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What is quantitative analysis using NMR(gNMR)?

Quick and accurate quantitative analysis is possible without using a reference
material that is the same as the target analyte.
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Features of gNMR

1. Versatility ———> Target analyte are typical organic compounds
* Quantitative analysis of a compounds is possible, although its standard sample may not be available.

2. Efficiency ——— The gNMR standard that is the same as the target analyte is not necessary.
* One gNMR standard can be used for unlimited number of target analyte.

3. Speed — > Calibration curve is not required --> With gqNMR it is possible to perform absolute quantification.
* Usually, a few milligrams of sample is required.

4. Reliability ___s Sl (The International system of units) traceable analysis is possible.

9 Why purity analysis by NMR is attracting attention

[ Improved reliability of quantitative analysis

If the purity of the gNMR standard used in quantitative analysis is not known, gNMR can be used to determine
the purity. By incorporating the absolute purity value into quantitative analysis calculation, it is possible to improve
on the reliability of quantitative analysis obtained by chromatographic methods.



Variety of gNMR methods*'

There are two methods of quantitative analysis using NMR mainly.

Internal Standard Method

The presence of standards in the sample solution minimizes various factors that can lead to errors and allows for precision.
This method is utilized for purity analysis.
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External Standard Method : PULCON

A standard solution is prepared and used separately from the sample solution, so that the contamination into the target analyte
is minimized.
Various methods have been reported.
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*1 There are two basic quantitative method by NMR : the relative and absolute quantification. However, we only introduce the absolute quantification of analyte here.
*2 PUIse Length-based CONcentration measurement. A quantitative analysis method measurement of involving measurement of the standard and analyte sample separately

and them comparing the signal areas.



aNMR workflow of internal standard method

Quantitative methods for the accurate determination of the purity or content of

organic compounds.

agNMR is Sl-traceable and accurate quantitative values.

Quantitative NMR analysis is possible by means of either
internal or external standard method. The choice of these
methods depends on the purpose of analysis.

Among the internal standard methods, a gNMR analysis
that can quantitatively express the reliability of the analytical
results and qualifies in principle as a primary standard
measurement method is possible.

If reliability is the most important factor, e.g. purity, the

Ultra Micro balance XPR2U
: METTLER TOLEDO

1. Sample preparation
Accurate weighing of the gNMR standard
and target analyte

The absolute value of the amount of the material can be
obtained by measurements verified by the International
System of Units(Sl). This measurement method is called
the primary standard measurement method, and NMR is
one of them,™

NMR spectrometer ECZ Luminous™

2. NMR measurement

internal standard method is strongly recommended. In
official methods such as Japanese Pharmacopoeia, the
aNMR with Sl-traceability applied gNMR method is used
as a quantitative method to accurately determine purity
and content,”® and are used for evaluation of certified
reference materials.™

The internal standard method is employed by JEOL in the
analysis operation from sample preparation to calculation.

NMR analysis software for gNMR
"JASON SMILEQ plugin”

3. Data processing and analysis

At gNMR analysis, certified standard material with SI
traceability of reference materials (Certified reference
material, CRM) can be used, enabling Sl-traceable purity
evaluations.

9 ISO standardization of gNMR method ™

Contributes to improved reliability in the quantitative analysis of organic compounds such as pharmaceuticals, reagents and food ingredients.

International standard for the quantitative purity determination of organic compounds using nuclear magnetic
resonance (NMR) has now been adopted by ISO 24583, Quantitative nuclear magnetic resonance spectroscopy
- Purity determination of organic compounds used for foods and food products -General requirements for 'H

NMR internal reference methods.-

The gNMR (gquantitative NMR) method is an analysis method that enhances reliability. This international standard
defines the measurement procedures for the gNMR method, which is a "quantitative analysis" method using
NMR, and improves the reliability of the purity determination of organic compounds around the world. This
will further promote the implementation of the gNMR method in society and contribute to the realization of a

comfortable, safe and secure society.

The international standard was published by ISO on 19 December 2022.

*3 THE JAPANESE PHARMACOPOEIA EIGHTEEN EDITION (THE MINISTRY OF HEALTH , LABOUR AND WELFARE)
*4 T.lhara, T.Saito, JEOL News Vol47, No.1, 2012 - Realization of an Innovative Metrological Traceability using the Quantitative NMR Method
*51SO 24588 : https://webdesk.jsa.or.jp/books/W11M0070/index  English page is available.



