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Bruker Avance 400 MHz B G 3L PR ES (CDCLy-d s RIE ), DU H 3 fE ke (TMS) A P FR) s SPD-16 T
A EEAL, (WonSil C18-WR 4% 4 (4.6 mm X 150 mm,5 pm), Jiii# 0.8 mL/min, ¥ B &L, JERE & A
25 pL, AMG I B K43 514 210 nm Al 254 nm; ZF-20D B 28 4h o AL

DU S AT R B (PA™>32.6 Y0) AR BT JR 34k T8 PR )L 24l G Xof o4 e | 4- G040 % M, 8-/ 35k s bk, 4~ il
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1.2 Pd-NPs B9 & B

TE 0 CAFET 1 —A 25 mL A9 A Im AT 2K 1 (10.8 mg,0.1 mmoD) FIHUAH R A 1 mL (i & 5
BN 4096 LSR5 1] H v i I Gl B2 A VA T (13,8 mg T AH PR AN VA R AE 1 mL MK o) LI EE A3 s /3.
FEAIREGUIIE R)GE 0 CFHEPE T hNAFZE 1 mL.#4i/K 2 mL,K,PdCl, (0.1 mmol,32.6 mg) . i
1 b3 056 TR I A S B K W (0.1 mmol Y #EAE 1 mL KH) RBETEE IR T 2 h, ZJ5 FK % 3 %
FH A T HLER A T A B AT A% 21 10 mL A 250 A B0 25 B B I ATEIK £ B#10 mL,
B0 I A L R A TR
1.3 BHIEE

E— 25 mL BB IA 10 mL /K ARG IA 1.5 mg #40K KL F 445, A 0.05 mmol 5%
YL R O E FRARER 12 h 3R )5 H 4R L BR A B, FH 4 1R £ T8 A i ek 2 154 2 M 40 5.

1.4 FERFIEERIEIR

FE— 25 mL AR B A 10 mL 7K, SR J5 In A AR50, 45 94 KORE i £k 550 FH £ A IS 9 9 Jo 1) it
5%, INA 0.05 mmol il /B JEEH) » 7R H A& A SER N 12 h, SR )5 FH R L BR A WL, H 2R & T A
THTE AT 2 B 50 .

1.5 F=HYSEHRLE

o FJEE iz (2a-2e) ' H NMR (400 MHz, CDCl;)6:7.29~7.16(m,5H),4.04(q,J =8.0 Hz,1H),1.66
(brs,2H),1.34(d,J =4.0 Hz,2H);"*C NMR(100 MHz,CDCl,)8:147.7,128.4,126.8,125.7,51.3,25.7.

4-Ji-o-H B (26)' H NMR (400 MHz,CDCl;)68:7.32~7.28(m,2H),6.99(t, ] =8.0 Hz,2H).4.10
(q,J =8.0 Hz,1H),1.63(brs,2H),1.35(d,] =4.0 Hz,3H) ;" C NMR(100 MHz,CDCl;)8:161.6(d,J oz =
243.0 Hz),143.3(d, J ¢ =3.0 H2),127.2(d.J - =7.0 Hz),115.1(d,J s =21.0 Hz),50.6.,25.8.

4- W He-o- W LA B (2)'H NMR (400 MHz, CDCl;)6:7.22(d, J =8.0 Hz,2H),7.13(d,J =8.0 Hz,
2H),4.06(q, ] =8.0 Hz,1H),2.32(s,3H),1.77(brs,2H),1.36 (d, ] =8.0 Hz,3H);"*C NMR (100 MHz,
CDCl;)6:44.7,136.3,129.1,125.6,51.0,25.6,21.0.

3-H B-o- LR A% (2 ' H NMR (400 MHz,CDCl3)6:7.26~7.04(m,4H),4.07(q,J =8.0 Hz,1H),
2.35(s,3H),1.82(brs,2H),1.38(d.J =8.0 Hz,3H);""C NMR(100 MHz,CDCl;)8:147.6,138.1,128.4,
127.6,126.4,122.7,51.3,25.5,21.4.

