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What Is quantitative NMR (gNMR)

Quantitative NMR (gNMR) is an absolute
guantification method with Sl*—traceability by
utilizing internal standard (Primary ratio method).

*SI : International System of Units

QNMR is able to absolutely determine the purity or the concentration
of low molecular organic compounds.

Application (drugs, pesticides, natural products, food additives)



Joint Research group of gNMR studies since 2008
National Institute of Health Sciences (NIHS), Japan

The National Institute of Advanced Industrial Science
and Technology (AIST)

Fujifilum—Wako Pure Chemical Industries, Ltd.
(Reagent company)

JEOL Ltd. (Instrument company)
TSUMURA & CO. (Pharmaceutical company)

Researches aimed for adoption of gNMR in JP, especially for
absolute quantification of JP marker compounds, have been

continuing after 2014 by the JP experimental group, too.




Why JP started utilizing gNMR

JP starts utilizing gNMR for preparation of reference standards
(marker compounds) for quantitative analyses of herbal

medicines*! or impurity of chemical drugs *2 from 2014.
Because their preparation is difficult for following reasons.

*1: They are natural product origin and separation cost is high.
*2: Even chemical drugs, synthetic cost of impurities is also high.
The gNMR is the “absolute” quantification method. If a NMR
peak of a targeted compound is separated, no more purification
Is needed to obtain its purity value. Therefore, the cost is lower,
comparing mass—balance method which requires several
purification steps and determination of impurity values such as
water content by Karl-Fischer’ s method and inorganic contents
by ignition method.



The attractive point of gNMR: Proliferation of SI
traceable reference compounds by using qNMR

Certified reference
standard (CRS)

We prepared CRS first

NMR ® H nucleus

Measurements of gNMR of-the-target compound with the CRS

® ® O ® O
Compound A Compound B Compodund C
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When gNMR of the targeted compound is measured with the CRS,
the purity of the targeted one is available with Sl traceability



Advertisement of certified reference standards with Sl
traceability for gNMR
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@EKRIEH A [Solubility]
1,4-BTMSB-d4 [1,4-Bis(trimethylsilyl)benzene-d,] Chloroform-d [CDCls] D ALE
D D Acetone-ds [(CD3).CO] D RA
HaC CH; Methanol-d; [CD30D] DEBIFIZC WL
H,C—Si $i-CH; Dimethyl Sulfoxide-ds [DMSO-ds] : i&IFIZ { LY
HsC 5 . CH, *each 1 mg/mL, at 20°C
SFI D DF= = CioHisDsSiz 1 226.50
O KRIBER
DSS-dg [Sodium 3-(Trimethyisilyl)-1-propane-1,1,2,2,3,3-dg-sulfonate]  [Solubility]
D D Deuterium Oxide [D,0] D ALE
HsC D o) ; : L=
[ I Dimethyl Sulfoxide-ds [DMSO-ds] : A&
HC=S 0 T p j—ONa *each 1 mg/mL, at 20°C
HsC D 0
DFR B FE = CsHeDsNaOaSSi : 224.36
32— F No. m A R B B HEMAMEE)
021-16441 | 1,4-BTMSB-d4 Reference Material Traceable Reference Material | 50mg 30,000
048-31071 | DSS-ds Reference Material Traceable Reference Material | 50mg 30,000

(K.S.)



Validation Studies of gNMR for chemical reagents used as reference standards
for quantitative analyses of crude drugs in the Japanese Pharmacopoeia

COOCH,4
OHHO

\ﬂ/m

OGic

Magnolol Geniposide
Studies were performed in 5 independent laboratories
5 mgx10%
{F
1,4-BTMSB-d, 1.0-1.1 mg
{F

d—solvent 1.0 mL
Each participant made 3 sample solutions

l

gNMR conditions
Instruments: 400-800 MHz
Spectral width: 20ppm
Center of spectrum: Sppm
Pulse angle: 90°

