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Contribution of Chromatography and
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Development for Pharma Chemicals

Sumitomo Chemical Co., Ltd.
Fine Chemicals Research Laboratory
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Tomokazu NAKAMURA

“Chromatography” is an indispensable technique for treating small organic molecules, and “Hyphenated
Technology”, which means a combination of two different techniques (in this case, chromatography and mass
spectrometry, etc.), is a powerful tool for quick on-line identification of trace amount impurities in processes.
During production process development for active pharmaceutical ingredients (APIs) and reactive intermediates,
these techniques are mainly utilized for confirmation of synthesized target molecules, by-products and impurities,
and also for their identification. This paper describes the contribution of these techniques to process study acceler-
ation and product quality improvement, while showing some examples.
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Bk Wi, 79 ¥ 2 MRS 5 AWM % i
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Performance Liquid Chromatography: HPLC) (214,
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Performance Liquid Chromatography: UHPLC) 7335
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#+ 4t (Atomospheric Pressure Ionization: API) (2
KO, LCEDEANEGI I 5722 L TRIBL 2%
BTH5, BIETRERE., moMeE. X077
AV M F VRSN &0 SR S SRR
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N T3 =T o FERIC B W TIE, @i seit
LT EZETF TE 20, RFOLCHETiZ2 232
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5, W, LCHI2 6 D7 Ta—FNRATH 5,
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1. UHPLCOEH

(1) UHPLC &13.?

UHPLC (& —f%&M1C [R5 4 2N TE
MmO HEE KT 5 LCHN ] DR T T
WAHHFETH 508, FEEITIEPME &2 BT 0, LC
TATZ B WO IR DR TRV & WIF E oy HEpe
P 1 o R N 11| = Y el AV £ b PV Vs o = /A B
RICHILTEL 270, kTR 7 4 %O
DITIREH LD L EMIEOREN ML &5, 2004
. A ) > TWAL S EH B O R T 1.7pum A E
71 7 L& ORI 100MPa D LC3E & % ¥ 3% L
TR E B oz, MOKE A== RO H T L X —
=N FICRBHELE» 722 H D, —HEH
WHOREL PHEERLCORLFE L 5722 L]
Hotz, ~EERETCHL LR hDRE £ —
B — S EmEREEA ELGY. ZoE» 6. LI
13 Ultra High Pressure Liquid Chromatography® & fi
E LTIl Tz [UHPLC) 2 —fk#F e LT
Houohas k515 -72&5Tdh 5,

BT BIZONTIE S HR T L7~19um D # T 4
DERTH > 725, K DK TR O & 57 i %
EBR UL & RTrREoum#O 7 7 4 & RRMIED
BWiEE % Fdid s 4 — 7 —»BEN -, RICENR
KFOLCYEE A —H —Tdh 5Sthix. HE#EOK T
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£2.2nm 71 I & & it 35MPa o UHPLC % % [
ML, ZOBRMEROCTENKFI T LA - —15
Kt 2um#d D h 7 AR iz, R4 2
MOHFIFRZY T 2um Ay 7 A, HBEEY T 3um I T 4
EXBlE N, RIEITEEOSMNEEE G~ L, BH
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AR L. /ERDOS5um A T 4 G HHTE SO A
FHIZAE->TETNS,
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PRI B0E 770 ZFATEIZ 5 TR A B
HELAF-ThHD., TEANMOFEE LTLCIERS
FHhFETH D5, WdD LB, EEGTIs A H
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LCWB 2, liHE., 245 OO E IZ S
2 SRR E CIRAL . I YRV Y 3 FLLCEHET
IS ORI & RIReRR I 3 2 I3 R T & 50
NETHb, TOWH, ¥—2IEOIKIZ & ZEIED
KFEO© S 720 LOREO AL 63, 7 — 2 HUFIC
RE A3 2020 0 L FRIC APIs B 7' 1 & 212 50 THTIL
MNIEDH 5 GMP (Good Manufacturing Practice: [ 35 &
0 EEGERUE) MERLO AT, e b AR ERTAICH
KEhd v 27 @A (System Suitability Test:
SST) 2 TRMMAETSZ LIS, ZhoDH
2 & FEIRER T E oy e A& K T & 2 il oA
370 ZARFED B S EGE T 0 2 2 ORI
IZRELHGTHZ LMnWFEIN 5,

