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T, HPLC % AV V=2 < OER A O HPLC BRIEBIRTFENIRE SN TV 5, FD%<
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T, S R SRS BRI ORI AR TEAH Lo, UV BRHEREZEH L, 2t/ 37 2
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WESEFERRELC, 2 < OBENH pH Z3R0ICA 7 ) —= 7 CT&E D THEDHL LT,

IR D HPLC RERIEBIR D —AA X T 1
9, A7 Y —= THERD

RHACHNT, ABETFENE 5

SR P O AR O HR A S PTRE L

M Z e L7z, XBridge C18 77 F'l -
NG AT L
(BB SRR ONT, & | e
BBEXs v b ITREEL o W

oo WA, BED A SAMITE 3 -
Feports, e—rmk 2 1
ROE—7 TS S, 4 8 !
TOMNEIEEBL TR 2 |
B TR IT S !

T LT, BB pH IZo #_

WCARZ V—= 7 LTSRN A
CE—2 hFodr 7&K 1T 1l
T UEEMIREDT-DE % 55 50 70
f15-L72), pH2.5 2BV THE
IR 12 FREEAC DKy
LT, ZORMDEN-T2L LTH, B =2 T v XU 7K > TR FTRETH
LT EDTRBRENTZ, I T LIREROT T DAY Y —= T OFERDNE b A OB 12
ThDZ EDMERI I, AL B D)DNERTE 5 Z L 0MER S, 233 Rt
= BER1ICE LD, RESNTND RSV —= T FHEIEFREOBENRE pH O A%
HT2HHONL, b LY, BEHHOAZ V—=1 2773 pH4.0 & pH 8.0 DA TENME S LTV V=5
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EECE DMETH D Z LoD, MDD T A THRERROBEANGRD B2 Z Eovh, pH3 LA
TEREbDHZEE Lz, E72. BT CORMB OS5 EE % — 7> XBridge Shield RP18
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AWFFE I/ 8T A—F DHGHIIRA Y ) —= 0 T FEE, AWIRELA G5 TED
Y, AR AR SRS B AR U 7R BRI O L, ATREIE (1) ESREL T
DA OIE, Q) AL SBENMRIRE C& DaibFROWRE, ) FalbFEE
72 %53 BEDUGED B2 A — 7 DRIEDN AR R 2 & DSRGRES V-, AR TAMEEO
HPLC Z3HTH CORNT D pKy ZIHLNIT 5 2 EMNMTE B 2 b oTz, ZORFHRITE T
By D HPLC ST N CEEED @ O SEBRERIROT-OICAEHTH H B2 bNDH T enb, K
e TSRS LIS HPLC RABRIEBHRE ~Om A b i <o,

(25 HR]
Shuntaro Furukawa, Yutaka Hirakura, Kunikazu Moribe, Continuous screening of analytical parameters
facilitates efficient development of HPLC methods required for impurity profiling, Journal of Liquid
Chromatography & Related Technologies, 2017, Vol 40, No. 11, 564-575.
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F1E Fam

EliER 7 v~ N7 T 70— (HPLC) IIBREE, (L¥WE, Afh, SRS~ D% <
DT SND T FED 15 TH D, £72, HPLC IFFR LB fhThZDH
BWIILGIED, Bl 21X, BFHEERTIIRE S 22012710 % & EERR & EERERIC
SPEESNDR, Ak, SR, R, TREHE, MRS, RSt
DL DEIR D BRIOHIEN END Y, EEABEORREIIREL 25087 A
U—Z SN, 1 DIt 8 a4 2546, 1 238 a6H L
HEHATERWEETH D, £ < ORBUERRBIINHE I CAEEND, ZO%E, bt
SIS ERNTIRE > TND Z &D, BBRERF DO T—/L & LTIZN O RAFITS)
B - BRtH - ERCTEDRMERSOTDLZETHD, 07, IFxIg A TE 20
Yt & LTCIE, BTOITagiEinae AF 35 Z LW, ISR O AT
— U TORMD HPLC SRBREBITE DT D, — A ZE SRS, 0O BRR I
T, HRPRELNATNDSZEbH Y, EEMITENI DT 0T 7 A NV aTER
(ZEMET D Z LT L <, FRRCEN S OEMEFANCAF TERWEEHZL, &
DYy, A HPLC SRERIEBRSEIT, BT REHMEZI ST D L 2 A0
IO HVENSH D (Figure 1), ED7=, T 9 LIZEREE M CHEUNCEIENLONE %
PRAET D BRERRRIS, OTRMEEICE > TTF ¥ LoD T b D Tholz, IHIT
BE M OREWERD DL 72008, EHESEH O Y International
Conference on Harmonization (ICH) %4 K71 > (Q3A/B) IZHASWTEWL L~L
FCEHTIMNENRDHD Y, IV o2 HH2 5 CMC  (Chemistry, manufacturing and
control) A3HTOSYEFTIE, FRAHID HPLC SRBRIERRSEIIIFR D)) D 2D 1
Thole, —H, SHTEBFIDIR SR & GIROBLE D, EHESBRFEZ YA — b
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Figure 1 Use of HPLC in the pharmaceutical industry

