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Abstract: This paper presents the work performed to transition a lab-scale synthesis (1 g) to a
large-scale (400 g) synthesis of the 3-5-diamino-1H-Pyrazole Disperazol, a new pharmaceutical for
treatment of antibiotic-resistant Pseudomonas aeruginosa biofilm infections. The potentially hazardous
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1. Introduction

In 2021, we presented [1] a potential new pharmaceutical E (see Scheme 1), devel-
oped for the treatment of antibiotic-resistant Pseudomonas aeruginosa biofilm infections.
We showed that compound E interferes with c-di-GMP signalling to induce dispersal of
P. aeruginosa biofilms [1], which allows the standard-of-care antibiotics to destroy the bacte-
rial infection in vivo [2]. In the meantime, we published a synthetic route for compound
E [3], as well as a study of its mode of action [4]. To increase water solubility, we formulated
compound E as the HCl salt and have now named it Disperazol [2].
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1. Introduction 
In 2021, we presented [1] a potential new pharmaceutical E (see Scheme 1), developed 

for the treatment of antibiotic-resistant Pseudomonas aeruginosa biofilm infections. We 
showed that compound E interferes with c-di-GMP signalling to induce dispersal of P. 
aeruginosa biofilms [1], which allows the standard-of-care antibiotics to destroy the bacte-
rial infection in vivo [2]. In the meantime, we published a synthetic route for compound 
E [3], as well as a study of its mode of action [4]. To increase water solubility, we formu-
lated compound E as the HCl salt and have now named it Disperazol [2]. 

To further advance Disperazol as a novel pharmaceutical, a large-scale synthesis was 
pursued. This paper delineates the work performed to proceed from laboratory scale (lab 
scale) to large scale, more specifically, from a 1 g scale to a 400 g scale. Also, an evaluation 
of the physicochemical stability of active compound E is presented. 
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Scheme 1. Chemical structure of active compound E and the formulated Disperazol. 
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To further advance Disperazol as a novel pharmaceutical, a large-scale synthesis was
pursued. This paper delineates the work performed to proceed from laboratory scale (lab
scale) to large scale, more specifically, from a 1 g scale to a 400 g scale. Also, an evaluation
of the physicochemical stability of active compound E is presented.
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1.1. Safety Assessment of the Active Compound

Compound E has a relatively high ‘nitrogen-to-carbon’ ratio (N:C; 6:9, see Scheme 1),
making it potentially explosive [5]; therefore, it is important to study the compound’s
physicochemical stability before initiating a large-scale synthesis. While preliminary tests,
including mechanical stress (friction by mortar and shock by wrench) and thermal stability
(boiling in sulfuric acid) did not show any significant chemical degradation or decompo-
sition, an extended investigation is needed. Table 1 presents the results from the ‘OSHA
(Occupational Safety and Health Administration) Combustible Dust National Emphasis
Program (NEP) Recommended Tests’ performed by Fauske and Associates, LLC.

Table 1. OSHA-recommended safety assessment of active compound E, conducted by Fauske and
Associates, LLC.

TEST Compound E

Drop-weight impact/Fallhammer (bulk sample) >100 J

Friction sensitivity (bulk sample) >360 N

Explosion severity, ES; Ignition sensitivity, IS (dust cloud)

Pmax = 9.6 bar
(dP/dt)max = 1128 bar/s

Kmax = 306 bar·m/s
ES = 2.9
IS = 13.1

Minimum explosible concentration, MEC (dust cloud) 50–60 g/m3

Estimate: 56 g/m3

Minimum ignition energy, MIE (dust cloud) 3–10 mJ
Estimate: 8 mJ

Minimum autoignition temperature, MIT (dust cloud) >600 ◦C

Total combustible content (bulk sample) 100 wt% > 700 ◦C

The safety assessment concludes that active compound E is not sensitive to mechanical
stress, shock or friction. In sum, it was stated that the U.N. Manual of Tests and Criteria for
Transportation of Dangerous Goods considers compound E ‘safe to transport’. Looking at
the minimum explosible concentration (MEC), minimum ignition energy (MIE), explosion
sensitivity (ES), and ignition sensitivity (IS), it can be concluded that a dust cloud of E
is sensitive to electrical sparks and therefore classified as an St3 explosive (deflagration
index, Kst > 300). ES and IS for E are calculated using a minimum autoignition temperature
(MIT) of 601 ◦C. These values classify E as a Class II dust according to the National Electrical
Code ranking, and proper dust control and ventilation should be ensured in a large-scale
facility. Dust clouds of E are not heat-sensitive below 600 ◦C, but show decomposition
above 700 ◦C. When heated to above 700 ◦C, the monitored heat flow is positive, indicating
that a reaction is taking place; this is probably a decomposition to CO2 and NOX.