Fk 4 12 20065 & D Ak&AYIZ UHPLC A LZ RIS T D
TERINEE & BRET 2 FAA U 72. BRETNE 2 LT ICEE T,

O HREOBEE & HIR

PREAL 2 Bl 7 0 & 2125\ C, LCIZRRICRAYE
258, WEEIZIASHOE R TV HETiTd
57-%. UHPLCE AZ T v RV ¥ 3 FLLCE&MH L
ORGFEZBETHLLENR DS, T, AN
WY 73umAh T L E L=y PEL, 2OKTET
BUF4 23E L O B4 ZRE LT, SARE L SHE
H1O UHPLC R & # BN L 72, AREIZa vV v g
FOLCHEEIZH LT, WlBEAL= v Dl % 14
U, iRBHEAMEE» S 7 T L L TORIET 1 v #E.,
77TV IFY—FH, BTOEEREHZOEILE
HENSLSLZEDT, ThZhoa=y b 255K
FTHIELTAURYy Y g LLCEEE LTEMHAHT
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BEXLDTHS (Fig.1), 7272 L. AUHPLCRED
I 1% 35MPa CT & 1), UHPLC&#E & U CIEififIE
MEND, HHTRES 7 5 212 HIRS S H 5 2 &
NP Ehiz,

L2LAEMNS, Fig. 21278 & 512, — % 2w
SEEHTHE 7 b= YL SKRIZEWNT, Il
IRENTWBELEY T3um A 7 4 TORE A T LT
IE30MPall FCTH . £ DN T LHRHEETH
% Z L DMifERE & Mz,

@ # 7 LMl

BT AESE 2 S WY 7 3um 1 5 4D % < Al
FVBETH 5 Z ENERTE 720, 5lEHiEH S
LDFHERRIZ D W THFE T - 72, FAEIZEH ODS

BT UHPLC system (Prominence UFLC®)
(A) mixer (100uL volume)

20 - (B) SUS tube (0.1 x600mm)

(C) semi micro cell (2.5uL volume)

< 20 F
% —a— Column A (1.9um, 50mm) —0— Column L  (2.5pm, 50mm)
:a; 15+ —=— Column B (2um, 50mm) —4— Column H3 (3pum, 50mm)
Z ~®— Column C (2pm, 50mm) Column D2 (2pm, 75mm)
& —— Column D (2pm, 50mm) ~o— Column H2 (2pum, 75mm)
& 10y —&— Column E (2pm, 50mm) —>— Column 12 (2.2um, 75mm)
—o— Column F (2pm, 50mm) —=— Column M (2.7um, 75mm)
5T —%— Column G (2pm, 50mm)
—¢— Column H (2pm, 50mm)
0 : —#— Column T (2.2um, 50mm) Mobile phase : Acetonitrile/Water
0 20 40 60 80 100 —+— Column J (2.5um, 50mm) Temperature : 40°C
Acetonitrile concentration (%) —#— Column K (2.51m, 50mm) Linear velocity : 2.12mm/sec

BEEEE  Pressure of various UHPLC columns

1 EN I Evaluation of various ODS columns for UHPLC

Column Particle size Length Efficiency vs Pressure*D Hydrophobicity Pyridine
(um) (mm) Efficiency(N)  Pressure(MPa) N/MPa a*? Tailing factor *3

Column A 1.9 50 5,446 22.6 241 1.437 2.591
Column B 2(1.8) 50 7,858 19.3 407 1.495 1.840
Column C 2(2.2) 50 6,216 13.9 447 1.508 1.887
Column D 2(2.2) 50 6,168 15.0 411 1.472 1.955
Column E 2 50 6,707 21.3 315 1.469 2.090
Column F 2 50 6,654 22.1 301 1.416 no data
Column G 2(2.2) 50 5,940 13.8 430 1.480 1.227
Column H 2 50 6,510 15.0 434 1.464 1.345
Column H2 2 75 11,300 20.2 559 1.465 no data
Column I 2.2 50 6,243 15.9 393 1.507 2.053
Column I2 2.2 75 9,637 21.7 444 no data no data
Column J 2.5 50 6,121 12.6 486 1.480 2.259
Column L 2.5 50 6,153 16.2 380 1.488 >2
ColumnM 2.7 75 10,853 17.1 635 1.506 1.960

*1) Mobile phase: Water/Acetonitrile=50/50 Temperature: 40°C Linear velocity: 2.12mm/sec Sample: Biphenyl
*2) Mobile phase: Water/Acetonitrile=40/60 Temperature: 40°C Linear velocity: 2.12mm/sec Sample: Uracil(to), Toluene, Ethyl benzene
*3) Mobile phase: Water/Methanol=70/30 Temperature: 40°C Linear velocity: 1.06mm/sec Sample: Pyridine, Phenol
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BT LFHIIZ I & 2 PRERE . BOKMEMH AR
R LAEMORF L €= 2R, D3FHIZDNWT
Fhi L 72, FEH % Table 11289, 5582 & 5HHER T
OESEESETE, F2 7 20MEDOEENY
&, IRV 3 FULLCEHEZED N T LER
NARETH D Z Ehbh -7,