Example of qNMR internal standard method

Purity Analysis of Acetaminophen
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(from HPLC : purity 100% LC assay)

The result of the purity of acetaminophen reagent
is shown here. 1,4-bis(trimethylsilyl)benzen-d,
(1,4-BTMSB-d,) was used as the internal standard
material. ©

We decided to use the 'H signal of the CH, group
and the calculation was made according to the

1,4-BTMSB-d,

Impurity?

|
oyl

Expansion of benzene ring area

Purity of acetaminophen by gNMR :98.4%
(RSD of 3 measurements = 0.1%)

formula(1) to determine a purity of 98.4%.

As such, gNMR enables purity analysis and
confirmation of impurities simultaneously. In addition,
it is possible to obtain information on changes of the
sample over a period of time and it can be used in
product quality control.

p _ sample x

H

std

mstd

x sample x P

Formula(1) sample — |
std

m = mass(weight), M = Molar Mass , P = purity(%)

Hsample

I = signal intensity(integral value), H = number of protons(number of hydrogen atoms in the functional group),

std
M

Msample std

Introduction of gNMR related reagents

| CodeNo | Prowt | Grade | Packagesize |

O24-17051 1,4-BTMSB-d, Ref Material [CRM TraceSure® 50 mg
020-17033 4- -d, Reference Material | | raceSure 50 mgxd
oaa-sort DSS-d, Reference Material [CRM TraceSure® o0 mg
040-31673 -d,, Reference Material | | raceSure 50 mgxd
048-33271 Dimethyl Sulfone Reference Material [CRM] TraceSure® 100 mg
135-17951 Maleic Acid Reference Material [CRM] TraceSure® 100 mg
093-06731 4 Internal Standard Set for Quantitative NMR [CRM] for gNMR 1 set
. 3,5-Bis(triflucromethyl)oenzoic Acid for .
634-29181 Quantitative NMR (H, °F) NMIJ CRM 4601-c 200 mg
. 1,4-Bis(timethylsilyl)-2,3,5,6-tetrafluorobenzene for .
639-44151 Quantittive NMR (H, %F) NMIJ CRM 4602-a 100 mg
161-24661 Potassium Hydrogen Phthalate [CRM] TraceSure® 509
041-33641 DISS-d, Standard Solution for gNMR 1 mlx5 A

(600 mg/LL Deuterium Oxide Solution)

Please find the details  https://labchem-wako.fuijiflm.com/us/category/analysis/nmr/gNMR/index.html
*6 1,4-BTMSB-d, . Code No. 024-17031, 020-17033 Fujiflm Wako Pure Chemical Corporation



Information of gNMR Analysis System

JEOL NMR Systems offer both internal and external standard method

Data Analysis Tool

JASON SMILEQ
SMILEQ(Spectral Management Interface Launching Engine for gNMR) is an automated
gNMR analysis system provided by JASON(JEOL Analytical Software Network). (0.8)
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Optional

Long Time Low Temperature Unit Compressor Type
This ling term low temperature unit a vortex tube. The
achievable temperature of sample dependents on the
specification of the compressor used, but the ability to
easlly reach a temperature of approx,25 degrees C below
room temperature. It is suitable for long measurement of
samples requiring low temperature.

Auto Sample Changers

Sample tubes of various diameters and special sample
tubes can be transported safely. The JackBean type does
not require the use of stairs when changing NMR sample.
Pre-Cool and Pre-Heat types are also available for users
who need to keep samples cool or pre-heat them.

Type | Option |

ASC24 ASC100

Pre-Cool
ASC30 (JackBean) Pro-Hoat

ASC64 (JackBean)
ASC100 (JackBean)




Installation Case about qNMR and our support

[ FUJIFILM Wako Pure Chemical Corporation Tokyo plant

FUJIFILM Wako Pure Chemical Corporation has started production of certified reference material (CRM) using ISO
24584 (QNMR), first in the world. *!
The gNMR (quantitative NMR) method has been stipulated in Japanese Industrial Standards (JIS),

and an International Organization for Standardization (ISO) method for sample analysis. The ISO method for
gNMR was established through collaborative research by multiple organizations including FUJIFILM Wako Pure
Chemical Corporation and JEOL Ltd.

