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M or denite zeolite nanosheets supported palladium catalyst
for diacylation of 2-phenylpyridine
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Abstract: Mordenite nanosheets (NS-MOR) with large specific surface area and flower-like morphology
were synthesized from self-made cationic copolymer containing quaternary ammonium groups (COPQA),
and then loaded with Pd to prepare catalyst Pd/NS-MOR via ion-exchange method. NS-MOR and
Pd/NS-MOR obtained were characterized by XRD, N, adsorption-desorption, SEM, TEM and XPS, and the
catalytic performance of Pd/NS-MOR was evaluated in the reaction of 2-phenylpyridine and benzaldehyde.
The results showed that Pd” and Pd*" species with small particle size were highly dispersed on the surface
of NS-MOR in the Pd/NS-MOR, while only Pd*" species were found in y-Al,Os supported Pd catalyst
(Pd/y-AL,O3). Pd/NS-MOR achieved the simultaneous activation of C2—H and C6—H bonds of
2-phenylpyridine, and showed much higher catalytic activity and selectivity of diacylated product (92%)
than Pd/y-Al,O; in the C—H bond activation of 2-phenylpyridine, while no diacylated product could be
obtained when Pd(NO;),, Pd(OAc), and Pd(PhCN),Cl, were used as catalyst. In addition, besides substrate
compatibility, Pd/NS-MOR also exhibited good 2-phenylpyridine conversion (95%) and diacylated product
selectivity (85%) after being recycled 5 times.
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Schematic diagram of transition-metal catalyzing C2—H bond activation of 2-phenylpyridine
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Fig.2 Strategies for remote C—H bond activation of aromatics
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TR N R 35 g i A ECh 50%R R T
WAL AR, MHERBEE, HINA 20 g
FEIBK N 4.5 ¢(0.07 mol ) TR, =ik FHE+E 30 min
Ja, GEHLEIN 10 g BTt ECH 5% B iR Bk
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it T 1.25 g FRAPECN 10%H R AR KIS T, R
JEEIA 1 g BIRR »-ALO; Zfkrh, ZFEIRHE 12 h
Ji, T 100 °CHEA T4 12 h, BRI FIERC N
Pd/y-ALO;.
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. 15.5 mg (0.1 mmol) 2-ZFLMEHE | 106.1 mg
(1.0 mmol ) K | 2 mL § 7K, 45.1 mg (0.5 mmol )
TBHP MIAZF] 10 mL BEES SN A, Rf SO i ifs B2
FE190 °CJa , F 3 35 S W 487 ik 2 S i 4 1, T 90 °C
NEEFER N 12 he RS HRIE, X RV 1T 8 O
anT | B = L O O = R B2 AN 8] R S
BifiJ5 A 50~80 mL Hf FlfR IR AN K A, LABR 2
BI=H K PR XL 40 TBHP, SRIG A LR 2B
ZWAER, GIAPME, TElef 28 RAUTBR X R
SRR R ) o P A e AR JE BT 4 B 4 4l (b
Ve A B RN TR SRR A, IR 5 -
1), 3308 @ EA =Y 2-(2,6- 77 F RS- 30t
E( Ma ), Hoks 58 128~132 °C,"HNMR F1 “CNMR
W3 v 700 35 R 2 0O B e RE e ( TMS ) AR 1)
CDCl;, 'HNMR (500 MHz, CDCly), 6: 8.12(d, J=
4.6 Hz, 1H), 7.64 (d, J=7.1 Hz, 2H), 7.57 (d, 4H),
7.30 (t, J=7.4 Hz, 2H), 7.19(d, J=3.7 Hz, 2H), 7.16
(d, J=7.7 Hz, 4H), 7.10 (d, J=7.8 Hz, 1H), 6.69 (dd,
J=1.0. 52 Hz, 1H), "CNMR (126 MHz, CDCl;), d:
196.75 (s), 154.33 (s), 148.10 (s), 139.28 (s), 137.73 (s),
136.13 (s), 134.54 (s), 131.80 (s), 129.53 (s), 128.72 (s),
127.17 (s), 127.09 (s), 124.33 (s), 120.92 (s).

2-(2,6- 2K F i 3 -4-FF L R 3k e (TMb ):
B EA, 455 139~144 °C, "HNMR (500 MHz,
CDCly), 6: 8.08 (d, J=4.8 Hz, 1H), 7.54(d, 4H),

7.44 (s, 2H), 7.30~7.25 (m, 2H), 7.16 (d, J=4.2 Hz,
1H), 7.12 (d, J=12.7. 4.7 Hz, 4H), 7.05 (d, J=7.8 Hz,
1H), 6.64 (t, 1H), 2.42 (s, 3H), "CNMR (126 MHz,
CDCly), d: 198.06, 155.36 (s), 149.06 (s), 140.26 (s),
138.61 (s), 137.22 (s), 136.03 (s), 135.52 (s), 132.75 (5),
131.11 (s), 129.77 (s, J=15.4 Hz), 128.07 (s), 125.34 (s),
121.73 (s), 21.13 (s).