(3) HRADHLD HlA

7t 2RO UHPLC O &2 % 720, %
FUEWFZEAT A T TRE M o 53 M ik R e % 1X1 0 72
WF — < %50 . UHPLC TO M DK & it A
720 HEES TR AN O 53 B4 H g L. 1557
W& U7zo BB U 720 Wi IR BRE D 1/3~1/8F4 %
2T ERS A& JEfE 4 5 2 & AT E 72, Fig. 31—l %
N ARBITIEEEAE LS 2 &k < HEH %
60min 7 5 8min 1295 Z ENTE -, ThHD
MREREZA, IRTMAROCRET TV PIZT
UHPLC O A FEIZ DWW THH & 70, BEEEAAND

(A) Conventional LC
100

0 i { L | i A
0 10 2 30 40
Conditions
Column : ODS(6.0 x 150mm, 5pm)
Mobile phase : [A] 0.1% TFA in water [B] Acetonitrile
Gradient : 50%B (0-20min)
50-90%B (20-50min)
Temperature :40°C
Flow rate : 1.0mL/min
Detection : UV at 254nm

Analytical time : 60min

(B)UHPLC
100 :
75 — ‘
50 I
] | i
] f: I |
4 i | i ]
0 \f \‘H\H““\ “;“ T
0 1 2 3 4 5 6
Conditions
Column : ODS(3.0 x 50mm, 2.2pm)
Mobile phase : [A] 0.1% TFA in water [B] Acetonitrile
Gradient : 45%B (0-2min)
45-90%B (2-6min)
Temperature :40°C
Flow rate : 1.0mL/min
Detection : UV at 254nm

Analytical time : 8min

BGEEEN  Reduction of analytical time by UHPLC
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BEPTET 72, FTIFHBRARL 20285 T
BAEYD L. EEOT o v ABRIFRICEHE LT
L5570, MEIZELDF— 2 EMETE S L
RIFFFETH > 7=,

UHPLC 78 —¥BIZ UL 2 A T & 2 WIBA I,
UHPLC T Mk %S & s fr0, 2 05
$TB53a YNV g FILLC TOHNGM & PGRGT L
OB T2 2 ENARETH B, Z ORI E
U CHRIAI O —TH 5 Z LN E LW,
N T LA =T —Zik D E - THEA TR F RO K %
NI LEWATED, POWEX—H—F T LR
) ==V HO3=y b &S 55 E, UHPLC
W22 SRR O BRI > T D . Sk
BAREECIASHRHEN TV AEKTH S, TrL
2009412 DD H F 4 2 2 ) — = v A RE A UHPLC
Wil ZEA L, UHPLC Heffi DR & W4T L Tt 7«
ATl 2 B L T 5,

2. AN aFILLCTOEZEE
(1) BT SLC/ST A —4

WA, S5um A T AN 50mm R E O h 5
2 C ORI 73 M A3 Fast LC &0 5 SRR CRl Iz 5 5
T ENH B, Ui, RAeBStHoaryNvy 3 -
LCEBTRLUTALI LN D B M, DL T5T
ETCHRMHICITA B D TIdEL 572, LA Lah
540, UHPLC DEAMET ##D T < 5 BT, 57
BEIC KX BT 585 A — 225N E B H5R
Lhotz, VRV Y 3 FILLCTORBRY., S
SR TCIEMEIZ 2 & B b 5 7285 X — & TR,
KR E O Cld s BA2 5258510k %,
FCOER BT 20U TO/ST A —-2Th 5,

@® dwella®E (dwell volume)

75 VLY MR R (gradient delay volume) &
LIFEN S, ¥ AT L TOBEMH I F > v 7 RlhM
WHoAT Ly TOBMOER, KT~y o
FIVLYFNIFY—FTORE, Y79V b3IF
Y- IFHV -2V VA AP
B=KOA VD20 R =nENTF7LFETOREDR
HEE ST,

@ 519 L04EE (extra-column volume)

VAT LDA YV 2y g VIiED RO E
BT, 719 ANOZERERE (void volume) % BR\N7z
WEE, NI LHBREEN T LBRBEIITT SN,
HIEEA Y20 a VREREA VD 204 =75
N7 LANETOREDORR. BEITH 7 4100
SR EE TORE R LOBENE TORE
EiEa I
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@ BREIARE R O A&

Fig. 4I12LCY 2T ALK T b dwell BE N U A T 4
NEBEOFEMERYT, £72, Sttoavxy 3L
LC¥ & e ' UHPLCEE 12 DWW T, dwell &R KA
7 LN ERICBARD b 55 OfAk. 75 % Table 2
2L 7z,

