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Abstract: Benorilate, a non-steroidal antipyretic and analgesic drug derived from the esterification of aspirin and paracetamol, has
demonstrated favorable clinical efficacy. Although existing preparation methods for benorilate are well established, efficient and
practical synthetic routes remain limited. Many current approaches suffer from drawbacks such as high energy consumption,
prolonged reaction times, and low yields. Therefore, the development of efficient and operationally simple synthetic methods is of
considerable importance. In this study, a novel continuous-flow synthesis process for benorilate was developed using salicylic acid
and 4-aminophenol as starting materials under mild conditions. Based on continuous-flow reactor technology, the four-step sequence
involving the synthesis of acetylsalicylic acid, acetylsalicyloyl chloride, acetaminophen, and benorilate was transformed into a
continuous-flow process. The reaction time for each step was significantly reduced to several minutes or even tens of seconds. The
isolated yield of the target product reached as high as 98.25%. This process not only significantly improves the reaction efficiency
and product purity but also ensures stable product formation through precise control of process parameters, while markedly reducing
energy consumption and safety risks. These findings strongly support the application of continuous-flow technology for the green
and efficient synthesis of pharmaceutical compounds.

Key words: benorilate; continuous-flow synthesis; microchannel reaction; acetylsalicylic acid; acetylsalicyloyl chloride;

acetaminophen
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Fig.1 Common synthetic process routes for benorilate
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Fig.2 Continuous flow synthesis of acetylsalicylic acid
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Fig.3 Continuous flow synthesis of acetylsalicyloyl chloride
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Fig.4 Continuous flow synthesis of acetaminophen
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Fig.5 Continuous flow synthesis of benorilate
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Tab.1 Optimization of retention time, pyridine amount and
temperature
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Entry Rejtention Temperature ;ﬁ;f;le ) STY D%
time /s /°C
mmol
1 200 25 10 98.22
2 100 25 10 98.56
3 70 25 10 98.41
4 50 25 10 98.55
5 30 25 10 98.67
6 30 20 10 98.43
7 30 30 10 98.51
8 30 40 10 98.51
9 30 50 10 98.55
10 30 25 4 99.37
11 30 25 6 99.10
12 30 25 8 98.97
13 30 25 12 98.38

e B 0.5 mol/L AKAHERI LEEVEWE, 0.6 mol/L ZERIEFH)
LWV, 4mmol HERE, 25°C R, REAWTIEA 30s. 1) STY = space
and time yield.
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K73 MRS, REK SIS TR S B A%CER
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Tab.2 Optimization of retention time and concentration of
aminophenol
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Retention Concentration /o,
time/s of compound 3a/(mol-L) STY V1%
100 0.1 100

@ W

Entry

0NN B W=
—_
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(=]
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e KB 0.1 mol/L X EEEMIH LB EH, 0.11 molVL LR
BF R, 25°C R, {REARTEIN 10 s. 1) STY = space and time
yield.
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Tab.3 Optimization of acetic anhydride amount and
temperature
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Entry 2a amount / mmol Temperature/°C STY /%
1 4.8 25 98.31
2 4.4 25 100
3 42 25 98.21
4 4 25 99.17
5 4.4 30 100
6 4.4 40 100
7 4.4 50 100

e KB 0.1 mol/L X EEEMIH LB EH, 0.11 molVL LR
BF R, 25°C R, {REARTEIN 30s. 1) STY = space and time
yield.
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Tab.4 Optimization of retention time, concentration of
acetylsalicyloyl chloride and temperature
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Concentration

Entry l;frtg/l;?: of compound Tem;/)f (r;ature STY Y/%
5a/(mol-L-D
1 30 0.1 25 41.39
2 214 0.1 25 65.67
3 16.7 0.1 25 81.73
4 15.0 0.1 25 81.13
5 12.0 0.1 25 78.81
6 8.6 0.1 25 71.97
7 7.5 0.1 25 82.31
8 7.5 0.15 25 90.16
9 7.5 0.2 25 84.81
10 7.5 0.3 25 98.25
11 7.5 0.3 35 94.78
12 7.5 0.3 45 87.34

TSRS 0.1 mol/L X ZBEEHEE, T%HI A S BAKIEW, 0.3
mol/L ZHi/KHBEE, 25°C kB, TREARIAIY 7.5min. 1) STY = space
and time yield
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Fig.6 "H NMR spectrum of benorilate
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Tab.5 HPLC data of benorilate
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