I, 26 < OEFELASH D HPLC SHBRIERRFE O L FESiE S T&E T,
ZD%L1E, (1) BPNFEL OGH/NTGA—=Z DAY J—=27%E)E, (2) 20
fE RO b7 1B ZADOHFERATIE, (3) ZO%, HHrbFE ORBRIZE SN
TR TEERRU I BERER Y 7 b =7 (Fusin AE, ChromSword,  DryLab %) Thx
BT 2LV D THD > (Figure2), Z ORI BERITEIIZN2> TN,

SEEROEH OBRRIERD 3 2Tz,
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Figure 2 Traditional HPLC method development flow for impurity profile

1 2HE LT, BECHE SN TWDHETIE, MMOELISHEBRIEFREORTO
BTSN TERY, TORBIERFHEMNIE, 6 DO AFRREEREHK L OB
FHNZIDEH TE RV RTH D, £, MEERZRLTIE, A7V —=2 71281
2 870 B TR OO 2 fEss 5 Z LI LVWGE 0 Z, £ Dl
W, AV ) == RO TORMPHFIRH /BRI ST D S8R
IRVGATE, IEMROSE AR5 Z L2078, EERS O TORKMA) &M
T 5 LWV RERIEPIFED T— /L AR TERWEER E 725, 2081, HaE{boHF
RAEPGEST DBMETIE, A7 V—= IR LN AR L0558 S 2 — 12
DHIEBDEDRIND ZENE, ZD7w, Rl e — 27 ORI EA /3T <
7 A =% (BIZITEENE pH °F 7 MREESE) 12332 o LAEk CoRMit v —2
DURFFRHRRE— 7 Rl L O BEDOREEM S BB SN D Z L 13d 7, & L, )
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53 CrleV EIR A B L OB ARIZERE L C L E 9 &, Bf&i7eadBrdeft & LIk
BHL L TEEENEN S DIZR > TLE D AN & 5, Blx1E, HPLC OBEIHD
pH BTG D pKa |\ TITVGEITIE, OV BN BN pH CHEIREE O
DEGITHIEI SN D 0, ZUuTBED A Z R T D otmiENY 7—
TaryMZBTFLKMDOY A @b Z 1200, BRIERFS & b TEIE 544
FPENFAET DA AR eV, 3 DEIE, BRROBRH D S A LOFRIE IS IERMES
R CERVNTH D, BE, FoifbOBME ClInBEOUEED LI LA e — 7 %
[FIEL, SRBRGHEESZ W TEN D DOSEED R & 72 5 R 2RO TH
Do HE- T, ZHDNHEUNIERE SN TVRNE, b S iBR B 24 e
PNDIER LR D,

Z T, AR TEIDHT T A =2 D)2 2 7 U —= 7 Tz, EHEGR
T OB HPLC ABREBRRE FIEOME A HRY & L7, HPLC Otz d LT
13, WEEFBLS TR TR b 2 < SN D UV B E B L, A4
ST TAF S TR RS BRFE A A5l U 7= AR i L7, AR
VEBRFE OB & LTI, BB pH O 7 MRS/ ST A — 2 % diigel )| AL E)
S, RV V—= 7 OFRA R L ORI A B TEH (B—2 T vF 7)) T
X559 %, ZHUZEVKRO 3 SOBEEE : (1) EIELFOAMBEOIE,
(2) A O BENMRIE T & DRl bHTE R ORE (a7 v 22kl
DO/ NT A— B IEENLE D A & — 7 OIRHZFBNOFR), (3) Lo fRiEL
72 553 BEDUGEDS BRI & — 7 DIFE Ak I T2,

