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a b s t r a c t

Balsalazide disodium is an effective drug for alleviating ulcerative colitis. It slowly releases 5-

aminosalicylic acid in the intestine. The traditional synthesis methods of balsalazide disodium exhibit

high risk, high pollution and low efficiency concern. Thus, we innovatively develop a four-step route

for the large-scale production of balsalazide disodium in continuous flow. In this work, methyl 3-

aminopropionate hydrochloride was subjected to acylation and hydrolysis reactions to obtain the nitro

intermediate with a selectivity of 99.55%. Micro-hydrogenation reactor filled with Raney Ni catalyzed

three-phase reaction improves conversion and selectivity. In the diazotization and azo coupling reactions,

the optimal equivalents of salicylic acid and base were determined. With the aid of response surface

methodology, the influences of reaction temperature and residence time on yield were systematically in-

vestigated. Under the optimum conditions, the experimental yields coincided with the predicted yields.

Compared to batch experiments, the continuous process achieved a total yield of 66.1 % and a purity of

99.63% in 13.1min.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Ulcerative colitis (UC) is a lifelong inflammatory disease with

an increasing prevalence worldwide [1,2]. Balsalazide disodium is

a 5-amino-salicylic acid (5-ASA) prodrug that is broken down in

the intestine by azoreductase to produce 5-ASA [3]. 5-ASA allevi-

ates inflammation by blocking the production of arachidonic acid

metabolites in the colon [4]. Balsalazide disodium was developed

by Astra Corporation and was first approved to improve mildly to

moderately active UC in the United Kingdom in 1997 [5]. Com-

pared to other 5-ASA drugs, balsalazide disodium has high efficacy,

low toxicity, and fewer adverse effects [5].

The reported synthetic routes all start from β-alanine and se-

quentially proceed through condensation, reduction, diazotization

and azocoupling reactions to obtain balsalazide (Scheme 1) [6,7].

These routes have several disadvantages, including unavoidable

side reactions (such as hydrolysis), a large amount of waste liquids,

and low yield and conversion.

Microreactors have the advantages of fast heat exchange, high

reaction efficiency and enhanced safety, making them suitable for

the preparation of azo compounds [8–11]. High reaction efficiency

and precise temperature management keep the diazonium salt sta-

ble under milder conditions, which is conducive to the subsequent
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coupling reaction [12,13]. In the micro-packed bed reactor, the con-

tinuous hydrogenation reaction significantly improves the selectiv-

ity and efficiency of the process [14–18]. Response surface method-

ology (RSM) is an effective method for process optimization and

has been applied in various fields such as dye adsorption, pharma-

ceuticals, and materials [19–22]. With the aid of statistical mod-

eling, RSM identifies the optimal process parameters with fewer

experiments [23,24]. Therefore, we applied flow chemistry to the

synthesis of balsalazide and developed a continuous route for in-

dustrial production.

The water-only solubility of 3-aminopropanoic acid makes the

preparation of 3 prone to hydrolysis of the chloride. In the mi-

crochannel, its weak nucleophilicity amplified the formation of p-

nitrobenzoic acid (9). Therefore, we tried to replace the carboxyl

group with a methyl ester group to provide a stronger nucleophilic

ability for the amino group (Scheme 2).

In mixed solvents, organic bases are used to free methyl 3-

aminopropanoate hydrochloride and catalyze condensation reac-

tions as deacidifying agents. When pyridine was used as deacidi-

fying agent, the selectivity of 8 was only 77.3% in a residence time

of 60 s (Table 1, entry 1). When increasing the alkalinity of the

deacidifying agent, both Et3N and DIPEA provided over 99% selec-

tivity for intermediate 8. Compared to DIPEA, the inexpensive Et3N

offered a higher isolated yield (Table 1, entries 2 and 3). In addi-

tion, we found that the ratio of MeCN to H2O in the mixed solvent

had little effect on selectivity. The substrates were well mixed in
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Scheme 1. The synthetic route of balsalazide in batch method.

Scheme 2. Continuous synthesis of 8.

