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Acidic Cu/ZSM-5-NA Catalyst Enhancement of Cinnamic Acid

Decarboxylative Cross-Coupling Reaction Activity

FU Wengian, WU Mengyu, CHEN Zhongmiao, WANG Hui

(School of Petrochemical Engineering, Changzhou University, Changzhou 213164, China)

Abstract: An acidic ZSM-5 zeolite composed by nanocrystals (ZSM-5-NA) was successfully synthesized
using a polymer containing quaternary ammonium group as a soft template, and was used for prepara-
tion of Cu/ZSM-5-NA catalyst. Cu/ZSM-5-NA catalyst shows superior catalytic performance in the
decarboxylative cross-coupling of the cinnamic acid with tetrahydrofuran, as compared to ZSM-5-NA
and conventional ZSM-5 zeolite supported Cu catalyst. This feature should be due to the fact that the
acidic sites in Cu/ZSM-5-NA catalyst can facilitate the tetrahydrofuran transformation into corre-
sponding alkyl radical, and the Cu species in the catalyst could be coordinated with carboxyl in cin-
namic acid, improving the reaction activity of the substrate.
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K BEHE WA £ K BRG] s BRI B0 L BR R A A 7S /K i IR A« b 9 [ 24 700 A PR 2% ] 5 1 Y i U R
8z CTPAOHD i T R4 TA R R s PUREERR - LR R BHECA IR ] AT 2 A AL S (TBHP) Al
DU SR R o b 90 B R AL R BN A R A R 522,64 6-DY HYEEIR B 2846 1) CTEMPO) L Fif 3 95 Crp () 46 2
AR

1.2 #HAEMR

GRRL T LAY ZSM-5 3l A7 (ZSM-5-NAD I DL & 25 B B Bk A 1 i 70 7 36 W) (RCC) Ol B 7
TKIRGRAE T 5 B 5 23R W e P s 7 35 B R P R 0 T R SR e A B A 105 CC RO 4 h £ #
BARGOIrEZ BOCH12], ZSM-5-NA ¥ 43 5 8l 2 : 63 mL /K355 .50 mL ZE MK #1 0.56 mL
(0.25% . JFt 4380 TPAOH AR K AN ABEFR b 46 4E 0.5 h J5 A 25 mL RCC Ff4kZe i £F 60 min, 5218
TR TR 65 mL HRERFR (0.061 mol/L) KW, B FE 2 b, H5 AR 45 1% ik B0 BE I 5% 7% 21 300 mL 1y parr
ZHF 170 C ZhA a3 do MR A A U8 R TR L 7E 550 “CHEEE 5 h 13 58] H AR ZSM-5-NA /1 .
FEANE TS o T RAW AT H LR AR & 726 U FL ZSM-5 1 .

1.3 EHFISE

R A AR AR i il 4 2 Cu ARSR] L BT 3R A0S ofF — 5 1 ISk & S R AR 94 A T — 5
K FF S BRATI T T RO A B A B P RS B 4 R B AR R UR B R 12 ho AR R AE 100 °C
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1.4 fELFIRIE

FE 1 X5 2Ry R AT (XRD) 7E Rigaku D/MAX 2500/PC BIAT S ARAT . A i 7 200 B 45 i
2 1E Micromeritics TriStar [l 3020 43 M4 A% . FF & A3 4l i 458 I8 (SEMD FE [ SUPRASS {U 4%
RS, REG0E S H R (TEMD 76 JEM-2100F %0 3% 5 v 55 W 0 B5 A0 28 b3R5, FEAL 09 NH, -2
Jp I B8 BE (NH,-TPD) 4% B8 5 A SCHk o 19 7 325 0 00 . B A B R 19 Cu/ZSM-5-NA FF i
(Cu/ZSM-5-NA-CD [ £1. 4 Y& 3% (IR) 7£ Nicolet iS50 U [ £ 4 9% 3% A% 1 I 45 , 78 I 328 /. AF 5 58 78
100 °C .10 ° Pa Fi’< 12 h,

1.5 (L5 1 0 ik A R B SC 36

JI50 72 A 35K 2 ML 114 2 36 40 B < 6 10 mg [EMAAE AL ] L 0.3 mmol AERR 1.5 mL PO KR F1 0.45 mmol
AT E] 10 mL B3 B v SR G FE RONEE P FEA R e B R SO A TR 2 e I i T e LR
O — R PR IR 1] S5 R0 445 5 M o o SO AT PN G il B2 ) 3 3L o P o ML 8 S O 98+ 3RS PR AT ™
P ZBEAE AN T (GCT890B) 73 A » LA A1 il it F1 £ TR £ 1 O 5 JBd 390 41 A JZ A 45 21 H AR 97

