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The Promotion Effect of Pd/Py-COF in the Hydrogenation of Quinoline

ZHANG Yongxin'? SHI Zhongliang'", GUO Miao®, HU Yanming®
(1.Liaoning Engineering Research Center for Treatment and Recycling of Industrially Discharged Heavy Metals, Shenyang Univer-
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Abstract: In this paper, we report that pyrene-containing imine covalent organic framework material (Py-COF) supported Pd
nanoparticles exhibit significantly high activity in the hydrogenation of quinoline to 1,2,3,4-tetrahydroquinoline, with a turnover fre-
quency (TOF) value 2.1 times that of commercial Pd/C. Through techniques such as high-resolution electron microscopy, X-ray pho-
toelectron spectroscopy, cyclic voltammetry of CO stripping, and control experiments, we have identified that the heightened activity
of the Pd/Py-COF catalyst in quinoline hydrogenation stems from the electron-rich Pd surface, which facilitates substrate adsorption/
desorption, and the weak interactions between quinoline and Py-COF. Furthermore, Pd/Py-COF demonstrates excellent recyclability
and superior catalytic performance in the hydrogenation of various quinoline derivatives. This work underscores the significance of
utilizing COFs to regulate the catalytic performance of metal catalysts.

Key words: covalent organic framework material; Pd nanoparticle; quinoline; hydrogenation

0 5% 25 K 4R 0% ) 1 TR BT R B R
‘ IR R 2 T S e
FRAR A B 05 7 TR A 3 0 (IR WS ORI g e e e 428 44 20 0 46 00 1, 2, 3, 4 D 0 1

Mk i, R R SE) BN SO MRV 2 A R O B DT R RS PR SE SRS W R G i

W B #:2024-03-12; #%32 H#1: 2024-05-10
HEE&TA : HE 1 AR (22202200) ;2440 4 1] (XL YC2008022)
EB BT iKAR(1999—) , B I TILBHA  -H AR5 A A5 5 10 R AL (. E-mail : yxzh@dicp.ac.cn
* BIFVEH : AP (SHI Zhongliang) , E-mail : shzh12000@163.com ; #8#% (GUO Miao ) , E-mail : mguo@dicp.ac.cn
5138 - KKK, A1 s 584K , 55 Pd/Py-COF A o 0 iyt BB E [T]. LLpg K224k ( A AR , 2025, 48
(3):596-606. DOI:10.13451/].sxu.ns.2024099.



KK RS : PA/Py-COF fi AL sl & i P REF 5 597

it mARE () 17 515 A VLA T E
A LG, SR B 28 280 4 T 40 K R i ke s ok 2k
Ak mAH 41, 2,3, 4- 104 v k2 1k
G B A A Sl ok,

I b 31~ P A 2 BR R I I A A 4 i 2 T S
G N B IME S 1, 2,3, 4- 10 F e
Wk, 5,6, 7,8 U5 s bk A 500 ok [ i R A L
(b) Jo AHEIRIA A, v whk o A9 nk e 25 in &
Sy o Pd/Pt/Tr % 40 K 0 78 T5 A 2% 14 4 b g
WRE]1,2,3,4- A M EEY R &, &
M B 2 0 BN S AE T, Ru/Rh 50K £k s mk
MEFELZ R MEY o R E Pk &8 #
N N S = O 1R 1 Bk =X O ]
tF Pd hURE 09 FL T 2548 TR TR R AR T
Ak s b o & A T M A B R R e . B H AT
NI N A N R W O R VI B o N R I D
=D Y S N 9 A7 7 A8 O Z AL 5 2R R R
], R AT RE R 3 328 A in &) O K A7t

W58 # 5 R R 45 4 @ 5 20k Z 0] 1) A |
YEHT, 4 8 J0RE (18 R~ B 41 A 45 Sk ol A8 40 oK i
i 3¢ 1] FE - 55 JLAn] 45 44 $5 s bl & i e AR 1
RE'O . A WF 5T 3 W P9y >k 0RLAE 1k 1Y w4 ok fin
A n T S A Y ROSE RO, ROSHAE 1.2 nm (1)
Pt X s o & s R de s 0 B Ah, RO AR
W R R AR T A A X s o & B
AW EE R, L SE R 1 7K BB RE I s ok in
AN Y TS A BE A R T T A Ak e ko &Y
WM. Z AT BB AT K B AE R I R AR R
PR 0 H P 4 K 550CRE A 1k s bk i &Y TS 1 B