®B) ‘ ®)
Pump A
@ A column detector —p

Pump B
|
@) |
PG Dwell volume (A) and extra-column
volume (B)

1= Constituents of dwell volume and
extra-column volume

LC system
Conventional system UHPLC system
Type A Type B
mixer volume (mL) 2.6(1.7,0.5) 2.6(1.7,0.5) 0.1
sample loop (uL) 50 100 100

Tube (injector-column) 0.3x600mm 0.25x600mm 0.1x600mm
Tube (column-UV cell) 0.25mm ID 0.25mm ID 0.13mm ID
UV cell volume (uL) 8(5) 12(2.5) 2.5

dwell volume () 3~5(at mlxer. volume 2.6, 1.7mL) 04
0.6~1.0(at mixer volume 0.5mL)

dwellZERIZ 275V TV + (BEIHEE AR O
MAEGIEZRZIL, AL IFY-—FRERES TV
IV NI =THhoDEREGEREIT, 25D
HElznwFhe vy b EE (BEHBROWR
MXZ 7oLy FER) O10%KiEE LS5 Tn
39, Sttoa v Ry v g FILLCHETD I F4 —
PEAEA T3 2.6mL. dwell K& IZ4mL 2 X 5729,
JORER. NRE OGS ORI IENEE T H B . K
DEFIZKS IFH —FEOHIWM (0.5mL). XiF
UHPLC FHHO/NEE I 49— (F=0.1mL) OfffHIC
L0, WEIRAETIS, 7T BRIZIONTIE,
N T LARITE R TIPS o s, BURRRIA I
ARERE IR THER NI RE» 50 &0 H 5
T TiE. 10puLEANT & AULNEED 21mm DL T D 7
TLTHERROMBIIMHTE B, 2. 7 L%
BEIZOWTEMREBOLILEEN T T L NERE
HOMN10% &8 A 5 LA MREIC 2 % 219, BFW
122 1mm,. B X 50mmbl O A 5 4 E2{HHT S
= A TIESHAERE L (FES, 12pL) T2 HFD
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MEIZIEE LAWK D Th b, ik PHEE L2 FEE)H
WL T IR O A. BEAMRD A 7 L3
R G B OIE N T — 7 IO FK L & 5,
WP REFEOLHZTEARE Y - FE (s X
= B O1L%HNICASZETE -2
ZENHIT 2 Z LN TH 59, BHHIB5 TR
W H 7 L0EETHREOREAKZI D, ¥— 2K
DYEENHIETZ 5 (Fig. 5) .

=] =]

L ) ba )
| !
OO ) Ol O
! !
-0 O OD
@A) B)

B Mechanism of peak broadening at solvent
front
(A) Strong solvent (Methanol)
(B) Weak solvent (Water) (+): analyte

(2) #17 LDER

AiaL/ S 7 X — 2 DFE LD, I Fast LC THrd
N EL LD STZRRBLCY AT AIZH 5722
ERHEE I Nz, Zhid, BRET dwell FER S T
LN EEENESLSTHE, 5 Th F D GTHE»S
SENEDSTh T LBHEHTELENWSIZETHD.,
BT LEIROWEPEEINAN S Z 812k b, BifEZ
TIZEH T LA —H—lF, IRV 3 FILLCHY
T LE LR TFEIMICMA Spm 7 7 4 &2 IFIT TN
TORIZHiZ T35, Sttoavy Ny v a3 FILLC
WEOBRETII3um A 7 2 OWEELR LT L E 40
GlEME T BN LA S, BEERK A E T
FTHUL3um H 7 A TOHMrEE LA TR A6 S &
L& NG, WEE AW A 5 5 UHPLC O
EREZMS oL LT, B, Wi L THRET %217
TWBLZATh5b,

3. BERRGE/OYNIZFT714—

HEERWA s 9~ 25 7 1 — (Supercritical Fluid
Chromatography: SFC) (3 A IREED CO2% * 4 v
OB LCHALZ27a~x 257 4 =T
H 5, BERCODMIEIEANFY VIZH W=, |
HHLC OREE L L TORMAN IR Th % 5. Ktk
MEL BRI AR ZE W & 6 —RIZEm D T°F
BALEM O PR O EE, Sl rike LT
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HoushTnwd, 72720, KK TIX10005 8 23 B E)
LTW3 DD, HAREWNTIIARREED G H 2R
LEOBBIRNR L 25 0 FrEE T~ HEEs 2
Pix 728, BAEKA D H 20510 72 2 IRE
THHDIBIEEIFKE LI ETH D,