Table 1

Optimization of reaction conditions for 8.a

Entry Solvent Base T (°C) tR1 (s) 9 (%)b 8 (%)b Yield (%)c

1 1:1 Pyridine 25 60 20.8 77.3 61.5

2 1:1 Et3N 25 60 <0.1 >99 94.0

3 1:1 DIPEA 25 60 <0.1 >99 92.7

4 2:1 Et3N 25 60 <0.1 >99 94.9

5 3:1 Et3N 25 60 <0.1 >99 93.9

6d 1:1 Et3N 25 60 − − −
7e 1:1 Et3N 25 60 <0.1 >99 83.7

8 1:1 Et3N 25 40 <0.1 >99 75.9

9 1:1 Et3N 25 90 <0.1 >99 92.8

10 1:1 Et3N 25 120 <0.1 >99 95.8

11 1:1 Et3N 25 150 <0.1 >99 91.6

12 1:1 Et3N 10 120 <0.1 >99 92.9

13 1:1 Et3N 40 120 <0.1 >99 93.5

a Reaction conditions: S1: 0.5mol/L in MeCN; S2: 0.3mol/L in MeCN/H2O.
b The content was determined by HPLC.
c Isolated yield.
d Acetone as organic solvent.
e THF as organic solvent.

MeCN without significant side reactions (Table 1, entries 4 and 5).

When MeCN was replaced with acetone, a large solid precipitate

formed, leading to clogging of the line (Table 1, entry 6). Although

THF also provided good selectivity, significant delamination of the

solution was observed after the reaction. The lower reaction yields

may have been caused by poorer mixing within the microchannels

(Table 1, entry 7). Additionally, we tried to adjust the retention

time and reaction temperature to improve the reaction yield. Re-

action yields showed an increasing trend with increasing residence

time (Table 1, entries 8-11). When the reaction temperature was in

the range of 10–40 °C, the reaction yield remained relatively stable

(Table 1, entries 12 and 13). Finally, the optimal conditions for step

1 were determined as follows: reaction temperature of 25 °C, res-
idence time of 120 s, and 2.20 equiv. of Et3N with a selectivity of

99.7 %.

Subsequently, we systematically investigated the continuous

process of methyl ester hydrolysis (Scheme 3). We screened three

process parameters: reaction temperature, residence time, and

Table 2

Optimization of reaction conditions for 3.a

Entry Solvent NaOH (equiv.) T (°C) tR2 (s) 9 (%)b 3 (%)b Yield (%)c

1 THF 2.5 40 30 7.3 91.2 76.8

2 THF 2.0 25 30 1.9 97.4 84.7

3 THF 1.5 25 30 < 0.1 > 99 85.3

4 THF 1.2 25 30 < 0.1 > 99 92.4

5 THF 1.0 25 30 < 0.1 95.6 86.1

6 THF 0.8 25 30 < 0.1 76.8 81.2

7 THF 1.2 40 30 < 0.1 > 99 91.7

8 THF 1.2 10 30 < 0.1 > 99 83.7

9 THF 1.2 25 60 < 0.1 > 99 90.9

10 THF 1.2 25 20 < 0.1 > 99 71.3

11 MeOH 1.2 25 30 − − −
12 MeCN 1.2 25 30 − − −
13 Acetone 1.2 25 30 < 0.1 69.3 75.6

a Reaction conditions: S3: 0.5mol/L in THF; S4: 0.3mol/L in H2O.
b The content was determined by HPLC.
c Isolated yield.

equivalents of NaOH. At a reaction temperature of 40 °C and 2.5

equiv. of NaOH, we observed the generation of the hydrolysis prod-

uct for the amide (Table 2, entry 1). This phenomenon was not

found in the batch experiments. In general, hydrolysis of the amide

bond is more difficult than that of the ester bond; however, high

temperature and strong alkalinity may facilitate it. To avoid the

side reaction, we reduced the reaction temperature and the equiv-

alents of NaOH (Table 2, entries 2-6). The experimental results

showed that the milder reaction conditions sufficiently inhibited

the hydrolysis reaction. As the equivalent of NaOH was reduced

to 1.0, HPLC detected a small amount of intermediate 8 remain-

ing (Table 2, entry 5). This reveals the incompleteness of the con-

tinuous reaction. Compared to 25 °C, increasing the reaction tem-

perature showed no obvious advantages (Table 2, entries 7 and 8).

Changes in residence time by 30 s had no effect on the selectiv-

ity of 3, but the isolated yield declined (Table 2, entries 9 and 10).