*1 As of October 30th, 2023

agNMR can be used for purity assay even without a reference material identical to the target analyte, and has the
advantage that the analysis time is shorter than other methods. This means that gNMR can also be applied for
analyte for which a reference material has not yet been, such as new drugs.

FUJIFILM Wako Pure Chemical Corporation is a supplier of reference material and certified reference material (RMs/
CRMs) for gNMR. These reference materials will be standards for quantitative analysis when measuring together
with the target analyte. As another feature of gNMR is that a single reference material can be used for a number
of analytes.

FUJIFILM Wako Chemical Corporation has contributed to the standardization of gNMR and has introduced gNMR
into their quality control processes. They have a plan to provide a sufficient number of RMs/CRMs for general
analysis and are preparing to meet the diverse demands of users. Through these efforts, they are working to
disseminate gNMR and support its users.

FUJIFILM Wako Pure Chemical Corporation currently uses
three JEOL NMR systems, one of which is the latest JNM-
ECZL.400S, which can be used for automated gNMR, in order
to analyse many analytes quickly and efficiently. We also carry
out regular inspections to ensure stable operation of the NMR
system. (Interview, November 2023)

You can find out more details on our website.
https://www.jeol.co.jp/products/technology_cases/cases/
nmr_12.html

JNM-ECZL400
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JASON(JEOL Analytical Software Network)is next-generation NMR analysis software
focused on the automated processing,analysis and reporting of NMR data.

Highly flexible interface and extensive analysis functions

JASON's intuitive interface facilitates a variety of
NMR analyses. In addition to basic 1D/2D-NMR data
processing, JASON offers versatile functions such as
multiplet analysis, peak deconvolution, H,"*C chemical
shift prediction, automatic attribution and spin simulation.

- - —

JASON Canvas

H, '3C Chemical sh

JASON can predict chemical shifts for input chemical
structures. Using the predicted 'H and "C chemical shifts,
the structural formula and the actual NMR spectra can be
compared with each other. Furthermore, NMR spectra can
be automatically assigned from the predicted chemical
shift information. Easily chose Auto assignment ['H] or
["*C] from the menu and the signal assignment results are
displayed on the NMR spectrum.
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™H and ®C Chemical shift prediction

One of JASON's special features is its canvas. Each NMR
data set can be linked to each other using the object
link function, providing seamless support from spectral
analysis to report generation.

Example for report of J-coupling patterns
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The result of automatic assignment for
"H NMR spectrum



SMILEQ (Spectral Management Interface Launching Engine for Q-NMR) is an automated gNMR
measurement and analysis system, where measurements with the NMR software Delta and gNMR
analysis with JASON are carried out seamlessly and automatically in an integrated manner.

Measurement & Analysis in one Step

All gNMR measurements, data processing and reporting for The conditions for gNMR analysis can be managed
the internal standard method are performed automatically. centrally using the Delta gNMR seamless tool, while the
gNMR measurement conditions and FID data measured SMILEQ system enables user-independent, automated
with Delta are properly data processed via JASON's and optimised gNMR analysis.

SMILEQ plug-in, and quantitative values are calculated and
reported automatically.

I

{a=-1 The measurement conditions,analysis conditions and
[RARA== IEE- I 1 sample information can be specified on one screen
e = —— )
Pl —— | o— ST —— e ee——
:._.. &= = = = g
S 5 :_7--‘ 4§ Analysis templates and a reference material library
et are available
—— |
E — @’ Repeated, sequential or non-sequential
| ol = e T E measurement sequences can be defined
Lo L= Lo
== o —— ! S — e I
Setting for experimental condition : Delta
i = ) Easy-to-understand reports with gNMR analysis
T results and measurement conditions at a same time
R S Management of FID, pdf file and JASON format
- = file created for each measurement
- e If re-analysis is required, individual analysis is
Jl 1 i possible with the SMILEQ plugin

R e e s e | = Statistical results (average, SD,RSD) for all results
fome T e | Tt ] 3 [oin s can be created as a summary report in the case of
P I T = § . _ multiple samples or repeated measurements (p.9)

Optimization for SOP development A

SMILEQ is an automated analysis system that can manage all gNMR
analyses via the Delta gNMR seamless tool. Standard Operating
Procedures (SOP) support is also available, making SMILEQ ideal for
quality control and other work environments with a large number of
analysis samples.