4- S He-o- I EE I (2D H NMR (400 MHz,CDCly) ,6:7.25(d, J =8.0 Hz,2H),7.18(d,J =8.0Hz,
2H); 4.07(q,J =8.0Hz,1H),2.92~2.85(m,1H),1.93(brs,2H),1.37(d,J =8.0 Hz,3H),1.24(d, ] =
8.0 Hz,6H);"*C NMR(100 MHz,CDCl;)8:147.4,145.0,126.5,125.6,51.0,33.7,25.5,24.0.

A-F AR FE-o- TR L 2 (2§) ' H NMR (400 MHz,CDCl3)8:7.19(d.J =8.0 Hz,2H),6.80(d,J =12.0 Hz,
2H),4.01(q,J =8.0 Hz,1H),3.72(s,3H),1.93(brs,2H),1.30(d, ] =8.0 Hz,3H);*C NMR (100 MHz,
CDCl1;)6:158.4,139.6,126.7,113.8,55.3,50.6,25.5.

Mz (2k-20)' H NMR (400 MHz,CDCl;)8:7.31~7.18(m,5H) ,3.79(s,2H) ,1.43(brs,2H) ;*C NMR
(100 MHz,CDCl;)6:143.4,128.5,127.0,126.7,,46.5.

A-FE M (2p)' H NMR (400 MHz,CDCl,)68:7.25~7.22(q,J =4.0 Hz,2H),6.97(t,J] =8.0 Hz,2H),
3.78(s,2H), 1.55 (brs, 2H) ;" C NMR (100 MHz, CDCl;)6:161.6 (d, J o = 242.0 Hz), 138.9(d, J o =
3.0 Hz),128.5(d, J ¢ =8.0 Hz) ,115.1(d, J ¢ =21.0 Hz) ,45.6.

KB (4a-46)' H NMR (400 MHz,DMSO-d ;)6 :7.36~7.18(m,5H),5.17(d, ] =4.0 Hz,1H),4.76~
4.70(m,1H),1.33(d,J =8.0 Hz,3H);*C NMR (100 MHz,DMSO-d;)6:147.8,128.4,126.9,125.7,68.6,
26.4.

4-F-1-7K OB (4g)' H NMR(400 MHz,CDCl;)6:7.33(q,J =4.0 Hz,2H),7.03(t,J =8.0 Hz,2H),
4.88(q,J =8.0 Hz,1H),1.89(brs,1H),1.48(d,J =4.0 Hz,3H) ;" C NMR (100 MHz,CDCl;)8:162.1(d,
J =244.0 Hz),141.5(d,J ¢ =3.0 H2),127.0(d,J x =8.0 Hz),115.2(d,J & =21.0 Hz),69.7,25.3.
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A-HFE-1-FE 2B (4h)'H NMR (400 MHz,CDC1;)68:7.29(d, J =8.0 Hz,2H),7.20(d J =8.0 Hz,2H),
4.87(q,J =8.0 Hz,1H),2.39(s,3H),2.31(brs,1H),1.51(d,J =4.0 Hz,3H);"*C NMR(100 MHz,CDCl,)
6:142.9,137.0,129.1,125.4,70.1,25.1,21.1.

4-2, F-1-K 8% (4" H NMR (400 MHz,CDCl;)6:7.17(d. ] =8.0 Hz,2H),7.08(d,J =8.0 Hz,2H);
4.72(q.J] =8.0 Hz,1H),2.55(q,J =8.0 Hz,2H),2.17(brs, 1H),1.36(d.J =4.0 Hz,3H),1.14(t, ] =
8.0 Hz,3H);"*C NMR(100 MHz,CDCl;)8:143.5,143.1,127.9,125.4,70.2,28.5,25.0,15.6.

A-FA FE-1-28 2 (4§) ' H NMR (400 MHz, CDClL;)6:7.25(d, ] =8.0 Hz,2H); 6.84(d.J =8.0 Hz,
2H),4.78(q,J =8.0 Hz,1H),3.76(s,3H); 2.55(brs,1H),1.42(d,J =4.0 Hz,3H) ;" C NMR(100 MHz,
CDCl;)6:158.8,138.1,126.7,113.8,69.8,55.2,25.0.