1.2. Synthetic Route

During its initial development and optimisation, Disperazol was synthesised through
a three-step synthesis [3], as shown in Scheme 2, without isolation of the diazonium ion C.
Initially, the diazonium ion is formed from the aniline A and stabilised under cold acidic
conditions. The diazotised aniline C is then quenched by the addition of malononitrile (B),
which reacts to give the intermediate D. Intermediate D is isolated by precipitation and
then dissolved in EtOH to undergo ring-closure upon the addition of hydrazine, leading to
the formation of active compound E. The last step is the HCl-salt formation which provides
Disperazol with improved water solubility [2].
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2. Results and Discussion

It is important to consider physical parameters when scaling up a synthesis [6]. The
surface-area-to-mass relationship, especially for heat/cold transfer, along with mixing, in
addition to the chemical and physical properties, play important roles in organic chemistry
and can be significantly different in a large-scale synthesis, compared to a batch reaction.
Therefore, care should be taken when developing a large-scale process.

2.1. Step 1—Diazotisation

When scaling up a diazotisation reaction, the instability of the formed diazonium
ion must be acknowledged. The current reaction involves the formation of the aromatic
diazonium-ion C, which is unstable if not handled correctly. Upon decomposition, the
diazonium-species rapidly loses N2 (gas), which can build pressure inside the reaction
container [7]. Ensuring a low temperature (<5 ◦C) [8] is crucial for the safety of this step,
which can be difficult in a large-scale production. Historically, most incidents with diazo
coupling reactions have resulted from isolation and/or accumulation of a diazonium
species for which decomposition can be caused by shock, friction, heat, light, or a number
of other factors [8–13]. One of the main reasons for this limited stability is the low bond-
strength between the diazo group and the aromatic ring [9]; therefore, both the substitution
pattern and counterion will affect the stability [14]. In general, smaller counterions like
chlorides and acetates have low stability, whereas larger counterions like tetrafluoroborates
and tosylates provide higher stability [15].

To eliminate the potential danger of the diazotization step, we pursued the develop-
ment of a safe and ‘easy to handle’ procedure to form the intermediate D. Inspired by the
work of Jacq and Pasau [16], this involved the following: (1) Substituting tert-butyl nitrite
(TBN) for sodium nitrite (NaNO2) as a safer diazonium reagent, which would also enable
the reaction to be run safely at higher temperatures. (2) Transferring the first step of the
synthesis from batch to flow synthesis, and thereby avoiding accumulation of the unstable
intermediate C. TBN has been reported to be a mild, nonexplosive, and stable diazonium
reagent [17–20] with a high safety profile in both batch and flow processes [16,21], and
from small to bulk multikilogram scale [22,23]. Diazotization reactions using TBN have
been run at temperatures ranging from room temperature to 80 ◦C [24,25]. The higher
stability of the in situ formed diazonium species could arise from the lager counterion
in tert-butyl oxide but it has also been suggested that a hydroxydiazene intermediate is
formed (Scheme 3) [26,27].

Reactions that involve the formation of hazardous intermediates are advantageously
run using flow chemistry, to ensure that the reactive hazardous species is continuously
formed in small amounts. Immediate consumption will then eliminate the need for stock-
piling [9,15,28,29]. As accumulation of large quantities of the hazardous compound is
avoided; flow synthesis also eliminates the need for the cooling and even the heating
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of diazotization reactions has been performed safely [30]. The many advantages in flow
synthesis provide an opportunity for both the academic and industrial chemical sectors to
safely run chemical reactions with hazardous compounds. Flow chemistry is, for example,
applied for diazotization reactions by established companies such as Lundbeck [31] and
Pfizer [32].
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Inspired by Jacq and Pasau [16], we initiated our work, aiming towards establishing a
flow synthesis of Disperazol by setting up the Uniqsis FlowSyn machine (Uniqsis Ltd., Cam-
bridge, UK) at room temperature with a reagent ratio of 1:1:1.3 (aniline:malononitrile:TBN),
an aniline concentration of 0.4 M, and a coil resident time of 5 min. However, these con-
ditions resulted in both lower yields and the formation of impurities. Therefore, the flow
reaction required some optimisation. One of the main impurities being formed was the
biproduct F, resulting from the condensation of the aryl diazonium species with another
aniline species; see Scheme 4. This was not observed under the original lab-scale synthesis
and is most likely a result of changing the reaction conditions. The diazotisation reaction is
no longer run under acidic conditions, which will make the aniline nucleophile. To optimize
the reaction, a range of parameters was investigated; see Table 2 for a quick overview and
SI for the extended table with specific details and purities for each experiment. By changing
them one at a time, the effect of each parameter on the purity of the crude product was
determined. All reactions were analysed with HPLC.
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Scheme 4. Reaction scheme for the formation of biproduct F under the condition of TBN being
in deficit.