(@) OMe

antibacterial

bradykinin receptor antagonist
WARE L MERRATT A 0 A s R Ui A
(a) &4 1,2,3,4- DU MEmRaE F A FRRMER AR =5 () wsufin b T e A =4

Scheme 1 Biological activities and hydrogenation pathways of quinolines
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ikl £ T Py-COF 2k i Pd 44 K i k7 A 1k 57
(Pd/Py-COF ) . 7F M Wk fin & & W o Pd/Py-
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Py-COF 1 fk v mfoin &0 9 s 16 PR R I B AT T &
LiWE5E . Ak, Pd/Py-COF ik 57 H T 88 4 1
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1 SEEERy

1.1 5 F

Na,PdCl, , 73 #r 4l , Jb 50 G i 9L A | 5 Pd/C
(B 80 5%0) , M & (L) AL i Tolk &
A AR;1,3,6,8 DU (4" -FHFEHR)
(Py)fn2,5- — A FE X R I EE (DMTA) , 47
Brali, b 32 va A A B B 0y A7 BR A WD 5 v
W AT A, A, db s B EIL A | TGOk
CBE(EtOH ) 4B Z @ R 1= T B 45 I 0 i3 711
Ay Ml RKEET R AR 2 R 0 A B 2 R ok
25 42 Ak 22 R A BR A .

Agilent 7890B B AH L 15X , 3¢ [ Agilent 24
A ; AVANCE [ 400/700 %! ¥ ®§ 3t 4% 3% 1Y
(NMR ) , % +: Bruker 2% 7] ; CHI Electrochemical
Station (Model 730D) , I & AL A8 A FR 2 Al 5
Escalab 2501 # X 5 4 HL ¥ B 1A% , 26 [ Ther-
mo Scientific 2% A 3 4 H 73 M1 TGASS5, 3£ [# TA
o8 ) 5 (o3 HE A L BE AR 4E S5500 F 7 A S R 43
B 3% 5L B0 TEM-F200, B A B bk 4
s X B R AT (XRD) , BRSO BHY 28
FR 2N ] 5 21 40 615 AY IR Traceer-100, H A & HE 2y
Al 3 Parr ;LW 42 4760 251, 32 [# Parr X #823 A o
1.2 ZIWE
1.2.1 Py-COF # %] %

Fie B8 2 i #E 1 9k A B Py-COF P A
PRS2 6 BE AR < 7E 25 mL Schlenk J i 45 ]
10 mL 48 Z 5 & 1 5 mL 1- T B IR 4 ¥ 77 1 i
0.5 mmol Py B {&F1 1 mmol DMTA ik . [t 5
i) 52 45 TP Es i 1 mL %9 CH,COOH (6 mol/L)
IERFE 25050 B BN s RE O N R R
RAWAESS C T4 120 ho 2 M 45 W )5 ¥ 15
B 1 [ 44 7= 4y 3k 8 O P K R VR, R FH &R

[ 2 BUAE DU Sk e b £ B R 7= 4 24 b )
W AR A A B A R E 60 C TR EZ THE6 h, 15
£ A9 4 B iE 8 Py-COF
1.2.2  Pd/Py-COF ##] %&-

K AL 52 2 538 IR vk i A & R gk s ol
5% (5 H 43 ¥0) 19 Pd/Py-COF #E 4k . Hik &
BCAE 9RO AE 25 mL 5 H B R 95 mg Py-
COF # K4 8 T4 mL 2 58 7K d, m A
0.5 mL Na,PdCL /KW (0.01 g-mL ") . =&
3 hfE IR KRR B B R .
[ 74 76 100 °CF T4 30 min J5 7£ 200 °C, H, 4 il
F#FE2h (2C-min!) ., FHEEFIREHH
() B 21 0 [ A i Ak 770 I 4% i b Pd/Py-COF
Pd/Py-COF A7 () TE 40 R AE 2 0L SCHR[ 15 ] .
1.2.3  vEokim Z R