W B S B i R 2 0.2 g AR 7 me BEERR AN 5 mL — 4 268 (DCEME R A F] 25 mL 3 3 2 i 45
W ORGSR 100 °C TR WK 30 min. MR BEEE SRS L B0 0 2 S REI L A5 B WA 7 SRS A1260 WA
@355 Hr 15 3 5 8 AR S 1T DCE S840 U LLBR 25 ) BRI B 1) R R - SRS 7E 60 °C T # 24 h,
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5°~50° KA B ) MFL 2544 ( MET 2549 . F5 45 20 250 h & A 5 A /N U I 4L T oo 3R 45 4 1y — 2%
A GERR) FRAEWE (L ZSM-5-NA 77 55 06 5 B2 W /N T ZSM-5 Wk 1. ik A 7238 Cu Z )5 AL A
AP LA MEFT 4584 R AE A7 G 06 o FLAT 5 04 08 B 0 A & 2B I A8 Ak . (EAS 1 R0 & 76 Cu/ZSM-5-NA
FEG ) XRD ] AR AN 8] Cu W8 1 R AEATT SR 0 & 3 158 B /INSORE 1 Cu W0 R 4773 BSCZE fi AR R0 v
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HTE 22 nm Ml 21 nm, F 1 ZFE SISV 1 5 2 80 (O b 2 B 18 007 5 i 0 5 T LA Y B TR R
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AT B s @ F 3 0 AUREFE B 5 5t 90 5 ok 2 L L T PRy 8 v R T ) A 1) 2 T AL A 19 41 3 T R
f£ Micromeritics TriStar 11 3020 & & RT3 A9 . 2 4% B8 ¢-plot L TH AR B . H3 1 AT A1, ZSM-5-
NA HA# A £E (186 m? /@) A FLILZE (0.45 cm®/g) . i ZSM-5 Wb A 4h F2 M B K41 m* /g,
LA 13 Cu Z )5, Cu/ZSME5-NA KE G TR B 80 Y SRR T AL (182 m® /@) R fLAL A (0.44 em’ /@) .
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Table 1 Textural parameters of the supports and corresponding catalysts
B i REH/ (m? - g™ 1) SRR/ (m? « g7 1) WMALALE/ (em® « g AFLALA/ (em® < g7 1)
ZSM-5 297 41 0.10 0.06
ZSM-5-NA 448 186 0.11 0.45
Cu/ZSM-5 337 57 0.10 0.06
Cu/ZSM-5-NA 384 182 0.08 0.44

ZSM-5-NA Fl Cu/ZSM-5-NA 1 7] i Ht 45 &
WE 3 PR ZSM-5-NA A ki K/ 1.5 pm 72
ARV 2 AR BN R RS Y 98 oK R (50 ~
300 nm) ¥ e i 8 (L 3 Ca)) » K 7 4 L 3 L4
AVFZHERRAL A R T 4 JE R Ry o oA R T
R F BN W) B 45 o e fl 0 6 . ZSMI-5-NA i
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TEM
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Fig.3 SEM and TEM images of ZSM-5-NA zeolite
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1 Cu/ZSM-5 AT L AR R % L R A ™ Wy i B LR T Cu/ZSM-5-NA figfb il . 5350 R K T AT
AT AN [7) s 7 ik JBE RS2 7 N ) Xof 2% S I A B 952 T 2 B TBHP Sy s Al 46046 57 . 100 °C Dy fie A S
I .2 h O de SN ] PRI 2 B R A BB SV 2% 4 - 10 mg Cu/ZSM-5-NAL 1.5 mL [0 & B T »
0.45 mmol TBHP,100 Ci ¥ 2 ho F35b, 3% 3 Al A1, 78 Cu/ZSM-5-NA fEAT L o A [a] 4 J5 i 175 7 1
5 AEETR B 2 REAR AT RLAF I H A= IR
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Table 2 Screening the reaction conditions of the decarboxylative cross-coupling of the cinnamic acid with tetrahydrofuran

