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Preparation and Catalytic Properties of a Novel Bamboo Fiber
Supported-Palladium Catalyst (Fiber-Pd)
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(“ College of Chemistry and Chemical Engineering, Neijiang Normal University, Neijiang 641112)
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Abstract A novel bamboo fiber supported palladium (Fiber-Pd) catalyst was prepared with diphenylphosphinite fiber and
palladium dichloride in ethanol. The as-prepared Fiber-Pd catalyst was characterized by X-ray photoelectron spectrometer
(XPS), X-ray diffraction (XRD), thermogravimetric analyses (TGA), inductively coupled plasma-atomic emission spectrome-
try (ICP-AES), and transmission electron microscopy (TEM). The catalyst was applied to the Suzuki cross-coupling reaction
between sodium tetraarylborate and aryl halides. Excellent yields of the corresponding functionalized biaryls were obtained
when the reaction was performed in the presence of NaHCO; as base in PEG 400/H,0 at 85 ‘C within a short reaction time. It
is noteworthy that the present protocol is highly efficient as 4 equiv. aryl halides reacted with 1 equiv. sodium tetraarylborate
cleanly to provide high yield of the cross-coupling products in short reaction time. The catalyst can be easily separated and
recovered from the reaction mixture by filtration and reused. This process has significant features of short reaction time, broad
substrate scopes, easy isolation of the product, and atom-efficient coupling under mild conditions in environmentally friendly

media in air.

Keywords bamboo fiber supported palladium; preparation; Suzuki reaction; sodium tetraphenylborate; aryl halide
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Scheme 1 Synthesis of bamboo fiber supported palladium cat-
alyst (Fiber-Pd’)
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eV, 1 Pd3dsy, HIZEEHEN 3404 eV, XM IE(E 5 E N
ARG ERT &, RN 0 1, X2 H TR
FIfl & R, MR SRR G, B OREIR R
WEFTEL K 1b EoR, 7F 3352 A1 3402 eV HEL T A
BRI S0, EATT A 6 R 2 AR AE Pd3ds, A
Pd3ds, HI45 G RE, Wi PRAE A RS AL AR i A5 5
REgAZ.
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Figure 1 XPS of Pd element
(a) Fresh; (b) after using
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2 [a), HEAGTRI R B ARG SR T, W RE M AR R 2R #iay
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Figure 2 XRD spectrum of Fiber-Pd
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Figure 3 TG spectrum of Fiber-Pd

WURL/NE R, BEA FRARERINE, & ICP KA
M EN 0.76 mmol/g; K b R, MALFIMEH 4 KA,
HUORL - AR 835 20, (R KRR B K, HA /D& H
RUG B, [FR ICP RAFAL F &4 0.70 mmol/g,
A VAR 2R A O H R
1.2 BFIXT Suzuki & B2 HIS20E

DLVY BN 5 1RR B AR I S SRR S B, 7T 44
FORAR AL 77 FH 8 20 mg (1.5 mol% Pd), BREREAN
Tk, 85 C N BN RS 1% S NE () 5], S50 45 3 AL
z 1.

MR 1 AL, RBDEFIXTZ N A R, 2
ffH 2 RE. FEE. DMSO S FIN, MR L 2,
25 177 2R IITE 60% AN (3R 1, Entries 1~4). Tl 7%
TR7K BT AR 9 TR, RIS A4 sz I (1] 1,98 A Ao il
FIFANL B b= (3R 1, Entries 5, 6). {f PEG
400 TRV, A 40%77 %, FiaM2&/KS PEG KR
GHEA BERTH N3, 2 PEG 400 S5K435EL 2 01,
11,102 AR IR G R VR, B T8I aUR,
AL 78%, 85%, 75% M= %43 2 Hrb &I (K 1,
Entries 8~10), iX f it /& PEG SHE A Fa e EH, [
A BRSO AR A, 45 S AT DURCRIZEAT.
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B4 1rerdefidfin TEM K
Figure 4 TEM image of Fiber-Pd
(a) Fresh; (b) after using

