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dyes, which is usually used in the dyeing of cellulose fibers and synthetic fibers. P-(B-hydroxyethyl
bldfo@)a@niline is an important intermediate for the synthesis of para-ester. In this paper, p-
(B-hydroxyethyl sulfone) aniline was prepared by electrochemical method, having the advantages of
BaiHehBedy¥8Imild reaction condition, less environmental pollution, easy reaction control and so on. It
Raatetksrd-abesriprait@tariaal GRainrpiitgabapbhbain HipMsspirofsiencarded derbaaiodycEbansiai
RARDHe/MBaydrdK@eRN SiedhEdN a lead plate electrode to prepare p-(B-hydroxyethyl sulfone) aniline
was investigated, and the reaction was carried out in a two-cell cationic diaphragm electrolytic cell. The
é Ry Rd ﬂ_:;\'bmeters, such as current density, electricity quantity, temperature and concentration of

%H’ ce%%dzwgrr]egﬁrstly optimized to achieve a desirable current efficiency and excellent yield of p-

ey dopyeibulSiulfppeoheiinea s teringtirast consitions épsiment densite a8 AafinsissirisHinghai
408Ra,: Ghimemerhasa@erari-edroeT, sulfuric acid concentration: 1.5 mol-L"), the current efficiency
and yield of the target reaction reached 92.7% and 93.0%, respectively. Moreover, the introduction of 2.0%
mass fraction of titanium sulfate additive to the electrolyte could indirectly alleviate the problem of slow
diffusion rate of raw material in the late stage of electrolysis, which, in turn, could further increase the
yield to 97.8%. At the later stage of reaction, as the concentration of raw materials decreased, the
difference between the concentration in the body solution and the electrode surface became smaller, and
the diffusion rate of raw materials from the solution to the electrode surface became slower, resulting in a

slow reduction reaction rate. After adding titanium sulfate, Ti** was mainly diffused to the electrode

surface in the late reaction solution, and Ti®* with strong reducing property was reduced on the electrode
surface. The p-nitrophenyl-3-hydroxyethyl sulfone and hydroxylamine intermediate of low concentrations
were reduced to p-(B-hydroxyethyl sulfone) aniline, thus, improved the yield and current efficiency. The
reduction of p-nitrophenyl-B-hydroxyethyl sulfone to p-(B-hydroxyethyl sulfone) aniline was determined by
cyclic voltammetry and high resolution liquid-mass spectrometry. First, p-nitrophenyl-B-hydroxyethyl
sulfone was reduced to hydroxylamine intermediate by 4 electrons, and then hydroxylamine intermediate
was further reduced to p-(B-hydroxyethyl sulfone) aniline by 2 electrons, and the whole reaction process
was a 6-electron reaction. This method provides a new process route for the syntheses of p-
(B-hydroxyethyl sulfone) aniline and para-ester, which is beneficial to solve for the problems of
environmental pollution and high production cost in the current production process.
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Figure 1 Mass spectrum of p-(8-hydroxyethyl sulfone) aniline
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Figure 2 Infrared spectrum of p -(B-hydroxyethyl sulfone)
aniline (color on line)
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yield of p-(B-hydroxyethyl sulfone) aniline (color on line)

BRI SE AT, =] 155 100%.,,

XFFIZ RN AR, N AT A = AR A oy
FBE A SRR e TR B B RN AT R
W BERRAIG, P2 e v Tl i o T vy, 2 B S g AR Sl
Jpi v (] Rk — 2 3 J A B - (8- £ AR ) iz
PR I 7 SR R B R, 23 R A 2 PR L (6.0
F-mol) i, I P2 2k 93.1% , 4k £L 1 fin s v
FEER TR EEAR N, 3K R Sy B A R N )
17, FARIR P R MR BE AR, 7 0 A i 0
%,

T2 S5 IO P L S8 2050 23 Bt o 30 P o P 348 o 2 B
JEHE K5 N R B, 7E BRI B (6.0 F-mol™)
B, FLRAICR A, Sk 92.7%, 3 L /N HHE H i
i, P A AR 3 2 ) P e v TR AR, H AR AR
M 2438 F R PRI R A, FE A AT SR,
MIREAR T AR, I, 28525 RS HL AR
PR W G R (6.0 F-molt) S A
i,

3.3.4 REERF

FER ML 2R G RN T, T 23 52 e JER
(TR, RO (143 F AR5 | DT s i) e 26 Jz v 4%
S, EMERSE T IR XHZ N (52, 45 R 10
fizw, ol LUE B, BEE IR T, IR SCR S5 7
R IS KRN R 7E 70 °C B =ik
B R,y 93.8%,, il THE iy, — 5 Tl FRHERR
TR /K VA TP RS A R In 53— T LA S 7
S0 N [ 5= 17 S S 7 = WO [

120 120
—=— Current efficiency
*— Yield
< 100} e {100
P /
: . /\‘
3 80 p o ~, 180 2
;.% /) §
S A e
= 60 7 60 >
=
O 40F o 40
20l o0
3

