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Ethyl-bridged Periodic Mesoporous Organosilica Supported Pd(ll)
Organometallic Catalyst for Water-medium Barbier Reaction
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Abstract Ordered mesoporous organometallic catalyst Pd(I)-PPh,-PMO(Et) was synthesized by coordi-
nating the Pd(II) with PPh,-ligand originally incorporated into the ethyl-bridged periodic mesoporous or-
ganosilica via surfactant-directed co-condensation. This catalyst exhibited matchable activity with the cor-
responding PdCl,(PPh;), homogeneous catalyst in water-medium Barbier reaction. On one hand, it could be
attributed to the large surface area and ordered mesporous channels of the PMO support, leading to the high
dispersion of Pd(II) active sites and the reduced diffusion limit. Meanwhile, the ethyl fragments embedded in
the pore walls could enhance surface hydrophobility, which further promoted the diffusion and adsorption of
organic molecules, leading to the enhanced activity. Besides, the Pd(II)-PPh,-PMO(Et) could be used repeti-
tively, showing a good potential in industrial applications.
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1 SCIGERSY

1.1 UEBE5IRF

P123 J(EtO);Si-C,H,-Si(OEt); ) [1 Sigma-Aldrich
/#]; PPhy-C,H,-Si(OEt); & Pd(PPhs),Cl, T Meryer 28
H). FES SR SER) H XRD (Rigaku D/max-RB, Cu Ko)fff
5, HOR4N45#H FTIR (Nicolet, Magna 550) % A1[i]
& NMR (Bruker AV400M)GifiiiE; %M TEM (JEOL-
JEM201 1) SR it 1) FLIE S5 K R SR T B S0, N, W I
452 th BET (NOVA 400005, I ttit &t
KN, M BIH B8R AR SLAER, R ICP
(Varian VISTA- MPX) 4 Hifi & AL Pd 1) 62 .
1.2 PPh,-PMO(Et)HI& A

¥ 2.6 g P123 R EREMAE 54T 7.2 g NaCl (1)
80 mL 0.50 moleL ™" HCI /K¥#WH, 40 C FHtHE B4
WR. SR 4.0 mL (EtO);Si-C,H,-Si(OEt); Al 0.74
mL PPhy-C,Hy-Si(OEt)s, {£40 C N4h&Efitt: 24 h, b5
7180 C FRRfk 1 d. o215, Hhuk, VeV, 80 CHAT
B 10 h J5A3 2 kR, K CREARI 24 h BRI
TR, o, oK SREREES, 80 CEATE 10 h 13
PPh,-PMO(EY).
1.3 Pd(Il)-PPh,-PMO(Et) 89 & B

W — € fE 1) PA(PPhs),CL #Hl AL G /K HEA T, 30 °C
NP B TG R AN 1.0 g B EEEIAS Y PPh,-
PMO(EY), #ilZu4rd P 5 A fALFI T Pd 9T &
EEoh 1.0 0 1.0 HidE 1 d =%, BEE H & Eont
MORLREAT R IRHE L, B T4 )5 RI43 Pd(IT)-PPh,-
PMO(EY). ICP JlI75 PA(ID) 714854 w=0.73%.
1.4 FEMENR

DLAAH H A HTE B 3-8 i 1Y) Barbier S W(JE 20 1)
NEREF, %% Pd(I1)-PPhy-PMO(E) EBIARAEAL R i AL
W BN A 0.069 mmol PA(IN I
5. 0.75 mmol K H %, 2.0 mmol 3-JR N4+ 0.45 ¢ &AL
WA 5.0 mL 253 7K Z] 10 mL FEUEE Y, 50 C
12 h i, FZRAEOU N4, H GC AT @ B4 #T.

o] OH

Pd(I1)YH,O X
©)J\H " vaL»@)\/\

B 1 Barbier X MR
Scheme 1 Barbier reaction between benzaldehyde and allyl

bromide in water medium
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B 1 % PPh,-PMO(Et) 1 Pd(I)-PPh,-PMO(Et)F: i 117
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NMR i