(¢}

Hooc Catalyst O\/\
\ + H Pho s D\)J\Ph

Ph 0 80 ~110 °C, 0.5 ~4h 0 0
la 2a 3a 4a
B/ %
A= AL il W/ C Hsf 6] /b Ak %/ %
3a 4a FHoAth
1 ZSM-5-NA TBHP 100 2 70 60 22 18
2 ZSM-5 TBHP 100 2 58 55 27 18
3 Cu/ZSM-5-NA TBHP 100 2 99 87 6 7
4 Cu/ZSM-5 TBHP 100 2 80 80 12 8
5 Cu/ZSM-5-NA DCP 100 2 60 62 23 15
6 Cu/ZSM-5-NA DTBP 100 2 40 66 20 14
7 Cu/ZSM-5-NA H,0, 100 2 70 80 5 15
8 Cu/ZSM-5-NA -BuOOBz 100 2 16 72 16 12
9 Cu/ZSM-5-NA BPO 100 2 59 79 9 12
10 Cu/ZSM-5-NA TBHP 80 2 82 73 16 11
11 Cu/ZSM-5-NA TBHP 90 2 89 86 6 8
12 Cu/ZSM-5-NA TBHP 110 2 99 83 7 10
13 Cu/ZSM-5-NA TBHP 100 0.5 94 78 8 14
14 Cu/ZSM-5-NA TBHP 100 1 96 88 6 6
15 Cu/ZSM-5-NA TBHP 100 4 99 87 5 8

LB« ) 454 K 0.3 mmol 1a,1.5 mL 2a,10 mg 467 ,0.45 mmol % k7, N2, DTBP 2 Z U T %5t % 1k 4, DCP 2y %4k — 5% N
2 BPO 3 E AL HE ik c-BuOOBz S 3 &40 2 e A T 1 .
% 3 Cu/ZSM-5-NA 47 LRER ik Bk 5 P 4 BRI AL

Table 3 Decarboxylative coupling of cinnamic acid with various ethers over Cu/ZSM-5-NA catalyst

7 - ,-- R
R|©\/\ ¢ N Cu/ZSM-5 -NA PPN
> COOH RO R,0 | R

+

2 TBHP, 100 °C,2 h, N,
1 2 - 3
Cl
O\/\Q y oatt 7
0 0 0
3a,86% 3b,64% 3¢,53%
(0]
4 [ =
0 Br 0 0
3d.63% 3e,50% 3f,.67%

D < 2 W 4542k 0.3 mmol 1,1.5 mL 2,10 mg Cu/ZSM-5-NA,0.45 mmol TBHP, Ny, 7= 8l 3R 38 2 28 548 S A 0 13% (GC7890B)
ST E .
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2.3 FEHIRIE

3a LA ' H NMR (400 MHz, CDCly) 6 7.43~7.41 (m, 1H), 7.34 (t,J = 8.0 Hz, 2H),
7.28~7.24 (m, 1H), 6.62 (d.J =16.0 Hz, 1H), 6.25 (dd,J =16.0, 8.0 Hz, 1H), 4.54~4.49 (m,
1H), 4.04~3.98 (m, 1H), 3.91~3.85 (m, 1H), 2.19~2.13 (m, 1H), 2.05~1.96 (m, 2H), 1.80~
1.73 (m, 1H),

3b LA . H NMR (400 MHz, CDCL,) 6 7.25 (t,J =8.0 Hz, 1H), 7.01 (d. J = 7.6 Hz.
1H), 6.95 (s, 1H), 6.83~6.81 (m, 1H), 6.49 (d.J =15.6 Hz, 1H), 6.24 (dd,J =15.6, 6.4 Hz,
1H), 4.53~4.48 (m, 1H), 4.03~3.98 (m, 1H), 3.90~3.87 (m, 1H), 3.84 (s, 3H), 2.19~2.12
(m, 1H), 2.05~1.96 (m, 2H), 1.79~1.72 (m, 1H),

e FOWAANY ' H NMR (400 MHz, CDCly) 6 7.40 (s, 1H), 7.27~7.22 (m, 3H), 6.56 (d.J =
15.6 Hz, 1H), 6.25 (dd,J =16.0, 6.4 Hz, 1H), 4.53~4.48 (m, 1H), 4.03~3.98 (m, 1H), 3.91~
3.85 (m, 1H), 2.21~2.13 (m, 1H), 2.05~1.96 (m, 2H), 1.78~1.70 (m, 1H),

3d A E AN ' H NMR (400 MHz, CDCI3) 8 7.47~7.45 (m, 2H), 7.29~7.26 (m, 2H), 6.56
(d,J =16.0 Hz, 1H), 6.23 (dd,J =15.6, 6.4 Hz, 1H), 4.52~4.47 (m, 1H), 4.03~3.97 (m, 1H).
3.90~3.85 (m, 1H), 2.19~2.13 (m, 1H), 2.03~1.98 (m, 2H), 1.76~1.71 (m, 1H),

