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Green catalytic oxidation of p-chlorobenzyl alcohol
to p-chlorobenzaldehyde

YANG Fengke, YUAN Shishen, ZHANG Yongfu, NIU Pengcheng, RU Yuging, GAO Weiwei®
( College of Chemical Engineering, Qingdao University of Science &Technology, Qingdao 266042, Shandong, China )

Abstract: A green synthesis method of p-chlorobenzal dehyde was achieved from p-chlorobenzyl alcohol
using hydrogen peroxide and copper salts as oxidant and catalyst, respectively. The effects of type and
amount of copper salt, anount and dropping time of hydrogen peroxide, and reaction temperature on the
yield of p-chlorobenzaldehyde were investigated. The optimum reaction conditions for the synthesis of
p-chlorobenzaldehyde were obtained as follows. Cu(CH3;COO),*H,0 as catalyst, n[Cu(CHzCOO),*H,0] :

n(p-chlorobenzyl acohol) : n(hydrogen peroxide) = 1.0 : 100 : 300, water as solvent, reaction temperature
of 96 °C and reaction time of 2 h. Under the above-mentioned conditions, the conversion rate of
p-chlorobenzyl alcohol was 93.1%, the selectivity and yield of p-chlorobenzaldehyde were 97.7% and
91.0%, respectively. The catalyst-containing water phase was recycled, and the yield could still reach above

85% after being recycled for 4 times.
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11 RFENEE

AR EE (R =97%), Wk E R IEHf
TR A PR A W U8 B | 0 U8 B R
CuSO4#5H,0 . Cu(CH3CO0),*H,0 . CuCl,»*2H,0 .
Cu(NO3)*6H,0 . FHlI R [ Cu(BFs), ) /K (i
BB 45% ), AR, BTHi Tk ( i) HRRAF
EALE (TR 30%), AR, Kt Bors 4
et F R A RA R RO, AR, & AN
ik TAHBR A H

GC-2010 Pro B AH AR, By E s ()
FHIRAT; Advance 500 A% REILYR I REAL, fiE[E
Bruker 2\ #] .
12 NEFFEHER
121 ARFiE

XPERHEE (1) ZEMRERIERAT S atA
S A B R RS () AR (). &
BN T R

HO
OH =0 0)
H,0,
—_—> +
S 5 &
Cl Cl Cl
I I m

122 &SR ERE

] 500 mL FAPUIEFE . 28008k S 1
SO mAEY 150 g (345 mmol ),
Cu(CH3COO0),+H,0 0.69 g ( 3.45 mmol ) #1300 mL
EETK, THEZE 75 °CHEFE 10 min LIFE /0 TE B
R AW, RIGHESTHRE 96 °C, FFHRTH
I 34 30%id 48 AL UK ¥ ik 117.3 g(1.035 mol ).
1 N 1 W K 28 S R i, PR R AR
SO N S 2R R A ], #E 110 min PR
AL SR N SEEe, AREEPE RN 10 min, N 5
EEVRHNZE i, 5 S I R A4 R R USOR b [E AR
H TG BRI E A, BUREF 2R O TR
Vi, HEATSAHEIE ST, SRRSO TR E A
Wy o i O BRI R] AR R ] A Y B RO
AR | EERME R, Hodh sk fE 30l 93.1%,
Harr=9 Tt 97.7%, A i Bl P-4 A
K, AT PIE 91.0%.

K Z RO A IF S AT U RS 1R, 15 8A
M r=fh, 77 GC 4l 1k 99%L) |, 4545 . 48~49 °C
( CHE®: 47.5°C ), *HNMR (500 MHz, CDCl3), 6
7.52 (d, J = 8.4 Hz, 2H), 7.83 (d, J = 8.4 Hz, 2H), 9.98
(s, 1H); *CNMR (125 MHz, CDClj), ¢: 128.93,
130.36, 134.16, 140.39, 190.31.,

1.2.3 #aml ik

SR A G5 ASO 7= Wy A A 43 A7 o i A «
OV-1701 4 E 4045 (4 5% 4 ( 30 mx0.32 mmx0.5 pm );
K . FID KaUlas s dEFERD . 0.2 uL; HEFE IR
280 °C; Kl #$ 15 . 280 °C; #Fik: RABFETHE,
VIR EE Jy 150 °C, %8 1 min, Ll 10 °C/min TH&
% 230°C, 8 1min,