FLAR S ST R AT« BRI o 1 R
AE57 (Pd & & 0.05 pmol ) F 5 mL 2 #H HF A
JEW 1 mmol (iS4 5 i 46 70 /9 9 it 1) 12 2 1
ns/ne = 200) 2 mL ¥R o B 56 2R B
% 300 mL 7 A7 A HL A8 Y Parr )2V 28, DLAS
B E N6 WRERK AR 2 10° Pa,
G R 285 F 50 CARB IR, 8 T
o PR A5 30 1Y f Ak B 7E 3 S XA FEAS R Y
P FE R T AT T 900, 45 R 3R B N R AR
800 r/min~1 000 r/min 7 [l PN JL-F (R F5 46 2 , %
B IR 4T 1O AL B R A R . AR R
N AL T HERR 2 L 2 W SCEE T N A RS R
R IR WA O TR RIS R 5 A 53 B v
Wbk 11 2 Ak S K 7 W Y g B T €8 3 R R
Agilent 7890B, & 41 & 4 1% #1 &1 5 Jy . Agilent
J&W GC HP-5(30 mx0.32 mm>x0.25 ym) , Pd
f oK R A b 390 A 0 v ko & B e A R
(Turnover Frequency, TOF ) 7 Ms bk A9 IK % 1L K
T (<830%) AR . X FAEAFER, S —
WK RV B 0 a3 B A R 2 T WS I
B AL ) B s g T AR AR R R A i A T e
JRYI AT R — IR G IR 5L 5
1.2.4 B9k fTAE M A

W IR A7 AR 0 A R s R & 3 A A
], AN [F) A 2 3 3 o 28 JFS 40 1Y) i ok ] A g kAT
YIS . RO JE B AR e
Ji2 K 44k 72 W) 5 9F 4T NMR £ 4E . 15 5] 72 9



KK RS : PA/Py-COF fi AL sl & i P REF 5 599

(% 'H NMR 45 £ anp

1, 2, 3, 4-tetraquinoline. 'H NMR (700
MHz, Chloroform—d) : & 7.16~6.79 (m, 4H) ,
4.69~4.66 (t, J = 8.0 Hz, 1H), 4.08~4.06 (t,
J=8.0Hz, 1H), 3.72~3.69 (q, J = 7.0 Hz,
2H), 3.57~3.51 (m, J= 7.4 Hz, 1H), 1.33~
1.32 (d, J=7Hz, 3H).

1, 2, 3, 4-tetrahydroquinaldine. 'H NMR
(400 MHz, Chloroform—d) : ¢ 7.01 (d, J = 9.0
Hz, 2H), 6.65 (d, J= 9.2 Hz, 1H), 6.52 (d,
J =97 Hz, 1H), 3.44 (ddd, J = 9.5, 6.3,
3.0 Hz, 2H), 3.00~2.60 (m, 2H), 2.12~1.83
(m, 1H), 1.64 (q, J = 13.1 Hz, 1H), 1.25
(d, J=6.9Hz, 3H).

1, 2, 3, 4-tetrahydro-8-hydroxyquinoline. 'H
NMR (400 MHz, Chloroform—d) : & 6.57 (d,
J = 328 Hz, 3H), 4.36 (s, 2H), 3.31 (s,
1H) , 2.78 (s, 1H) , 195 (p, J = 6.0
Hz, 2H).

4-methyl-1, 2, 3, 4-tetrahydroquinoline. 'H
NMR (400 MHz, Chloroform-d): ¢ 7.12 (d, J =
1.7 Hz, 1H), 7.05 (d, J = 7.2 Hz, 1H), 6.71
(q, J = 6.2, 47 Hz, 1H), 6.54 (d, J = 10.3
Hz, 1H), 3.79 (s, 1H), 3.54~3.20 (m, 2H) ,
3.09~2.86 (m, 1H), 2.19~1.90 (m, 1H), 1.75
(m, 1H), 1.37 (d, /= 11.4 Hz, 3H).

1, 2, 3, 4-tetrahydroquinoxaline. 'H NMR
(400 MHz, Chloroform-d) : & 6.60~6.49 (m,
4H), 3.42 (s, 6H).