ABFIETITRIFT D 3 2 OEBRE T, 1 DEE LT, %< OBEEE TR
D2 EIHHMEFEIZE > TORNBTAMETH D Z b, UERyNEOBEEH



BT DM & FTREL T2 TEEMGELT-, 22 Cl¥, HPLC ©7 4 —4F U —
R T VAT DERANT, Bt pH22) e (pH8.0) @ 2 FEIADIEME IR & A
SHT, TOMIZH D85 pH OB EEZ HPLC N T2 &[RRI AR &
DI TV xy M &aRIFAT o7z, 228 & LT, EIEGAMD HPLC sUR1ER
REDIr—ARART 4 A ToTz, ZZTIE, XUV hA v EERLTRS, T0h &
B OREEDSEIEL L7z 12 T A SR O N S ARE L TR L., Zh
ONFEEROEFSTIAMS & U THRET 2 L-ILTh D 0.05%~04% 3 L4550k
([ZOWT—HORBRIERIE (X7 V—=27 « il - kb)) 21T7-7, 3 oH &
LT, 1EROBENRE WA UV —=2 7 L O EIT, AHFSEORBERRA 7 U
—= VT FER, EEERRONMPRONE, AR ORI BED SRR C & 2 Bl
{EHFERDIRIE, K OIRIEILOTEEE & 72 2 7 BEOUEED B2 A ) ©— 7 [RIE OBl
JTCEN TS 2 & 2R LT, #%IC HPLC BRIEBHI IR 5, FR1ET - Ak

DRGSR TOAIEED BT O pKa DEMROEENE OV Tl 2,



F2E ER

FLET RO

7 h=hU (HPLC 7L —F), KUl W, FHR, 7 E=77K (280-
30.0%) 1 mol/L K&t b U D LK, Ut IkFEAY UL, U BRKRD Y T
A\l Kanto Chemical (Tokyo, Japan) X WA L72, U B2 (85%, HPLC 27 L—R) %
Wako Pure Chemical Industries (Osaka, Japan)7>H AT U7z, KE(L A U ™7 LISHE

(45%, HPLC 7'L—R), @EHE#E (70%) (3% 424 Fluka Corporation (St. Louis,
MO, USA), Shigma-Aldrich (St. Louis, MO, USA) X D lEA L7=, 7KiZ Milli-Q system
(Merck Millipore, Molsheim, France)Z-fifi /i L TR L 72 & D&l L7z,

Ethyl 3- aminobenzoate (>97.0% purity), Methyl 4-hydroxybenzoic acid (>99.0% purity),
4-Methoxybenzoic acid (>99.0% purity), Ethyl 4-aminobenzoate / Benzocaine (>99.0%
purity), Ethyl 4-Hydroxybenzoic acid (>99.0%), Isopropyl 4-aminobenzoate (>98.0%
purity), Methyl 3-amino-4-chlorobenzoate (>98.0% purity), Isopropyl 4-hydroxybenzoic acid
(>98.0% purity), Methyl 2-hydroxybenzoate (>99.0% purity) 2 (O} Ethyl 2-aminobenzoate
(>99.0% purity) {3 Tokyo Chemical Industry Co., LTD. (Tokyo, Japan) & Y AT L7,
Methyl 4-(aminomethyl) benzoate hydrochloride, Methyl 4-aminobenzoate (98% purity) & TF
Methyl 4-amino-3-chlorobenzoate (>98% purity)l X% 4141 Shigma-Aldrich (St. Louis, MO,
USA), ACROS (Morris Plains, NJ, USA) K O APOLLO (Manchester, UK) = 0 B§A L7z,

The XBridge C18 (4.6 mm id x 150 mm, 3.5 um), XBridge Shield RP18 (4.6 mm id x 150
mm, 3.5um), XSelect HSS C18 SB (4.6 mm id x 150 mm, 3.5 um) % Of XSelect CSH
Phenyl-Hexyl (4.6 mm id x 150 mm, 3.5 um) |3 Waters (Milford, MA, USA) L VW iEA L72 %
DA LI,
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H2H RS - YT by =T

2 C D HPLC F&5R13 6-column select valve 2 Njik L 72 Waters (Milford, MA, USA)?D
2695 Alliance HPLC Separation Module Z-ffiffl L7=, #Riti#s& L TiL 2489 UV/Vis
detector 2 L7z, SEBROHNENKL OFITIZIX Waters 7 Empower 3 software &4 L
72,

pH A—% (LAQUAF-73) | Horiba (Kyoto, Japan)/>SHEA L7=H D &R L7,

FEEREHEE Tl SAS Institute (Cary, NC, USA)?D IMP 1 L 7=,

.11.