3e H @ E A ' H NMR (400 MHz, CDCly) § 7.42~7.40 (m, 2H), 7.37~7.33 (m, 2H),
7.29~7.26 (m, 1H), 6.72 (d,] =16.0 Hz, 1H), 6.12 (dd,J =16.0, 6.4 Hz, 1H), 4.31~4.27 (m,
1H), 3.90~3.67 (m, 5H), 3.48~3.43 (m, 1H),

3f @ AN ' H NMR (400 MHz, CDCly) 6 7.42~7.40 (m, 2H), 7.3~7.31 (m, 2H),
7.27~7.23 (m, 1H), 6.62 (d,J =16.0 Hz, 1H). 6.23 (dd,J =16.0, 5.6 Hz, 1H), 4.12~4.09 (m,
1H), 4.02~3.99 (m, 1H), 3.60~3.54 (m, 1H), 1.95~1.92 (m, 1H), 1.78~1.75 (m, 1H), 1.70~
1.55 (m, 4H).,

2.4 @RS

B K 1 SCHR R TE PR A R 5 DU S R 1 BN Rl R O L E A B R R AERT R IR
I R 2 A kg A 1 e 3 ) PR SRR S R R R A T kA ST R R AR E . B Ol T B TR AR
ARSI S AR &L BB S N S O 3k T R L L TEMPO Sy [ by JE 30 38 510 L 78 004k 09 5O & 1 F
HEAT A B AR L R S iR . Y TERONLAR R s i TEMPO B %A #5002 H F77=4) 3a, B2 f
—ANEEY S HER(TAY0) i) S St TEMPO DY &0 S W A5 21 1 . 3 18 B R AR 28 Hp i) o 3k
B B3 TEMPO 4k iIn A TEMPO [ sy JE00 732 5 0 347 4 12 08R fH BE R R J2&: B R 56 R0

Cu/ZSM-5-NA(10 mg)
TBHP (4.5 mmol
Ph/\/COOH (4.3 mmol) WI’}I + D

THF(1.5 mL), 100 C
2a 2 h,N,

3 MPO (0.9
(0.3 mmol) TEMPO (0.9 mmol ) Yield(—) Yield(74%)

Bs5 BHEMREIRE

Fig.5 Investigation of radical restrains experiment
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(e 480 A 3L (- BuO - W7 T 5 A B S AR 25 Al 6 iR . MR R R S AL e S
MR AL Ry 30 %6, TS I ZSM-5-NA J&5 . 724 5 MR8 i 28 54 % . B ZSM-5-NA {677 I 1) R 1
LA BERS A I TBHP F=A: b H i 3. (EARE AR YRR AN Cu/ZSM-5-NA, =4 5 i 5 ik
— AR 86 %0, X E—HPEHA Cu/ZSM-5-NA _F (R P A7 5 Al Cu # Fh 34 g {2 i TBHP 7 A= bt 4 H
13 (- BuO ) KR AR T DU Sk W 4% 78 Ry H 0. 10 e 356 1 Pl 356 A i e 2 A il ST 5 R RR 4 7 R
BB T RN G . L. fEERYE ZSM-5 il ZSM-5-NA Wk A5 Ak 7 I 35 B8 345 B A7 i f Ak 1k R

EASFE RS2, R ZSM-5 £ I R i Js = F ZSM-5-NA /1 {H & ZSM-5 i3 Cu fiE 4k 51 1)
WAL T Cu/ZSM-5-NA AL X AT BB th T & M FLIE S 22 F 51 . M T Cu/ZSM-5 i
{3, Cu/ZSM-5-NA i {1k 77 5 A #5185 19 41 2 1 BURAS K i A FLAL 25 X A5 R W 9100 7 2 5 5 % kA
ACHE i AR R RN R A TR A T AR R TR
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Fig.6 Facilitation of the ZSM-5-NA and Cu/ZSM-5-NA catalysts on the formation of the alkyloxy radical
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3.5

T Cu/ZSM-5 Ml ZSM-5-NA FEALTH] L &5 A S FLA5 1 R 1 1) H 48 KORE 1 20 3% 19 ZSM-5-NA il
A Bz Cu A A TR £ B3 A 1B B 0 B B o sy PO 35 R A0 L B = B e R . IO il T Cu/ZSM-5-NA
AT TR 35 A R A R AT Cu W5k, DA KB A B 1) S0 2 T AN A LA . R0 L A8 R A A3 i A
Cu Py b 94 ) T DU R W R 2 (4 e 1k 1 el L AL 5R) B Cu W RHRE RS 15 A B R 73 1 h A AR S L
37 o b — 2 B v R ) 114 S L 185 1 5 A 500 v DR i A L L A M T S R 1 R T A S R O 1
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