

TPCN[ ( CH,CH,0),Me ], (TPN4 ) ;.'H-NMR
(€DCl,,300 MHz,8) :7.50(d,J =7.5 Hz,6H),
7.23(t,J=7.2 Hz,6H) ,7.13(t,J =7.2 Hz,3H) ,
3.64 ~3.51 (m,28H) ,3.37(s,6H) ,2.54 (t,] =
6.9 Hz,4H).

1.2.4 ‘hal{k HNn (n=2, 3, 4) (4) &%

Hrfa] =4 TPNn(3) ¥ T 40 mL HI P, 2248 37
PNZE 20 mL F $h B2 K W (5% ) i, 37 BIAT H 1
EYLE , WV T 2 R HE 15 min. 3 3 BR KDL
VEYD K DR P B REZE A Tk AR I, R N
PR BN K VA R e & k. DR 2 B 2K e L A
DCM Z R HE 2 h, U8 2 A I ik [ 44, G HLAH 488
KB R A T R S R T v 4, A5 T 8RR
HNn(4) 725k 60% ~70% .

HN [ ( CH,CH,0 ),Me ], ( HN2 ). 'H-NMR
(CDCl,, 300 MHz,8):3.63 (br,8H),3.46 (br,
4H) ,3.39(s,6H) ,2.78 ~2.74 (m 4H).

HN [ ( CH,CH,0 ),Me ], ( HN3 ).'H-NMR
(CDCI,,300 MHz,5):3.83(t,J =4.8 Hz,4H),
3.67 ~3.66(m,4H) ,3.64 ~3.62(m,8H),3.53 ~
3.52(m,4H),3.36(s,6H),3.16 (t,J =4.8 Hz,
4H).

HN [ ( CH,CH,0 ),Me ], ( HN4 ).'H-NMR
(CDCL,,300 MHz,5) :3.62 ~3.51(m,28H) ,3.34
(s,6H),2.77 (t,]=5.4 Hz ,4H).

1.2.5  PZEVERCHA TNn (n=1, 2, 3, 4) &

4-TC 1% 3-TC (1.5 g,5 mmol) 5E&VE T 20
mL DCM 5, & T vK/K ¥ 4, in A EDC - HCI
(1.4 g,7.5 mmol) IR & WHEH: 7 21 )5 , A NEt,
(1 mL,7.5 mmol) 1 HNn (4) (7.5 mmol) A
DCM ¥, il 4 OOk, SR TF 0 °C $id
2 h IREERGAENRE 24 h. RNEHE, B
FERERCHE 40 8, 15 Ll R ™= 9, 7 %l 65% ~
T4% . FirA BRI AE 25 Ko B Ak, DR AE T
P AR G S PR AT TE A S

Lpl:'H-NMR ( CDCIl,, 300 MHz,8):7.39 ~
7.28(m,14H),3.70 (d,J =28.5 Hz,4H),3.48
(d,J =30.0 Hz,4H),3.37 (s,3H),3.26 (s,
3H);"P{'H} NMR (CDCl,, 162 MHz,8): - 5.76
(s); MALDI-TOF (m/z):422.2 [M+H]".

Lml;'H-NMR ( CDCl,,300 MHz,8):7.38 ~
7.29(m,14H) ,3.65(d,J =27.6 Hz,4H),3.41
(br,2H),3.33(s,3H),3.26 (br,2H),3.16 (s,
3H);'P{'H} NMR (CDCl,, 162 MHz,8) : - 5.47
(s); MALDI-TOF (m/z) :422.2 [M+H] ".

Lp2:'H-NMR ( CDCl,, 300 MHz,8):7.40 ~
7.26(m,14H) ,3.75 (br,4H) ,3.62 ~3.46 (m,
12H) ,3.36(s,3H) ,3.31 (s,3H);”P {'H| NMR
(CDCl,, 162 MHz,8): - 5.77 (s); MALDI-TOF
(m/z):510.2 [M+H]".

Lm2;'H-NMR ( CDCl,,300 MHz,§):7.41 ~
7.29(m, 14H),3.72 (br,4H),3.61 ~3.43 (br,
12H) ,3.36(s,3H) ,3.35 (s,3H);”P {'H} NMR
(CDCl,, 162 MHz,8): - 5.48 (s); MALDI-TOF
(m/z):510.2 [M+H] .