553 8 BEMHORR

BB BT L7 B8OV T, Table 1 (TR L2 HiETHERLL7-,

Table 1 Mobile phase preparation

Mobile phase name Preparation of 10 mM solutions Exp. No.*
10 mM phosphoric Phosphoric acid solution was prepared by adding 1 and 2
acid solution (pH 2.2) 685 pL of phosphoric acid to 1 L of water.
10 mM potassium Potassium phosphate buffer was prepared by adding 1 and 2
phosphate buffer 685 pL of phosphoric acid and 1555 pL of potassium
(pH 8.0) hydroxide to 1 L of water.
10 mM potassium Potassium phosphate buffers were prepared by adding 2
phosphate buffers 685 uL of phosphoric acid to 1 L of water and adjusting
(pH3.5,pH 5.0,and the solution to pH 3.5, pH 5.0, or pH 6.5 using
pH 6.5) potassium hydroxide solution.
10 mM potassium Potassium phosphate buffers were prepared by adding 2
phosphate buffers 685 pL of phosphoric acid to 1 L of water and adjusting
(pH2.3,pH2.5,and the solution to pH 2.3, pH 2.5, or pH 2.8 using
pH 2.7) potassium hydroxide solution.
10 mM sodium Sodium perchlorate buffer was prepared by adding 3
perchlorate buffer 848 uL of perchloric acid to 1 L of water and adjusting
(pH 2.2) the solution to pH 2.2 using 1 mol/L sodium hydroxide.
10 mM potassium Potassium phosphate buffer was prepared by dissolving 3
phosphate buffer 1.36 g of potassium dihydrogen phosphate in 1 L of
(pH 3.0) water and adjusting the solution to pH 3.0 using

phosphoric acid.
10 mM ammonium Ammonium formate buffer was prepared by adding 3
formate buffer 381 pL of formic acid to 1 L of water and adjusting the
(pH 4.0) solution to pH 4.0 using ammonium hydroxide.
10 mM ammonium  Ammonium acetate buffer was prepared by adding 3
acetate buffer 572 pL of acetic acid to 1 L of water and adjusting the
(pH 5.0) solution to pH 5.0 using ammonium hydroxide.
10 mM potassium Potassium phosphate buffer was prepared by dissolving 3
phosphate buffer 1.74 g of dipotassium hydrogen phosphate to 1 L of
(pH 6.0) water and adjusting the solution to pH 6.0 using

phosphoric acid.
10 mM potassium Potassium phosphate buffer was prepared by adding 3
phosphate buffers 685 pL of phosphoric acid to 1 L of water and adjusting
(pH 7.0) the solution to pH 7.0 using potassium hydroxide.
10 mM sodium borate  Sodium borate buffer was prepared by dissolving 3
buffer (pH 8.0) 0.618 g of boric acid in 1 L of water and adjusting the

solution to pH 8.0 using 1 mol/L sodium hydroxide.

*Exp. No. refers to the corresponding experiment number in “Experimental” and “Results and

discussion” sections.
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FIE TSR 2R E 3RADT TV = Mookl TR L= 7
[EBR 1 2IRIRA L 3IRRAD T TV = Mtk THH LY 7Lk

Table 2 {R L7= 13 FHHDOLEWM A K/ TE F= RV (9:1) ([TBEESE, £2TORK

STOPREENKI O pg/mL & 725 KON L7z, A U= RS IR E L,

T HBRICHRR LTz,

Fi23E TR 2 EIESASHI) O HPLC BBRIEBRFED 7 — AR 2 7 1 | KON 19k
3 HEROBEHZMHI L= 227 U —= 7 L Ol M LY 7L
ETOEWENRTE R=RUL 9:1) RS, X HA 2 (Bthyl 4-
aminobenzoate) DYRFEAS 0.3 mg/mL, £ DD 12 FERDILEMOIREEDS Table 2 1R
T LR I A ATH LT 0.05%0> 5 0.40%DIEFEIT /2 D K D 1AL DY