T 1 BEFINF Suzuki B HIEZ M ¢

Table 1 Effect of solvents on the Suzuki reaction

Fiber-Pd®, 85 °C

NaBPh, + PhBr Ph—Ph

NaHCOs3, solvent

Entry Solvent Time/min  Yield"/%
1 EtOH 60 40
2 95% EtOH 60 60
3 CH;0H 100 50
4 DMSO 60 28
5 H,O 360 Trace
6  CH;COCH; 360 Trace
7  PEG400 120 45
8  W(PEG400) : "(H,0)=2:1 60 78
9  V(PEG400) : "M(H0)=1:2 60 75
10  V(PEG 400) : "(H,0)=1:1 60 85

© 2016 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: bromobenzene (1.0 mmol), sodium tetraphenylborate
(0.30 mmol), NaHCO; (3.0 mmol), Fiber-Pd (20 mg, 1.5 mol% Pd), and sol-
vent (5.0 mL), stirring at 85 °C for an appropriate time; ” Isolated yield.

1.3 EUFIAEXT Suzuki & K EIF N

i€ PEG 400/H,O (V/V=1: 1) REHGE, SHs
ST B Z R BRI, S5 R AR 2. f#1k
FH BSOS S AR B B, S BN 0.7 mol%
Pd (10 mg)l}, RRFIF=#H 70% (3R 2, Entry 1). FEE&
WFIFH BRI, PR WE — @ WieTt, Ak HE
N 1.5 mol% Pd (20 mg)if, FERIEINF T 85%(F 2,

Chin. J. Org. Chem. 2016, 36, 1412~1418
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Entries 2, 3). UGHS P3G AR & 1.9 mol% Pd (25
mg)EX 2.3 mol% Pd (30 mg), F=RIEEA FARFIEE 2,
Entries 4, 5). FTLLGEAEGHIHER 1.5 mol% Pd (20
mg).
R2 AT HEX Suzuki NI ¢
Table 2  Effect of catalyst loading on the suzuki reaction
Fiber-Pd®, 85 °C

NaBPh, + PhBr Ph—Ph
NaHCOg3, PEG 400/H,0O
Entry Pd/mol% Time/min Yield”/%
1 0.7 80 70
2 1.1 80 76
3 1.5 60 85
4 1.9 60 85
5 2.3 60 85

¢ Reaction conditions: bromobenzene (1.0 mmol), sodium tetraphenylborate
(0.30 mmol), NaHCOj (3.0 mmol), Fiber-Pd (20 mg, 1.5 mol% Pd), and PEG
400/Water (V. /=1 .1, 5.0 mL) stirring at 85 ‘C for an appropriate time;
Isolated yield.

1.4 FEXT Suzuki & RIS

EEHEFIAEA I RS, BL 1.5 mol% Pd (20 mg)
VEMEALFI, PEG 400/H,0 (V: V=1 1)9%7#), 85 CTF
BT RPN SIS, S5 5 L 3.

TR I, HEhE . = LRSS A ML R
VR AR 2, AN LL 20%M01 37% 10 7= 245 21 A B 1) H bk
FEWI(F 3, Entries 1, 2). TLHLIH K,COs3, Na,COs, K5PO,,
NaH,PO,, K,HPO,, CH;COONa 255%% [ 5 (2 i
WARIE, X NaHCO; R H B UFFIEdEEA, BA
85% [ 2245 2IAH NI H bR 23 3, Entries 3~9).

3 B Suzuki [N EIFSNH ¢
Table 3 Effect of base on the Suzuki reaction
Fiber-Pd®, 85 °C

NaBPh, + PhBr Ph—Ph
PEG 400/H,0, Base
Entry Base Time/min Yield”/%
1 Et;N 120 37
2 Py 120 20
3 K,CO; 60 45
4 NaHCO; 60 85
5 Na,COs 60 61
6 K;PO, 120 40
7 NaH,PO, 120 23
8 K,HPO, 120 15
9 CH;COONa 120 42

“ Reaction conditions: bromobenzene (1.0 mmol), sodium tetraphenylborate
(0.30 mmol), base (3.0 mmol), Fiber-Pd (20 mg, 1.5 mol% Pd), and PEG
400/Water (V' : /=1 : 1, 5.0 mL) stirring at 85 C for an appropriate time;
® Isolated yield.

