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Why Reaction Monitoring

Purpose:
— Reaction completion determination h>ER%
— In-situ yield determination [F{if==
- Reaction understanding: mechanism 41!

— Extracting kinetic parameters from the time course
data: activation energy, rate constant

R HZSE | iEEE , BEREE (¥0)
- Kinetic modelling &35 1&E4)
— Process optimisation T4t

Applications:

— Chemistry (e.g. catalysis) (%

— Stability, degradation studies, crystallisationf2E 4

5 | FEEAR | RIAMUAR

— Dissolution 2%

- Bio transformations, fermentation&44&4Y, , &z
Classic method - gained popularity recently.
e.g. PAT —process control

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070305.pdf
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Advantages

® Quantitative by default: no need to

calculate response factors &

® Information rich: possible to
elucidate the structures of starting

materials, products, and

intermediates E
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Type of measurements

® At-line sampling then measuring in a tube (or
transfer)
® In-line
» monitoring reaction in an NMR tube
problem: dead-time between mixing
reagents(outside the tube)and acquisition. Not good
for fast reactions
not always real conditions(e.g. temperature)
» reagents flow and mix just before entering
the NMR probe or in the probe

® On-line reaction vessel next to the magnet.

Sample flows out and then back
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Reaction monitoring using online vs tube NMR
spectroscopy: seriously different results

David A. Foley,** Anna L. Dunn®® and Mark T. Zell®

We report findings from the qualitative evaluation of nuclear magnetic resonance (NMR) reaction monitoring techniques of how
each relates to the kinetic profile of a reaction process. The study highlights key reaction rate differences observed between the
various NMR reaction monitoring methods investigated: online NMR, static NMR tubes, and periedic inversion of NMR tubes. The
analysis of three reaction processes reveals that rates derived from NMR analysis are highly dependent on monitoring method.
These findings indicate that users must be aware of the effect of their monitoring method upon the kinetic rate data derived from

NMR analysis. Copyright © 2015 John Wiley & Sons, Ltd.
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Introduction

Muclear magnetic resonance (NMR) is an extremely powerful tool
for the analysis of reaction mixtures. Not only can NMA be used

as a quantitative method of monitoring reaction processes, it also
har Hhn

arlvmandann f rearidine Adetaillad cbeocoresl infarenalan

vessel allows replication of reaction conditions while allowing
for analysis in an essentially unperturbed s@re There are exam-
ples of online NMR reacton monitoring being applied at both
high and low fields.®

The third methaod, stopped-flow NMR (iii), is typically used for the
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Unparalleled Information for Reaction Understanding

Organic Process
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ReactNMR and ReactiR as Reaction Monitoring and Mechanistic . . .
Elucidation Tools: The NC5 Mediated Cascade Reaction of a- A Safe and Efficient Synthetic Route to a 2,5-Dimethyl-1-aryl-1H-
Thioamides to a-Thio-fi-chloroacrylamides imidazole Intermediate
David A Foley,” Christopher W, E"l‘t‘ﬂlu'.- Jonas 'i_'- l"':h*rr.' Jeremy -"rt-_:“'-'ml!-_': Litula Murphy! a C. Barrios Sosa,” R. Thomas Williamson, Ryan Conway, Ashish Shankar, Rosline Sumpter, and
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What’s missing?

Integration and feed-back: on-the-fly acquisition control based
on real-time data processing and analysis

RO FRIRE R : BT LR BRI 7 A BB R 2 il

Hardware for online monitoring in real-time under real condition
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Online NMR and HPLC as a Reaction Monitoring Platform for H : : H
Pharmaceutical Process Development A simple flowcell for reaction monitoring
David A. Foley,® Jian Wang, Brent Maranzano, Mark T. Zell, Brian L. Marquez, Yanqgiao Xiang, by NM R
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The Solution for Process Monitoring

InsightMR flow tube* e iieiioiineiioniio

InsightMR software:
TopSpin+IconNMR+Dynamic center
(TS 3.5 Windows)



Insig htMR software
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Key features

A single interface for automated acquisition control, interactive processing and analysis,
resulting in real-time kinetic profiles
H AR S B ACEAN A ) B — FLH, A 58 BSER B 77 7 50 FR
Acquisition and real-time analysis of a series of 1D NMR spectra, using different nuclei and
interleaved experiments
SCRPR— RAR A AL ABRAT 748 1D NMREE BB AT KA AN S 7 A
On-the-fly acquisition parameters adjustment based on real-time kinetic data
BTSN B AL FRAN S g R R B, AT RN SRR S B0
Simultaneous monitoring of multiple reactions at the same time using parallel acquisition and
analysis capabilities
18 FHAPAT RAFE AN 73 AT () D REAE [F]— s [RLGE 2 AN SR AT [F) 22
Default kinetics parameters provided for both deuterated and non-deuterated solvents
SEHEERINIIBN /12 8O B, Bt 2y M i B S0 R i A 71 B A U ARIE 77 ) S N AR