AR Uiz, AR U7 alBai Im R iR L, A9 D BRI L7,
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Table 2 Physicochemical properties of test compounds

No. Compound Structure pKa®  LopF %°
= i i, f-. CHy
1 Methyl 4-(aminomethyl) r \T o 267 129 0.10
benzoate v A
2 Ethyl 3-aminobenzoate \@J\/\ 350 156 0.10
3 Methyl 4-aminobenzoate /[TJ\ 247 133 0.05
e S
Methyl 4-hydroxybenzoic acid /\\/E\U,c....
4 (Methylparaben) m/[ 9 831 1.88 0.25
4-Methoxybenzoic acid N /j\ 4.47
> (p-Anisic acid) wee, £ ) (4.09%) 178 040
—ami U
6 Ethyl 4 arpmobenzoate ﬂ/x\\/l\o. ~ 251 1.84 i
(Benzocaine) N
Ethyl 4-hydroxybenzoic acid AN J\[,/\
7 (Ethylparaben) J\v ) 831 2.39 0.07
. A
8  Isopropyl 4-aminobenzoate /m ° 2.63 2.19 0.06
g  Methyld-amino-3- ) f"“L“”‘"‘ 052 232 010
chlorobenzoate S
jo Methyl S-amino-4- “(’““‘]) 151 172 008
chlorobenzoate A
Isopropyl 4-hydroxybenzoic ?
11 acid e 840 275 025
(Isopropylparaben) wo” N
2 Methyl 2—hydroxy benzoate _ \J/ﬂ\c _on 976 25 0.05
(Methyl salicylate) J\/
Ethyl 2-aminobenzoate /I:VL -
13 (Ethyl anthranilate) (L 220 260 010

Compound 6 is benzocaine, the API for the case study of method development.
#Calculated using Advanced Chemistry Development (ACD/Labs) Software V11.02
(ACD/Labs), "Measured, ‘Impurity contents of method-development case studies
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581 EBR:2IKES L 3URIBRED T TV = MO

Rl

1T 2D ) U EEEEIROIRE TR L5505 pH

HPLC 2EEDOBEMHA T4 L EBERHB 74 AZZNEN 10mM Y > IRREEIK

(pH2.2) & 10mM U FEfRE#R (pH 8.0) ZaXiE L7z, HPLC D7 +—& T VR
TEEH LTI A SBEIE B ARG ST, ZEEMRE Figure 3 10T, BH)
A EBENME B OIRA LA RERFAL SWC, pH2.5, pH3.0, pH3.5, pH4.0, pH
45, pH50, pH5.5, pH6.0, pH6.5, pH7.0, pH7.5 L7228 A LBEHEB O
WERZ ROz, VAT LORRK L, IBAMKIZY +—% T U R 7 DE#Z HEEUE
HCTHoT-Z D, A— MU T —DOHONGEE LTz, BRI 7IARIE pH A
— X ZfEH LT pH ZHE LTz, IBREHZEI0 A T-FRE, K3 5550K L7122 pH

ZRE LTz, 2 DOFREHROIRA HSRITERE L7 pH &5 5472 pH A% 0.05 pH unit LA

PIZ72 % = Caik & fself 7o,
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Mobile

/ phases

a Quaternary

= o Pump

pH mater

£
Auto

sampler o0

NS

Figure 3 Instrument configuration for mixing ratios of two phosphate buffers and the pH
values of the mixtures

HPLC Zo#r5:tE

FEEfH Mobile phase A: 10 mM U > FeREERR (pH 2.2)
Mobile phase B: 10mM U FEf%ERZ (pH 8.0)

P : 1.0 mL/min
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B2 3HKIRADT TV MHr

HPLC 3:EDOBEMHA 71 >, BEWEB 74  KOBEWEC 71 2ENEh 10
mM U CPERRER (pH2.2), 10mM U VSRR (pH8.0) KU & b=V /L Z&Ex
BEL7Z, BEHA 74 EBEHEB 74 L OIRAHEREET S, pH22, pH2S,
pH3.0, pH3.5, pH4.0, pH4.5, pH5.0, pH5.5, pH6.0, pH6.5, pH7.0, pH7.S5,
pH 8.0 & HPLC N T4 2% L [RIRFIZ, BEWHC 71 07 =KV & 3 kiR
BTDTZVx v MytialTolz, HEERR% Figure 4 (T, 7 7Y 2 Mitdk
TFOFERILATIOR Uiz, 9523 B4 8 551 H] THERLL7Z 13 FEEO(LEWIR
B Z W TIRIZT S HPLC TS CToatir Lz, HPLC 3D 71 7 DA K]

