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1.1 XS5 F

Bruker Avance 400 MHz %! #% 7 4L 4R {¥ £
(CDCL, 5% DMSO-d K5, TMS S A#R) ; SPD-16
T AH (5 3% 1 (WonSil C18-WR (A4, Wi K 0.8
mL/min, FiSAH R B BRI pH=1.8 HB4E/K, K
K} 210 nm) ; ZF-20D W5 56 5503 A4 HL TR
s VTR SORBERS 5 BE IR e R A
PEFR KA Z AT SCg g @alikas, Hlokal.

JIT AR TR 4l BE 35 R oMl , A R T R A T H
fihAh 2.
1.2 Pd-NPs B9 & B

SLE ] K, PACL, A [R] B A o A A 4 >k
AL (PA-NPs) . vKIE (0 °C ) &4 F7E 25 mL jiife
J AL (0.1 mmol) , HBF,(40%, 1 mL), &
Je B A PR BNV W (0.2 mmol NaNO, T 1 mL 4L
K) SR FRIR AW, 7E 0 C&MET R
1 h Ja o R Lnts o R (R ER) . Bl A 28
(2 mL) F1 K, PAC1, % # (0.2 mmol K,PdCl, ¥ F 1
mL B 2EK) | THIRG WA R R T RESHE | h. F0)
SALENIA W (0.2 mmol NaBH, 75 T 1 mL #4lisk ) 2%
P NS FIRIR AW, BN B G AR Ry TR R Ak

E&WH.: EXARPIL4TH (21868011) (The National Natural Science Foundation of China(21868011) ).
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o, RSN 2 he WA H G MRS W 85 1 H
FAVZ, 5 H 0.5 mol/L AyHs HCl VAT A1 0.5
mol/L ) NaHCO, ¥ W VR 3 IR, LABR AR &4 R
N EEICAY), RIGHEZER LA PLER, 5310
BRI B AL BE 0.5 h, Bl = B 0 DL BR
LW, ¥EJa B AR s T, B R
Pd-NPs (R E14) .
1.3 M EREBESRIE
1.3.1 Y& RGEY: KR (0.05 mmol) 1 Pd-
NPs(2 mg) A #| 25 mL AiIEH R, # a4tk (10
mL, pH=3)F1 0.2 mmol Z /KM in A Ff44
IRGWHEFA 5 min IS HL, REERTE LA
SIRFERE Pk b7 RO, s TLC B Bl A
C18 JTAAKE (4.6x150 mm, 5 m) A4 AH (53851 52
Af W s R, N 4% TR e YRR £ 1A S0 e
RHMRE). BIRYTE 2R, HOMR O (3%
10 mL) 2005 & I3 A HLAE, (4 Na, SO, T4 L
M, FE S 28 B AUNE 28 ABR 25 TR £ TR 15 31 5% 4%
Yy, g HPRAR 0.071 ~0.050 mm fif: 38 5 2 A A £,
LA LS E =Y, SR H NMR filPC
NMR ZRAE ( H TR N AN, P G 206 2
WL 72 W) 45 6 FE — R i A7 LA A5 31 00 w5 ok B Y
Kl ).
1.3.2 P2 45 RAL & 4 G T i it
"H NMR F1°C NMR RAEHINGE 1, RAFESRIT .
W TR, 2R 99%; 'H NMR
(400 MHz, CDClL;): 7.32-7.18(m, 5H), 3.78 (s,
2H), 1.39(brs, 2H) ; "C NMR(100 MHz, CDCI,) :
143.2, 128.24, 127.06, 125.67, 43.21.
3-FHELRRE . ToEIR A, =% 94%; 'H
NMR (400 MHz, CDCl,): 7.24-7.20 (m, 1H),
7.12-7.04(m, 3H), 3.81(s, 2H), 2.34(s, 3H),
1.51 (brs, 2H); “C NMR ( 100 MHz, CDCL,):
143.34, 138.18, 128.48, 127.89, 124.11, 46.52,
21.42.
4-HIEN R . TR, 72 %R 95%; 'H
NMR (400 MHz, CDCl,) : 7.21(d, J=8.0 Hz, 2H) ;
7.11(d, J=8.0 Hz, 2H), 3.66(s, 2H), 2.27(s,
3H), 1.71(brs, 2H) ; "C NMR(100 MHz, CDCI,) :
141.76, 135.44, 129.06, 127.33, 45.96, 22.22.
3-WAEHE T e To e RAR, ™ FH 96%;
"H NMR (400 MHz, CDCl,): 7.24(t, J=16.0 Hz,
1H), 6.89-6.76 (m, 3H), 3.82(s, 2H), 3.79(s,

3H), 1.50(brs, 2H) ; "C NMR( 100 MHz, CDCI,) :
159.88, 145.08, 129.55, 119.32, 112.59, 112.21,
55.18, 46.50.