APIs (2B U T, e B IR S5 B i3 8t o0 S50 4%
OB, EEAMBEIZD 5., KA IT10EFTIZ G4
A BB A ZERT TREFE < =M. iR R A LC

FINNTLAD) =2V Y AT L%EFIZHNT
LT & 2208, ARSI OREE T OFE, &2
7)) ==V 7 EHINCSFCEEDEA %K > 72, &
A U 7= SFC 3B DR % Fig. 6 128,

PEEME & L Cid, BH O LCRERBIIM A T,
WHERE 2 F5D CO2R v 7, BB & 2 15
HERrEEhs, 6fE TOEMRFILN T L%
WH L., HFURZEALTETH S, KA¥ 2T 4

D CO2 delivery pump
@ Safety valve
(3 Modifier delivery pump

@ SFC/LC line selector valve
(® Autosampler

(® Column selector valve

(@ Column oven
Diode array detector
@ Circular dichroism detector

Automatic back pressure regulator

@ 6-way valve
BEENEN  SFC system
200000 1A 200000 IB
z O
£ 100000 £ 100000
= = 1
g g
K= i
0 0
00 20 40 60 80 100 120 140 00 20 40 60 80 100 120 140
Retention time (min) Retention time (min)
Ic 1500009 aAqH
s 2100000
E 100000 = 1
= = ]
& Z 50000 4
& & ]
k= = 1
0 0
00 20 40 60 80 100 120 140 00 20 40 60 80 100 120 140
Retention time (min) Retention time (min)
150000 3 OJ-H Column : 4.6x250mm, 5pm
S ] Temperature  :40°C
= . 000005 Mobile phase  : [A]CO2 2.0mL/min
,;‘ 1 [B]IPA 0.1mL/min-10min-1.0mL/min (5min)
é ] Back pressure :20MPa HO ,0 o
E 500004 Detection : UV at 254nm &I \S/
Injection volume : 5pL(0.5mg/mL)
0+ Sample : Bicalutamide 5
00 20 40 60 80 100 120 140 NC F

Retention time (min)

Chiral column screening with SFC

FRIEZ 2010-I
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TRIHZAZ ) ==V 7Y 257 L TR 120 2 5 T
WY A ZUBKIBEBCH T §5%, AoV —=V7
HBOA YRy Y 3 FIVLCEMFANDLEN, el 235]
EIMEARWETTESLIICLCHEELMML TE
D G 2 AT BB R S T RE & 2 o 72 FEBE O
% Fig. 7128 L7z, ABITIESMH 7 £1I2D0WTH
HEATER L., IAVICH 5 & CRIFAVEENRD 5T
W5,

F 72, HEERCODEWLEEEFIFH L T, o
W75 &% 7208 OB HE A TH 5,
WHEOLC TR Y I HUH A 5 28308 E 5 5 mg ke
OB & T 7 5 4 TEMEET X HER O
BHE & FE BRI CO &b L TliEXI N B 7=
WES & %55, SFCTDR ST 77 Ul % Fig. 81Z/8 L
7o A YNV Y 3 FIULLCEM TIEHEME Tmg TOMK
oy BRI EE T B B A, SFC At TIXSE R T D 4y
BEER N TV 5,

400()00% LC h 1l h
] | M b
b v I

300000~ \

200000 ‘

Intensity (uV)

100000 \

] |
S e

B s s s s s s B B A LN B e |
0.0 2.0 4.0 6.0 80 10.0 12.0 14.0
Retention time (min)

Column : IA(4.6x250mm, 3pm)
Temperature :40°C

Mobile phase : n-Hexane/IPA = 67/33(v/v)
Flow rate : 1.0mL/min

Detection : UV at 254nm

Column pressure : 7.2MPa

4 SFC
400000 \ “
E
= i
|
2 200000-
7] ‘ |
= 4
L .
= g ‘ ‘ 4min
K=
| l \ /
04— \
LN e e B e e B B A
0.0 20 40 60 80 100 120 140
Retention time (min)
Column : IA(4.6x250mm, 3pm)

Temperature :40°C

Mobile phase  : COz2/Methanol = 67/33(v/v)
Flow rate : 3.0mL/min

Detection : UV at 254nm

Back pressure  : 15MPa

Column pressure : 23.7MPa (4P = 8.7MPa)

* Bicalutamide 7mg injected

BEEXE  Preparative SFC separation
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AR

