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Introduction 

Nanoformulation 

InnoStudio has already prepared several unique nanostructured pharma and agrochemical delivery systems using the novel 

SpeedyNano® High Troughput Nanoformulation Technology. The formulation of water-soluble organic reagents is a new way 

of exploiting this technology. The SpeedyNano® Process is a continuous flow, single step, bottom-up approach, which relies on 

the controlled nanoprecipitation of hydrophobic substances. The properties of the produced nanostructured particles can be 

modified during the process by the precise control and optimization of various reaction parameters (e.g. temperature, flow 

rate, pH and concentration). The generated novel SpeedyNano® API nanoparticles (NPs) can deliver substantial improvements 

in material properties , such as: 

Problem setup 

 Poor water solubility 
 Low reactivity 
 Not satisfactory dissolution rate 
 Higher chance of side-reactions 
 Low yield 
 Short shelf-life, instability 

Challenges in formulation of reagents 

Solid dispersion Nanocrystals 

Globular structures Amorphous dispersion Core-shell type particles 

Single step process straight from solution with no chemical modification 
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• Filtration 

• Lyophilization 

• Spray drying 

• Vacuum destillation 

Organic  synthesis 

Solution 

NANONIZATION 

SpeedyNano® 

Conventional techniques 

 solution like behavior that ensures quasi-

homogenous reaction  conditions 

 substantial increase in shelf-life and stability of 

reagents  

 increase in reactivity 

Process explanation 

Conclusion 

Table 1. Investigating the effects of nanoformulation 

Benzoyloxylation of arylamines  
 

Compound 5 is typically accessed through the hydroxylamine derivative.3 Herein, we show for the 
first time the synthesis of 5 directly from 4. 

Optimizing reaction parameters in Phoenix® Flow Reactor provided by ThalesNano Inc.  
    

Substrate  4 Conversion by HPLC Selectivity (5 : 6) Yield (5) 

Aniline 100% 6:1 41% a 

o-Bromoaniline 100% >99:1 38% 

m-Bromoaniline 100% >99:1 33% 

p-Bromoaniline 100% >99:1 46% a 

p-Anisidine 100% >99:1 16% 

Based on the knowledge coming from the preparation of numerous unique, nano-sized agrochemical and pharmaceutical AIs, Innostudio applied its SpeedyNano® technology to increase the water 

solubility of selected organic reagents. The solubility and reactivity of the practically water-insoluble dibenzoyl peroxide (BPO) was succesfully increased with this method. Control experiments 

provided evidence that the formulation itself plays an important role in achieving these results. The nanoformulated-BPO was successfully used in the previously unprecedented direct 

benzoyloxylation of arylamines in aqueous media. The development of further applications are also in progress. For example, preliminary results in the selective oxidation of sulfides to sulfoxides are 

rather encouraging, conversions up to 94% were measured.  
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Validation of hypothesis on the benzoyloxylation of cyclohexylamine 2  

1 3 

Conditions:  40 mM in water, 2.0 equiv BPO, r.t., 16h. A  Carried out under cont. flow conditions, 24 
min residence time,  60°C, temp., 16 mL PTFE loop 

Table 2. Benzoyloxylation of arylamines  in flow 

The reactions in Table 2 were carried out in a Phoenix® Flow Reactor provided by ThalesNano Inc. Condtions: 16 mL 
PTFE loop; 24 min residence time; 60 °C, water, 2.0 equiv. nano-BPO  a isolated yield 

Conditions Conversion by HPLC Selectivity (2:3) 

75% aq. BPO <5% 1:10 

75% aq. BPO + SDS 30.3% <1:99 

75% aq. BPO + SDS + 
polymer (1:1:3) 

<5% 1:2 

Nanoformulated BPO 46.8% 1:10 

Nanoformulated BPO in 
flowa 

52.8% 1:4.5 

Temperature Residence Time Conversion by HPLC 
Selectivity  

2:3 

60 °C 
16 min 30.7% 1:4.5 

24 min 52.8% 1:4.5 

100 °C 
16 min 31.8% 1:6 

24 min 72.2%* <1:99 

Conditions:  40 mM in water, 2.0 equiv  BPO, 16 mL PTFE loop  *numerous byproducts 
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Recently, there has been an increasing effort in the development of new synthetic 

methodologies to perform transformations under environmentally benign conditions, i.e. at 

low temperature, or in aqueous medium without the use of environmental-polluting 

solvents. These methodologies, however have some drawbacks: the solubility of organic 

reagents is oftentimes limited in water, not to mention that transition metal catalysts are 

frequently moisture sensitive. Generally, nanoformulation technology offers solutions to 

overcome the solubility of organic compounds. While Hu et al. used a bottom-up solvent-

antisolvent precipitation nanotechnology to increase the solubility of drugs 1, here, we also 

use a bottom-up solvent-antisolvent precipitation technology, including properly selected 

stabilizers for simultaneously increasing solubility and reactivity of dibenzoyl peroxide (BPO) 

using the SpeedyNano® platform. 


