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Drug Substance development in pharmaceutical industry
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DEVELOPMENT PHASE (Route scouting & Lab parameter optimization) is critical for speedy execution
Development phase challenges:

* Multiple reagents screening

® Mechanistic understanding
= Parameter optimization to improve quality & yields
* Analytical method development — impurity detection and quantification
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Process Analytical Tools (PATs) — APl Development

a PATs
= Process sensors : e.g. purity, pH, temperature, particle size, flow rate etc.
= Spectroscopy based tools (Infrared, UV-Vis, Raman etc.), chromatography etc.

O Application
= Faster and real-time process understanding during reaction and unit operations monitoring
= Reduce number of experimentation
= Quick qualitative and quantitative analysis
= Useful in process control by incorporating as an integrated system with feedback control loop

a Process Chemometrics
= All analytical instrumentation encode info. about their samples - need to decode to
relevant process parameters
= Multi Curve Resolution, multivariate regression etc.
= Spectral treatment enables robust performance of PAT data
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PAT - APl development
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PAT - CRYSTALLIZATION
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CASE-1 : IMPURITY PURGING

\ (] Challenges

@I salt

Wash liquid
e Low filtration flux: 8-10 L/mZ2.min
Toluene e Salt formation followed by 4
Crystallizer

Seed ied product recrystallization to wash the impurity
Methanol . . * Mixture of solvents making the

Dissolution temp 82 °C Temperature 30-35°C

Seed addition temp 70-75 °C Vacuum drying solvent recovery complex

K Cooling temp 20— 25 °C /

\ Methodology:

Solute peak
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5 7 2. ldentify the growth regime
Tp:p5' C during cooling crystallization
T — 3. Enhance crystals growth -
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METTLER TOLEDO

. . .
23:00:00 00:00:00 01:00:00 02:00.00 03:00:00 04:00:00 06:00:00 06:00:00 07:00:00 08:00:00 09.00:00 10:00:00 11:00.00 12:00:00 17
06-01-2021 07-01-2021 07-01-2021 07-01-2021 07-01-2021 07-01-2021 07-01-2021 07-01-2021 07-01-2021 07-01-2021 07-01-2021 07-01-2021 07-01-2021 07-01-2021 07-

NNNNNNNNNNNN



FBRM & IR PLOTS : SLOW COOLING RATE
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FBRM & IR PLOTS : STEP WISE COOLING
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CHORD LENGTH DISTRIBUTION

Slow cooling
stepwise cooling

Comparing both the
CLDs indicate particle

1 growth during the

cooling crystallization

Expt Parameter

M \[e}

1 Slow cooling Rate 30 L/m2.min

2 Stepwise cooling 90 L/m2.min
rate

No. of purification steps: 2 (Previously 4)
Removed methanol washing step (for
washing of styrene impurity) because of
enhanced impurity washing. Avoided

solvent mixture

resulted in agglomeration

Good filtration batch:
Well grown needles



PAT — REACTION MONITORING

PAT tools to understand reaction and crystallization : Raman, FTIR
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MULTIVARIATE ANALYSIS - REDUCTION
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Spectra’s, at two different temperatures, does not show distinct differences
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CHEMOMETRICS : SPECTRAL DATA ANALYSIS TECHNIQUE

v' Chemometrics is the science of extracting information from chemical systems by data-
driven means

v  It’s applied to solve both qualitative and quantitative prediction problems in
experimental sciences

v In both cases, the datasets are often large and complex, involving hundreds to thousands

of variables
= Multivariate curve resolution (MCR) Mixed information Pure compon)e\nt information

v’ Used to solve mixture data analysis A ( = —
problems & provides the information t. i I ————
related to pure component i e ST
contributions in mixed measurements D c \\

- A =
R Waveiengtrs Pure concentration profiles Pure signals

Chemical model
Process evolution
Compound contribution

Compound identity



SPECTROSCOPIC DATA ANALYSIS

Spectral data from process

Raw Data
T

Data after pre- processmg (BL & MSC)

Propmouod Data
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MULTIVARIATE ANALYSIS - REDUCTION

-H» -H
NaBH; + MsOH A BH; + MsOH . BH,(OMs) PR BH,(OMs) * IPA
1 mole 1 mole Active reducing agent
.. | NaBH4:MSA complex at -65 °C ,
NaBH4:MSA complex at -30 to -40 °C ‘
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Spectra’s, at two different temperatures, does not show distinct differences
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E
Multivariate curve resolution (MCR) dy’s ‘_‘.‘

44444
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CASE-2 : QUANTIFICATION USING PAT

4 N\

DMAc (5V)

» Challenges:

KSM1 & KSM2 —
LiOH — Reactor

* Yield loss in crystallization

»Product

Water (Antisolvent — 1.5 vol) = Theoretical yleld not In

Reaction temperature 30°C . .
\ Cooling temp 5 °C / accordance with solubility
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Product conc. (mg/ml)

PLS - QUANTITATIVE MODELLING

Challenge with quantitative model building:

Calibration samples to include KSM1, KSM2, Product, Solvent and antisolvent.

500 . . | | |
328 zgjz:)(theoretlcal ° RMSECV:26.87 mg/ml,
; % error in the model=7%
i Product isolation R2:0.93
observed
300 |
Water lot-1 added
i Conc.=126 mg/ml 7
Water lot-2
100 - added |
Conc.=68 mg/ml
Water lot-3 added |
0 Conc.=45 mg/ml
Charged LiOH
into RM
100 I | | | | | |
200 400 600 800 1000 1200 1400 1600

Sample

Design of calibration dataset:

Chemical Conc. range
Product 0- 300 mg/ml
KSM1 0-80 mg/ml
KSM?2 0 — 80 mg/ml
DMAC : water ratio 5:0,5:1, 5:2

® Spectral Range:1500-950 cm-1
Pre-processing used: Second Derivative

P— pan— =
-uun-u‘n— n-m"ﬁ._:;.__m_-\w«umn-u-m

= Yield is improved from 87 to 91% by changing

water volumes from




CASE-3 : IMPURITY & INTERMEDIATE DETECTION

1. Reactant-1, K2CQO3, Cul and 1,4 dioxane are taken into reactor.
2. DMFDA charged into the RM and heating given to 100 °C

ol 1] ot e Trending of
& ! : : | Intermediates  which
o Product | | Reactant-1 | are not detected in
& : ! | Intermediate
" RE mediate,” ! .
=05 : : i : : 1 HPLC
Ll b | [ Imp 0.56 RRT | ...
|l ! ! * Optimizing the
[ . Reactio_n | T process conditions
o . End point 1 during development
ol a1 | i 1 phase
LN o P e N W -

< |
RM attained 100 deg C Imp 0.56 RRT (~3%)
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CASE-4 : INTERMEDIATE DETECTION

Reaction end ) )
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Variables
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Heating given to 75 deg C
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SUMMARY

PAT usage help in early stages of development aids the process understanding and improvement in terms of yield and quality

PAT SPECTROSCOPIC DATA ANALYSIS — QUALITATIVE (MCR)

e Spectral data analysis using Chemometric tools divulge more information from complex data sets
e Resolution of components present in reaction mixture

e Concentration and pure spectra resolutions supports in identification of components like reactants, intermediates,

impurities etc.

e Application in Reaction and crystallization

PAT SPECTROSCOPIC DATA ANALYSIS - QUANTITATIVE (PLS)

e Quantification requires minimal number of calibration and validation samples

e Concentration profile of different components with time can be tracked
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