Ag. time: 4 s

Digital resolution : 0.25 Hz
Delay time: 60 s

Temp. : ambient
Decoupling condition:
MPF8

Number of scans: 8 times
Dummy scans: 2 times

The absolute purity of each sample was measured with qNMR by 3 times.

l

The results indicate that the purity of these compounds can be determined by
gNMR with an accuracy of more than two significant digits when the molecular
weight of the target reagent is around 300 with a weighed amount of about 10 mg

J. Hosoe et al, Pharmaceutical and Medical Device Regulatory Science, 41, 960-970 (2011).



Reagents determined by gNMR used as reference standards in the assay of the crude drug

section in the JP (1)

1 | JP16-2(2014.2.28) | #=/KRI K Geniposide %> ¥ ¥ (Gardenia Fruit), >3 2K (Powdered Gardenia Fruit), Z:&Ef#=i5 I ¥R
(Orengedokuto Extract), ANBREERI T+ X (Kamishoyosan Extract), NBRIEES T+ X
(Kamikihito Extract)

JP16-2 (2014.2.28) | RA/ —)L Paeonol R4 > E (Moutan Bark), R4 > E3K (Powdered Moutan Bark)

3 |JP16-2(2014.228) | ¥/ A—)L Magnolol a4 (Magnolia Bark), = ™27K% 3k (Powdered Magnolia Bark), B E5I ¥R
(Hangekobokuto Extract)

4 | JP16-2(2014.2.28) | x4/ 28> Magnoflorine BRSNS FER X X (Kakkontokasenkyushin'i Extract)

5 | JP17 (2016.4.1) L1 Rhein B RS T3 R (Tokakujokito Extract), Z5i% T ¥ X (Otsujito Extract)

6 | JP17 (2016.4.1) OXY Uk Rosmarinic acid F B E4M5 T & R (Hangekobokuto Extract)

7 | JP17 (2016.4.1) Y4 aYR= b2 Saikosaponin b2 HNBKIZERES T4 R (Kamikihito Extract), HIFF# T & X (Yokukansan Extract), SE#A4E4%5
I & X (Saikokeishito Extract), 4£%5i% T ¥ X (Saireito Extract), ££4h5 I ¥ X (Saibokuto
Extract), /N$E#AS T3 X (Shosaikoto Extract), XL4E#Ai% T X (Daisaikoto Extract), ##
PR i% I+ X (Hochuekkito Extract), Z =% T+ X (Otsujito Extract), HNAFERINBEE 3
¥ I ¥ X (Yokukansankachimpihange Extract), $e 8482 E R T ¥ R
(Saikokeishikankyoto Extract)

8 | JP17 (2016.4.1) (E)-7 1 KRBk (E)-Cinnamic acid ARSI X R (Tokakujokito Extract), #E#RF LT H X (Keishibukuryogan Extract),
ZiEtiHiS T ¥ X (Ryokeijutsukanto Extract), FAZ5E{T ¥ X (Goreisan Extract)

9 |[JP17-1(2017.12.1) | [6]-F >4~ O—IL [6]-Gingerol L aXx 37 (Ginger), ¥ 3% 37X (Powdered Ginger), EHi%I ¥ X (Shimbuto
Extract), FEE#bi7I FX (Hangekobokuto Extract)

10 | JP17-1(2017.12.1) RA=> Loganin > < 23 (Cornus Fruit), /\BkihEEFL T X (Hachimijiogan Extract), 4EE&RALITF
A (Goshajinkigan Extract)

11 | JP17-1(2017.12.1) | [6]->32AA—IL | [6]-Shogaol #$1 % 37 (Processed Ginger)

12 | JP17-2(2019.6.28) | (E)-7 =ILSE. (E)-Ferulic acid LIFEEERN T+ X (Tokishakuyakusan Extract)

13 | JP17-2(2019.6.28) | 10-E FAF< T+ | 10-Hydroxy-2-(E)-decenoic A—+)L€ 1) — (Royal Jelly)