Figure 1 NMR spectra of PPh,-PMO(Et) (dash) and Pd(II)-
PPh,-PMO(E) (solid)
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NMR i, *Si MAS NMR i, [53:G H14: 8 i 5 ke
AITEA AR h 6 —62 F1—59 AL ANIE, IX e
Hi(EtO);Si-C,H4-Si(OEt); I PPh,-C,H,-Si(OEt); J:45 5
MR Si i T2 A1 T2 F5 4L T" =RSi(OSi) -
(OH);-,,, m=1~31" JEAMEZERT AL 6 /N T —90 Ab i
A Q"IE[Q"=Si(08i),~(OH)y,, n=2~4]1tHI, FYI{ERE
ANSLGEIR L R M FIAE I L A 5 G HL4 s i A
AR RERR S, BT R Si—C B W 24T T Rk
Si—O g, 13C CP MAS NMR i1, § 3.7 A B 106 I g
T 4% CH,CH, TR, 6 15.9 F128.4 55 PPh, &
HAREE ) C()FI CQIE, 6 129 IRk 1 3R 53],
GRATHLEE)T 0 129 AbIRIRR S 0 R AT X o 5 I S
i, P HLEE PAID &SI AN A L. PP MAS
NMR 1, #i4k PPh,-PMO(Et)ZE 6 —10.6 AL HIFREHIE N
CORIEBE PRSI, A HL4 B S, PA(IT)-PPh,-
PMO(EO)FE R 7E & 21.6 HHIL—AN5@diRzhig, AT 1)
PA(ID)-P (3RaNIEN, [ 6 —10.6 A ZREERHRE D)4
(9 R e WA A b1 — ORI D2 4 0 5 AL
7, A HLEJE PA(D) L& ) B 2 81 2,2 PMO 2k L.

& 2 24 PPh,-PMO(Et) 1 Pd(IT)-PPh,-PMO(Et) [ £ 4h
JEiEEEL 3445 em ' AT O—H B4R,
WeHh 2980 Al 2920 em ' ALK ANIEIT)E T CoH,
C—H B[R ASXF B A 2 41 59 R Bk A 2 4 50 W5 i o).
B2 1000~1300 em " Ab (1AW I T Ui - Si-O-Si F [
Si—O BRI R4 RS, 456 em ™' by H A il
U7 690 em ™! AR C—H B RS, 1 1420
em” ARSI AT U JE D P—CH, AR 4R shig ) 4
%tF PPh,-PMO(EY), Pd(IT)-PPh,-PMO(Et) ¥ 5 7E 690,
1420 cm ' A FAMROBCIGE T BN, PRI, P—CH, (35
VLA WL 48 O BBl [ 4 21 2344 1

PPh,-PMO(E1)

Pd(11)-PPh,-PMO(E1)

Transmittance/a.u.

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™
B 2 PPhy-PMO(EL) X Pd(II)-PPh,-PMO(E®) {1 £L 40 i 5]
Figure 2 FTIR spectra of PPh,-PMO(Et) and Pd(II)-PPh,-
PMO(EY)

8% P HLE B AL, XPS il (& 3)%& W,

Pd(11)-PPh,-PMO(EY) H1 (/) Pd 15 4 +2 #r, {HE Pd-
(PPh3),CL AL, H 745G REFRIL T 0.60 eV, XL
FH T~ PPhyCH,CH, 45 41 P (1) ik Hi 58 7 5% T~ PPhs K 4]
W) P, A Pd A L 2B RGN, FRESE PA(ID A
B4 s C et ol A7 Bt 15 2% 21 PPho-PMO(EY) L.

Pd,,

3374ey  368€V

Pd(11)-PPh,-PMO(Et)

PA(PPh,),Cl,

355 350 345 340 335 330
Binding energy/eV

B 3 PA(ID)-PPh,-PMO(Et) &% Pd(PPhs),Cl, [¥] XPS

Figure 3  XPS spectra of Pd(II)-PPh,-PMO(Et) and Pd-

(PPh;),Cl,

MAFES XRD B (& 4)rT WL, PPhy-PMO(Et)Y)
Pd(I1)-PPh,-PMO(Et) P R i 7E 20=10.70° e 45 47 584
BUAT I, RIS AE 20=1.5~2.5°5%5 Wi o] WA/ )
FT 0, —ANUEE Gy Sl 6 BT AT 4N T LA R
(100), (110)F1(200) dh i, 15 B [ 2 A AL A RS 7598
TREFA P 4580, N WP A 22 (1 5) 1 TEM(3di [5])
AESE PA(IT)-PPhy-PMO(EOAFEA P A FLE R, N N,
W A — I B S5 e v SRR I S5 S U 25 5 LR 1.