4-HE R R o EMARIAR, 723 97%;
"H NMR (400 MHz, DMSO-d, ) : 7.24(d, J=8.0 Hz,
2H), 6.86(d, J=8.0 Hz, 2H), 3.72(s, 3H), 3.64
(s, 2H), 1.67(brs, 2H) ; "C NMR( 100 MHz, DM-
SO-d,): 158.25, 136.82, 128.55, 113.88, 55.41,
45.66.

4-38°N M o MR AR, 77N 93%; 'H
NMR (400 MHz, CDCL,) : 7.25-7.22(q, J =4.0 Hz,
2H), 6.97(t, J=20.0 Hz, 2H) , 3.78(s, 2H), 1.55
(brs, 2H); "C NMR (100 MHz, CDCI,): 161.68
(d, J=242.0 Hz), 138.97(d, J =3.0 Hz), 128.57
(d, J=8.0 Hz), 115.10(d, J=21.0 Hz), 45.61.

4-( =P L) R, TRk, R
98%; 'H NMR (400 MHz, CDCl,): 7.58(d, J=8.0
Hz, 2H), 7.43(d, J=8.0 Hz, 2H), 3.93(s, 2H),
1.63 (brs, 2H); “C NMR (100 MHz, CDCI,):
147.06, 128.66(q, J=40.0 Hz) , 127.31, 125.42(q,
J=4.0 Hz), 122.91, 45.93.

1,48 W . JCEMRIBIR, ™0 98%;
"H NMR (400 MHz, DMSO-d,) : 7.25(s, 4H), 3.68
(s, 4H), 2.22(brs, 2H) ; "C NMR( 100 MHz, DM-
SO-d,) : 142.55, 127.24, 45.99.

4-SEPIHER R AR AR, 72N 99%
"H NMR (400 MHz, CDCl,): 7.23-7.18 (m, 4H),
3.82(s, 2H), 2.89(t, J=12.0 Hz, 1H), 1.51(s,
2H), 1.24(d, J=8.0 Hz, 6H) ; "C NMR(100 MHz,
CDCL,) : 147.45, 140.88, 127.12, 46.28, 33.82,
24.11.

2 #FR5iTiE

2.1 BRERTFIE

HR T LA 0.05 mmol A& EE N IR BIAR,, 7EH
4fi/K (10 mL, pH=7) ", ffi[] 0.1 MPa Z <3k, L
0.2 mmol Z/KAERNEIE, HEAFIHE R 2 mg, K
BFTEIA 4 h, SEFT AR B B AR T 6. i 3% 1 mT
DL 2,3- SRR ZE 0 T A i ) 2 1 A A R0 A8 R e A
A LR 2, 3- A S IR VR M L.
2.2 ELFIRE
2.2.1 TEM F/iE & 1 J& Pd-NPs /i) TEM B8 -,
] v O e BR R JTURL 4 R A 94 0K A# AL 77 PA-NPs, 1]
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= 1 BLiRHY Ik
Table 1 Screening of ligands

w (T
) NH,
Ligand
NH,
w (L)

Yield/% 21 36 49

& 1 Pd-NPs i) TEM ZFEAiE
Fig.1 TEM characterization of Pd-NPs

IE BRI R, T B HR IS, W
FRAEI 2,3- " E IS ARG T PA-NPs [
FEME.

2.2.2 XRDFE1IF 2 J& Pd-NPs i XRD % 1

111)

(200)

10 20 30 40 50 60 70 80 920
20/ (°)

P 2 Pd-NPs ) XRD Ak
Fig.2 XRD characterization of Pd-NPs

W a5 Pd BBRUMER AL BIAE 20 = 40.1°
(111), 46.7°(200), 68.1°(220), 82.1°(311),

86.6°(222) 1y E i B @ AG I F Pd BT 506, 150 0
Pd-NPs 154 Pd.

