APl Development

— Effect of Starting Materials, Reagents, and Raw Materials
— Particle Engineering
— Understanding of Physical Sciences

— Heat and mass transfer considerations, with and without chemical reactions
— Use of empirical and semi-empirical modeling
- FEtfc

= Risks
— Assumptions built into models
— Etc

= Note: Process Understanding Pyramid. Work from top down and explain why we are
where we are




APl Development
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w,=mass flow rate of the ith species past bounding planes
wm=mass flow rate of the ith species via diffusion
It = rate of production/reaction of ith species

Macroscopic Energy Balance
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Tablet Dissolution (Forms A/B/F)

Form A/B/F Dissolution Profiles
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API Form X Tablet Dissolution

Baskets at 50, 75, and 100 rpm, 500 mL of pH 7.5 Phosphate
Buffer with 0.5% SLS
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Polymorph Solubility Study

Metrics

~ &UU d Al — odlC
transfer to disso bath

= Disso conditions — buffer, SDS, 37°C
= Centrifuge sample and analyze supernatant via HPLC
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Solubility Study
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API Particle Engineering:

Control of APl Polymorphic Form
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API Particle Engineering:

Control of APl Polymorphic Form

Solvent Systems

Reactor Design

Sodium vs Ammonium Salts

Solvent Polarity Tank Design————»

Acetic Acid: Ethanol Impeller Speed ———————

Water

Impeller Design —b\

Crystal Form

Raw Materials Organic Impurities —p, Temperature

Raw Materials Inorganic Impurities Time of Crystallization
Incoming Intermediate Impurities Distillation Rate ———p
API Charge/Concentration Seeding Quantity

Seeding Time
SeedingpH———p

d[pH]/dt

Batch Size
pH

Incoming Materials

Distillation Rate ———»

Reactor Conditions
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API Particle Engineering:

Control of APl Polymorphic Form

— Evaluated important but not critical parameters
— Set conditions for future experimentation
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API Particle Engineering:

Control of APl Polymorphic Form

— Evaluated important, critical parameters
— Set conditions for future experimentation

— Developed preliminary models to determine initial manufacturing
plant equipment requirements
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API Particle Engineering:

Control of APl Polymorphic Form
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API Particle Engineering:

Control of APl Polymorphic Form

Depending on results, center points ma
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API Particle Engineering:

Control of APl Polymorphic Form
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API Particle Engineering:

Control of APl Polymorphic Form
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API Particle Engineering:

Control of APl Polymorphic Form

— Define from DOE experimentation on polymorphic form

— Adds a dimension of predictability relative to uncertainty

— Am | confident in this process or not if | run it under these
conditions?
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