Uk acid
14 | JP17-2(2019.6.28) | ¥/ A=Y Sinomenine FFE#EEHI ¥ X (Boiogito Extract)
15 | JP17-2(2019.6.28) | TR F7 I Evodiamine BZHE 5T XX (Goshuyuto Extract)




Reagents determined by gNMR used as reference standards in the assay of the crude drug

section in the JP (2)

16 | JP18(2021.6.7) XTIy Mangiferin HEMASHE I+ X (Byakkokaninjinto Extract)
17 | JP18(2021.6.7 YA agR=>Va Saikosaponin a 44 3 (Bupleurum Root . .
( ) - - i - (Bup ) | RMS (Relative Molar Sensitivity) method
18 | JP18 (2021.6.7) A aR=2d Saikosaponin d 4 2 (Bupleurum Root)
19 | JP18 (2021.6.7) DI IR Diphenyl sulfone ) A (PerillaHerb), R J LT LT E K FARMSEZEWE (reference compound for HPLC
quantification of perillaldehyde by RMS)
20 |JP18 Suppl1 VDV Amygdalin F3o =2 (Apricot Kernel), kr2=> (Peach Kernel), k2 =2k (Powdered Peach
(2022.12.12) Kernel), HEEEFENTF R (Keishibukuryogan Extract), H#EKZLTFR
(Tokakujokito Extract), F&E % TH R (Maoto Extract)
21 |JP18 Suppl1 FIVIFY Arbutin 777)LY (Bearberry Leaf), 77 7)LYRIT AR (Uva Ursi Fluidextract)
(2022.12.12)
22 |JP18 Suppl1 JTeEROaY A1 iEt | Dehydrocorydaline I> 344 (Corydalis Tuber)
(2022.12.12) Y nitrate
i I I
23 |JP18 Suppl 1 (2022.12.12) |EJLRF> Hirsutine F37 k777 (Uncaria Hook) #IBER T4 A (Chotosan Extract) #IfFRI T+ R
(Yokukansan Extract)
24 |JP18 Suppl 1(2022.12.12) (Y94 e s e F37 k%27 (Uncaria Hook) #BRMT X (Chotosan Extract) HIFELTAFZ
(Yokukansan Extract)
25 |JP18 Suppl 2 (20246.28) |7+ FL/URII Atractylenolide II LIS EB T X (Tokishakuyakusan Extract)
26 |JP18 Suppl 2 (2024.6.28) |7hSoFOTY Atractylodin LFFLTFERBM IR (Tokishakuyakusan Extract)
FHBRATFR (Goshajinkigan Extract), /\BK# % 1, T4 R (Hachimijiogan
27 |JP18 Suppl 2 (20246.28) |&REEEE Benzoic acid Extract), Hii5 T4 R (Shinbuto Extract), 7 7ZILAOAFERMSE S E
(reference cempound for HPLG quantification of Aconite alkalcids by RMS)
FF (Citrus Unshiu Peel), #ith #5588 T4+ R (Hochuekkito Extract), A& F&uT
28 |JP19 (2026) ARRD Hesperidin F R (Rikkunshito Extract), #IBE T+ R (Chotosan Extract), {IFFEmMB R EH T

ZZ (Yokukansankachinpihange Extract)

27 reagents evaluated using gNMR have been listed as reference standards in the
assay of 50 monographs (Crude drugs and Kampo formula extracts) until JP18-2




Introduction of gNMR into JP (1)

First Appearance

Original Addition or Change

JP16-1 (2012.10)

Listed “Quantitative Analytical Technique
Utilizing NMR Spectroscopy and Its

Application to Reagents in the JP” at G5
Crude Drug sction in General information

Added the paragraph on “Qualification of
NMR equipment used for quantitative NMR”
in the JP17 (2016.4.1)

SERBERSOMICM BB MM (NMR) EEFIAL - .
- EREHE BERBABREA DGR IZ IR JPITTIERNMRICR AT SEMBOERED TR 1280

JP16-2 (2014.2)

