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Chiral Analysis in Continuous Manufacturing

Interest in continuous manufacturing of pharmaceuticals is growing rapidly
-Increased agility, lower capital expenditures in manufacturing facilities
-Can divert product if something goes wrong (as opposed to dealing
with expensive batch failures)

-Most top pharma companies have declared commitment to continuous
manufacturing

-First FDA approval for a continuously produced drug in 2015 (Vertex)

Process characterization tools are needed that can operate continuously and return results
quickly enough to raise alerts in the case of problems: “Real-Time Release Testing”
-For drugs that are enantiopure and chiral (~2/3 of new approved drugs 2004-2006)
it is important to ensure chiral purity is maintained through the process
(Note: Many of these drugs have multiple chiral centers so this can include both
diastereomer and enantiomer resolution)

“Regulatory Perspectives on Continuous Pharmaceutical Manufacturing: Moving from Theory to Practice,” White Paper from 2" International
Symposium on Continuous Manufacturing of Pharmaceuticals, 2016, https://iscmp2016.mit.edu/requlatory-white-paper.

“Continuous Manufacturing Has a Strong Impact on Drug Quality,” Lawrence Yu, FDA,
https://blogs.fda.gov/fdavoice/index.php/2016/04/continuous-manufacturing-has-a-strong-impact-on-drug-quality/.

“Scientific and Regulatory Aspects of Quality Control for Chiral Drugs,” S. Miller, FDA, presented at Chirality 2006, Busan, Korea,
https://www.fda.gov/downloads/AboutFDA/CentersOffices/CDER/ucm103532.pdf.

“Kilogram-scale prexasertib monolactate monohydrate synthesis under continuous-flow CGMP conditions,” K.P. Cole et al, Science 356 (6343),
1144-1150.
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A role for rotational spectroscopy? -

Unique Advantages:

* Extremely selective to isomers without separation
Including to enantiomers, using new techniques

* Direct link to computational chemistry

* Minimal matrix interference

Development Challenges:

* Need to rapidly volatilize analytes out of a solution mixture
without decomposition or reaction

* Need relatively large sample volumes

* Needs high accuracy and reproducibility (<1%)
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, First Test: Artemisinin

This is part of a series of projects for Prof. Frank Gupton (Va.
Commonwealth University) focused on re-engineering the
syntheses of ~20 drugs of highest importance to global public

health, and subject to shortages. (Supported by Gates & Clinton
Foundations)

Artemisinin is a well known antimalarial (discovered by Tu Youyou, 2015 Nobel
Prize in Medicine)

Natural product originally isolated from a form of wormwood native to
Asia, but now chemically synthesized

Artemisinin combination therapy recommended for treatment of P,
Photo: A. Mahmoud, fa/CIparum mala rla

nobelprize.org
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Analysis Methods

Spectra of pure compounds measured at University of Virginia with Brooks Pate and his
group

* Dihydroartemisinic acid (2 conformers) — desired product

* Tetrahydroartemisinic acid (2 conformers) — over-reduced side product
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Analysis Methods

Once we know frequencies — Balle-Flygare style cavity is very well suited to single line
monitoring of diastereomer signals

REVIEW OF SCIENTIFIC INSTRUMENTS VOLUME 70, NUMBER 4

APRIL 1999

A portable, pulsed-molecular-beam, Fourier-transform microwave
spectrometer designed for chemical analysis

R. D. Suenram,? Jens Uwe Grabow.” Andrei Zuban,® and Igor Leonov®
Optical Technelogy Division, National Institute of Standards and Technology, Gaithersburg, Marviand 20899

(Received 2 November 1998; accepted for publication 18 December 1998)

We used the Fabry-Perot resonator design from
Suenram et al., with frequency coverage 9-18
GHz (suitable for molecules up to ~250 amu)

New electronics system incorporating
BrightSpec designed source and digitizer
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Sampling Development -