3-FIE-1-K 2B (4k)'H NMR (400 MHz,CDC1;)68:7.20~7.02(m,4H) ;4.74(q,J =8.0 Hz,1H),2.84
(brs,1H),2.31(s,3H),1.40(d,J =8.0 Hz,3H);"*C NMR(100 MHz,CDCl;)5:145.9,138.0,128.1,126.2,
122.5,70.2,25.1,21.5.

4-FHFE-1-KLFEUD'H NMR (400 MHz, CDCly)6:7.28(d, ] =8.0 Hz,2H),7.20(d,J =8.0 Hz,
2H),4.84(q,J] =4.0 Hz,1H),2.93~2.86(m,1H),2.03(brs, 1H),1.47(d,J =8.0 Hz,3H),1.24(d, ] =
8.0 Hz,6H) ;'*C NMR(100 MHz,CDCl;)6:148.1,143.2,126.5,125.4,70.2,33.8,24.9,24.0.

2,2,2-=# B E 1-2K 28 (4m)'H NMR (400 MHz,CDCl;)8:7.50~7.43(m,5H),5.01(q,J =8.0 Hz,
1H),3.26 (brs, 1H);'* C NMR (100 MHz, CDCl;) 8:134.0,129.5, 128.6, 127.4,125.7,72.7(q, J o5 =
32.0 Hz).

K (4n-4q)' H NMR (400 MHz,CDCl;)6:5.24 (t, ] =4.0 Hz,1H),4.52(d, ] =4.0 Hz, 2H);
¥ C NMR(100 MHz,DMSO-d)0:143.0,128.5,127.1,126.9,63.4.

A-FA WP EE (4r)'H NMR(400 MHz,DMSO-d5)8:7.39~7.36(m,2H),7.16~7.11(m,2H),5.25(brs,
1H),4.52(s,2H) ;% C NMR (100 MHz, DMSO-d)8:162.6(d, J oz =241.0 Hz),139.1(d,J s =3.0 Hz),
128.7(d.J s =8.0 Hz),115.1(d, J ;r =21.0 Hz),62.7.

4-F FER I (48)' H NMR (400 MHz,CDCl;)6:6.95(d.J =8.0 Hz,2H),6.58(d.,J =8.0 Hz,2H),
3.49(brs,2H),2.23(s,3H) ;*C NMR(100 MHz,CDCl;)6:143.9,129.8,127.8,115.3,20.5.

4-HA B EE (40 ' H NMR (400 MHz, DMSO-d)8:7.25(d, ] =8.0 Hz,2H).6.88(d,J =8.0 Hz,
2H),5.09(t,J =4.0 Hz,1H),4.44(d,J =4.0 Hz,2H),3.72(s,3H) ;" C NMR (100 MHz, DMSO-d ;) :
158.6,134.9,128.4,113.9,63.1,55.4.

2 #ZR5iTR

2.1 fEHFIRLE

3E 2o 7 B L CTEMD X KN RIS A9 A AR 247 R AR, AH . /9 TEM B R Gn &l 1 Ca, b) fros s WK 1(a,
b) AT DL I B SN TS AR R ASURL 2 A 1A I E I AT R S kA R W AR R A R 4T, B
A TR A4 X 2R e o 4 J B - B B m AR R L A N B OB T IS 50 A 4x 8 4N K KL - (9 R AR A5 31 kL
oA BB 1 Cey d)) S SOWERT CEL T Cod AR R b & JB oK KL 7 £ b 0 A 78 1.6 ~3.0 nm, P B R i2h
2.40 nm. W JE (B TCAD) AR ) 4 J8 9 oK oBL T AR B AE 1.6 ~ 3.0, P R4 2.43 nm, Hip 3.1~
3.5 nmM A B, SRS AL R KL S5 S RONE RS B TEM &3, 52 0 1S A A6 570 B T8 S5 45 18 3 A kA2 B
k.

Sk T A AR A A T B A A SR XIPS XA 4N KR i A R EAT 40T 1R 2 AR R XPS B
M 2 "] DL AR AE 342 eV Hl 335 eV M 53 35l VAR T4 3d 5o M 3dd 50 » HoHABHE 3dl 5, WO I 2 48 1Y
FREAF 06 | RN 2 A 410 25 R — 30 SR AR LR N AEAE.