Listed “10. Assay of Marker Compounds for
the Assay of Crude Drugs and Extracts of
Kampo Formulations Utilizing NMR
Spectroscopy” at <5.01> Crude drugs tests
sectionin General tests

SRR ICT RN AM (NMR) EZZFALI-EER
URARFIF ADOEREERS OERIZIR

Listed the reagents determined by gqNMR
for assay of crude drugs as “xx for assay o
xx for assay 2 (Purity value by quantitative
NMR)”at <9.41> Reagents, test solutions
sectionin General tests

E'*g;‘l:ﬁfzg;ﬁmtif ;;}TMﬁm{Eim*‘ JP18-2% TIZaNMR Tl fH IF& h =273 % N

Until JP 18-2, 27 reagents determined by
gNMR has been listed.

[Ref] Goda Y., Pharmaceutical and Medical Device Regulatory Science, 48, 670-682 (2017);
Goda Y., Shoyakugaku Zasshi, 78, 51-55 (2024).



Introduction of gqNMR into JP (2)

First Appearance

Original

Addition or Change

JP17 (2016.3)

Added the paragraph on qNMR to General
tests <2.21> NMR Spectroscopy

JP17C— BB ENMRIZSEENMRIZE 9 5% 8N,

Changed the name of quatitative reference
compounds from “internal reference
standard” to “qNMR reference standard” in
JP18 according to JIS and added the
description about S/N ratio in JP18

JP18T JISIZH LV AR EEMEMNSGNMREEMEIZH
HELEHE, I5ITS/NEIZBEd 258468

JP18 (2021.6)

Added detailed description on gNMR in the
guideline for drafting the JP

A RRREMAICGNMRIZE Y G AREEM

HiFSA: 'H iterative Full Spin Analysis; gNMR

JP19 (2026)

Listed “Reference NMR Spectrum Based on
1H Spin Information and Application to
Reagents in the Japanese Pharmacopoeia”
at G5 Crude Drug sction in General
information

(GNMRAETH LN I)HAEARRICR I W -2 &

NMRAARZF I EBFERFREA~DOE AZFINE
(kHIFSAD K )

THLONFE=ARIFILOSHEESNT=-AEAF
] (EF IR, REV-REVEETE
B IEIE REHEYVINIALER I«
YT AT 1T BH TERGAE U IEHRE
B5Fi% AENEHRIX. BB Y 1 XIZ&EFL
TWDT, COT—3%TIC. BEEDOBIBY A
XIZHIETBARIMILNF[EENTES.
Fl=. EOT—31EHT. OSTATLAT—
EExRX AT 5B EHERICHATES.

*x P.S. Achanta, et al., J. Pharm. Biomed. Anal., 192, 113601 (2021)



Expansion of gNMR utilization to chemical drug fields

From JP17, JP allowed to use impurity standards for quantification
of organic impurities in chemical drugs and the JP expert committee
prepared the document concerning the draft “Quality Standards of
the Japanese Pharmacopoeia Reference Standard” in the guideline
for drafting the JP18 and the documents refer to qNMR.



gNMR description in the guideline for

drafting the JP18

TBAERARERGEREIRECETIEH
(BH=-182)

Document concerning the draft “Quality Standards of
the Japanese Pharmacopoeia Reference Standard”

(2R DAT]
EEZOHER
[P FHXRUAFE]
[{t=%4, CAS BE]
[E2/NT) =]
RMEAE
IR EEFITKS

ERE
(BH, BE OOV, ST —I BRABEFIZ R DV EVIING DR Z THEEFHEF1TL ), #EDHIE
BHFERD, 1ZEZDFFREILCDIFEFHFFTHIET S D=, BEZEOEE NMR JE %
LEDHHNEEEIFHEIZL L TEHT B ETEZZLL. )
RANGVRETOFMEFTFMIEIFEALULTOELSY ETS.

