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CONTINUOUS SOLID-STATE SYNTHESIS OF 
PHARMACEUTICAL COCRYSTALS AND SALTS
DR STEVEN ROSS AND 
PROF DENNIS DOUROUMIS 

Multicomponent molecular assemblies such 
as cocrystals and salts provide exciting 
opportunities in the pharmaceutical industry 
for the development and manufacturing of new 

medicines.  The development of such molecules results in the 
improvement of drug’s poor physical properties substances 
such as processability, solubility, stability and bioavailability. 
The engineering of cocrystals and salts, focus on the 
formulation of thermodynamically stable crystalline forms 
with acceptable physical properties for a given compound. 
However, large-scale industrial exploitation of salification 
is limited, due to the limitations imposed by common 
manufacturing methods. One common problem plaguing 
the traditional manufacturing methods of salt production is 
that they require solvent addition to facilitate the process. 
Due to the ionic nature of salts, they have a propensity for 
solvate formation, leading to incomplete transformations 
and low-purity batches. In addition, conventional synthesis 
approaches are unsuitable for commercial manufacturing, 
as batch production methods provide limited scalability, low 
yields and additional solvent waste.

In recent years extrusion processing has been introduced 
as a continuous process for the synthesis of cocrystals/salts 
in solid state. The following are major advantages of this 
thermomechanical process:

Our group has developed an 
engineering strategy for the selection of 
multicomponent systems which involves 
computational modelling for screening of 
drug – former pairs based on molecular 
complementarity and H-bond propensity 
screening. The selected pairs are ranked 
based on deviance from preferred 
parameters and likeliness to form H 
bonds. The pairs with the highest scores 
are forwarded for extrusion processing where 
the process is optimized (screw speed, feed 
rate, temperature profile) for the synthesis of 
high purity cocrystals/salts. 

In a recent study, a pharmaceutical salt of 
ciprofloxacin – maleic acid was synthesised 
using twin screw extrusion processing, with liquid 
assisted grinding (LAG) used as a reference process.  
During extrusion, the drug – former pair was subjected to 
thermal and mechanical processing to form a salt though 
N+ - OH hydrogen bonding. By optimizing the temperature 
profile across the conveying/kneading zones and adjusting 
the screw configuration to allow for high-shear mixing, we 
were able to produce salts of excellent quality (100% match 
with reference structures) and increased dissolution rates 
over both the base components and LAG produced salts. 
X-ray and thermal analysis confirmed the salt purity with 
no unprocessed bulk materials and the presence of a single 
melting endotherm respectively. Previous studies have 
demonstrated that scale – up (>1.5Kg/h) of the synthesis 
is feasible and can be successfully done by defining the 
extrusion design space.

Thermomechanical extrusion processing is a superior 
manufacturing process for the development of 
multicomponent molecular assemblies and combined with 
molecular modelling significantly reduces experimental 
time and cost
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• Complete formation of 
cocrystals/salts

• High purity (>99%)

• Continuous processing

• Solvent free process

• High throughput

• Coupling with process 
analytical tools
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