3 AL FI RS XRD E3E%, A 3 7T LIA L 7E 40.0°,46.5°,67.9°,81.8°H1 86.3°F 5 A&, 43 5l % i F
(111),(200),(220), (311 F(222) f 1T » K I LEMEAL R A Pd AE7ED.
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AL R AN TT R B B RS, AR R B 29.34 % BN 32.52% A M 3.03% AN 3.01% A1
S5 R — 40—

22 RREFMGHRL

2.2.1  PeAAR i

%1 EAICP 547 F2 EEXFRHZME
Tab.1 Analysis of EA and ICP Tab.2 Ligand effect on yield
JLR C N H Pd S X 2R X R AR R 8- ALk
R/ % 3252 3.03 3.01  29.34 i Y4 99 55 23 35

VAT W 5 2 B 07 B B IS o DA O SR A AR T B 1.5 mg, 70 W IR W TR T RO 12 by 43531
DA % s A~ HE R M, of SRR AR Mg, 8- Ak v D TE (A 7 A (3 2) AT LA AR 2K A A AR L fiE AL
FIMEALROR B4 2K S5 IS e AL 3 3k 99 4.
2.2.2 AR X A R

VAT T 1 2 B B4 5 R TR 0 » 0 SA R S TR A R TR B 12 h IR OGR 3D L AR 3l LA
H B A A 0 P A R B, SN AR B 2 K TR AR R T O 1.5 mg L AR AR R Ik 99 06 P T 4 AL )
Pl AL R BAT W AR T
2.2.3 SO TAD RS 7 2 0 5 e

F A RO NG R HUEC Y AL 1.5 mg. il BE1H @ A6 50N #EAT RN 7 3 0l DL BE
]S I, IR 5 A R B L SOV 12 b Ji5 2K S G SR WD e AL A w8 38 99 06 P4 w8 BN IR ] o 7 SR BT W R AR A

x3 BUFNBERFEZHNEN F4 RHEBEXEFN
Tab.3 Effect of catalyst dosage on yield Tab.4 Effect of reaction time on yield
Fi i /mg 0.5 1.0 1.5 2.0 t/h 2.5 5.0 7.5 10 12 14
PR/ Y% 50 75 99 99 IR/ % 40 58 89 94 99 99

23 RNEE®RE
2.3.1 g IR i

& 4 Ry 7E S M 45 A 7T X A A A [) BB 366 AT 1 I s oy st 2 ) s % Jig RS 0 i A7 90 8, S5 R & 5 s, Pd-
NPs Ak 70065 447 A5 A [ i 28 B 58 %) ] i R g 389 38 e A AR A8 RS S 6 T L R SURPE &R S
HEAT R AR I3 1.5 mg S8 T 0 AT A4S BI04 a1 77 8 00 i, ) % 2 i 77 658 99 00 A 40 KR 1~ i
AT X 17 A p 3R O 4 15 i ) EL A s ) e v A T A A U R A B9 IS 0, BB A% I 5k pi R LR X
T A R T SOV L WA Ik SR A W T SR A R IR 7 R B R A A R T AT IR X
i, WAk F, 35 P R S AR R A T

x5 BRYAR

Tab.5 Oximes substrate development

e R! R? t/h RN s R! R? t/h AR N
1a 4-Cl CH; 12 99 1i 4-iPr CH; 12 67
1b 2-Cl CH3 12 99 1j 4-OCH3 CH3 12 99
1c 3-Cl CH3 12 99 1k H H 12 99
1d 2-Br CH; 12 99 11 4-Cl H 12 99
le 4-Br CH3 12 99 Im 2-Cl H 12 99
1f 4-F CH; 12 89 In 3-Cl H 12 99
1g 4-CH3 CH; 12 65 1o 4-Br H 12 99
1h 3-CH3 CH3 12 60 1p 4-F H 12 89