Lp3:'H-NMR ( CDCl,,300 MHz,8):7.39 ~
7.29(m, 14H),3.75 (br,4H),3.64 ~3.52 (m,
20H),3.35 (s,6H);"P {'H} NMR (CDCl,, 162
MHz,8) : -5.81 (s); MALDI-TOF (m/z) :598.2
(M+H]".

Lm3:'H-NMR (CDCl,,300 MHz,5) :7.39 ~.
29 (m, 14H),3.71 (br,4H),3.62 ~3.38 (m,
20H),3.37 (s,6H) ;P {'H} NMR (CDCIL,, 162
MHz,8) : =5.50 (s); MALDI-TOF (m/z) :598.2
[M+H]".

Lp4:'H-NMR ( CDCl,, 300 MHz,8):7.39 ~
7.29(m, 14H),3.74 (br,4H),3.66 ~3.51 (m,
28H),3.36 (s,6H);"P {'H} NMR (CDCL,, 162
MHz,5) : =5.82 (s); MALDI-TOF (m/z) :686.3
[M+H]".

Lm4:'H-NMR ( CDCl,,300 MHz,8):7.41 ~
7.28(m, 14H),3.70 (br,4H),3.64 ~3.42 (m,
28H),3.37 (s,6H);"P {'H} NMR (CDCL,, 162
MHz,8) : =5.51 (s); MALDI-TOF (m/z) :686.3
[M+H]".

1.2.6 WA E Y PACL (TNR), (n =
1,2,3, )&

PdCL, (0. 177 g,1 mmol) & T 30 mL Z i, il
APIZEVERCAR TN (2 mmol) (1 HI B (10 mL)
Tk P 0.5 h. N WA e, & W i/
e B 445 &, 19 3 68 S AR Cpl Bz Cmd, 7 5853 5]
H15% FT6% 5 HAWA AL A Wy 700 48 fk AT 3
48 A WA Cp2 K Cm2, Cp3 Je Cm3, Cpd It
Cmd | 7= ZAE 70% ~75% 5 [ N .
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Cpl:'H-NMR (CDCIl,, 300 MHz,8):7.75 ~
7.66(m,12H),7.49 ~7.38 (m,16H) ,3.75 (br,
4H),3.65(br,4H) ,3.50(br,4H) ,3.41(br,4H) ,
3.37 (s, 6H),3.22 (s,6H);” P{'H} NMR
(CDCl,, 162 MHz, §):22.98 (s). Cg Hy Cpy-
N,0,P,Pd-H,0 JCE /it 5 1H (% ) : C 57. 84,
HS5.63, N 2.70; #ipf4i.C 57.97, H5.59,
N 2.55.

Cml:'H-NMR (CDCI,,300 MHz,8):7.76 ~
7.68(m,10H),7.61(t,J =5.7 Hz,2H),7.52 ~
7.38(m,16H),3.70(br,4H) ,3.60(br,4H) ,3. 42
(br,4H),3.32(s,6H),3.20(br,4H),3.06 (s,
6H) ;' P{'H| NMR (CDCIl,,162 MHz,s8) :23.51
(s). CyHyCuN,O.P,Pd TR T iH5AE (% ) :
C58.86, H 5.53, N 2.75, ¥ £ {i. C 58.81,
H5.56, N 2.52.

Cp2:'H-NMR (CDCIl,,300 MHz,8):7.74 ~
7.64(m,12H),7.46 ~7.38 (m,16H) ,3.75 (br,
8H),3.63 (br,4H),3.51 (br, 12H), 3.42 ( br,
8H),3.37(s,6H),3.28 (s,6H); " P{'H| NMR
(CDCl,,162 MHz,8) :22.96 (s).

Cm2:'H-NMR ( CDCl,, 300 MHz,§):7.78 ~
7.66(m,10H) ,7.59(t,J =5.1 Hz,2H) ,7.53 ~7.38
(m,16H) ,3.71(br,8H) ,3.59 (br,4H) ,3.48 ~3.41
(m,10H),3.34(br,10H) ,3.30 (s,12H) ;' P{'H]
NMR (CDCl,,162 MHz,5) :23.46 (s).