1.5 EEX Suzuki & RBYENE

e AR S S, BL 1.5 mol% Pd
(20 mg)fEf#1LF], PEG 400/H,0 (V@ V=1 1),
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Table 4 Effect of temperature on the Suzuki reaction

NagPh L Fiber-Pd, Heat
a
4 PEG 400/H,0, NaHCO5

Entry 7/°C Time/min Yield®/%
1 60 100 70
2 70 100 75
3 80 60 81
4 85 60 85
5 90 60 84
6 100 60 84

© 2016 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: bromobenzene (1.0 mmol), sodium tetraphenylborate
(0.30 mmol), NaHCOj; (3.0 mmol), Fiber-Pd (20 mg, 1.5 mol% Pd), and PEG
400/Water (V' V=1 I 1, 5.0 mL) stirring for an appropriate time at an appro-
priate temperature; ® Isolated yield.

MR R4S BT VR, MRMNIREH 60 C L
F-2] 85 C, HIRFI= RN 70% LT+ E] 85%(FK 4,
Entries 1~4). 4k2:THE, B A= 900075= R %A 1 21
FH(F 4, Entries 5, 6). [Klt, S5 DUSRBREA S8 ) B
FEIRE N 85 C.

1.6 MAEGHBERERNEEMN

FRAE LA b SIS R 8 T RN B 2k A R (1.0
mmol), PYZEMIE9(0.30 mmol), 1.5 mol% 7T £ 4k f1 k410
VEMEALTF], PEG 400/H,0 (V@ V=1 : 1)N¥%7, NaHCO,
B, 85 C FHHT RN, %M, AR XSS
SRR S5 IR AN & AT TR R, HE R TE 5.
A DUE HAZ AR RIS PR IR T, e e I5 38 LAty
A TR A, A T R AR S SR AT R AR U (1)
S 53| Nz, DARE R 245 BAH BB R 25k
AW 5, Entries 1~23). WAL (B4 55 FL -2 [
(B NO,) Bt B T-FE [ (10 OCHs, CHa) AU #RBE
NG 2 5 8 e Bz, DA g 7= 2645 B A R H br
FEYI(ER 5, Entries 4~17); 2B i 25 0] A7 BHAK
ik, 78RN B REACHITE (R 5, Entries 18~
20). BeAh, 1-BARZEREIRIF IS 53| Mz, DL
HI5r B2 RAF BIFAN ) 1-95 3L 28T A W(3R S, Entries
21~23).