1, 2, 3, 4-tetrahydro—2-isoquinoline. 'H NMR
(400 MHz, Chloroform-d) : & 7.43~6.77 (m,
4H) , 4.00 (s, 2H), 3.12 (t, J = 6.0 Hz,
2H), 2.78 (t, J=6.0Hz, 2H), 1.86 (s, 1H).

piperidine. '"H NMR (400 MHz, Chloroform-
d): 62.69~2.44 (m, 4H), 1.64~0.86 (m, 7H).
1.2.5 ®ALzmX

LA 22 0 0 H i A 43 AR Sk oF H i A
Z A = R S, IR AR E
o WA 7.5 pg AR ) £ B AR B AR N
3 mm M3 B B I, fF O BEE &S L N 3 pl
RS> %5 2.5% 1Y Nafion ¥ WK & € A b 0 f#
B30 . CO B 08 PR 22 S 56 s B A < K i A

U B LR A 0.5 mol /L 1) HLSO, % v, i A 4l
CO KM (99.999 %6 ) Bl i W 45 HEL B e 17 30 min, I
i RRRRFHE 0.2 VO T A H R Ll ) o Bl
S BB AT EE 19 0.5 mol/L By H.SO, e v, 4k
2/ 15 min )5, COB AR 0.2 V~1.2VZ
E 4 CREXT AR AT H R AR , R 5 mV s s
1.2.6 XH&A BT hiEn X

X 2% B T BE % (XPS) & 7E Thermofish-
er ESCALAB 250Xi {{#F il 22 (1) o X 552605 Hy
monochromated AlK,, h, =1 486.6 ¢V, 15 kV,
10.8 mA, 43 #1 & TAE & J1 7.1X107° Pa, %K
Iy HTLA C.=284.6 eV FEAT AL #E .
1.2.7  FaemlaX

X 28 fir 5 (XRD ) /833K f B Ry 2°~40°,
4 2 5 5°/min ; {8 BL AR $e 21 40 6 3 (FT-
IR) A3 ¥ A 4 000 em '~400 cm !,

2 ARGl

2.1 Pd/Py-COF By& AR

Bl 1 (a) 19 X £ AT 55 (XRD) 25 21 o 1Y
3.8, 5.8°, 7.6° F1 23.4° W] 43 S| V4 J& A (110) ,
(210), (300) 1 (001 ) it T, HEL - 725 6 21 411 Sl
5 (FTIR) 1 612 em " Ak B 2 11 g g e 3 B O
T C=N W s [E 1(b) ], Py-COF #£45 %,
A B E 2 380 (CLIE1 1(c) |, Py=COF #y L K I

R, FLAR R LL R LI RSP 20 5o 1183 mP- g7t
1.3cem*g "M 1.6 nm. LA B45HR 52 FifitiE
5 R — 'Y E T W BUEE (Transmission
electron microscopy , TEM) I8 F + fg B g F& %
Py-COF ft ] ~F 25 2 nm (Y FLIBEAAZE [ 1(d) ],
#5388 (Scanning Electron Microscopy ,
SEM) [ R M =i 23 R 41 9 B 1 2 B0 (High-
resolution Scanning Electron Microscopy , HRSEM )
MR 78 Py-COF Jhy Jo 5 B4 i B p et [ 1 1
(e) A 1(E) ],

BT I B 2 T B RN N e R Ol T AR
NG K RURL (1 00 S AR o SR TR Wit — 38 JBE T ik
¥ Pd 9l oK ks £ 3 F Py-COF W . = 4- 98 5t
Hi, 5% (High-resolution Transmission Electron Mi-
croscopy , HRTEM) B Jv DL K2 & # 35 0 1% 3 18
(High-angle Annular Dark—field Scanning Trans-
mission Electron Microscopy , HAADF-STEM ) &
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Fig. 1 XRD patterns (a), FTIR spectrum (b), TG analysis results (c), TEM image (d), SEM image (e), and HRSEM image of

Py-COF (f)