1. B RORN

PR ELE 7 o & 2 OME TIRY 6 h 5 R
M ORGEN L. 2RI HED 5 L TOHEE X
EHMD—DThH 5, LCTRD 5 NIz AWM D Fif
W AT A 5t B TIEIZ DWW T Fig. 9128 L 7=, ATIE
27y TTHRIN TS, $—2F v 7T TIRE
ELTLCMSIZk B4 Y T4 Vil a1,
ZOBRBETREHEEIZ/ZE D DT EWIGEIEE 2
7w 7 & U THARNYOWMERRER A7), NMRT
REMH 2 T & S 5. HEPERICOWTIEZ T 7 v
varuv 774 -, gvuav 774 —%
FIHL., ¥lompHiora~<w v 257 4 =TV A 2L
OYHLY 2T 4 % Tl O Mk HUS 2 WRg & L
T3, BISTIZE— 27 v OB IRIEZ 5 5
DEBILIA. 25 v T3 2 D% 1~258M % H 212
LT3, GRS 27 v 7 TOMM %
L FET S ZENEETDH S,

‘ Impurity observed by LC ‘

Nonvolatile
salt included in
eluent ?

yes Arrange LC method

or
Online pretreatment

LC/MS
LC/MS/MS
HR-MS

4

Structure
elucidated ?

| Isolation : Flash Chromatography Preparative LC |

A 4

H NMR

BGEEEEM Typical approach for structure elucidation
of trace level impurities observed during
synthesis process development

2. N T7x—T v NEil

(1) LCMS
BEECIFEBREHE- L7 bu 2T L— A% UL

#: (ElectroSpray lIonization: ESI) & OVK5UEALZ4 4

#+ VAt (Atomospheric Pressure Chemical Ionization:

APCI) # x4 v & L7z, MS/MSHIE N EE% 4

¥ b7y TRIOLCMS % 26%i L TANY O &7
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Mrizd =55, MS/MSHlE I ZFED Y — 7127k
HLCTZALF =%, 7087 {4V ERE
EHTH IMEEFANSE TETH 5, ESL. APCLIZ
VT M RAFXUEETHD. FIhTA A v E—2
ERET S0, WEOHESTFRT -2 %2145 Z
EVTED, 7220, TXRTOWEPA A LT3
RTIE A< FRCEBEWE CIEA F L snZ
ERLV, o, BHREMEYEIIREORE . %
FAHE B RR B ICERFICHER S T L & 5 20 lE
TEEW, 2, A A VYR TITA VML LY
BPDONPERZBZEEDHD., HIZHEKNEAR &
BAbETHERNEZT>DERD D, X512, &5
fREEDIEE & O 72 R MS HlE Tk T ORR A &
WETHIENTES, KUEIZOWTIEDBE LR L
R R0 S O R € a1 e S AN = RS R |
EMTAZE AT O RE 28 A T 5,

LCMS CTOMIEIZH 72 > T E 3. DO LC S
D LC-MS O i FH v 75 AN REIZ 72 5 . LC-MS Tl
W ANERVEIE 2 & A S REIHER ST E S,
Z OFFII R 2 O ORI KRG %
VER DB, —MIZLCHMTHWSENS ) VY BRT
) VRS XER, BEREOZOT VE= Y LS T
RN EZITEEMRA 5N 5, FRIIZEEABEHETICS
HENERTESZLE DD, oL EMEICAS DI
A A VxEAEEE O 72 0 R F O 56 T, HAICHiR
PEDA X v RERIBICE A 5 720 TIIRERAC %
ZENZn, AP EHIERMED D21 %<,
NU 7Lk afiEfg (TFA) TORBBEREHAEN S
WA, HE S8 - R - I NENET S

(A) Original condition

mAU 100 RIS 08
90 1
80
70
60
50
40
30
20
10

0
4+

0 min

(B) Arranged condition
mAU 28
{

60
50
40
30
20

10 5

0
27

RS e s S s B s B B e B By
13 14 15 16 17 18 19 20 21 22 23 24 min

G  Arranging LC condition to apply for LC-MS
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B, BYIO Y — 7 (& & EEICHEE$ 2 BER H
%, F7z. TFAIZA & VALPIHIER 22 & ) MS O HlE
A TFTTF2ZERMMENTED, HEEADBETDH
%, Fig. 1012 LCRADLEHE B AR L 7=,
REFMHETIIES LTEHMMAERL STLE S
Bt v 74 v CRUERME L LC TR EERICMS
Wiz 2 2T LB TH 5, St Co-Sense® for
Microanalysis & LC2R 4|24 > T —TF b T v
THTLEFEATEINERIN TSR ETH
D, “RMLCEEIIZusssHOIA v ETS
ZLTAEHEEORENRE g Tnd, —&Ml
LCTHlichzHWME G 7 I v a v ey T
NIL— T2 L, WEIZ K TSR ISR L &
BE LTy T HhTLITHEALTHNY A —HARS§
5, R LZZHNME 7 5 Y bEH T RMILC
AL, A =IOV TMSHIESITS. &
27 LK %EFig. 11IZR L7z, KEETEF-LEBZD
E Ty T T ANDORKFT, R RMLC OFH)
RNz A X VR ER G Eh 258, RS KT
REFTE LN ENE 0, ZORE. KICTFAZ A
TEL ERFTEXBLAEN D 5 HHEF Tk < HERR
DT H 5, Fig. 1212 TFATRIN T O 75k Ll %
RLU 72, W, EEDH 7 LEROESEIZLD b
T TN T LOBNENEATETED., %3
HOWEDSIEDS > T DT ERIFL TV 5,
LC-MS DR XA/ N W E E FRT 5, £/
WK & 720 OB E N EET 5720, ¥ v —
ThE—VIFERENRRLS KD, TDDH, 71T A4
BEOMNE —FTIHFN D A T 212 F L, BEH