2-(2,6- R H -4 G- R ML E (e ): Bt
[ A, 45 5 124~130 °C, '"HNMR (500 MHz, CDCl3),
5: 8.18 (d, J=4.8 Hz, 1H), 7.68 (s, 2H), 7.63 (d,
J=7.2 Hz, 4H), 7.40 (t, J=7.4 Hz, 2H), 7.26 (t,
J=7.9 Hz, 5H), 7.14 (d, J=7.9 Hz, 1H), 6.77 (t,
1H), “CNMR (126 MHz, CDCl3), J: 196.23 (s),
154.29 (s), 149.25 (s), 141.79 (s), 137.08 (s), 136.54 (s),
135.72 (s), 134.68 (s), 133.18 (s), 130.25 (5), 129.72 (s),
128.25 (s), 125.23 (s), 122.20 (s).

2-[2,6- —(4-H LR HI PR SRFE e (TTd ). #E
A, #5 120~125 °C, 'HNMR (500 MHz, CDCL;),
5: 821 (d, J=4.4Hz, 1H), 7.66 (d, 2H), 7.60 (m, 1H),
7.56 (d, J=8.0 Hz, 4H), 7.27 (d, J=7.1 Hz, 1H), 7.19(d,
J=18Hz, 1H), 7.06 (d, J=8.0 Hz, 4H), 6.80 (m, 1H),
2.30 (s, 6H), *CNMR (126 MHz, CDCLy), d: 197.44 (s),
149.04 (s), 149.04 (s), 143.72 (s), 140.57 (s), 135.53 (s),
134.66 (s), 130.18 (s), 129.99 (s), 128.86 (s), 128.34 (s),
127.97 (s), 12523 (s), 121.90(s), 21.61 (s).

2-[2,6- (2 2R ) - L Ttk g (e )
WA R4, 155 120~123 °C, "HNMR (500 MHz,
CDCl3), 6:8.20 (d, J=4.8 Hz, 1H), 7.75 (d, J=7.6 Hz,
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2H), 7.66~7.59 (m, 1H), 7.19 (t, J=7.7 Hz, 1H), m fA
7.13 (t, J=6.9 Hz, 4H), 7.01 (d, J=7.8 Hz, 1H), x/%:(l_lelooz 1_M %100 = I—M x100( 1)
6.99 (d, J=7.7 Hz, 2H), 6.94 (t, J=7.6 Hz, 2H), o o o
6.75~6.68 (m, 1H), 2.41 (s, 6H), >*CNMR (126 MHz,
n; JiA 1M,
CDCly), 8: 199.42 (s), 155.95 (s), 148.82 (s), 141.50 (s), /%= x100 =21 %100 (2)
ng—n ny—n

139.22 (s), 138.87 (s), 137.32 (s), 134.96 (s), 131.36 (s),
131.23 (s), 131.02 (s), 128.28 (s), 125.00 (s), 124.73 (s),
121.64 (s), 20.88 (s).

2-[2,6-—(4- £ LA IR IE)- R FE L RE (TE):
B AR, K 121~124 °C, "HNMR (500 MHz,
CDCl;), o: 8.13(d, J=4.8. 1.6, 0.9 Hz, 1H), 7.58
(d, J=4.7. 1.6 Hz, 2H), 7.55~7.49 (m, 5H), 7.19 (t,
1H), 7.14~7.09 (m, 1H), 7.01 (d, 4H), 6.71 (t, J=7.5.
4.9. 1.1 Hz, 1H), 2.51(q, J=7.6 Hz, 4H), 1.09 (t,
J=8.8. 6.4Hz, 6H), "CNMR (126 MHz, CDCl;),
5: 196.40 (s), 154.55 (s), 148.82 (s), 148.03 (s),
139.54 (s), 137.75 (s), 134.47 (s), 133.83 (s), 129.14 (d,
J=13.4 Hz), 126.87 (s), 126.63 (s), 124.21 (s), 120.81 (s),
27.87 (s), 14.05 (s),

2-[2,6-(3-H AU 2R F IR - R BE kg (Mg ):
O ER, SN 118~122 °C, 'THNMR (500 MHz,
CDCly), d:8.23 (d, J=4.4 Hz, 1H), 7.69 (d, J=7.1 Hz,
2H), 7.63 (t, 1H), 7.29 (t, J=7.7 Hz, 1H), 7.26~7.25
(m, 2H), 7.20~7.11 (m, 5H), 6.94 (dt, J=6.5.2.6 Hz,
2H), 6.84~6.80 (m, 1H), 3.76 (s, 6H), *CNMR (126 MHz,
CDCLy), d: 197.44 (s), 159.36 (s), 155.47 (s), 149.15 (s),
140.34 (s), 138.96 (s), 138.48 (s), 135.57 (s), 130.52 (s),
129.13 (s), 128.01 (s), 125.23 (s), 123.15 (s), 122.00 (s),
119.75 (s), 113.22(s), 55.40 (s).