InsightMR software part

® A single platform for acquisition control, interactive
processing and data analysis

Click Analysis

Fila Config Help
|l aw@FEHe 2 i3h =P Q4

{8 Methoa Center
= naighthR

B¢ Window Control

Spectra Displg;
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A Quick Demonstration
Simple Diels Alder
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® InsightMR software 1.0

Functionality Overview
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Answers to Chemical Questions
Concentration Profiles

G- g -

Maleic Anh. Product

[H] (M) A [species] (M) m';

500 ] DMF_CH3, #8
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chemical information!!

Visual, immediate
I

Annotate peak
Add peak

Add muttiple peaks
P_CH,#2 ++ Move this peak

== Delete this peak

{—! Delete peaks in a region | JCH3, #6

2.80 | # Undo latest change

Configure update style
Save peaklist to disk

_JL — 1 - JLJ.L
3.00 2.50 2.00 ppm
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@ InsightMR software 1.0

Concentration Profiles
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@ InsightMR software 1.0

Multiple Samples Run in Parallel
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@ InsightMR software 1.0 )

Interleaved Experiments
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® InsightMR sofiware 1.0

Interleaved Experiments
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InsightMR Flow Tube




InsightMR hardware part

laboratory setup

Bruker currently
provides the parts in |
blue and software

! nector |
------------------------------------------------------------------- i Reactor

300-600MHz E u] M

Chiller Heating




InsightMR hardware part an
Flow tube features (—X)

Real-time monitoring (SCATYST)
Compatible with Bruker 5 mm probes
(5Bruker 5mm #ELFER)

Temperature control transfer lines (%
T

Withstand pressures over 10 bar (&
= #E1d 10bar)

Interchangeable glass tube (7] Eiai
HE)

Proven robustness - industry tested (T
NSNEHIEBAFRE)

Simultaneous acquisition of : NMR, IR,
pH, MS...(AI 5 HE 2 {2 RBTFHITIEN)
Samples closer to the start of the
reaction (F£ & #:50 R N R FF35)




InsightMR hardware part an
Demo lab UK (—N




InsightMR hardware part
Demo lab UK

Flow interface

Enabling Parallel Acquisition of Data from
Different Techniques




® InsightMR Flow Tube

NMR Signal Stability Testing
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® InsightMR Flow Tube M

BRUKER
Line Shape Test - 10 mM sucrose (<O

lineshape sucrose_l0mM 4 1 C:\Data\l\]'ﬂR\RxH\Insight}m_flow_tube.

S W

M et ~ary
htI-[R_flow_t.u.be.
Scale @ 1.1892

htMR_flow_ tube
pn = -3.515 Hz

A

i
5.2 50 48 1.0 [ppm]
B Stopped flow
. FlOW 1 ml/min T T T | T T T | T T T I T T T | T T T | T
B Flow 1 ml/min, after re-shimming 5.34 5.32 5.30 5.28 [ppm]




® InsightMR Flow Tube

BRUKER
Diels Alder Chemistry, NON-Deuterated Solvent
CH3CN
25C |
Ma|e.c Anh. Product acetonitrile




® InsightMR Flow Tube

Diels Alder Chemistry, NON-Deuterated Solvent

Process Understanding — Structural Information of Intermediates
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Conclusions
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Answers to key chemical questions: reaction yield, reaction kinetics

Reactiong understanding, identification of reaction intermediates
and mechanistic information

Rapid and straightforward generation of data to build kinetic
models

Intuitive — straightforward acquisition and processing workflow -
makes NMR an accessible PAT tool for all audiences (no NMR
experience required)

Enables the facile use of NMR data to make strategic process
chemistry decisions, ultimately leading to cost savings

IS0




Conclusions

1. InsightMR Software

 Download:
https://www.bruker.com/service/support-
upgrades/software-downloads/nmr.html

¢ 3 months demo: '
https://www.bruker.com/service/support-upgrades/license-requests/insightmr-license-request-form.htmi

2. InsightMR (Flow Tube + Software)




www.bruker.com
InsightMR@bruker.com
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Would you like to learn more? Contact a customer service representative.
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