Supported versions

-Delta 6.1 or later

-JASON 1.3 or later
SMILEQ_plugin 1.0 or later

* The gNMR seamless tool is available in Smart Mode of Delta




Reporting functionality of the SMILEQ plug-in

The measurement data can also be processed and analysed for gNMR on your own PC.
Statistical results from measurements of multiple samples and repeated measurements,
as well as ISO 24583 reports, can also be generated automatically.

Internal standard and external standard analysis

Perform internal standard qNMR anal
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Example of individual report

Internal reference: Enter reference and analyte details all one panel for simple gNMR analysis.
Multiplet NMR standard signals can be used for analysis.

Perform external standard qNMR anal
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Example of individual report

SMILEQ can use external standards allowing routine gNMR analyses across different samples.
PULCON and SOLCOR corrections can be applied to obtain accurate concentrations.
The use of multiple reference spectra is also supported.
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Example of summary report

ISO 24583 gNVIR analysis Report ™/
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Example of the gNMR analysis report accordance with ISO 24583

Automatic batch analysis of multipl

The JASON summary report shows the average purity and
standard deviation per signal used in the quantification
calculations for the each gNMR results. The average purity
and standard deviation for each sample group is also
displayed.

The table on the left shows the results of triplicate
measurements for each of the three Butylparaben
samples. The results of the quantification calculations for
each repeat measurement and the average purity and
standard deviation for each sample can be seen.

Uncertainty Budget (according to ISO 24583)
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Report output according to I1ISO 24583 is available for
quantitative calculations, which describes the uncertainty
in repeated measurements, the uncertainty in the signal
used for the calculation and the uncertainty in the
conditioned sample. For gNMR analysis results, the
range of quantitation values obtained can be more clearly
evaluated.
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Data processing, generating of summary reports and ISO reports for multiple data can be managed together in the
‘MultiSpectrum SMILEQ' window. Simply select the Reports menu and reports for multiple data are automatically generated.

*7 Supported version is JASON 3.1 and later, SMILEQ-plugin 2.0 and later
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Certain products in this brochure are controlled under the “Foreign Exchange and Foreign
Trade Law” of Japan in compliance with international security export control. JEOL Ltd. must
provide the Japanese Government with “End-user’s Statement of Assurance” and “End-use
Certificate” in order to obtain the export license needed for export from Japan. If the product
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Tel. 82-2-511-5501

Fax. 82-2-511-2635

KUWAIT
Ashraf & CO. Ltd.
P.O.Box 3555 Salat 130836, Kuwait
Tel. 965-180515
Fax. 965-. 24335373

MALAYSIA

JEOL (MALAYSIA) SDN.BHD.

508, Block A, Level 5,

Kelana Business Center,

97, Jalan SS 7/2, Kelana Jaya,

47301 Pela\lng Jaya, Selangor Malaysia
Tel. 60-3-7492-7

Fax. 60-3-7492-7723

MEXICO

JEOL DE MEXICO S.A. DE C.V.
Arkansas 11 Piso 2

Colonia Napoles

Delegacion Bento Juarez, C.P: 03810
Mexico D.F., Mexi

Tel. 52-5-556-211 4511

Fax. 52-5-565-211-0720

Middle East

JEOL GULF FZCO

P.O. Box No. 371107

Dubai Airport Free Trade Zone West Wing 5WA No. G12,
Dubai, UAE

Tel. 971-4-609-1497

Fax. 971-4-609-1498

PAKISTAN (Karachi)

ANALYTICAL MEASURING SYSTEM (PVT) LTD. (AMS LTD.)
14-C Main Sehar Commercial Avenue Lane 4,
Khayaban-e-Sehar,

D.H.A-VII, Karachi-75500, Pakistan

Tel. 92-21-35345581/35340747

Fax. 92-21-35345582

PANAMA

PROMED S.A.

Parque Industrial Costa del Este
Urbanizacion Costa del Este

Apartado 0816-01755, Panama, Panama
Tel. 507-303-3100

Fax. 507-303-3115

PHILIPPINES

JATEC Philippines Corporation

28 Floor, The Enterprise Center Tower 2,

Ayala Avenue corner Paseo de Roxas,

Brgy. San Lorenzo, Makati City, 1226 Philippines
Tel. 632-8849-3904

PORTUGAL

Izasa Portugal Lda.