(FRIEL T, BRYE., BB FE. hRESDEFEFHBREFEL. XA TRDSB. )
B (RTIRMRUEIKE) (%) ={100% —(GHEEATZD % +EEBERE %) x (100% —FHEME %)~ 100

(&%) & -

2aL2] INMRIZEDEEDRBS AL, SHLISRSNTNS

o EE The requesting information on gNMR

N gﬁﬁ description in the assay is shown

. here as points of consider for entry o
BRI B> B A B o B e MBI MI0T St

® FEEHEIC NMR ZRH I HHEF. REMFERERE 6.1 EE'HNMR BIEZIOFIESELL
T, EEOEMBKRICOVCERICEERTHL.

® ZEE 1HNMR BIEEDTHEICELCIE, REFREBE—FOM6.2 EE'HNMR BIEED—ALH

BRA 1941 HE AR IOHE, XNFRERREREDHKX-R2I~DEHICHELTOBERIE
oF, HEHRENMICEHLTIRETHIL

(FormStd-2) [Name of Reference standard]

Structure formula of Reference Standard

[Molecular formula and molecular mass]
[Chemical name, CAS registry number]

et bon: appearance INMRIZ& 2 E EHDRHLRODN
Specific physical and/or chemical values W5

Purity Usage of gNMR is

ZOSSSS;; drving or Water permitted as an absolute
Usually, purity assessments are per§ aSSay

Method based on the Liquid Chroma
correction factor for purity and to perform/ectifications for the amount of the

reference standard using the provided cfrrection factor. Therefore, absolute
assays such as titration and ntitative NMR assays can be
described as needed.

—

= (Remarks) Points to consider for entry

(5) If agNMR is included in the assay, the status of the assay should be
accurately described, referring to the example of "6.1 quantitative 'H NMR
measurement" of the guideline for drafting the JP.

(6) When describing the detailed information on quantitative H

NMR, submit the data in a separate form based on “6.2 Points to
consider when describing the quantitative 1TH NMR measurement” in the
section of "9.41 Reagents, Test Solutions” in General Tests, or "Form 2"
in quality standards of quantitative reference materials”, of the guideline
for drafting the JP18




gNMR description in the guideline for drafting JP18

Standard Quality Standards

Points to consider (B%& /) when describing the quantitative '"H NMR measurement
in the section “9.41 Reagents, Test Solutions” in General Tests or “Form 2 in

62 SE= 1H NMR BIEZED—AEEERET9.41
EDIEHEX-E21~DERICELTORER

RE-RRIDE, XTFERRHE

Points to consider when describing the quantitative 1H NMR measurement in the section "9.41 Reagents, Test
Solutions" in General Tests or "Form 2" in Standard Quality Standards

6.21 oNMR EHEBROBHEA X 6.2.1 Process for preparing gNMR sample solutions
6.2.1.1 FH 6.2.1.1 Sample

6.21.1.1 BIENEZME (D HIE)IZETER 6.2.1.1.1 Information on substances to be measured (analyte)
6.21.12 ogNMR REEYEDIER 6.2.1.1.2 Information on reference materials for gNMR

6.21.1.3 {LZIINEENBEWELTHE)DIER

6.2.1.1.3 Information on chemical shift standard substances (if necessary)

6.2.1.14 oNMR BIEREDIER

6.2.1.1.4 Information on gNMR measuring solvents

6.21.2 HHBROFARSE

6.2.1.2 Preparation method for sample solution

6.2.1.3 FRAXTIER

6.2.1.3 Balance information

6214 HEER

6.2.1.4 Weighing information

EROSHTEROREERR. AELLSSEENHELREE

Warm and humid information when weighing the actual sample, and the method and warm and humid, if controlled

622 qNMR EIE

6.2.2 qNMR determination

6.2.2.1 {FAMBOBEHEMEONMR AIEICET2ERENAERINTNSIY) 6.2.2.1 Eligibility of the device to be used (qualified for gNMR determination)
62211 VRATLESUHHABREHCRTLOBRME., VATLOME., BHOMER) |6.2.2.1.1 System suitability testing requirements (system reproducibility, system performance, and confirmation of detection)