X750 ke L,

Mobile

/ phases

Quaternary

, / pump

UV detector

Column
compartment

Auto
sampler

Figure 4 Instrument configuration for three mobile-phase gradient system
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HPLC M54

Mrtids - FAMOLEERT (AERIR © 220 nm)

BT Column 1: The XBridge C18 (4.6 mm id x 150 mm, 3.5 pm)
FEE Mobile phase A: 10 mM VU > BEREE R (pH 2.2)

Mobile phase B: 10 mM U %% (pH 8.0)
Mobile phase C: 7 b=k U/

717 KREE : 40°C

Yk : 1.0 mL/min

HEARE 5l

YT IRE : 5°C

7o N

min A% B% %
0 95xX*/100 95%(100-X*Y'100 5
18 20xX*#/100 20%(100-X*)/100 80

*5- pH TOHMTIZBIT 5 X DIEIZHOWTILLFO b 02 Lz,

pH 22 25 3.0 35 40 45 50 55 6.0 6.5

7.0 7.5

8.0

X 1000 780 580 510 483 473 467 458 430 350

220 70

0.0
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3 2{RRADT TV = M

HPLC #EDBENH C 74  ROBERED 71 AZEnEh T h=FJ L L 10
mM U UEEREEIR A RRE L, 2HRRG DT T Ve Ml E To T, BEWED 71
[ZiX 10mM U U ERREERR pH 3.5, pH 5.0 XX pH 6.5 DWFnuasakiL, [HF2 =
FAL 5 1HE CHE L 13 MEOCEMIR G A AV TIRIZR S HPLC 434715
T LT, JE@EMERE Figure 5 IR T, BENIED OV MRk AR FH T2

#i 7=, HPLC oM D B T LAV 7 oA B Lz,

Mobile
(T == / phases

Quaternary UV detector

/ pump /

Column
compartment

Auto
sampler

Figure 5 Instrument configuration for two mobile-phase gradient system
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HPLC M54

Rt SAMIOEERE (ERE 220 nm)
BT Column 1: The XBridge C18 (4.6 mm id x 150 mm, 3.5 pm)
FEE Mobile phase C: 7 b=k VU /L
Mobile phase D: 10 mM U > igfE ik (pH 3.5, pH 5.0 X% pH 6.5)
717 KIREE : 40°C
P : 1.0 mL/min
HEAE 5l
TR : 5°C

7o N

min C% D%
0 5 95
18 80 20
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FER D - EI KO HPLC BRBRIERI D r— 2 2 55 ¢

5
=

FIH A7 Y)—=2F

HPLC #:EOBEEA 71, BEWHB 71 > KOBENE C 71 ZENZEH 10
mM U CPERRER (pH2.2), 10mM U U EERREH#R (pH8.0) KU & b=V /L Z&Ex
Bl BT /3—hKAL MZAKRDOHPLC BT 2 a8k Lz, 18623 &S
i 2] LEREC3IRATD I TV = "Mt a T T2, MM % Figure 6
(R, T AIREEE LTIE25°C, 32°C T 40°C 2 L7, [5F2% 554 H
B2 TH] CIAE L7z 13 O EWIR AR A A TRICR T HPLC 4TSl Cotir

L7z, HPLC AT D7 Z LSRRI 7 /oL B & LTz,

Mobile

,--;1'5 / phases
| 2

' _, Quaternary

pump UV detector

Column
compartment

Auto
sampler

Figure 6 Instrument configuration for the screening process
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HPLC M54

Mrtids - FAMOLEERT (AERIR © 220 nm)

BT Column 1: The XBridge C18 (4.6 mm id x 150 mm, 3.5 pm)

Column 2: XBridge Shield RP18 (4.6 mm id x 150 mm, 3.5 um)
Column 3: XSelect HSS C18 SB (4.6 mm id x 150 mm, 3.5 um

Column 4: XSelect CSH Phenyl-Hexyl (4.6 mm id x 150 mm, 3.5 pum)

FEH Mobile phase A: 10mM Y > EEKEE R (pH2.2)
Mobile phase B: 10 mM U > EgkEfE% (pH 8.0)
Mobile phase C: 7 h=kK U/