223 XPSEME AR Pd-NPs iyfLe74R
AXFHFEAT XPS 73087, Kl 3 S Pd-NPs ) XPS &1k
K%, AT Pd 3d,, B IETE 338.68 eV Ab IR,
SICHR[ 14 4B T Pd(0) RIEAREFHIAROG, UER] T
Pd-NPs 1 Pd #1254 0 .

Pd-3d

336 338 340 342 344 346 348
Binding energy/eV

'3 Pd-NPs ) XPS A
Fig.3 XPS characterization of Pd-NPs

2.2.4 EA HI ICP-OES ¥t 22 2 Pd-NPs 14
ICP-OES FIEA 43 #fr 45 5. A 1) Sk [ 23 ] vT 50, 7E

3 2 Pd-NPs #J EA #1 ICP-OES % #ff
Table 2 EA and ICP-OES analysis of the Pd-NPs

Element Pd* (o H" N*

Content/ %

(Mass fraction)

35.21 20.78 2.28 5.37

a. Measured by inductively coupled plasma-optical emission
spectrometer( ICP-OES) ;
b. Measured by elemental analysis(EA).

B A AE A I T AR R R, A 2,3- T E IR ZE R
TR Ao T LA 4 4 N R, SR & 2 2k
P13 C: N: Pd=5:1: 1, UHI7E NaBH, 14 J5
K,PdCl, A Pd(0) )&, 7456 2,3- & I 28 5 e
ALt R, AN E T 2 4N 5, RiEs
il 48 1 Pd-NPs HRRABCR Lz T Pd T

ZEA UL LT PA-NPs ZrHr4s S, el PA-NPs
W2, 3- & FEZE PA(0) Ll PAd—N HEAH%E, Pd-
NPs 53 25H s B AN E 4 Fos.
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N --
N --

&l 4 Pd-NPs H1 5> T-454 7~ &

Fig.4 Schematic diagram of molecular structure in Pd-NPs

Pd-NPs/NH,(NH?)

2.3 R &ML

PIZEHIEE(0.05 mmol ) S JiE#, 7K (10 mL) 1EH
WAL, H, (R M SR, 2K AE N R (0.2
mmol ) , TEH T T MR, AL, RV
[EJFIYES R pH (AT RV A A AL, 4558 I3 3.

FH e 3 AT, FRATTFE 4 T Meilsoxd 28 A e 7= % 1y
(i 1-4) , g, R SRR R e
7= 0 i AR By, TR A NH, C1, (NH,), SO,
(NH, ), COAE Ay B U5 A6 A 3] 7= .

@A\o

H,0/H,(0.1 MPa)/r.t.

NH,
,@

R 3 R FHMRAL

Table 3 Optimization of reaction conditions

Entry Amine Source Amount/mg pH Time/h Yield"/%
1 NH, Cl 1 7 4 3
2 (NH,),S0, 1 7 4 n.d.
3 (NH,),CO0, 1 7 4 n.d.
4 NH, 1 7 4 36
5 NH, 2 7 4 49
6 NH, 3 7 4 51
7 NH, 4 7 4 54
8 NH, 2 1 4 82
9 NH, 2 3 4 92
10 NH, 2 5 4 68
11 NH, 2 3 5 98
12 NH, 2 3 6 99
13 NH, 2 3 7 99
14 NH, 2 3 8 99
15 NH, 0 3 6 n.d.

a. Condition; Benzaldehyde, 0.05 mmol/L; ammonia water( ammonium salt) 0.2 mmol/L; Pd-NPs; H,0, 10 mL; H, filled in

a balloon; room temperature ;

b. Yield was determined by LC analysis equipped with a C18 reverse column.

FATTH 58 1 AHE AT 5 8 8 Y G 77 3R 140 5 T
(%5 4=7), &R ATAT, AEALTR) e 25 5 i)
PASE =, (ERERA AT TR S S, 7= ik
ARFFAGEAR IS, DR e A ARSR FH AR 2 mg.

FATEZ LT HFK pH B X H ™ 3 1 5%

M (4 5 Mg 8-10) , HIZERTTH, 7K pH K
AR PR R K, 24K pH =3 AYRTE, 7=
iK92% , AL pH (EN 3.

BT N AT ) 2% e 7 R S (4R 9
g 11-14) , fE5HR A, 18 298K 2 Ny s [E] A]
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LIS, (ARESE SR IR FR S, 7R DU A2 SR SRy R 1.