R. do Proletariado, 1

2790-138 CARNAXIDE, Portugal
Tel. 351-21-424-73-00

Fax. 351-21-418-60-20

QATAR

Mannai Trading Company W.L.L.
ALl Emadi Complex,

Salwa Road P.0.Box 76, Doha, Qatar
Tel. +974 4455-8216

Fax. +974 4455-8214

RUSSIA

JEOL (RUS) LLC

Office 351, floor 3, 23,
Novoslobodskaya St,
Moscow 127055, Russia
Tel. 7-495-748-7791/7792
Fax. 7-495-748-7793

SAUDI ARABIA
ABDULREHMAN ALGOSAIBI G.T.C. (Riyadh)
Algosal Buldng- 0ld Airport Road

O. Box 215, Riyadh-11411, Saudi Arabia
T

SCANDINAVIA
SWEDEN

JEOL (Nordic) AB

Hammarbacken 6A, Box 716, 191 27 Sollentuna
Sweden

Tel. 46-8-28-2800

Fax. 46-8-29-1647

SINGAPORE

JEOL ASIA PTE.LTD.

2 Corporation Road
#01-12 Corporation Place
Singapore 618494

Tel. 65-6565-9989

Fax. 65-6565-7562

SOUTH AFRICA

ANGSTROM Scientific (Pty) Ltd.

370 Angus Crescent, Northlands Business Park
29 Newmarket Road

Northriding, Randburg 2169 South Africa

Tel. +27 11 462 1347

SPAIN

IZASA Scientific SLU.
Argor\eses 13 28108 Alcobendas,
Madrid

Tel. 34 902 20 3080

Fax. 34 902 20 30 81

SWITZERLAND

JEOL (GERMANY) GmbH
Gute Aenger 30

85356 Freising, Germany
Tel. 49-8165-77346

Fax. 49-8165-77512

TAIWAN

JIE DONG CO., LTD.

7F, 112, Chung Hsiao East Road,
Section 1, Taipei, Taiwan 10023 (R.0.C.)
Tel. 886-2-2395-2978

Fax. 886-2-2322-4655

For NMR & Mass Spectrometer Products:

TechMax Technical Co., Ltd.

17F., No. 216, Sec. 3, New Taipei Blvd., Xinzhuang Dist.,
New Taipei City 242032, Taiwan (R.0.C.)

Tel. 886-2-8990-1779

Fax. 886-2-8990-2559

For Semiconductor Products:
JEOL TAIWAN SEMICONDUCTORS LTD.
No.198, Xingong 2nd Rd., Zhubei City,
Hsinchu County 302004, Taiwan (R.0.C.)
Tel. 886-3-571-5656

Fax. 886-3-571-5151

THAILAN|

BECTHAI BANGKOK EQUIPMENT & CHEMICAL CO., Ltd
300 Phaholyothin Rd. Phayathai, Bangkok 10400,

Thailand

Tel. 66-2-615-2929

Fax. 66-2-615-2350/2351

JEOL ASIA(THAILAND)CO., LTD.
87/2 CRC Tower All Seasons Place,
36 Floor, Room 31,

Wireless Road, Lumpini,
Phathumwan, Bangkok 10330
Thailand

Tel. +66-2-625-3102/3103

THE NETHERLANDS

JEOL (EUROPE) B.V.

Lireweg 4, NL-2153 PH Nieuw-Vennep,
The Netherlands

Tel. 31-252-623500

Fax. 31-252-623501

TURKEY
Tekser A.S.

Kartal Cad. No: 553 Inonu Wah.,
Atasehir 34755, Istanbul, Turkey
Tel. 90-216-5736470
Fax. 90-216-5736475

USA

JEOL USA, INC.

11 Dearborn Road Peabody, MA 01960, U.S.A.
Tel. 1-978-535-

Fax. 1-978-536- 2205/2206

JEOL USA, INC. WEST OFFICE

5663 Stoneridge Drive Suite #110
Pleasanton, CA 94588, U.S.A.
-1740

Fax. 1-925-737-1749

VENEZUELA

GOMSA Service and Supply C.A.

Urbanizacion Montalban Il

- Residencias Don Andres - Piso 7 - Apartomento 74
Avenida 3, entre calles 7 y 6

Montalban, Caracas, Venezuela

Tel. 58-212-443-4342

Fax. 58-212-443-4342

VIETNAM

T&N Trading and Investment Company Limited
Sales & Service

19 Hang Thiec Street, Dong Da District,

Hanoi, Vietnam

Tel. +84 982028728

No.2103D487C(Bn)