717 KNREE : 25°C, 32°C X 40°C

FitE : 1.0 mL/min

AR Sul

W TWREE © 5°C

7o N

min A% B% %
0 95xX*/100 95%(100-X*Y/100 5
18 20xX*/100 20%(100-X*100 80

#4 pH TOMHHIHT 5 X DRI TIELLFO b O &M L7z,

pH 22 2.5 3.0 35 40 4.5 50 55 6.0 6.5

70 7.5

8.0

X 1000 780 580 510 483 473 467 458 430 350

220 70

0.0
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EBNZHT U742 33 S ofl o8 % Table 3 IR LT,

Table 3 Column type, column temperatures, and mobile-phase pH values used for

evaluating HPLC methods
Column Column temp. (°C) Mobile phase pH
XBridge C18 40 22,25,3.0,3.5,4.0,4.5,5.0,5.5,6.0,6.5,7.0,7.5, 8.0
XBridge C18 32 2,2,4.0,6.0,8.0
XBridge C18 25 2,2,4.0,6.0,8.0
XBridge Shield RP18 40 2,2,4.0,6.0,8.0
XSelect HSS C18 SB 40 2,2,4.0,6.0,8.0
XSelect CSH Phenyl-Hexyl 40 2,2,4.0,6.0,8.0
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2TH el

HPLC 3EEDOBEMEA 71, BEWEB 71, BEFHC 71, KOBENED
TAATENZIN10mM U FEREEE (pH2.2), 10mM U iR (pH2.5),
T h=hFU VKON I0mM U efEfdfid (pH2.8) ZRELTZ, 77 V=2 htré
TIIBEIEC 74 L EBEHA 742, BEWEB 71 XIIBEAMED 71 & D
QIRIRE DT TV = Mol EATo T, dEEMER A Figure 7 (RIIBEHET 1 > A &
BEWRZ A C TOY TV Mot 1T, T AIREE LTIE25°C, 32.5°C
XiF40°C 2 Ui, 77V =2 MotrOREIZ 13 43, 18 43 3d23 o& LT,
2% A W2 CHRL7Z 13 FEO(CAMIRAEE OV CTRISRYT

HPLC 73#r5F Tt L7z, HPLC AT D7 7 LA bR REIIE 7 s LA B & LTz,

Mobile
(T T / phases

V4
, Quaternary
/ pump

UV detector

Column
compartment

Auto
sampler

Figure 7 Instrument configuration for the optimization step
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HPLC M54

Wrtds - FRAMROLEEERT (AIEESR © 220 nm)

BT Column 2: XBridge Shield RP18 (4.6 mm id x 150 mm, 3.5 um)
FEE Mobile phase A: 10 mM VU > EEREE R (pH 2.3)

Mobile phase B: 10 mM U > FEREERE (pH 2.5)
Mobile phase C: 7 b=k U/
Mobile phase D: 10 mM U iR R (pH 2.8)
T LR 25°C, 32.5°C X 40°C
i : 1.0 mL/min
HEAR 5l
YU TR : 5°C

770 M

min A%, B%3 13 D% C%
0 95 5
13, 18 1% 23 20 80
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FERIZHT L7215 -G KOV HT LT-)IEE % Table 4 1R L7=,

Table 4 Design of experiment for method optimization

Factor 1 Factor 2 Factor 3
Mobile phasepH  Column Temp. (°C)  Gradient time (min)
DOE Run-1 2.5 325 18
DOE Run-2 2.8 40 18
DOE Run-3 22 325 23
DOE Run-4 25 40 13
DOE Run-5 22 325 13
DOE Run-6 2.8 325 23
DOE Run-7 25 25 23
DOE Run-8 25 325 18
DOE Run-9 2.8 25 18
DOE Run-10 22 25 18
DOE Run-11 25 40 23
DOE Run-12 2.5 25 13
DOE Run-13 2.8 325 13
DOE Run-14 22 40 18
DOE Run-15 2.5 325 18
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F3E Kb
HPLC 2EEOBEMH A 71 EBEEC 71 AZZNEH 10mM U > EEfEEK
(pH23) T B F=RNUAEREL, 2IRIREDT 7 = MthialTole, &
HERk A Figure 8 1T d, 2% B4 HE 2 H) TRE L BIEEOAMIES
5% AV TIRIZR S HPLC 2385t Cootlr L7z, HPLC 204D 7 L P bIRF R