2-[2,6- . (4-FA - H IESL - R Lk BE ( TTh):
@ ER, 155 H 116~120 °C, 'HNMR (500 MHz,
CDCly), &: 8.21(d, J=4.5Hz, 1H), 7.73~7.69 (m,
2H), 7.69~7.66 (m, 1H), 7.56 (d, J=8.6 Hz, 4H),
7.38~7.25 (m, 1H), 7.21 (d, 4H), 7.15 (d, J=7.8 Hz,
1H), 6.86~6.81 (m, 1H), *CNMR (126 MHz, CDCl5),
5: 196.21 (s), 154.96 (s), 149.30 (s), 139.87 (s),
139.35 (s), 138.56 (s), 135.82 (s), 135.41 (s), 131.02 (s),
130.64 (s), 128.50 (s), 125.31 (s).
1.4 FEAERMEFERIE

XoF 52 o7 28 TR J B0 A B A B Y 2 I WA TR
FHETE (GC) 4B o MRS - R CHREE R 250
°C, WIMEIRE R 250 °C, #HAAN N,, {i%H: N
HP-5, A THRFRT R : B 50 °C, LL20 °C
/min [ ZEFHEF] 190 °C, F-LL 10 °C/min By %
THEE 300 °C, {#4F 6 min, F&MIT—fbEitE A
FEMERE AL B WAL R (x) F= P EErE (),
Sl (1) st (2),

e mg A n 4390 hy SN A G TR SN 118 2R B i B
RALE WY IR, mmol; n, N NGEFEY i 1)
Y, mmol; m N N IR FE ML BE R AL & 1)
ML, g5 MR M, 43 ) R SE N e S A0 A ) Fin =
Vi WAEXS T R i R E b
YRR Y) i R TH T, LA T a A, 2-
RFEMEE (T a) AT EF8 0.0231; 2-(2-28
FORFLMEEE (Va) MR X4 0.0284; 2-(2,6-
TORHIBEEL S EE (Ma) BIRKTE T 0.0458;
AN A5y B R AR LML BE AL YR i B T AR
15 fELFIRAE

KR X SR AT SR 2258 Wk A a0k R R Ak
FURE b AT AR EE R 3, M4 . JEIEA Cu
8K, BH2R (1=0.15406 nm ), 4HLIE 40 kV, 5H
T 40 pA, KN 0.02 (°)/s, HEETEE A 5°~50°;
SR 42 F 30 4 B RSO 2 A o i 2R P i 24
FESTE 200 °C R ESSALHE 8 h, SRIG1E-196 °C
HEAT N W RS2 35 5 HE b 2% W Y 1% NS-MOR
F y-AlLO; 4T NHs-F2 ¥ FHE T ( NH3-TPD ) il
E ORI R, &0 K 200 mg MM E T
LY R, JFAE He W 500 °CAEFE 1 h, FERESHE
HIE 120 °CJa , 78 NHy/He RS SRR B350 10%
NH; ) Hf#E 30 min, PRIFIZIEEESE He h X4 2 h,
1M J5 76 He H1Lk 10 °C/min B3 ZMHAEF] 600 °C,
I Hal i P A 2% (TCD ) M (555 71k
22 RSB XA T R AT CO-2h 2 Ak 2 I BRI
KA Pd MU s FH A ST 4 L Sl fo
DA S B ROOLTE S0, s o 5 kv B ST H T
b U LI A 1 L 5 A R LR R 4 i ROk 4y
BUEOL, HAER R 200 kV; H X SOt H g
WEAOHEIE I R Pd R RS b s B A
EE T UEIAELR h Pd &, &E,
Pd/NS-MOR F1 Pd/y-ALOs L5 H Pd Jit & 53 %53
WK 2.50%F1 2.52%.

2 HRSHE

2.1 FHEFELFIRE

€l 3 & NS-MOR # A& F1 PA/NS-MOR 1L 5 i)
XRD & . & 3 ATLLFEH, NS-MOR H 57
20=6.5°. 9.7°. 13.5°, 19.7°, 22.4°, 25.7°, 26.4°,
27.6°, 31.0°4b7F WA Y22 538 41 ( MOR ) BURFAFEATT
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S ( PDF#43-0171), Ui G A RE & o 225600 4 o
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Fig. 4 N, adsorption-desorption isotherms and pore size
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Table 1 Textural parameters of supports and catalysts
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Fig. 5 NH;3-TPD curves of supports
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Table 2 Performance of C—H bond activation of 2-phenylpyridine
with benzaldehyde over different Pd catalysts
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Table 3 Scope of Pd/NS-MOR catalyzing C—H bond activation
of 2-arylpyridines with aldehydes
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