Furthermore, the use of other solvents for the reaction would re-

sult in the introduction of unknown impurities or clogging of the

pipelines (Table 2, entries 11-13). Therefore, the optimal conditions

for step 2 were determined, as follows: reaction temperature of

2
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Scheme 3. Continuous synthesis of 3.

Scheme 4. Continuous synthesis of 4.

25 °C, residence time of 30 s, and 1.2 equiv. of NaOH with a se-

lectivity of 99.6 %.

In the continuous hydrogenation of 3, we systematically inves-

tigated four factors: Gas flow rate, temperature, gas pressure, and

liquid flow rate (Scheme 4). The gas flow rate may enhance gas–

liquid mass transfer, which in turn affects the conversion and se-

lectivity of the product [14]. Therefore, gradient experiments at dif-

ferent gas flow rates were performed (Fig. 1a). When the hydrogen

flow rate was gradually increased to 30mL/min, the conversion of

3 increased to 98.4%. A higher gas flow rate might shorten the res-

idence time and lead to incomplete reactions. Therefore, a gas flow

rate of 30mL/min was selected for subsequent conditions screen-

ing.

Too low a reaction temperature may lead to insufficient reduc-

tion while too high a temperature may increase impurity content.

Therefore, we investigated the effect of temperature on the reduc-

tion activity under a gas pressure of 1.0MPa, a liquid flow rate

of 0.4mL/min, and a gas flow rate of 30mL/min. The conversion

of 3 increased with rising temperature, reaching a maximum at

60 °C (Fig. 1b). No significant impurities were detected. Hydrogen

pressure is another important factor affecting the hydrogenation

of intermediate 3 to intermediate 4 via Raney Ni in the micro-

hydrogenation reactor. In the range of 1.0–3.0MPa, the effect of hy-

drogen pressure on the hydrogenation reaction was carefully inves-

tigated (Fig. 1c). Within that range, the selectivity of intermediate

4 remained at almost 100%. The conversion of intermediate 3 grad-

ually increased with hydrogen pressure and reached a maximum

at 2.0MPa. The conversion has been increased to 99.6%. When the

hydrogen pressure was above 2.0MPa, the conversion of the reac-

tion no longer changed significantly, even with further increases in

pressure. To save energy, the hydrogen pressure was determined to

be 2.0MPa.

Variations in liquid flow rate significantly affected the residence

time of the reaction which influences the completion of the reduc-

tion. When the residence time was too short, the feedstock flowed

out of the reactor without being sufficiently reduced by the hydro-

gen on the catalyst, resulting in lower conversion. However, exces-

sive residence time would reduce productivity and increase impu-

rity content. As shown in Fig. 1d, the conversion of 3 was higher

than 99% at a liquid flow rate of 0.5mL/min. Higher liquid flow

rates significantly reduced the residence time, resulting in a sub-

stantial decrease in the conversion of 3. To improve the conver-

sion and productivity, 0.5mL/min was determined to be the opti-

mal condition. Based on the above experimental results, the opti-

mal process parameters for the continuous hydrogenation were de-

termined as follows: gas flow rate of 30mL/min, reaction temper-

ature of 60 °C, hydrogen pressure of 2.0MPa, and liquid flow rate

of 0.5mL/min. At a concentration of 0.2mol/L, the isolated yield of

intermediate 4 was 95.6% with a purity of 99.3 %.

The diazonium salt of balsalazide had good stability and was

not easily decomposed at 0–5 °C. However, it became turbid with

poor solubility when left for a long time. A small amount of solid

precipitation was observed, which could lead to the embedding

of some reactants. We attempted to improve this phenomenon

by regulating the temperature. The generation of suspended solids

significantly decreased at 10 °C, and the reaction solution became

clear and yellow at 15 °C. However, a deeper color of the solution

was observed at 30 °C and a few bubbles were produced. These re-

sults suggest that elevated temperatures can accelerate the rate of

diazotization and improve solubility, but with a risk of deteriora-

tion.