AR, R pE PR AL I N R [E]) A 6 h. 2.4 [RYIA R
g LR, B RO AR LA K A R, AL N AT, X FEIE TR

AL 2 mg, %510 pH=3, IUISECN 6 h, JF  #ifE, 450405k 4 o,

A Pd-NPs/NH,/H, (0.1 MPa) NH,

H,O0, pH=3, r.t.

S
}

x4 FEBULAUNRDER

Table 4 Optimization of reaction conditions

Entry Substrate Product Yield"/ %
X
H,C H,C
X
3 /©/\o /@r\m{z 95
H,C H;C
OCH;, OCH;
X0 NH,
5 97
H,CO H,CO
R=p-1 93
R=0-1 89
R=p-Br 91
6 R=0-Br NH, 87
R=m-Br 88
R=p-Cl 94
R=0-Cl 91
R=m-Cl 93
7 F F 93
X0 NH,
8 98
F,C F,C
X0 NH,
9 HN 98
NC ’
NH,
10 99

3
3

a. Conditions: Aldehyde, 0.05 mmol/L; 0.2 mmol/L ammonia in water; Pd-NPs, 2 mg; H,0, 10 mL, pH=3; H, filled in
a balloon; reaction time, 6 h; r.t.;

b. Yield was determined by LC analysis equipped with a C18 reverse column.
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GyNTER 4 RIL, AR 35 B BRI e
£ 6 h PIASBIEE 5 0 7= 2% 3R 1 U 3R Rl 4
SN B IE% X T E AR ER A it e A
RIS, B R A R =, (B, X T
TERIR LA W T HE PRI R, 3RA5 57 A
ST, FAN, MR IR B A
REEF (F BRAM) AERS, EH8 % A4 T 156 S 17,
AR T B 22 S5 B 7= 4 (B 5 2R HJECT
FR) P = G A U R 1 B S LR i
JI%, T R = 46 R L g e TR P S 0.
2.5 EUFIMESER

DA 2,3- A HZE IR 410 Pd 98 KA R
SERUR NG, BB 1 h, FE FREW, RE
IAK R Z B A VR 10 min, B0 J5 4 [ 14 2023
TR ISR . 32 5 2 300 2 5 T A P R
g NF 5 ATLUIE Y, PA-NPs JEHFIH 3 Wk, ##
A0 B T W 250 72 ) B 2 R v, 22 ok o 4 A
I VA W AR AL 0 A 28R, AL F2 B
T RAF R E P

x5 BAFIBERFA
Table 5 Catalyst recycling

Cycles Yield/% Catalyst recovery/ %
1 99 95
2 95 96
3 92 93
3 &g

Ph2,3-Z 8 5 LA, K, PdCL, o 4 )@ Hij 9K
A, #4790k Pd EALF (PA-NPs). HIRH KT
PLHAHEIR, ACHIER, 2K MR, HF58 T Pd-
NPs X 55 F 1 2 Ak A 1 15422300 D B Ak 5 o7 1) 52 ).
SERFW . AR I 99% , HizAE YA f#
ERIFEPEERE I 3 W, MILERE R R Ry, HA
T R Tl FH 5
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Study on Preparation of Palladium (0) Catalyst by Diazotization and
its Application in Synthesis of Aromatic Amines

WU An-qi', LIU Si=xin’*, WANG Gui-ping’ ", WANG Bo'"
(1. College of Chemical Engineering and Technology, Hainan University, Haikou 570228, China;
2. College of Science, Hainan University, Haikou 570228, China;
3. Shandong Shouguang LuQing Petrochemical Co., LTD, Bohai Chemical Industry Park,
Yangkou Town , Shouguang 262715, China)

Abstract: A nano-catalyst ( Pd-NPs) was prepared by diazotization using 2, 3-diaminonaphthalene as the ligand
and K,PdCl, as the metal precursor. lis structure was characterized by TEM, XPS, XRD, EA and ICP-OES. Then
the catalyst was used in the direct reductive amination reaction of aromatic aldehyde compounds. Using benzalde-
hyde as substrate, water as solvent and H, as reducing agent under normal temperature and pressure, the influence
of variables such as amine source, the solvent pH, the amount of catalyst, and the reaction time were investigated.
The results showed that the yield of aromatic primary amines was up to 99%. The catalyst could be used for many
times without deactivation.
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