Cp3:'H-NMR (CDCIl,, 300 MHz,8):7.75 ~

AL G e

C8Hl7

CgH,; CgH,4 CgH,4

¢

,

7.64(m,12H),7.47 ~7.41 (m,16H) ,3.75 (br,
8H),3.65(br,12H) ,3.54 ~3.49(m,28H) ,3. 35
(s,6H),3.33 (s,6H);"P{'H| NMR (CDCI,,
162 MHz,5) :22.99 (s).

Cm3;'H-NMR (CDCI,,300 MHz,8):7.77 ~
7.71(m, 10H),7.62 ~. 43 (m,8H),7.43 (br,
10H),3.72 (br,8H) ,3.62 ~3.46 (m,40H) ,3.36
(s,12H) ;" P{'H} NMR (CDCl,, 162 MHz,§) :
23.45 (s).

Cp4:'H-NMR ( CDCl,,300 MHz,8):7.74 ~
7.63(m,12H),7.49 ~7.38 (m,16H) ,3.74 (br,
8H),3.63 ~3.45 (m, 56H), 3.35 (s, 12H);
*P{'H} NMR(CDCI,,162 MHz,5) :22.99 (s).

Cm4:.'H-NMR ( CDCl,, 300 MHz,8):7.74 ~
7.68(m,10H),7.56(t,J =5.1 Hz,2H) ,7.52 ~
7.37(m, 16H),3.69 (br,8H),3.62 ~. 51 (m,
42H) ,3.45 ~3.38 (m,8H),3.36 (s, 12H),3.31
(br,6H);"P{'H} NMR (CDCl,, 162 MHz,§) :
23.45 (s).

Fr 6 B A AR A A e S S b AT AR E A7
TE 165 0 A PLE ) an B K THF . DMF Fil DCM
S AT SR A A T A AR R B R TS
AR TE B — 22 e A RIS 1
1.3 E[2,7-(9,9-Z£%) IWERK

®R[02,7-(9,9-Z2¢ 575 116 W S 2k 7 i
SIRFRATLART A9 TAE " AT | BB B KA Ak 5

St R B R 2 R,

n
CsH7~  CsHyy

0 0%,
|\)KF/

_ N

Cat. Pdc12(©P\© ), Pd(©/P\© ), Pdc‘2(©/l’\© )j\\%
ci ol

Cpn/Cmn
n=1.234

Scheme 2 Synthesis of model polymer (PFO) and structures of catalysts used

o
5

9,9- K A2, 7-2 (N Z B )
(0.2742 g,0.5 mmol) .\9,9-"F }2,7- 711 %
(0.2792 g,0.5 mmol) 1 0. 15 mmol% K4 4k4 4
JA Schlenk S i i -4l 4 S, A 8 mL HE 2%
A1 2 mL 2 mol/L K,CO, /K¥# ¥ , T 100 C [0l Ji

PER N 12 h; B A 8 mL PU A wk i Al 8 mL
2 mol/L K,CO, /KW, T 80 °C [al Jii i +F [ 1
12 h; B M A KF(0.1160 g,2 mmol) K 18-crown-6
(0.5240 g,2 mmol) 5 HR )5, A 6 mL
DMF 13 mL B, F 100 °C 8] 345 £k 5 7 12 h.
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R ARG, e W 2, BA R, RGP
L BB R T ST, AR BEROR, TE K B R B T
JE ik vk Hedn, MR IR R G WY, Bt
%5 60 C T4 12 h,GPC FAF 4> T &.
1.4 UEFES5RIA

"H-NMR LI TMS & 4 ¥5,”" P-NMR DL 85%
H,PO, A A #5, &= i T Bruker AV300 NMR i
AV400 NMR #% ff 2 9= S0 2 (CDCL, g % 5] ) .
C,H,N TR & & ] Bio-Rad Co’ s JLR 73 Hr il
MSE. B LDI-1700 %Y 30 € A7 5 3% A )
. REW oy i (MM M) Koy 1A oy A
(PDI) fifi B Waters GPC ( 335 Waters 410 Different
Refractometer 1 Waters 515 HPLC Pump) F#4E, M
WA 35 C THF Ji a4 i 1 mL/min. D)
TSR CATARUERE S N S (M R 9 x 107,
3.3x10",1 x10°,3 x10°,6 x 10° 1 1.2 x 10°,
PDI<1.1).