Given the good stability of diazonium salts at 15 °C, we

screened the types and equivalents of acids and diazotization

reagents (Scheme 5). Protonic acid plays the role of dissolving the

feedstock, catalyzing the reaction, and maintaining the stability of

the diazonium salt during diazotization. In terms of chemical equi-

librium, diazotization requires only 2.0 equiv. of protons; however,

at least 3.0 equiv. are often needed in actual reactions. The equiv-

alent of acid was chosen to be 3.2 (in terms of H+) to examine

the commonly used acids (Table 3, entries 1-4). During the exam-

ination of the equivalents of NaNO2, we found that diazotization

must be carried out with a slight excess of nitrite (Table 3, en-

try 5 and 6). Excessive amounts may induce a self-coupling reac-

tion and affect the selectivity of the azo reaction. Under identical

conditions, isopentyl nitrite provided a lower isolated yield than

NaNO2. The economic costs of large-scale production are relatively

high (Table 3, entries 7-9). Therefore, 3.2 equiv. of HCl and 1.05

equiv. of NaNO2 were chosen as the optimal conditions.

3
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Fig. 1. The optimization of conditions for the continuous hydrogenation of 3.

Scheme 5. Continuous synthesis of balsalazide.

Table 3

Optimization of diazotization.a

Entry Acid (equiv.) Diazotization reagent Reagent (equiv.) Yield (%)b

1 HCl (3.0) NaNO2 1.05 82.5

2 HCl (3.2) NaNO2 1.05 88.2

3 HCl (3.4) NaNO2 1.05 86.7

4 H2SO4 (1.6) NaNO2 1.05 83.8

5 HCl (3.2) NaNO2 1.00 78.9

6 HCl (3.2) NaNO2 1.10 87.0

7 HCl (3.2) Isoamyl nitrite 1.05 82.3

8 HCl (3.2) Isoamyl nitrite 1.10 80.4

9 H2SO4 (1.6) Isoamyl nitrite 1.05 79.7

a Reaction conditions: S6: 0.2mol/L in H2O; S8: 0.2mol/L in H2O. tR3: 35 s; tR4: 41 s;

reaction temperature: 15 °C.
b Isolated yield.

To ensure that the diazonium salt was fully reacted, at least 1.05

equiv. of salicylic acid needed to be added. In the batch reaction,

only part of the base was used to prepare the salicylic acid solu-

tion. The remaining base was added in batches to maintain a stable

pH during the azo reaction. The addition of mixed bases enabled

the formation of a buffer system of CO2−
3 /HCO−

3 to ensure the sta-

bility of pH within a certain range. To investigate the effect of pH

on yield, we conducted multiple batch experiments at pH values

from 7.5 to 11.0 (Fig. 2). As the pH increased, the conversion in the

batch process first increased and then decreased. The highest yield

was achieved at pH 9.

Although microchannels allowed for a good azo coupling reac-

tion, a new problem was identified during continuous experiments.

The ratio between the two reaction fluids in the T-mixer is often

4
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Fig. 2. The influence of pH on yield in batch method.

Table 4

Optimization of azo coupling reaction.a

Entry NaOH (equiv.) Salicylic acid (equiv.) Yield (%)b

1 4.1 1.05 71.8

2 4.4 1.05 85.5

3 4.6 1.05 87.1

4 4.9 1.05 83.6

5 5.2 1.05 69.4

6 5.5 1.05 64.5

7 4.6 1.00 84.5

8 4.6 1.10 89.2

9 4.6 1.20 70.9

a Reaction conditions: S6: 0.2mol/L in H2O; S8: 0.2mol/L in H2O; tR3: 35 s; tR4: 41 s;

reaction temperature: 15 °C.
b Isolated yield.

unknown before the reaction system stabilizes. When the acidic

solution of diazonium salt met the basic solution of salicylic acid,

there is a possibility that an excess of acid results in the conversion

of CO2−
3 to CO2 gas; this leads to a brief pressure rise in the system

and liquid splashing at the outlet of the microchannels. Therefore,

we tried using NaOH as the sole base to ensure the stability of the

azo-coupling reaction by maintaining a reasonable acid–base ratio.

In addition, the pipe diameter was adjusted from 1/16 inch to 1/8

inch.

The yield of balsalazide gradually increased with the equiva-

lents of NaOH in the range of 4.1–4.6 (Table 4, entries 1-3). Using

4.6 equiv. of NaOH maintained the pH of the reaction at 9.2, pro-

viding an optimal catalytic effect. The activity of the azo-coupling

reaction gradually decreased with further increase in the equiva-

lents of NaOH (Table 4, entries 4-6). When the equivalents were in-

creased to 5.5, the pH of the environment reached 11.3, and signif-

icant amounts of large polar impurities were observed. The proper-

ties of the crude product gradually changed from yellow to reddish

brown as the pH increased from 9.2 to 11.3. Furthermore, a certain

excess of salicylic acid facilitated the complete conversion of the

amines but could be introduced as an impurity at 1.2 equiv. (Table

4, entries 7-9). Finally, the equivalents of NaOH and salicylic acid

were determined to be 4.6 and 1.1, respectively, with a selectivity

of 96.59%.