2.3.2 [ A A 3E
B 5 MAE AL A T X A A [E) B 2 A A9 8 A i 1) S o o 2, [ B o /i 0 Bl RS 400 6 47 4 L &5 SR
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6T/ L H13 6 nl RS 94 K B 1 A 5 0l A AN [ BT 3R f) ) 240 A B A0 AR O, A S e U
N AR AR & 1.5 mg 5 0F T AT DLAS 208w 77 AR B 77 A w3k 99 Vo W H Bk AT A H
HE A S I 245 2R A WA R 2 0 T L T] — 5 AT A A ] O 8 %o e o 44 2R o 52 A 8 L A5 2R T A
N DKL A 70 X8 AT 2R B 14 T 0 LA i ) L A T T8 R SR 1 R R 2 T LA A
25 2B PR R PRI R XS T A IR T 8 SRR W A R e R

Il
oIl

Pd-NPs (1. 5 mg) Pd-NPs (1.5 mg)
|[( """ B, Tt 12 h |[('%‘F)vtuhR1 IS

la-1p 2a-2p 3a-3t 4a-4t
K4 b R 5 A AES 1Al S R R
Fig.4 Catalytic hydrogenation of oximes Fig.5 Catalytic hydrogenation ol oximes

®o HMBRMTE
Tab.6 Ketones and aldehydes substrate development

P55 R! R? t/h il Y% F5 R! R? t/h TEE ) %
3a H CH; 12 99 3k 3-CH; CH; 12 95
3b 4-Cl CHj 12 99 31 4-iPr CH; 12 89
3c 2-Cl CHj; 12 99 3m H CF; 12 89
3d 3-Cl CH; 12 99 3n H H 12 99
3e 2-Br CHj 12 99 30 2-Cl H 12 99
3f 4-Br CHj 12 97 3p 4-Cl H 12 99
3g 4-F CH; 12 93 3q 4-Br H 12 99
3h 4-CH; CHj 12 99 3r 4-F H 12 99
3i 4-C, Hs CHj 12 98 3s 4-CH; H 12 99
3j 4-OMe CH; 12 99 3t 4-OMe H 12 99

3 & i

AR SCHRGE T Tl DR R e A AR B A8 A0 KL 1 i AR L B RE RS TE R R R T LU AU AR R
W A T 22 Bl A EOEC RS A Ji R Y 3 i RNE. L A Iif“f“%{al%lttiﬁafhii JL-F B A5 1) i 1 41 E 7
BRI TE S v S AR Nl e N e S L | W 7/ B ik = G R S SIS B W B VAR B Aol A SR S SR DDA E T

& % x W

[1] WIDEGREN M B,HARKNESS G J,SLAWIN A M Z,et al. A Highly Active Manganese Catalyst for Enantioselective Ketone and Ester
Hydrogenation[ J]. Angew Chem Int Ed.2017,56:5825-5828.

[2] IKARIVA K,MURATAA K,NOVORIB R.Bifunctional transition metal-based molecular catalysts for asymmetric syntheses[ J].Org Bi-
omol Chem,2006,4:393-406.

[3] ANANDHAN R,REDDYA M B,SASIKUMAR M.Development of novel triazole based dendr-imer supported spiroborate chiral catalysts
for thereduction of (E)-O-benzyl oxime:an enantioselective synthesis of (S)-dapoxetine[ J].New J Chem,2019,43:15052-15056.

[4] TITSUNO S,MATSUMOTO T,SATO D,et al. Enantioselective Reduction of Oxime Ethers with Borane Catalyzed by Polymer-Supported
2-Piperazinemethanol[ ] ].] Org Chem,2000,65:5879-5881.

[5] BLACKWELL J,SONMOR E R,SCOCCITTI T,et al. B(CsF5)3-Catalyzed Hydrosilation of Imines via Silyliminium Intermediat[]].Org
Lett,2000,2:3921-3923.

[6] ELANGOVAN S, TOPF C,FISCHER S.et al.Selective Catalytic Hydrogenations of Nitriles, Ketones and Aldehydes by Well-Defined
Manganese Pincer Complexes[]J].J] Am Chem Soc,2016,138:8809-8814.

[7]  MORRIS R H.Asymmetric hydrogenation, transfer hydrogenation and hydrosilylation of ketones catalyzed by iron complexes[ ] ].Chem
Soc Rev,2009,38:2282-2291.