2 GRS

21 FERAERMLEY TRRHZNE
211 1ERAAEE R Ee s DI E a3 R
I U AT RN, IR TIOR3
Wi, F&T Cu™RENS 5 WM e o, A [ A 5
B R FIE AL, 43 3R Cu(CHZCOO),#H,0
CuSO4#5H,0 . Cu(NOs),*6H,0 . CuCl»»2H,0 . Cu(BF,),
YEREAET, 4208 n(fiEALH]) © n(fbA4 1)=1.0 : 100
AT 5 58 o HAD SIS AR BRIA) 1.2.2 75, S5
ERLZ 1, R 1A, AREREARERE AL
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FEE, a1 ARG 1B A,
JEL IR AT RE B ES X Cu SRR 25 A= W R i
R TR AL A TR R T 355 86%1A I,
Hrp, 24 Cu(CHSCOO)*H,O NI, L&)
IR, AIik 91.0%, KHitt, Cu(CHsCOO)x»H,0
SRZ N ) A

1 EFIFNEX G ORISR
Table 1l Effect of catalyst type on yield of compound 1I

fiEfes LRI PEEEIEI%” 1%
CU(CH4CO0),*H,0 93.1 97.7 91.0
CuSO,*5H,0 95.2 90.7 86.3
Cu(NO3),*6H,0 95.7 924 88.4
CuCl*2H,0 95.0 91.6 87.0
Cu(BF), 95.4 90.4 86.2

Dbt L rFALR; Qe TR, TR,

45, %557 Cu(CHsCOO)»#H,0 S5ikay 14
T PGS TGRS, HfthSe s 24k
BRIR) 1.2.2 77, LRSI ILE 2,

F 2 Cu(CH3;COO),*H,0 H1bG4 T Wiy &t LbXf b &
P TR 200
Table 2 Effect of molar ratio of Cu(CH;COO),*H,0O to compound
I onyield of compound 1T

[ Cu(CH3CO0)#H,0 ]

At 1) HALRI%  BEEEPE% 1%
05: 100 87.4 96.4 84.3
1.0 : 100 93.1 97.7 91.0
1.5: 100 89.1 955 85.1
2.0:100 82.0 953 78.1
3.0: 100 66.6 94.7 63.1

H1Z% 2 1A, BE# Cu(CHSCOO)#H,0 S1L53 %)
I Wi o L B35, fb A9 TIOR8 Xk &
WAL R BRI ING FHRMBEE . Y
[ Cu(CH3COO0)*H,0 ) : n(ft&4 1)=1.0 : 100 K,
AW TR . BN RAAY T AR m .
24 Cu(CHsCOO0)2H,0 H1b&9 1 Wi teitt—2
Frimht, tbAY TR KIERRE, R e cu®
YR A R 5 SR AAR R P ) R O B T — S5y
ROEMZAY, RS T RN T, MSE8k s
1T SR BFAR . IR, Cu(CHSCO0),#H,0 Stk e [ %
FEYI R R = R 1.0 ¢ 100,
2.1.2 SRACER T RIE m it KA 1k F 4

e

R AR SHAEY 1 YR e &9
M rysmy, oAb S5 &R BRI 1.2.2 95, 25
R 3,

# 3 HEAAGHEY 1 YA TS Y TR
)5 )
Table 3 Effect of molar ratio of hydrogen peroxide to
compound I on yield of compound 1I

”iﬁfﬁfﬁ ): Belrive  HEEERESS TR
28:1 87.6 96.9 84.9
29:1 90.7 97.1 88.1
30:1 93.1 97.7 91.0
31:1 95.0 89.0 84.5
32:1 96.3 86.7 83.5

2 3FTLIAEH, M n(dALEA) : n(fk AW 1) =
30: 10F, kAW MRS, J 91.0%; 4 n(il%
TLE) : n(fb&9 1)<3.0 : 10, a9 1 ket 2
FIAK, BED 1 AR, L&Y T ICRAL;
MG EALR) - n(fb S 1)>3.0 : 11}, k&Y 15
RGP, (EALEY T BERRPERRARAR, eRl
B B, SRR S5hEY 1 REY R &L
h30: 1,

GyAh, A I AR I AR A A IR R 4 TR
DJ[1B%Y ST ) | BU s RURS = Vi S B 87 ) [ I ) | et =
Jo AR SRR FE R Y 10 min, Hifth 5256 &4 A BR
A 1.2.2°77, SLEEERILE 4,

x4 HEAETH MRS TR 520
Table 4 Effect of dropping time of hydrogen peroxide on
yield of compound II

T < /min AL 1% PEREMEI% %1%
70 90.7 935 84.8
80 922 95.2 87.8
90 25 96.4 89.2
100 928 97.4 90.4
110 93.1 97.7 91.0
120 927 97.3 90.2
140 92.7 95.6 88.6