2 H#RE5iITR

RO R FAT Y BA RO K I, e — K
HA S AR 8O F AR G oy &
SR MY (=R 48 (CO1) S fi k) | i ik
SPC S il #&. b T8 T &, ARSI [2,7-
(9,9-Z54E2)) | (PFO) ARG W), 5 54 v ix
THAE 5 4 48 A S W B AL 1R BE.

2.1 WEMZMNBUEUERE/ KK R P E
RAERE

1 0 55 ke TS W A TR TR I A
4, A SPC 53R & BN i R B 2 R R/ 0K R
B ZR . RTS8 60 il i M L 50 C1 K COL 7
1M 2 R A R R R R 12 5 31 5 Sk R T 4 T Y
RERY (M, =5 x10°) . Jil AHIH RS ) ( Aliquat
336) Al LB o A 45 2R I 48 h 5 Al A 2
By PR 1.7 x10° IRET=Y), X R Y
SCRR 13 JHfE — 2. (AR TAR§ 4 1 — ot ik
B W) AT TEAR ) 25 1F R 2R AT B A RN, BT
ZERMNER T I iR, CESERERE R ITE n
L (Cpl K Cml) , iy FH 55 09 26K BE F7 , {45 5]
G TEAEAL R C1 J CO1 AT MY 25 21, R
iR G TEGR VBRSO A TR
FITH n Ry 2 W, LIAR RSB AL & 9 Cp2 4 i AL
PR SR G o 1 i BRI I, 1K 6 x
10°. 2 SUE T G HE — 2L K (Cp3) , BHy 4% T i
P 7.5 x 10°, 540 A% B K ] ( Aliquat

336) R AL RAIE. & 4 4 LR IR T
F, LL Cpd AR5 ol LU 15 R A 58 o 7 &
B ET 1 x 107, B 2 IEREHE A 07 B Y PS5
PE A AL 7R L SR 0T 3R G B g 1) A2 2E 4 RS SR R 1Y
XA AR AL A 4 B BH 8, (F i Ak 1k BB IR SR AR T A%
Geah AL, DL Cmd S 40 700 AT LS 3 %034
AT T x 10° B2

Table 1  Reaction conditions®, Product molecular weight” of the

polymerization in toluene/water system

Entry Cat. M, x107* M, x107* PDI
1 Cl 0.58 0.59 1.04
2 €01 0. 50 0.51 1.02
3¢ C1/Aliguat336 7.75 29.95 3.35
4 Cpl 0.88 1.67 1.88
5 Cml 0.73 1.33 1.81
6 Cp2 6.07 14. 40 2.37
7 Cm2 1.05 2.00 1.91
8 Cp3 7.47 27.79 3.72
9 Cm3 3.05 8.29 2.71
10 Cp4 9.72 21.19 2.18
11 Cm4 6.83 40. 52 5.93

*All polymerization reactions were carried out in toluene (8 mL) and
aqueous 2 mol/L K,CO; (2 mL) with monomers (1 mmol) and
catalyst (0. 15 mol% ) at 100 C for 12 h under argon;l'The polymer
molecular weight was determined by GPC analysis calibrated with
polystyrene standards, with THF as the eluent with flow rate at 1.0
mL min "' ;° Polymerization reaction was carried out in toluene (8
mL) and aqueous 2 mol/L K, CO; (2 mL) with monomers (1 mmol) ,
CI (0.15 mol% ) and Aliquat 336 (20 mg) at 100 °C for 48 h under

argon.

—Cl
—=— C01
—o— Cl/Aliquat33
—a— Cpl 2
—— Cml
v (Cp2
—— Cm2
—— Cp3
—— Cm3
—— Cm4

Elution time (min)

Fig. 1 GPC chromatograms for polymerization runs with

different catalysts in toluene/water system

M LR Se g 45 2R a] LU, B £ Ak Tk B
BATCR n (ELAG I, X6 R B AR S W R A R/ OK
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PR SR SRR 2 H I 25K BE T 8 A0 3 i, A K
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GPC chromatograms for polymerization runs with

different Cpn in toluene/water system
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Fig. 3 GPC chromatograms for polymerization runs with

different Cmn in toluene/water system
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Table 2 Reaction conditions®, product molecular weight” of the

polymerization in THF/water system

Entry Cat. M, x10°* M, x10"* PDI
1 Cl 7.49 34.22 4.57
2 Co1 7.42 27.81 3.75
3 Cpl 9.51 39.76 4.18
4 Cml 7.97 27. 44 3.45
5 Cp2 6. 80 19.31 2.84
6 Cm2 5.36 18.43 3. 44
7 Cp3 4.03 18. 84 4. 68
8 Cm3 3.94 16. 85 4.27
9 Cp4 3.54 13.77 3.89
11 Cm4 2.28 5.08 2.23