Conditions

Mobile phase : [A] 5mM Sodium dodecyl sulfate (pH3.0)
[B] Acetonitrile

Gradient : 40%B (0-25min)

Temperature : 30°C

Flow rate : 1.0mL/min

Detection : UV at 254nm

Conditions

Mobile phase : [A] 0.1% TFA in water
[B] Acetonitrile

Gradient : 15-40%B (0-30min)

Temperature : 30°C

Flow rate : 1.0mL/min

Detection : UV at 254nm
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2nd column
—>» MS

DGU-12AM Mixer
— N I
8 = ’_Ll"
LC-10ADvp
Q
] ECV-11AL LC-10ADvp Mixer
= HAN
(5 |>ﬁ
LC10ADvp @
m (M)
0 _I_ 1, SPD-10ADvp
LC-10ADvp n @
ﬁ DGU-14A f:< \
o o100 |V
@® SIL10ADvp v
| Lo — - Ll | |
1st column CTO-10ADvD  Trap column

i

® Sample loop

IEEEEN  Online sample pretreatment system (Co-Sense® for Microanalysis)

mAU 300

Ch1(254 Onm)e1 |

(A) 1D Analytical conditions

GV

250 4

|
200 | |
] Targeted [ |
impurity

a0

150 4
100

50

50 min

Ch(254 Dnm+1 {

Targeted

_1 - 2 - .‘ ‘. — - ‘ - e :
10 min

DISP-PAESIOTONI7.02)01 #253:262 RT: 48345 AV:S S8 17 396421, 591631 WL
+ ¢ ESI Ful ms [ 50.00-1000.00]
298.09

1200000
1000000
% 800000
T 600000
1)
S 400000 |
209.08
200000 O
0. 195,18 0006 35612 42523 uc‘u
0 =TT T T R T R
100 150 200 250 300 350 400 450 500
min

Column : ODS(6.0x150mm, 5pm)

Mobile phase  : [A] 5mM 1-Heptanesulfonic acid and 20mM
Potassium dihydrogen phosphate in water
pH3.0 adjusted by phosphoric acid

[B] Acetonitrile

Gradient : 20%B (0-5min)

20-35%B (5-35min)
35%B (35-50min)

Flow rate : 1.0mL/min

Temperature  :35°C

Detection : UV at 254nm

Injection volume : 10ul.

Online trapping conditions

Column
Mobile phase

Total flow rate
Dilution factor
Trapping time

: ODS(2.0x5.0mm, 5pum)
: [C] 0.1%TFA in water *For fractionated sample

delivery
[D] 0.1%TFA in water *For online dilution

: 1.0mL/min ([C]0.1mL/min, [D]0.9mL/min)
: 10fold
: 6min

(B) 2D Analytical conditions

BEEEEN  L.C-MS analysis utilizing Co-Sense® for Microanalysis

Z W RS LBl U TR < 975 Z & TRE T RN TR
THD. X 5IZIXUHPLC & O#Ffiiz & ) — G OR&E
7 v THHFF T 5, Fig. 1312 UHPLC % FHw 724l %
N U7z REITIE /20508 A= IS LT MSH
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Column : ODS(2.1x150mm, 5pm)
Mobile phase  : [A] 0.1% TFA in water
[B] Acetonitrile

Gradient : 20-90%B (0-20min)
Flow rate :0.2mL/min
Temperature  :35°C
Detection : UV at 254nm

MLI6MEFEEIZ ER L T2, MSEEIXEMTH D

EREEEANOHEFIIAEG TIE R WD, 2D &S

s LCMIA» 5

%,

DEFET7 v 7O7 T —FIFEETH
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BEEEEN  Comparison of MS sensitivity between conventional LC and UHPLC
(A) Convetional LC Column: ODS (4.6x150mm, 5p1m)

Injection volume: 10pL
Column: ODS (3.0x75mm, 2.2pm)

(B) UHPLC
Injection volume: 5uL

Mobile phase : 10mM Ammonium Acetate in water/Acetonitrile=30/70(v/v) Flow rate: 1.0mL/min