6.2.2.2. gNMR BITE &4

6.2.2.2. gNMR assay conditions

6.2.221 BlE# 6.2.2.2.1 Measured nucleus

6.2.2.2.2 HGH A XEBEORIERFDOEIESR) 6.2.2.2.2 Magnetic Field Size (Instrument Name for Actual Measurement)

6.2.2.2.3 TR EREECER D BIERDER) 6.2.2.2.3 Digital resolution (information during actual measurement)

6.22.24 BURFEEEREOBIEROARINLHILERRTNLIE) 6.2.2.2.4 Observation range (spectral center and spectral width at actual measurement)

62225 AEZUHIERERORERDER 6.2.2.2.5 Spinning information (actual measurement information)

6.2.2.26 /NLAACEROBIERDOER) 6.2.2.2.6 Pulse angle (information at actual measurement)

6.2227 THYFTI T ERERDAEREDIER. THYTIT LAY —HIURE [6.2.2.2.7 Decoupling information (also describes the actual measurement information, decoupling pulse sequence and offset

Ao eyMELEET D)

value)

6.2.2.2.8 EERFEICEIREDBIEROER)

6.2.2.2.8 Delay time (information during actual measurement)

6.2.229 FEMEHE SN HEBDATEEDIER)

6.2.2.2.9 Integrating times and SN ratio (actual measurement information)

6.2.2.210 A 3I—XX v EIFKCEEDBIERFDER)

6.2.2.2.10 Number of dummy scans (actual measurement information)

6.2.2.2.11 AIERECERDBIEROER)

6.2.2.2.11 Measured temperature (information at actual measurement)

6.2.2.3 oNMR 25t

6.2.2.3 gNMR analysis conditions

6.2.2.3.1 oNMR ARJKJL

6.2.2.3.1 gNMR spectra

62232 EEHAIENEIIFIVER

6.2.2.3.2 Signal information for quantitative measurement

ZOITFNVERRLEER, RRICAW-&T HILOBEAEE(ppm RT)ERY

The reason why that signal was chosen, the integration extent of each signal used for quantitation (in ppm
representation) is indicated.

(BEEERL-BEHRETRT) (The reason why that solvet was chosen is indicated.)
6.2.2.33 T—ARMIBLEH 6.2.2.3.3 Data processing conditions

62234 FHER 6.2.2.3.4 Calculation formula

6.22.35 EEHRBSIUVEERR 6.2.2.3.5 Quantitative results and precision information




Key Issues for progress of gNMR In
pharmaceutical laboratories

The acceptancy of gNMR data to regulatory
authorities and recognition of this fact in
pharmaceutical companies are most important.

The authorities who have never used gNMR seems to
be somewhat difficult to understand NMR
characteristics. Normally they image chromatographic
charts other than spectroscopic ones when they think
quantification. But there are big difference.

A slide used at USP meeting in 2016



Road.map for ISO standardization of gNVIR

& Publication of 1SO 24583 gNMR
A (Dec19/2022)

tart discussion for standardization
of gNMR in ISO/TC34 WG24
(Feb/2020)

Closed meeting for discussion to

Submit of Draft as new work item standardization in gNMR summit

proposal (NP) to ISO committee
(Jul/2019)

Circulation of ISO gNMR draft ver.1

to gNMR researchers (Dec/2017) Amendment of draft

(Jan/2018)

gNMR into Japanese Industrial Standard

(J1S) (acoERBEtEE) gNMR official method into Japan’s Specifications

and Standards for Food Additives (JSSFA) (since

2011) @
gNMR official method into @ Kick off ?elopment of gNMR as

Japanese Pharmacopoeia (JP) an official method in Japan (2005)

(since 2014) KABLTORSIREER

In parallel with aggressive adoption of gNMR in JP, our joint research group
made much effort to list gNMR in ISO and in 2022 ISO 24583 qNMR was

published.