4 5 6 7 8
Electricity quantity/(F-mol™)
B9 XX - (B-FR SRR ) AR L TR AN = A 5
Mg ( 0 285 REORZ & )
Figure 9 Effects of electricity quantity on current efficiency
and yield of p-(8-hydroxyethyl sulfone) aniline (color on line)



-504 - LA FTR- 2021 4F:
P T B T 20 RS IR, DA TR 726 100 —Curaettoiosy |
(I, FHES 7 IR il B B A, X T —e Yield '

LR 7 A R SR R A ] 25 s % 108

BHTF, HRE 65 °C ~ 70 °C B AR IR L, A% 2 ol log «

SRS 70 °C 1E R R IR . 2 5

3.3.5 BRI A Z ol lou 2
TR LEB RIS, UL E L,

SRPRFE T BRI HEXT RN O, P 11 G

TAEAR BRI B A F AR B0, 7T LA ) I—

Hh BEE BRI BE 1 T e AR I RS A
Ay (HZ7E 1.0 mol- L ~ 2.0 mol - L™ (B R ik
JESERIN, PR AR, YITE 91.0% ~ 93.0% 4
A, PR AT DI R e T2 R v B 5 B P, %o 2z )

96 96
—=— Current efficiency
—e— Yield
K94y S 194
= \\
= o N
o2} j L 192 3¢
= / \\\ i
© / NN 8
290} i N 190
15} M h
;E) BEL T 188
86 86

5‘0 5|5 6|0 6|5 7|0 7|5 86
Temperature/°C

10 JEEEXIXT - (B-F8 2 HEMN ) 24 e B i 5 3 1 2 1) 5 i

(M2 D)

Figure 10 Effects of temperature on current efficiency and

yield of p-(B-hydroxyethyl sulfone) aniline (color on line)
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Electrochemical Synthesis of p-(8-Hydroxyethyl Sulfone) Aniline

Hao Guo, Dong-Fang Niu®, Shuo-Zhen Hu, Xin-Sheng Zhang"
(State Key Laboratory of Chemical Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: Para-ester is the most important intermediate for the preparation of ethylene sulfone type reactive dyes, which is
usually used in the dyeing of cellulose fibers and synthetic fibers. P-(8-hydroxyethyl sulfone) aniline is an important intermediate
for the synthesis of para-ester. In this paper, p-(8-hydroxyethyl sulfone) aniline was prepared by electrochemical method, having the
advantages of simple process, mild reaction condition, less environmental pollution, easy reaction control and so on. It has strong
development potential and industrial application prospect. The electrochemical reduction of p-nitrophenyl-3-hydroxyethyl sulfone
on a lead plate electrode to prepare p-(B-hydroxyethyl sulfone) aniline was investigated, and the reaction was carried out in a
two-cell cationic diaphragm electrolytic cell. The electrolysis parameters, such as current density, electricity quantity, temperature
and concentration of sulfuric acid, were firstly optimized to achieve a desirable current efficiency and excellent yield of p-(3-Hy-
droxyethyl Sulfone) Aniline. Under the optimal conditions (current density: 300 A-m?, electricity quantity: 6.0 F-mol?, tempera-
ture: 70 °C, sulfuric acid concentration: 1.5 mol -L%), the current efficiency and yield of the target reaction reached 92.7% and
93.0%, respectively. Moreover, the introduction of 2.0% mass fraction of titanium sulfate additive to the electrolyte could indirectly
alleviate the problem of slow diffusion rate of raw material in the late stage of electrolysis, which, in turn, could further increase the
yield to 97.8%. At the later stage of reaction, as the concentration of raw materials decreased, the difference between the concentra-
tion in the body solution and the electrode surface became smaller, and the diffusion rate of raw materials from the solution to the
electrode surface became slower, resulting in a slow reduction reaction rate. After adding titanium sulfate, Ti* was mainly diffused
to the electrode surface in the late reaction solution, and Ti* with strong reducing property was reduced on the electrode surface.
The p-nitrophenyl-3-hydroxyethyl sulfone and hydroxylamine intermediate of low concentrations were reduced to p- (8-hydrox-
yethyl sulfone) aniline, thus, improved the yield and current efficiency. The reduction of p-nitrophenyl-8-hydroxyethyl sulfone to p-
(B-hydroxyethyl sulfone) aniline was determined by cyclic voltammetry and high resolution liquid-mass spectrometry. First, p-nitro-
phenyl-B-hydroxyethyl sulfone was reduced to hydroxylamine intermediate by 4 electrons, and then hydroxylamine intermediate
was further reduced to p-(B-hydroxyethyl sulfone) aniline by 2 electrons, and the whole reaction process was a 6-electron reaction.
This method provides a new process route for the syntheses of p-(8-hydroxyethyl sulfone) aniline and para-ester, which is beneficial
to solve for the problems of environmental pollution and high production cost in the current production process.

Key words: p-nitrophenyl-g-hydroxyethyl; p-(8-hydroxyethyl sulfone) aniline; electrochemical reduction; titanium sulfate
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