NT DY RKZ RN R P& Va3 N
T VE AR IR AR DT R AR I 3 1 v A AR O R 7 B
B N AT SO, [RIRE, 2R R T R T E IR
RIFIEEF(F 5, Entries 24~44). SHULTTIRHEE,
TRAR TS IR 1 S 8L T[] AH BE (A BT n, - 72 2R A G —
Be G5 IR B A AN [ ) B 2 N R — R RS2
T A R LT R R AR 5 R I N R R B U (R 5, En-
tries 26~~35), 17 A L3k P AR AR D a8 S B3 Pk
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Table 5 Suzuki reaction of aryl halides and sodium tetraarylborates
R2
Xy BNe X Fiber-Pd, 85 °C Rl/= —://Rz
@;j + ‘E;}W \ 7/ \ 7/
4 PEG 400/H,0, NaHCO3
1 2 3
Entry X R! R’ Product #min Yield’/% | Entry X R R? Product #/min Yield®/%
1 I H H 3aa 20 94 23 1 1-Naphthyl 4-OCH; 3au 40 79
2 I H 4-CH; 3ab 30 81 24 Br H H 3aa 30 85
3 I H 4-OCH; 3ac 30 83 25 Br H 4-CH; 3ab 45 61
4 I 40CH; H 3ac 20 97 26 Br 4-Cl H 3av 40 92
5 I 4-OCH; 4-CH; 3ad 30 89 27 Br 4-CN H 3aw 40 94
6 I 4-OCH; 4-OCH; 3ae 25 85 28 Br 4-CN 4-CH; 3ax 35 90
7 I 4-NO, H 3af 20 96 29 Br 4-NO, H 3af 25 93
8 I 4-NO, 4-CH; 3ag 20 87 30 Br 4-NO, 4-CH; 3ag 60 73
9 I 4-NO, 4-OCH; 3ah 40 71 31 Br 4-CH,CN H 3ay 30 95
10 I 4-NO, 4-Cl 3ai 90 88 32 Br 4-CHO H 3az 20 95
11 I 3-NO, H 3aj 20 93 33 Br 4-COCH; H 3ba 45 96
12 I 3-NO, 4-CH; 3ak 20 75 34 Br 4-COCH; 4-CH; 3bb 50 80
13 I 3-NO, 4-OCH; 3al 40 68 35 Br 4-Ph H 3be 60 75
14 I 3-NO, 4-Cl 3am 90 88 36 Br 4-NH, H 3bd 45 87
15 I 3-CH; H 3an 20 93 37 Br 4-CH; H 3ab 120 75
16 I 3-CH; 4-CH, 3a0 30 89 38 Br 4-CH; 4-CH; 3be 50 73
17 I 3-CH; 4-OCH; 3ap 30 78 39 Br 4-OCH; H 3ac 25 91
18 I 2-Cl H 3aq 20 70 40 Br 4-OCH; 4-CH; 3ad 40 73
19 I 2-Cl 4-CH, 3ar 40 68 41 Br  4-OC,Hs H 3bf 30 92
20 I 2-Cl 4-OCH; 3as 40 63 42 HOOC/[(}\ Br H 3bg 40 81
o I\
21 I 1-NaphthylH 3at 18 94 43 5~ TBr H 3bh 40 84
22 I 1-Naphthyl4-CH; 3bj 30 87 44 H3COOC/Q\Br H 3bi 40 83

“Reaction conditions: aryl halide (1.0 mmol), sodium tetraphenylborate (0.30 mmol), NaHCOj; (3.0 mmol), Fiber-Pd (20 mg, 1.5mol% Pd), and PEG 400/Water (V :

V=1 :1,5.0 mL) stirring at 85 °C for an appropriate time; ” Isolated yield.

FY{K( 5, Entries 36~42). I4h, &H 2R T IR TS
&, U0 S-IRMRIR-2- FHER . 5-JR PRI -2- R i A 2- 2L 1k
HE-5-IRWEWY 5 e AR 4 2 5 3 5 DU SR I s B 2
B FIFERL) B AR =072 2537008 81% 83% 84%.

M =AM BERE, VU7 Bk A 1 E Re 0
JSL A — 8 B . ANy B S [T %) DY SR8 s 7 v 1
i, RS SRP AT R RACT B m Rl & AR
IS R, % T [F] — AN D IR B D 18, Al A it
- 35 [ 1T DY (4- R 35 2 56 ) A0 ik AR D (4- R 4 5 2 258 ) D
Bl 5 7 VR B 355 (] P D (4- S 358 ) B 0 s 7 9 1 S A1
1.7 BRI EF B

DLV IR 55 DU BB I s B A A3, A8 LAY 49 4 47 24T
VEHEAL T, PEG 400/H,0 (V@ V=1 : )%, NaHCO;
Nk, 85 CRHERMAFIM AR, 4515 T& 6.
SEIG R, AT A YE SR F AR A R BT DAST I RS PSP
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H, EAFE SRR, AR 3 ke
Ja HAEBEETFIG N . TEM RAE (& 4b) 35 X & B T
PR ) AT SR AL 0K 3 BUBR AL AL A PEFEAR. £
FIAEA LR, ESE R M R E] 120 min, B
AE LA 60% )7 S IRAF AN 1T H AL & 4.