To assess our ability to measure DHAA directly out of the reaction mixture, we diluted
pure DHAA to various concentrations in ethanol (the solvent used in the artemisinin
synthesis)

The nozzle was a modified General Valve Series 9 with reservoir as well as two inlet ports
for introducing samples into the reservoir directly using 1/8” tubing; these tubes get
connected to multiport valves for sample introduction, solvent or gas flush, and sample

Current Method:
Nozzle temperature starts at 75°C

Inject Sample (~80 L) 30 sec
Evacuate solvent 3 min
Heat nozzle to 160°C 90 sec
Nozzle warmup (secondary bakeout) 1 min
Measure Species 1 2 min
Measure Species 2 2 min
Evacuate remaining sample 3 min
Cool nozzle back to 75°C 90 sec
Total Cycle Time 15 min
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. Results

Monitoring the DHAA signal with time — we get an initial rise, level off, and then fall as
sample runs out
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Purple: 800 ug sample injected; 3 injections with same conditions

green: 400 ug sample injected

DHAA signals in 10 mg/mL solution are only about 2x lower than for pure DHAA!
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Results
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Typical DHAA signal-to-noise in 2 minutes ~40:1 — can detect ~7.5% impurity at 3:1 S/N
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Summary and Future Work

e This is an automated instrument that can connect directly to reaction flow and do
repeated measurements of diastereomer purity without user intervention — delivery to
VCU this summer

* Final anticipated detection limit for this sampling method is ~1-2% impurity for DHAA
incorporate multiple FIDs per valve pulse
use larger Fabry-Perot resonator (higher Q, more favorable transitions)

e Reaching cycle times of <10 minutes will likely require significant sampling development

* Artemisinin: thermally unstable — will require additional consideration

* Extension to other drugs, which will require enantiomeric resolution as well
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Summary and Future Work

e This is an automated instrument that can connect directly to reaction flow and do
repeated measurements of diastereomer purity without user intervention — delivery to
VCU this summer

* Final anticipated detection lim " oz chem. 1985, 50, 4504-4508 2d IS ~1-2% impurity for DHAA

incorp( Thermal Rearrangement and Decomposition Products of Artemisinin
use lar (Qinghaosu)'

Ai Jeng Lin,* Daniel L. Klayman, and James M. Hoch
e ReaChing Division of Experimental Therapeutics, Walter Reed Army Institute of Research, Washington, D.C. 20307-5100 development
James V. Silverton

. . Laboratory of Chemistry, National Heart, Lung, and Blood Institute, National Institutes of Health,
¢ Artem IS Bethesda, Maryland 20205

Clifford F. George
Laboratory for the Structure of Matter, Naval Research Laboratory, Washington, D.C. 20375 “
Received February 6, 1985

* Extensiol

Artemisinin (ginghaosu, 1), a clinically useful antimalarial agent isolated from the plant Artemisia annua,

13 an unusual sesqulterpene lactone thch contains an epldloxlde (peroxide) function. It is surprisingly stable

: solve : °C above its melting point (156-157 °C) for 2.5 min.

One decomposition (2, 4%) and two rearrangement

(3,12%, 4, 10%) products were isolated by silica gel column chromatography. The structures of the products

were characterlzed by IR spectroscopy, CIMS 'H NMR, 3C NMR, and X-ray crystallography. The mechanism

that accounts for the formation of these products involves the homolytic cleavage of epidioxide to generate a
free radical intermediate which rearranges or decomposes to give the observed products.
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Financial Support

: Virginia Biosciences
ABMY by sngn Health Research ICATALYST
SMALL BUSINESS INNOVATION RESEARCH Corporation =

Contact us:
Science: Justin Neill, CTO
justin.neill@brightspec.com
Corporate: Bob Lloyd, CEO
bob.lloyd@brightspec.com

770 Harris St, Suite 104b
Charlottesville, VA 22902
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