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Continuous synthesis of 4—bromo—-3—methylanisole in modular
microreaction system

XIE Pei, WANG Kai, DENG Jian, LUO Guangsheng
(The State Key Laboratory of Chemical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: With the development of microreaction technology and the key issues of liquid-liquid batch bromination
process for the synthesis of 4-bromo—3—methylanisole, a modular microreaction system was constructed by taking
microreactor and microbead—packed bed as the major functional microdevice units to intensify the bromination of
methylanisole. And in this modular microreaction system, the liquid—liquid heterogeneous continuous bromination
of 4—bromo—3-methylanisole was studied. The following optimized conditions were obtained, concentration of Br,
(x50): 17.5 wt% , molar ratio of Br, to methylanisole (n,,/n,): 1.01, initial reaction temperature (T): 0°C, residence
time (7): 0.78 min, with yield of 4—bromo—3-methylanisole more than 98%, and percentage of polybrominated side
product less than 1%. Comparing with the conventional batch process, the continuous microreaction technology has
obvious advantages. For example, it can change the traditional batch process to a continuous one with a significant
increase of productivity (space time yield: 6.5X10" kg/(m’+h)). Besides, since this process is mainly controlled by

mass transfer, the modular microreaction system with excellent mass transfer could reduce 50% of polybrominated
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side product. The study might provide a good foundation for the continuously controllable synthesis of 4-bromo—3-

methylanisole in safety.

Key words: microreactor; static mixer; methylanisole; bromination; continuous synthesis; process control
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Fig.1 Reactions in methylanisole bromination process
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Fig.2 Experimental set—up of the methylanisole bromination reaction system
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Fig.4 Effect of initial reaction temperature on the product distribution

N o — Tl B3Rk Z2 AR 1 B o /N e, R
hBRd Z R PR R ORI, SR RERE R
AR K 9 ] &, PRI, o 36 9% s g it A A
FIE
22 RREZYECEE

Br, 5[] FH 5625 Y ik 1) B 7 EE X T VR Ak N 1Y)
VAR & BR 5, AT LA [R] Asf 52 mie ) FE 352 R gk 19 7 4k
RN R, LA R A& 5 R . Rt ]
DA T[] FEY 5624 FE ik 114 27 A3 A 45 -3 - DR
ik 9 USSR 24 B, i Bt 29% B 8] YRR HE ik ) % £k
BN 3K 99% , 45 -3 FLIR H ik () SR T8 51 98% .
{EL ) B, B R ) iz o7 A, e 1 i, ) A e A 4R
T, MR R 19% B Y, BT 1%, B n,, /
oy T B AR R AE 1~1.01 22 8], LUBA A 7 5 1 5
o FULRTLUE 2 R Nl R R b i) o A 4%
il 73 G
2.3 HBriRkE

FE IR AR S5 A TR AR S L B v B, S 1 il AE

HBr /KR, SR 5 P38 R AR U 775X, E A [a] 3
4 VR i it R 2 YRR SN o 0 o A — YR R R S
T3, AT DAREAR S 0y ) el 3, S AR R 4, (E= X
TAZARZN 5 HBr ik BE I 23 52 i sLAL 2 i PR B,
F 1R, B A HBr BT 2 50 10.0% #2 7+ &
33.0%, Z LRI =P 0 & it 0.78% TR & 2.38%,
Ul BT HBr V¢ 8 19 452 1= 23 i 22 V6L 1) B 1 kA
X, Y, 7 HBr 5T 73 $0Ch 20.0% WA 7E S ({8
X A2 32RO R IR R RN S I 25 SR #F HBr vk
FERARIT , 32 50 09 5 4 g T a8 5 7 S Lk B v T
— BT, RN A 5 G S e, DT 3 B T
X HY ST fE R R
24 Br,KE

W OUT RN Pk B 38 A A RO
BRI LA K= Re i T . fEZR R P, Br iR
XoF 2 7 FR A 5 e AN 3% 2 BT 7R o Bl Br, B9 0 i 43
U 15% $5 T+ 2 25%, 8] B 356 2R Y I 7 e £k 36 f
96.8% T+ 2 99.7% , (A [R] I} Y, A 384 Ry ke 1) =



25940 www.hgxb.com.cn + 4173 -
100 99
98 -
98
X X 97
AN <
> o
95 -
96 -
96 |-
94 1 1 1 1 L 94 1 1 I 1 1
0.96 0.98 1.00 1.02 1.04 0.96 0.98 1.00 1.02 1.04
Mgy, /iy Mgy, /P

() Xoony =M1,/ Mt (0) Yieta=Mpry/ P

20

05

0.96 0.98 1.00 1.02 1.04
e /Myt
(©) YBP'”BrZ/nM

IS5 S REYBC EXS 700 A BRI (Q 4, =49.1 ml/min, Q,=8.5 ~ 9.1 ml/min, x,, =17.5%, x,,,=13.2%, n, /n,=0.96, 0.97,
0.99, 1.00, 1.01, 1.02, 1.03, T=0°C, z=0.78 min, GC Il & Fr i 2=/N T 0.05% )

Fig.5 Effect of molar ratio of reactants on the product distribution

®1 HBriREXN=¥5HEI7Mm

Table 1 Effect of HBr concentration on the product

distribution
TiH 1 2 3 4 5
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X, 1% 9727 9828 9938  98.56  98.06
Y% 96.48 9721 9790 9724  95.68
Yy 1% 0.78 1.07 1.48 1.32 2.38
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Table 2 Effect of Br, concentration on the product distribution

b5 Qg /mUmin) 0 /ml/min)  Vbe,/%(mass)  xyy, /%(mass) e/t T/C o/min X, /% Y, /% Yyl %
1 49.1 7.7 15.0 15.0 1.01 5.0 0.78 96.82 95.98 0.85
2 49.1 9.1 17.5 15.0 1.01 5.0 0.78 98.28 97.21 1.07
3 49.1 10.3 20.0 15.0 1.01 5.0 0.78 99.45 97.34 2.11
4 49.1 13.8 25.0 15.0 1.01 5.0 0.78 99.69 97.09 2.60

GO = ARMENR 25 /N F 0.05%

R3 WMENRGSHHESMRUERITLL
Table 3 Comparison of bromination results between

batch and microreaction system
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