2 i

RIIEI 2 T AT YRR AR, JFHs FL R £
AL BT e 5 DU 55 FE A8 ) Suzuki (IR Bz Hh, X
BT 25 8 U7 R MBRARTT RS, S MR A LA )
e, AR S R B B T, D 55 S
BRI I RE S SRR N 2, H A AR
IR PAE I, Seat sk RN, B RE R A B Lr, R
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Table 6 Recycling test of Pd catalyst

Recycle t/min Yield®/%
1 60 85
2 60 33
3 60 30
4 60 78
5 60 72
6 120 60

“ Reaction conditions: bromobenzene (1.0 mmol), sodium tetraphenylborate
(0.30 mmol), NaHCOj (3.0 mmol), Fiber-Pd (20 mg, 1.5 mol% Pd), and PEG
400/Water (V. /=1 : 1, 5.0 mL) stirring at 85 “C for an appropriate time;
*Isolated yield.

3 SEEERs
31 X5

'H NMR A1 *C NMR i % Bruker-Avance-400 ]
%€, LA TMS NPFER, CDCly N 7; TEM K H FEI Tecnai
F 20 1l 5 ; XPS % H Thero ESCALAB 250Xi il %€ ; TG 3%
FZ£E TA A7 TGA Q600 il %€ ; XRD K F 1 [ A7 4 72
D8 Advance Ml %€ ; ICP-AES X Jarrel-Asm-Atom-
Scan-2000 €. FFH 24 fb AR5 SR T8 1 43 b i ek
thEzal, BRERFR UL AL, REdE— DA,
3.2 ZLWAHE
3.2.1  BALH E9H &

FREX 3.0 g V7274, HICK LBEe U A, Bl
B 1T KMnO, ¥ (3.0 g/L), NaCl #E#(25.0 g/L), 1RE&H
S JEt pH THZE 2.0, AT 4E N\ F] KMnO, 1 NaCl
FRATR, KEEEHIAE 45 CHEE 45 min, T3EMRS
FREOAT 4. SRIE AR AT 4E N E] 20.0 g/L 1)
Na,SO; 1 10 mol/L VKB FR IR &+, 7550 C T
$£ 20 min, IER B AETEFYE, FHRRERLEETFK
M, 80 CHA TR B HIRALER AT B LF4EN 250
mL = PO, TS kBE 100 mL T 85 C Rk
F£ 30 min. R RAE B ZREBMA 15 mL ] PPhyCl,
RS TR EDEE 48 h J5, FHKETLK LB,
60 CHZTEAH A ELREAY R, R R AR
LRV 2.0 g STEAR T 0.18 g PAC, 1) 50 mL To/K 21
TR A, BEFEENR 24 h, L UE)E BRI TEK 21
(15 mLX3). HEA(15 mLX3). /KBS mLX3)ik
Wk, 60 CNELZ AT I R LI 22 AR AT £ 2 A7 B0 A
P51,
3.2.2  Suzuki 18I BT 89 5 B it A2

PLIR 2K 55 DU ZE B AR ) Suzuki {5396 5 B 51, 16 BA 1t
SN BAR R AR IR, £E 50 mL BB PN 20 mg
FRIAT T A AR AR EAL 7). 1.0 mmol JRZE . 0.30 mmol JY
4N, 3.0 mmol BRERE N 2.5 mL [ PEG-400 F1 2.5
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mL/K(V @ V=1 WENER. IREWTESS CH&IMF T
PR, TLC BERR RN E R G EEE, H R Ol
(15 mLX3)AHL, i385 & B, & A VLA,
MgSO, F#, I8, BUERYE SR BHE = 5. LB A
ik 5 45 it BRRE JE AT 154l R AR, VCThEE) - V(2R
ZHg)=40: 1].

# B4 %} (Supporting Information) H st &4 'H
NMR. "C NMR H#fi. X2kl nl LG 2 AT 3k
(http://sioc-journal.cn/)_E T %K.
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