(2) LC-NMR

LC-MS & A CHBIK 7 LAY O RS AT oA
WhaEE e LT, LCNMRA ® % . tfbum&b
EE D . NMREEE IIBUE T & JEH 12 Sl 7 3
%5;&#6\NMMM£@$m@&%&bfﬁm
LCwafilidd £ 023, NMREME DY A
A2 & Bbh s, WE. NMREMTOM
FAEE A28, LCNMRIZFRICANA 7% —F v
FETTH O 25 5 LC-MS & 1328 7 - TR Y 70 ]
A 0 285 T, FA DA, LC-MSHM TId#EE
FE T 5 IRl BT 20 D HEEE Y EE Ly — 2 LR P
WSO RS S, FEREMELNE < HLEE L T R T & .
SRS HEE K, ) IZOBEH L T\15,

ﬁfﬂmbfnémmMRiz*”ﬁﬁA@
W DY 257 L TH 59, Fig. 141 %“0)7
O —[X &R, ISR 800MHz O & i NMR %&
%“(“LC—NMR?: U CHIH T & 2 WIS I HIR 2 & 5

. HHENTORHMBUHETH 5, AREETIEH

227 ML (—IC. —Wot) ROBC 2 b LR
WEcxs, MEcsEzRAEs T LLAWT
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|  HPLCunit |
| Column |
| Flow splitter |
20 l | 1
| UV detector |
Peak sampling unit
(BPSU)
v
| NMR spectrometer | | Mass spectrometer |

GRS Flow Diagram of LC-NMR/MS system

MGEL 72L& 2 A, LCADHiREAR S L T—ILH
A2 P LT lpg. “KIEH A2 LT 20~50pg.
BCZARZ P T100pg E2E TH D M= TOMUE R
WHETH - 72, Fig. 1512 EEOHIER %R L 72,
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TH-NMR

moy =

| | }(CI] sCN)
L

13C-NMR

T T T T T, T T T T T
200 150 c 100 50

BEFEEE NMR spectrum by LC-NMR

100

Mobile phase : 0.1% TFA-d in D20/Acetonitrile-ds =55/45(v/v)

Injection volume : 100pL(2mg/mL)

LC-NMR O & I Fi2id, B2 HF 5 60uL D
NMR 7 & — ¥ L2 2SR 2 2 < AR TH®D % 5
NEETHD, ZZTHLLCHILED T T —FiT
=2 %20l yy =TT nIRE S, 54
ZEMST 5, MR TEN T L2605, B
fl%#< T 2%DO TR TEREDE LIZWEETH 5,

T = AT AT S ECoREMR & Ui, sORHS
B3 E MO HY 7L N8 EsEdsko v 7
EHBET S -OKIREOLAICRRCHRI LIz W
ERBHITFEND, £, A DLMBBEN ORI O
HCTLCNMRIZSE— 2 7 v FICiH T % Uit
fRFTIZZN R 2 R T 2 WETH %28, @@ 2 12H
AL U THERT 2O L WS BIER D B, /D
RCLAli 5 ERBOBIG 3 7-h3 2 A Th 5,

BHUIC

AL EE T o v AR OBBIC BT 5. &
OV 7 TT 4 —eNnA T =Ty N2 FWT
DR LZIRIZOWTHN Lz, a7 57 4 —
AR L 2 5HiffiTd b . KD LA
YOI BRAIVEIEE . 5 T L ZBHED ER % i 7=
TOIZA s BB FET S, —H T BalFo
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HFEIZMATEED T 7 v 7Ky 7 2L HE A 72
R, ZTOFMEZ+ 732§ 720 ORIGE. BERAR
ETBEENDH 5., ERE 7 OBIEBS TIE GMP
BB, —BRELAMGEEEZETE T 52 &
L8, SHriERRBOKERTO RO A% 53457
ikl & & 72 L R PR EZEHETH S, TD
BRCTREBERRE G T T 4 =20
TOMRACEGEE, ISH2RRO 5 Tnb,
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WA ARHEGEIZY 7 LTHR D, RELEREE
Tt ZFAROBIG T (Wi &2 OB
Wik b, #Ara~v o574 —IEREIWE &%
#EL 72 GC-MSIE, BEICHEIZC TR ARSIz 2L~
12dh 50, LCMSTIRLCH = &0 724 4 bk 2
7 VIR OB, AEERABETH D, REHDUE
IZIFLCORIGRNEE CTH 5, LCNMRIZEI L Tl
NMRFER D X 6 75 B AT R A —H —I12AH & T
ARKZVD, LCHITRLI—-HF - 507 Fu—F
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37w r5 7 4 —OEEHIZX SICH LTS
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