72 T IR IL K FIRCA RAF RO 2020 4

[8] LIYY,SL,WUX F,et al.Iron Catalyzed Asymmetric Hydrogenation of Ketones[J].J] Am Chem Soc,2014,36:4031-4039.

[9] PASSERA A,MEZZETTI A.Mn(D)and Fe(I) /PN(H)P Catalysts for the Hydrogenation of Ketones: A Comparison by Experiment and
Calculation[ J].Adv Synth Catal,2019,361:4691-4706.

[10] ENTHALER S,ADDIS D.JUNGE K.et al. A General and Environmentally Benign Catalytic Reduction of Nitriles to Primary Amines[ J].
Chem Eur J,2008,14:9491-9494,

[11] CHAKRABORTY S.LEITUS G.MILSTEIN D.Selective hydrogenation of nitriles to primary amines catalyzed by a novel iron complex
[J].Chem Commun,2016,52:1812-1815.

[12] KUMARIL P,GAUTAML R, YADAV H.Efficient Reduction of C-N Multiple Bonds Catalyzed by Magnetically Retrievable Magnetite
Nanoparticles with Sodium Borohydride[ J].Catal Lett,2016,146:2149-2156.

[13] RAJESH K,DUDLE B.BLACQUE O,et al. Homogeneous Hydrogenations of Nitriles Catalyzed by Rhenium Complexes[]J].Adv Synth
Catal,2011,353:1479-1484.

[14] KOTHA S S,SHARMA N,SEKARA G.An Efficient, Stable and Reusable Palladium Nanocatalyst: Chemoselective Reduction of Alde-
hydes with Molecular Hydrogen in Water[ J ]. Adv Synth Catal,2016,358:1694-1698.

[15] GANAPATHY D,KOTHA S S,SEKAR G.Stable Palladium Nanoparticles Catalyzed Synthesis of Benzonitriles Using K ;[ Fe(CN) ][ J].
Tetrahedron Lett.2009,56:175-178.

[16] SORELLA G L,SPERNI L,CANTON P.Selective Hydrogenations and Dechlorinations in Water Mediated by Anionic Surfactant-Stabi-
lized Pd Nanoparticles[J].J] Org Chem,2018,83:7438-7446.

(171 EHAR .5k B PNET L 25 00 LA A0 30 9 ol 8 B CHUAE S A 2% 1 TR X0 05 4 B Y 26 P51 SR 1.3 0 Ak24 . 2019, 27(6) - 411-417.
JU X C,ZHANG Q,SUN S T,et al.Preparation of A Novel Palladium Catalyst and Its Selective reduction Property on Aromatic Alde-
hydes under Mild Conditions[]].Chinese Journal of Synthetic Chemistry,2019,27(6) :411-417,

[18] VENKATESAN R,PRECHT M H G,SCHOLTEN J.Palladium nanoparticle catalysts in ionic liquids:synthesis,characterization and se-
lective partial hydrogenation of alkynes to Z-alkenes[]].J] Mater Chem,2011,21:3030.

[19] LIU Y.HE S.QUAN Z.et al. Mild palladium-catalysed highly efficient hydrogenation of C=N.,C-NO;.and C= O bonds using H; of
1 atm in H,O[J].Green Chem,2019,21:830-838.

Synthesis of palladium nanocatalysts and their catalytic reduction of aromatic
oximes, ketones and aldehydes under mild conditions

Liu Jungiang' , Wang Bo',Lin Yunxia®

(1.College of Chemical Engineering and Technology, Hainan University, Haikou 570228, China;

2.Shanxian Center for Disease Control and Prevention Shangdong, Heze 274000, China)

Abstract: In this paper, we use p-phenylenediamine as ligands to simply synthesize a palladium-based heterogeneous cata-
lyst with high performance. Notably. the stable Pd-NPs can effectively catalyze the reduction reaction of aromatic oximes, ke-
tones and aldehydes with H, in aqueous solution at atmospheric pressure and room temperature.Besides,some amines and alco-
hols can achieve superior yields up to 99 %.Furthermore,the Pd-NPs catalyst also has great potential for sustainable industrial
applications.
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