In the entire continuous synthesis, the diazotization and azo

coupling reactions were controlled within a single temperature

zone. Regulating the temperature and residence time within the

microchannel may reduce the decomposition of the diazonium salt

and the formation of the 3-site coupling impurity of salicylic acid.

In the range of 10–30 °C, the reaction temperature showed a weak

effect on yield (Table 5, entries 1-5). We obtained an isolation yield

Table 5

Overall optimization of the reaction system.

Entry T (°C) tR3 (s) tR4 (s) Yield (%)a

1 10 35 50 89.3

2 15 35 50 90.7

3 20 35 50 91.6

4 25 35 50 88.9

5 30 35 50 84.7

6 20 25 40 75.6

7 20 40 50 91.2

8 20 45 50 91.9

9 20 50 50 89.4

10 20 45 55 92.5

11 20 45 60 90.5

12 20 45 70 84.9

a Isolated yield.

Table 6

Recommended conditions for optimization of the reaction yield.a

Entry T (°C) tR3 (s) tR4 (s) Balsalazide (%)b Yield (%)c

1 18.2 42 59 97.9 93.4

2 18.2 42 59 97.7 93.2

3 18.2 42 59 97.9 92.7

a Optimal reaction conditions predicted by RSM.
b The purity of crude product was determined by HPLC.
c Isolated yield.

of 91.6 % at a reaction temperature of 20 °C, with a tR3 of 35 s, and

a tR4 of 50 s (Table 5, entry 3). In addition, an appropriate increase

in the residence time was beneficial for improving the selectivity

and yield of balsalazide (Table 5, entries 6-12). Shortening the res-

idence time resulted in the reaction mixture flowing out of the re-

actor without complete conversion. However, a significant change

in yield was observed when tR4 was elevated to 70 s (Table 5, entry

12). Therefore, the process parameters for step 4 were adjusted as

follows: reaction temperature of 20 °C, tR3 of 45 s, and tR4 of 55 s

with a selectivity of 96.6 %.

To further investigate the optimal conditions for the continuous

synthesis of balsalazide, we carried out a response surface analysis

for the continuous process with yield as the response value (Y) and

reaction temperature (A), residence time of diazotization (B), and

residence time of the azo-coupling reaction (C) as the independent

variables.

Fig. 3 illustrate the interactive effects of temperature, diazoti-

zation time, and azo-coupling time on yield. An increased resi-

dence time for both reactions at 15–25 °C, significantly enhanced

the yield (Figs. 3a and b). However, a decline in yield caused by a

decrease in the stability of the diazonium salt was observed above

25 °C. At a fixed diazotization time of 35–45 s, there is a parabolic

trend in yield (Fig. 3c). When the reaction temperature of 18.2 °C,
diazotization time of 41.7 s, and azo coupling time of 58.9 s were

employed, the model predicted a maximum yield of 93.0 %. Exper-

imental validation at 18.2 °C with adjusted times confirmed these

results (diazotization: 42 s; azo coupling reaction: 59 s). Prolonged

reaction durations improve completeness, but excessive tempera-

tures may destabilize the intermediate. Based on the response sur-

face analysis, we obtained the optimized reaction conditions. To

further verify the experimental results and determine the optimal

reaction yield, three experiments were conducted under these con-

ditions (Table 6). The experimental results were close to the pre-

dicted yield with low deviation. The maximum yield of the reac-

tion increased to 93.4% under optimal conditions.

In summary, a stable and effective method for the preparation

of balsalazide disodium was developed using an innovative combi-

nation of continuous flow chemistry and response surface analysis.

Compared to the traditional batch method, the method presented

5
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Fig. 3. Response surface analysis of three-factor interaction: (a) Reaction temperature and diazotization time, (b) reaction temperature and azo-coupling reaction time, and

(c) diazotization time and azo-coupling time.

in this work significantly improves the safety and efficiency of the

process, reduces side reactions, and is more suitable for industrial

production. The total yield is 66.1 %, and the purity of balsalazide

disodium is 99.63%.
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