Publication of ISO RMS (2027)

@ Start discussion for standardization of RMS in
ISO/TC34 WG24 (2024)

Submit of draft as new work
item proposal (NP) to ISO
committee (2024)

(22)  Start discussion for publication
of JAS RMS (Jun/2022)
-_ AN A

Installation of assay method using RMS to
JP18 (Jun/2021) .

Kick-off of development of RMS as an official method in Japan (2014) '
‘ @ Let's go all-out

Install gNMR
Everyone do your best @ install RMS
Don’t use magic -

Slide by Dr. Sugimoto



What is 'H iterative Full Spin Analysis (HiIFSA)
by Guido F. Pauli, UIC, Chicago (IL)

HiFSA is an NMR methodology which allows the complete interpretation of the
complex resonances (also known as “multiplets”) typically found in 'TH NMR spectra of
molecules, such as organic compounds and natural products.

HiFSA can be performed using any 1D '"H NMR data set, provided that the resolution
is adequate. It typically requires an iterative process, which can be performed

manually with a spin simulation tool, or (semi—)automed using a computational tool
such as the PERCH software.

https://gfp.people.uic.edu/rt/hifsa.htm



What is HiFSA in JP

by Yukihiro Goda

HiFSA is the method that provides extremely accurate 'H spin information (chemical
shifts, correlated nuclei and spin—spin coupling constants) on the basis of 'H spin
information elucidated from 'H gNMR spectrum. It utilizes software products for
iterative calculation for linear fitting. 'H spin information is independent on magnetic
field size. Therefore, it provides corresponding accurate spectrum of a targeted
compound by 'H NMR using any magnetic field size. 'TH-NMR spectrum sensitively
varies, based on 'H spin information, in other words, structure of targeted organic
compound. Thus, accurate 'H spin information is applicable to identification test which
discriminates diastereomers that are not discriminated by other method, such as
hesperidin and epi—hesperidin.

gNMRTELNT=ARIMILDLHEFESNRENEHR (LR IR, RE-REVES
EH)ICEIE, REFRYVINEFRALBE I1vTAU T 21T\, BOTERGRAEVERES
BF&K REVIERIL. BB A XIEKELLEVD T, COT—43FmIc. FEEDOHIGEY 1 XIC
T DBARINILNEBERCENTES. 'H-NMRARSMLIEZ, REVEHR. EW0VEZ W IEHE
DEBEICEIEHBICEILT S, H>T. TDOT—FEIT T, D FETIEIRAEHELZNDOTR
TLA~N—, PR [FhesperidinEFNDIEIT—HELR BT A FERBLTHERRARICICATES,



TH-NMR spectra (at 600 MHz and 60 MHz) of hesperidin (S—form)
and epi—hesperidin (R—form), and their structures

— Simulation at 600 MHz

Jk JJL Jm"k J“_ Fig e MJ\; A Phe L

(2R)-hesperidin

(2S)-hesperidin

YT ﬁmML

perid

OH
— Simulation at 60 MHz
0
\
o o = }k -~

A Jk AN L

JﬂL,kak//&w S ML//\AMJ AL

(2R)-hes

Hesperidin (S—form)

(2S)-hesperidin




H spin information which will be described in JP as
identification test of hesperidin

Chemical shifts [nucleus] (number of H) fbF< 7 B[] KFE$)

01.11182 ppm [A] (3H), 62.80136 ppm [B] (1H), 63.15711 ppm [C] (1H), 63.17565
ppm [D] (1H), 63.24400 ppm [E] (1H), 63.29629 ppm [F] (1H), 63.30644 ppm [G]
(1H), 63.42110 ppm [H] (1H), 63.44899 ppm [I] (1H), 03.45467 ppm [J] (1H),
03.56471 ppm [K] (1H), 63.65522 ppm [L] (1H), 63.80242 ppm [M] (3H), 63.82225
ppm [N] (1H), 04.48433 ppm [O] (1H), 04.54744 ppm [P] (1H), 64.61724 ppm [Q]
(1H), 64.69205 ppm [R] (1H), 65.00132 ppm [S] (1H), 65.17791 ppm [T] (1H),
05.19648 ppm [U] (1H), 65.40646 ppm [V] (1H), 65.53032 ppm [W] (1H), 66.14721
ppm [X] (1H), 66.16759 ppm [Y] (1H), 66.92979 ppm [Z] (1H), 66.96759 ppm [AA]
(1H), 66.96854 ppm [AB] (1H), 69.10744 ppm [AC] (1H), 612.04673 ppm [AD] (1H).