Table 2. Parameters alternated during optimisation of the flow setup; see table with specifics for each
experiment in the Supplementary Materials.

Parameters Range Tested

Concentration of A 0.3 M, 0.4 M, 0.6 M, 0.8 M, 1.0 M, 2.0 M
Temperature Room temperature (ranging from 23–26 ◦C), 28 ◦C, 30 ◦C

Coil resident time 2.5 min, 3 min, 4 min, 5 min, 6.5 min, 7.5 min, 8 min, 10 min, 12 min, 15 min
Reagents ratio (A:B:TBN) 1:1:1, 1:1:1.3, 1:1:1.7, 1:1:2, 1:1:2.3, 1:1.1:1, 1:1.2:1, 1:1.3:2, 1:1.3:1.3, 1:1.5:1.3, 1:2:1.3

Through the investigations it was found that a temperature of 28 ◦C in the reaction
coil gave high product purity, with low reaction time (3 min) and with high concentrations
of reactants (2 M), in a 1:1:1 ratio. After an extensive number of reactions (see Table 2), an
optimised flow procedure was identified, allowing the formation of pure intermediate D
in high yields in a short time. In the optimised flow design, see Scheme 5, the 2-fluoro
aniline (A) and malononitrile (B) were mixed in one flask (ratio 1:1) in acetonitrile (ACN,
2 M), while the other flask contained the TBN dissolved in ACN (2 M). The two streams
were telescoped in a T-mixer unit before being introduced to the PTFE coil reactor (14 mL)
at 28 ◦C. Here the diazonium specie was formed in situ and instantly consumed by the
malononitrile present in the same stream [16,25]. It was found that the reaction was slightly
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exothermic, so to ensure a constant temperature in the coil at 28 ◦C, a fan was placed next
to the coil. This enabled the production of approximately 420 g (280 mmol) of D in 8 h.
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Scheme 5. Schematic of the flow design for step 1. Made with BioRender (biorender.com) and
PowerPoint (Microsoft 365).

2.2. Step 2—Ring Closure of Pyrazole

Steps 2 and 3 of the synthesis were both performed as batch chemistry. The second
step of the small-scale synthesis proceeds by dissolving the intermediate D in ethanol
(0.34 M), followed by the addition of hydrazine hydrate (1.2 equiv.). The mixture was
allowed to stir overnight at room temperature, resulting in precipitation of active compound
E [3]. To ensure full precipitation and thereby improve the yield on a larger scale, a
series of solvents was investigated, as compound E is partly soluble in ethanol. The
solvents investigated included ACN, water, acidic and basic aqueous solutions, diethyl
ether, toluene, tetrahydrofuran (THF), heptane, dichloromethane (DCM), and acetone.
From the solvent tests, it was found that E nicely precipitated in diethyl ether, while
solubility of the intermediate D was achievable upon heating. Even though diethyl ether
has a low flash point and is highly flammable, it was chosen as the solvent due to the ease
of isolation of the pure product in high yields via filtration. When running the reaction at
large scale, it was observed that the ring closure was rather exothermic. While this required
the slow addition of hydrazine hydrate (1.15 equiv.), it was fortunately found to help in
dissolving D without the need for external heating. Diethyl ether was found to be a good
solvent with a concentration of intermediate D at 0.5 M. For step 2 the largest amount of
compound E synthesised in one round was 652 g.

2.3. Step 3—Formulation as a Salt

To improve the water solubility of active compound E, it was formulated as a hydrochloride-
salt [2], E•HCl, denominated Disperazol. For the lab-scale synthesis [2] of Disperazol,
active compound E was dissolved in dry 1,4-dioxane (0.1 M), followed by the addition
of a solution of HCl (4 M in dioxane, 5 equiv.) under a nitrogen atmosphere and the
mixture was stirred overnight. For the large-scale synthesis, again, different solvents were
investigated, as 1,4-dioxane is carcinogenic. Also, different reaction concentrations were
tested, as large-scale reactions are preferably run at concentrations higher than 0.1 M to
limit the reaction volume. The investigation included diethyl ether, acetone, ethyl acetate,
and THF; THF was found to provide the most reliable results and a concentration of 0.2 M
was found to result in good conversion and high purity. For the large-scale synthesis,
compound E is dissolved in dry THF (0.2 M) under a nitrogen atmosphere with gentle
heating to fully dissolve the active compound. The mixture is then cooled to 0 ◦C using an
ice bath, before the addition of HCl (2 M in diethyl ether, 1 equiv.); afterwards, it is allowed
to stir overnight at room temperature. The next day, the reaction mixture is cooled to 0 ◦C
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for two hours to ensure full product precipitation, before isolating the product by suction
filtration. In case the precipitation does not start upon cooling, dry diethyl ether is added
to start the precipitation. The largest scale synthesised formed 43 g of Disperazol (80%).