50 nm

Pd L 50 nm

N K
B2 Pd/Py-COF /3 HHE S B A () MR MIME R IE (D), Pd/Py-COF BRI AR (0) LUBARXT
R TERFHER  Pd (546) (d), N (£064) (e), Pd FIN JCE (10 5 £28 hnEHR (1)
Fig. 2 High resolution transmission electron microscope (HRTEM) image (a) and High angle annular dark-field scanning transmis-
sion electron microscopy (HAADF-STEM) image of Pd/Py-COF (b). HAADF-STEM image (c) and the corresponding elemental
map of Pd (green) (d), N (red) (e), and reconstructed overlay images of the maps for Pd/Py-COF (f)
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ENTCREABE2(c)—/2(0) ], X EN
T PdECA AR . ik gs SRR Pd/Py-COF
RSF 2 1.7 nm 1 Pd ¥55) 345 £ Py-COF fLiE
U2 Pd/Py-COF MRAES WL Z /i CE

203 K 1) 22 T R 4 A o A b
HEE W, 1R X HLOLHE F R (XPS)
Xt Pd i AL ) g R TSR EAT T R AR W
Kl3(a),3(b) M 1o, Pd i 3d FLiE A P4l
BUIE [ OREWE , 5 50 R 3ds, A 3dsn . B 3ds, R B
L4 5 Pd/Py-COF H PA° Fil PA* 4 45 4 fig 73 5
£ 335.2 eV F1337.1 eV [E 3(a) FIF 1], Pd/C
H Pd° Fl Pd?T 45 4 i 43 ) AE 335.4 eV Al 337.0
eV [E 3(b) M 1], MM Pd/CAHL, P/
Py-COF ' Pd’ i 45 4 BE I (R 45 & fig 7 ) 88 3))
T 0.2 eV, £ Pd/Py-COF 1 Pd 1 & H F.
X & B F Py-COF 1 N J5F 2 | i 9% i 5
Pd 2 T (1) 25 #U3E fid 47 09 A . Pd/Py-COF Fll
Pd/C i 1k 5 v Pd 2 i PA°/Pd* 1 F 1] 43 51 A
69/31 F1 58/42 (% 1) , & B] Pd/Py-COF t Pd ()
I JRE R

CO ¥ AR 2 02 Iy — Pk i B¢ 4x 8 3% 1

1 Pd/Py-COF#=Pd/CF Pd#)3d&&aksE R

Table 1 Pd 3d binding energies of Pd/Py-COF and Pd/C
Pd 3d.,/eV ‘
Cat. LSS Pd"/Pd**
Pd’ Pd*"
Pd/Py-COF 335.2 337.1 69/31
Pd/C 335.4 337.0 58/42

ML 250 19 A &0 35 Pd/Py-COF Fil Pd/
C 1 CO ¥ Ik 2 S Ak B 3553 51l 2 0.86 V Fil
0.72 VI 3(c)F3(d) ] Py-COF Hr (1) 7. i &
VAl 2 H, T BE A4 5 P BC Az S 2 48 i H: 52 1 e
TR G Pd S 4 B R T CO 1Y 2m%
REEHGE TR, 554 C=0 =8 (& H 3R
1 CO) . L, 8 M B CO % A Ak i #4321
Pd 94K kL R A K % B . BTLL, Pd/
Py-COF 1 Pd 44 >k ki ¥ 3= 1t b Pd/C 2 1H 3 &
B, 3R XPS (45 - —50. DL g5 R Pd/
Py-COF 1 ) # /N Pd 44 K J0k: 26 T & & L1,
X5 AT Z AU HGE 85 R — g,
2.2 Pd/Py-COF fE{LEM NS 14 BE

128k AU 4 J& 4 K 0B i £k M bk i & RT BB 1)
PR A Ca) TR o 7 08 B R 6 22 A0 A 4R

@ 335.2 eV (b) 335.4 eV
S5 5
S 8
> >
£ =
= c
L L
= =
345 340 335 345 340 335
Binding Energy/eV Binding Energy/eV
() (d)
- 0.86 V . 072V
S e
s 8
> >
= =
= c
L 1)
= =
0.5 1.0 0.5 1.0