*All polymerization reactions were carried out in THF (8 mL) and
aqueous 2 mol/L K,CO; (8 mL) with monomers (1 mmol) and
catalyst (0. 15 mol% ) at 80 C for 12 h under argon;" The polymer
molecular weight was determined by GPC analysis calibrated with
polystyrene standards, with THF as the eluent with flow rate at 1.0

Lol
mL min .
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Table 3  Reaction conditions®, product molecular weight” of the

polymerization in DMF/toluene system

Entry Cat. M, x10°* M, x10"* PDI
1 Cl 1.00 2.01 2.00
2 €01 1.14 4.48 3.92
3 Cpl 0.76 2.09 2.75
4 Cml 0. 87 2.98 3.43
5 Cp2 0.21 0.30 1.42
6 Cm2 0.22 0. 40 1.82
7 Cp3 0.12 0.22 1.89
8 Cm3 0.10 0.20 1.96
9 Cp4 0.13 0.27 1.99
11 Cmé4 0.18 0.29 1. 64

*All polymerization reactions were carried out in DMF (6 mL) and
toluene (3 mL) with monomers (1 mmol) , KF (2 mmol) , 18-crown-
6 (2 mmol) and catalyst (0.15 mol% ) at 100 °C for 12 h under
argon ; "The polymer molecular weight was determined by GPC analysis
calibrated with polystyrene standards, with THF as the eluent with

flow rate at 1.0 mL min~"'.
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AMPHIPHATIC PALLADIUM COMPLEXES WITH POLYETHOXYLATED
GROUPS AND THEIR APPLICATION IN SYNTHESIS OF
POLY (9,9-DIOCTYFLUORENE)

Jing Li""? | Hong-wei Fu""?, Pan Hu''?, Zi-long Zhang', Xiao Li', Yan-xiang Cheng'
(' Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022)
(* University of Chinese Academy of Science, Beijing 100039)

Abstract A series of polyethoxylated amphiphatic palladium catalysts with two-chain polar head have been
synthesized and applied in Suzuki polycondensation ( SPC) ,all of which are easy to dissolve in organic solvents
for SPC ( toluene, THF, DMF ) and stable in atmospheric environment. Model polymer poly (9, 9-
dioctylfluorene) (PFO) with M, =7 x 10" could be obtained using amphiphatic palladium catalysts with better
hydrophilicity (Cp3 and Cm4) in toluene/H,0 system,which were comparable to the results with addition of
phase-transfer agent ( Aliquat 336 ). As the hydrophilicity of the amphiphatic catalysts got even stronger
(Cp4) ,higher molecular weight (M, ca. 1 x10°) PFO could be achieved. From the GPC chromatograms for
polymerization runs with different amphiphatic catalysts in toluene/water system, amphiphatic catalysts with
longer polyethoxyl chain could be used to achieve higher molecular weight. And two peaks could be found in
the GPC curves for polymerization runs with amphiphatic catalysts with strong enough hydrophilicity, which
means there are high molecular portion and low molecular portion comprising the polymer product, indicating
the process might follow two different reaction pathways. One is following the traditional way, base or the
boronate anion in water phase are difficult to contact the oxidation addition intermediate in the organic phase,
just resulting in low molecular weight polymers. The condition could be improved when the other way followed,
the transmetalation step accelerated with the aid of the polyethoxyl chain anchoring to the two-phase interface,
the catalytic cycle process could be improved and higher molecular weight polymers could be achieved. The
bad performance of these neutral amphiphatic catalysts in THF/H,0 and DMF/toluene indicates that the long
polyethoxyl chain goes against the oxidation addition step in polar solvents, due to the rather good
hydrophilicity of catalysts.

Keywords Amphiphatic, Palladium complexes, Polyfluorene, Suzuki polycondensation, Molecular weight