2.4. Summary

The synthetic route for Disperazol has successfully been scaled from a 9 mmol scale
to a 3.6 mol scale with satisfying yields and easy purification. To eliminate the potential
danger of the diazotization step, a flow-strategy was implemented and optimised, resulting
in a clean reaction with good yields. Additionally, the physicochemical stability properties
of active compound E were evaluated for both the solid powder and the dust particles,
providing insights for a future implementation in an industrial production facility. It was
found that the solid powder of E was non-explosive for all tested parameters.

3. Materials and Methods

Flow synthesis was performed on a Uniqsis FlowSyn System with FlowSyn Steel™,
316 L flow path, 2 × 10 mL/min, Pmax = 100 bar, Tmax = 260 ◦C and a 14 mL PTFE coil.
The inner diameter of the coil tubing is 1.0 mm.

Here is the procedure for large-scale synthesis of Disperazol: For step 1, synthesis of D,
the two solutions are prepared for the flow system. Flask A contains 2-fluoroaniline (CAS
348-54-9, 444.44 g, 1 equiv.), malononitrile (CAS 109-77-3, 264.39 g, 1 equiv.), and acetonitrile
(75-05-8, fill up to 2000 mL). Flask B contains tert-butyl nitrite (540-80-7, 475.7 mL, 1 equiv.)
and acetonitrile (75-05-8, fill up to 2000 mL). The flow system is configured as shown in
Scheme 5.

For the reaction using FlowSyn, 99% of the prepared solutions (Flask A and B) is used
(1980 mL), and the coil residence time is set to 3 min, giving a total flow rate of 4.67 mL/min.
The coil temperature is set to 28 ◦C, and pre- and post-collect are set to 0.5 and 8.5 mL
respectively. Additionally, a small fan is installed next to the coil to keep the temperature
constant at 28 ◦C, given the slightly exothermic reaction; see the supporting information for
details. Total operation time is approximately 14 h, without the final washing of the system.
Then, the solvent is removed in vacuo to give the crude intermediate D in quantitative
yield (approx. 745 g, 3.96 mol), which is used directly in the next step.

Step 2 is the synthesis of E, the ring-closure. The solid intermediate D from step 1
(745 g, 1 equiv.) is transferred to a conical flask (not round-bottomed) with a stir bar.
Solvent (Et2O, CAS 60-29-7, 2.02 mL/mmol, corresponding to 8000 mL) is added to give a
concentration of 0.5 M, and to the slurry is then added hydrazine hydrate (CAS 10217-52-4,
221.4 mL, 1.15 equiv.) dropwise under constant stirring, as the reaction is highly exothermic.
Upon addition of hydrazine, the intermediate will fully dissolve, and the product will start
to precipitate. When all hydrazine has been added, the reaction is left stirring overnight at
room temperature. On the next day, the product is isolated by suction filter and washed
with cold Et2O to give active compound E as an orange solid (652 g, 75%).

The third step is the synthesis of Disperazol, salt formation. For better water solubility,
active compound E is formulated as a hydrochloride-salt. This is achieved by dissolving
the E from step 2 (46 g, 1 equiv.) in dry THF (CAS 109-99-9, 0.2 M, 5.32 mL/mmol,
corresponding to 1110 mL) under a nitrogen atmosphere, with gentle heating, to fully
dissolve the active compound. The solution is then cooled to 0 ◦C in an ice bath and HCl
(2 M in Et2O, CAS 7647-01-0, 105 mL, 1 equiv.) is slowly added. The reaction is allowed
to heat to room temperature and left overnight. On the next day, the reaction mixture is
again cooled to 0 ◦C for two hours. The product is isolated by suction filtration and washed
with a small amount of cold Et2O, giving Disperazol (43 g, 80%). In case the salt does not
precipitate, dry Et2O can be added to the reaction mixture before filtration.

Supplementary Materials: The supporting information can be downloaded at: https://www.mdpi.
com/article/10.3390/ijms25126737/s1.
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