100
- PPhPMO(ED)
3 Pd( 1T )-PPh,-PMO(E
s -PPh,- t
E |- PAID-PPL-PMOGED
g
E
< [
- <
— o
T T T T T T T T
1 2 3 4 5
20/(%)

B 4 PPh,-PMO(Et)5 Pd(I)-PPh,-PMO(E)) XRD K
Figure 4 XRD spectra of the PPh,-PMO(Et) and Pd(II)-PPh,-
PMO(EY)

2.2 Pd(ll)-PPh,-PMO(Et) &1L I 8EHIRR 33

A E T R NI DO AT R . a6 it
IR, FEAGERAE 12 h 2 FTREAT SN A] ) R K D B e,
S 15 h G FEAL R T, E SN TR A K il = 2
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Figure 5 N, adsorption-desorption isotherms of the PPh,-PMO-
(Et) and Pd(II)-PPh,-PMO(Et)

Inset is TEM morphology of Pd(II)-PPh,-PMO(Et)
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Figure 6 Correlation between catalytic activity and reaction
time

%, SHOEPMERR, RS 12 h et N ).
T I SR AR R P S R N T P R

0.069 mmol. AS[FEMEFINST/KAH Barbier W [T

&I 1 Bz, PA(IT)-PPh,-PMO(Et) B AT 5 S AH

15 PA(PPhs),Cl, AHIT HIMEAL TG PE, T EATCHLAR A 244
(Y] PA(IT)-PPh,-SBA-15 ff4. 71 () E. % T B 5 PA(IT)-PPh,-
PMOEOAH Y, HEAR KM ALAE, (FIE 2 B 5 PR,
i 4Kk PA(I)-PPh,-PMO(Et) H Pd [ f1 3% & 0% & T
Pd(I)-PPh,-SBA-15, {H %K 5 PPh,-PMO(Et) #1445
A I PA(PPh;),Cl, 1M Pd(IT)-PPh,-PMO(Et)" Pd
6 PA(ID)-PPhy-SBA-15 #H24IE, R E e
m TR, X ULAAEIE R VAT P S RS TR
SIS K. 1 PA(IT)-PPh,-PMO(Et) AR AR AL 71 (1 2 44
2 LA SN B BRI WUREADRE, B /K P B 2 s T L
RERAA. FEARA T A PR N, K s R T
A HURD I3 P b 4 S R, AT RT3 1 )
.

h T S EE AR AE F 2 AR PAT) 38
S AR LIETE K PA(ID), R4 Sheldon 254 Hif 7
i MR RIE R 45%)5, B0 e b
THWAE 50 CHRLE RN 12 h, GC AT R I 21 W {5 1) S v
P, DRI T DUUE B TR AR FH R 2 [ 4840 iR A WL
PA(ID), 115 A A AESA AR ff A0 7] BB 1 PA(ID) 4 AH i 4L,
7. 7 PA(11)-PPhy-PMO(E0 AL I I F 5256, R 4
UG AT P IR PR FE AR, ICP 43 T A REAS I 3]
W B P, AR A S A ) s B
L, BRANE T IR R, SR LG, JEY
FAAEAL T 5 55 B N AR 3R 43 B RVEE ST, m) PRI AR,
I B4 E G g, RIS A T Tk .

3 4

R348 B & T R B ) Re Ak 1 R A AL
AHUEEMRL, WS PAINZ 7, SAFAHLEE PAAT)HE
A FLIE N PA(ID-PPhy-PMO(EO)ARRIAIHELL T, %4
WHRIBAAFRINT LG, KRR, H—17,
G RO B R AT EBOR , H B AR T A
MK, FEKA PR S 3-WR AR Barbier X

K1 ARSI SHO MR @
Table 1 Structure parameters and catalysis performances of different samples
Catalyst Sper/(m*eg™") Vel(cm®sg™")  dp/nm  Pdloading (w) Conversion/% Selectivity/%  Yield/%
PPh,-SBA-15 580 0.88 7.0 — — — —
Pd(IT)-PPh,-SBA-15 389 0.57 5.1 61% 74 87 65
PPh,-PMO(Et) 559 0.63 42 — — — —
Pd(IT)-PPh,-PMO(Et) 408 0.42 3.6 73% 91 94 86
Pd(PPh;),Cl, — — — — 95 95 91

“ R MZKAE: 0.75 mmol A FEEL 2.0 mmol 3-IPAHi %7 0.069 mmol PAIDIIHEMLA. 0.45 ¢ SALIEH . 5.0 mL ZB 1K, ML 50 C, RN

12 h.
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Figure 7 Recycling test of Pd(II)-PPh,-PMO(Et)
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