Potential (V) versus SCE

B3 (a) Pd/Py-COF Fil(b) Pd/C " Pd 3d X £t 7

Potential (V) versus SCE

eSS ; (¢) PA/Py-COF Fl(d) Pd/C i CO ¥ HifR 4 4%

Fig. 3 Pd 3d core levels of (a) Pd/Py-COF and (b) Pd/C. CO stripping results of (¢) Pd/Py-COF and (d) Pd/C
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T ACTE PR R BE B S, B SR SE T Pd/Py-
COF £k, v bk fin &0 iy v AL [ 81 4 (b) ] 7
JIF 2% 82 (0 15 77 vf L Pd/Py-COF i 1k s ok fin &7
P 1,2, 3, 4- DO S ok i 3 B PR R S 9950 , SR
M 7 1Y 26 AL % Pd/Py-COF 4 1k s ok fin = 19
WA B EMEm Y £ 50 C, 10° Pa H, Ml 2
I 5 [8] 2 30 min #2514 F , 7 £ B (EtOH) |, 5
W B (TPA) , 4 & Bk g (THF) , & R & T
(EtOEAc) , ¥F & %t (cyclohexane ) Fl I 2 (tolu-
ene ) H1 I WK 1Y) B A R 43 Gl S 24.5%0, 23. 1%,
22.1%, 17.6%, 17.6% #1 8.2% ., Pd/Py-COF
TEJT 1 3 500 v i e A R I I s T e R
VR A B A R XTI RE 5 B R R i A
B S5 55 R B AR FH A F W R AE Pd 3R TE Y TR A AT
5o AE LU B8 T RLIE 1 B A B9 EtOH Ay s

H
N N
T | —
Q\J @J

(@)

Conv./%

(d) 100 e — R ————
-
£ 751 e
= '
s 50 " - -
é e o
) s A
O 25} A .
- A
A m.Cony. e Sel. for Pd/Py-COF
0 =~ «oee GOy, p- Sel. for Pd/C )
0 30 60 90 120 150
t/min

bR & B R I I R

1 50 °C, 10° Pa H, A1 2 mL EtOH 41 F , Pd/
Py—-COF F1 i & b Pd/C A £k 1 bk i 4 11 % 5 430
R (TOF) 433 M 102 h ' F1 48 h' [# 4 (c) ],
Pd/Py-COF ) TOF {8 /& Pd/C 1 2.1 1% , 2 B Pd/
Py-COF 7 Mok fin & b i 8 i i Pk . Bl 4(c) 2
PRI A~ Pd A £ 551 £ v obk o &0 AH B2 (9 3l 0 2 i
2o VR aE R R TE A K ok 7R A Pd
fERIXF 1,2, 3, 4- DU & M ubk i 35 B M A AR R
(99%) , 31X 5 SCHk iR i A 45 5 — 20, B RN
(R FEAT , s WA ) 2 A 2 5 ) I B[] 22 [ L i 2
PEBE I 6 56 &, P AL R AE B b R R IR RS
(<<80%6) ¥y ;b 7w th T B 1 O 9% S i il 4% , & W]
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Fig. 4 Results of Pd catalyzed hydrogenation of quinoline and cyclohexene

(a) Possible products distribution of Pd-catalyzed quinoline hydrogenation (b) Solvent effect of Pd/Py-COF in quinoline hydrogena-

tion. (c) The catalytic performance and (d) corresponding kinetic curves of quinoline hydrogenation over Pd/Py-COF and Pd/C. (e)

Results of cyclohexene hydrogenation.
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Fig. 5 Mechanism investigation

(a) Arrhenius plots showing apparent activation barriers for Pd/Py-COF and Pd/C. 'H NMR spectra of (b) pyrene and (c) quinoline

and pyrene + quinoline (molar ratio: 2 : 1); (d) Schematic diagram of the proposed reaction mechanism of quinoline hydrogenation
on Pd/Py-COF.
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Note: Reaction conditions: 50 °C, 10° Pa H,, substrate 1 mmol,
2 mL EtOH, 4 h. 1H NMR results of purified products see

Experimental Section.
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Fig. 6 Recycling results
(a) Recycling stability of Pd/Py-COF in quinoline hydrogenation and (b) TEM image of Pd/Py-COF after the sixth cycle. Pd 3d core
levels of Pd/Py-COF for (c) before and (d) after recycling experiment.
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