Spin-spin coupling constants [correlated nuclei] 2 B2 — R ¥ U fE& B [FHEE#Z]
6.200 Hz [A-H], —17.135 Hz [B-G], 3.177 Hz [B-W], 8.840 Hz [C-F], 9.887 Hz [C-K],
5.440 Hz [C-U], 9.341 Hz [D-H], 9.361 Hz [D-J], 5.577 Hz [D-R], 9.067 Hz [E-F],
7.812 Hz [E-S], 5.212 Hz [E-V], 5.169 Hz [F-T], 12.288 Hz [G-W], 6.257 Hz [I-K], —
11.338 Hz [I-N], 3.400 Hz [J-L], 6.126 Hz [J-O], 1.852 Hz [K-N], 1.604 Hz [L-P], 4.373
Hz [L-QJ, —0.538 Hz [W-Z], —0.268 Hz [W-AA], 2.223 Hz [X-Y], 2.177 Hz [Z-AA],
8.351 Hz [Z-AB], 0.268 Hz [AA-AB].



Present utilization of gNMR in and around JP

In JP

* Quantification of reference standards for assay and impurity tests T EFH{EXYH
DFEEER T

-Identification of reagents SRZE D HEEREKER

Around JP
* Quantification of reference standards for assay and impurity tests in the approval
application EKFPBHFEEPDEEFARCAHYHERDIZEME OMEERTIT
- Impurity control of drug substance during synthetic process of JP products & Fi&
EBTofR&#EHmarra—iL
» Quantification of drug substances in chemical drug products b EZ & D 5 E 5 ER
QNMR is a non—destructive quantification method. Therefore, it is convenient
as a accurate or more strict substitute of a HPLC quantification analysis in JP when
assay of many kind of drug products should be performed (such as removed drug
sample test), because qNMR continuously quantify different substances without
washing column and equipment.
Also, we have already confirmed that qNMR is useful for quantification of a

drug substance in a injection preparation. JISFIBDIE WD EE



Future utilization of qNMR in and around JP

Continuation
* Quantification of reference standards for assay and impurity tests SEE FR{E4EME
RMS (Relative Molar Sensitivity) method is especially useful for impurity
standards the preparation of which is difficult, considering cost and time.
-Identification of reagents by HifSA 52 ) MR ER
New
-Identification test of drug substances by HifSA (Cost effective) [RZE D R EX
*Direct quantification of impurities in drug substances and products. iR 2& & 5 i fif BE 5 &
We have already confirmed that qNMR is useful for quantification of solvent
impurity in drug substances and drug products.
Impurity quantification by non 'TH gNMR (3'P and '°F).
31P and '9F nuclei exist in pharmaceuticals including new modality (siRNA and
oligonucleotide) ones with high probability. We have already established quantification of
drug substances by 3'P gNMR* and '°F qNMR*. Their spectra are simper than
corresponding 'TH gNMR ones and impurity test is normally limit test with one significant
figure such as not more than 0.1%. These facts may overcome sensitivity problem and it
is of interest to apply non 'H gNMR to directly quantify organic impurity in drug
substances.

*N. Uchiyama, Y. Goda et al., Chem. Pharm. Bull., 69 (2021) 26-31; idem ibid. 69 (2021) 118-123; idem ibid. 69 (2021) 630-638; idem ibid., 70
(2022) 892—900; idem ibid. 72 (2024) 36—-40; idem Journal of Pharmaceutical and Biomedical Analysis Open, accepted.



Thank you for your attention
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