R 4 7151, Yl A L S INEHCAE 110 min L
PSR, BEE A R, I R e, e
YR it b &Y 1 FAL RIS A Tt e . R
PRI ] B2 it o 2 S A T I 3 s 12, BN ]
RV R it E A SR A, A ffdscts, A bt
TR, ARFRMAIT. M
#1210 min J5, BEFETRENER AR, fbAY Ik
PEVE TR, M EBLE TR TR B AT R
BRI S ] S 3 A a4 AR 2 BT R )
M. FHik, kT s e st A AL S 53 SR
Wi E AL, S E AL SR I R BERE A 110 min, Jf5)E
.
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7E 80, 90 F1 96 °C (f£ 96°CF, tba¥ I 5Kk kA
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Table 5 Effect of reaction temperature on yield of compound

A 85.3%, T SLIHEAE A LI,
L FEAE AR IR 4 WS, MRS AT U S i A
1/ LRI PE A S R AT A8 BAL, %M 138 mg( 0.69 mmol )
Cu(CH3COO0),*H,0, FIK N, Wik 89.6%:
TR AARN SR IR AL B 57 T 2 A B
FIH, HA=AER, ST kA,

6 EHEALFKAREER ORI A 4 TSR 52 0

I Table 6 Effect of cycle times of agueous phase containing
EIC AR I% HEREE% 1% catalyst on yield of compound I

80 78.6 97.4 76.6 PEAKELIR HALFI% HEREME% %1%
90 87.3 97.6 85.2 0 93.1 97.7 91.0
96 93.1 97.7 91.0 1 92.6 94.8 87.8
2 9R.7 93.7 86.9
M 5 ATLAAE Y, Y SOy it BE I T R I 3 920 933 85.8
B 1 EALREAR, a1kt 22 2 A0, 4 921 926 85.3
RIL, BEEERAE ROV IR EE SN 96 °C . 5 9.7 96.7 89.6

15 8 A o AR B AR
Cu(CH3COO0),H,0 fEMEILF, nl Cu(CH3CO0),#H,0 ]
n(WECE L) © n(iH 4L 5E)=1.0 : 100 : 300, KAE
W, 96 °CIN 2 ho TEBLAMET, X &K s
fb% R 93.1%, XKD 97.7%, R
35 91.0%.

22 EAFIRBFIEIRFABELE

# 1.2.2 5I2E0 TR RN S AR KA A D
Gk 2 300 mL, #ATIEAFIH, MARY G iR ZE
75 CHicFE 10 min LUE sEL - IR 45 &9, HoAtb
SIS ARVERE IR 1.2.2717, SCERL5RILE 6, K 6
ALAL, YR K ARTERR 4 ke, A Tk

Ph

cl

H,0, HOCH,PhC1

HOCH,PhCl+ Cy2 Cu(OCH,PhCl),
I : i
|
(HOCH,PhCl), cl” Ph
D)

I rmo bu
H 7/

23 EUELERUEEY T HVERT

SCHR[19-21]4R3E T CuP i fl T UK ALk 35
M Az o7 HE R LI, AT AT DA AR SO AL A SC
BREEAR — 2, AR D4R T mi s i A ([
1), B CHKRY (1) BRMIGHEY D, 1E
AR EAETE PR R CU S 5 AL A
A IR a R O3 A I3 5 AR PP 3 S A il —
ITK, FAERI R T EMATRE, EWR Tk
A IR B, Tk B 5id S AL AU E i Bk cu™
&AW C, B 1 A5 A R A B I CuP E G
WA,

o

H @)

/ H,0,
7/
(HOCH,PhCY),
B)
H OH
o\o |
2+
Euz* HO— 0~ . -
(RN OCH,PhCI),
(HOCH,PhCY), (© (HOCHPHCI
H,0 HOCH,PhCI

Bl 1 CuP b SRR AL T T RE R T

Fig. 1 Possible reaction route of Cu*" catalyzed oxidation of hydrogen peroxide oxidation of compound I
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3 #Hit

o B PR 28 S0 P Ak R S Y A A SR Ak A
AR T 240, B T AR 2644 R
Cu(CH3COO)*HO 1EMEALF, it fb BRI, H
n [ CU(CH3CO0)»#H,0) : n(W 4 A H ) : n(it Ak
Z)= 1.0: 100 : 300, /KAEHH, 7E 96 °CHI M
NZEL, RN 2 h, FEBLARME T, X S0R H i
fEFN 93.1%, M@ EEREPETER 97.7%, Yk
ik 91.0%. MALFIIEIR 4 R, XFEU0R H R4 ]
ik 85.3%., AfFILROALE . R ILETE =
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