T EE LT,

Mobile
-Ii‘-lag|§= / phases

!_.. L';‘ l?uun:;:)ernary

UV detector

Column
compartment

Auto
sampler

Figure 8 Instrument configuration for the method finalization step
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HPLC M54

Mrtids - FAMOLEERT (AERIR © 220 nm)

BT Column 2: XBridge Shield RP18 (4.6 mm id x 150 mm, 3.5 um)
FEE Mobile phase A: 10 mM VU > EEREE R (pH 2.3)

Mobile phase C: 7 =K UL
AT LREE : 26°C
JHHE : 1.0 mL/min
AR Sul
W TWREE - 5°C

7T MY

min A% C%
0 95 5
23 20 80
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F7ET TR AEROBEWAEER Lic A7 U —= 7 L DLtk

HPLC & DBEHH D 7 A 212 10 mM HEREE T b U 7 MEER (pH2.2), 10

mM U R TKFES Y T AR (pH3.0), 10mM FERT > E = MEER (pH

4.0), 10mM FHET E=0 MEEWR (pH5.0), 10mM U S EKFES U U DREIR
(PH6.0), 10mM Y UP/KED Y U LFEERR (pH7.0) XL 10mM AUEEF R &
DARERR (pH8.0) ZHefii L, 2IKIRG DT 7Y = MMtiaATo7lz, BEIE D (3E
WFENCTAH LT, AT LMERLE Figure 9 |4, (552 % H4H H21E T
FHEL L 7= 13 FREOC ARG A AV TIRISTR S HPLC W14t Tkt L=,

HPLC 73#7E D 71 7 2V VRN T 7 0L & L,

Mobile
T = ‘/ phases

Quaternary

pump /

UV detector

Column
compartment

Auto
sampler

Figure 9 Instrument configuration for the conventional mobile phase screening
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HPLC M54

Rt « SANIOEEEEEE GRENE R © 220 nm)

BT Column 1: The XBridge C18 (4.6 mm id x 150 mm, 3.5 pm)

FEE Mobile phase C: 7 b=k VU /L
Mobile phase D: 10 mM SRR T~ U & Af%E#KR (pH2.2), 10 mM
VLB IKFED U U LREERZ (pH3.0), 10mM SEET =1 Lk
Ei (pH4.0), 10 mM FiET L= LEEK (pHS5.0), 10mM
U LPKFER Y U LEEENE (pH6.0), 10mM U U KED U v LR
e (pH7.0) XiX 10mM R 7ERT N U v MFEEE (pH 8.0)

717 LIREE : 40°C

FiEE : 1.0 mL/min

TEARE : 5L

W TIREE © 5°C

7o N

min C% D%
0 5 95
18 80 20

-30-



F3E FERLUER

181 SR 1 2WRIRE L 3HIRE DT TV = MotrDLH

i

1 2O Y UEEEEIRORA L5115 pH

UV iR A2 U ER R0 HPLC s8R &1 T 2 A2, UV IO 72
VBT A5 2 ENEE LUV, T IT, AWETIE, MR pH #H ORI
ZAHELRTRE e U VR U U DR OREENRE VD 2 & & Uiz, BEFHORENI D720
ST OTRFERE DA TH Y, VERy NEOBBWETR CRERIEBEA1T 5 Z L8 T
X, EBR=ETOEENROM EREEND, €T, B pH22) KOHE (pH
8.0) D2 SOMENEEEIROAZFEL, HPLC P CINOEHRASEDH LT, £
DD pH Zfies 2 Z & & Uiz, BERINCIZI NG 2 SOEEIROREAIZE Y, pH
22~pH 8.0 DFEIDAT O pH T 5 Z ERAIRETH D, S DIT, 4K E TRIFHC
IRAFIRER 7 A+ — 4 VR 7O S %A AV T, HPLC HCpH 2.2 & pH 8.0 DFE(E
RERAGIET, ZOMOpH 2T 5 LFERACTE h=F I LD T TV b
SHTEATH Z AR LT

U —2F VR T DAy ha— VS BB Rl O A - L Qe LT
%, HPLC 2% C pH 23T DITIXEETRWEE LB 5D, ZD7d, 25
DY UFEEEROIRA R L ZORHG 5D pH I, EIX LRV REZR aTRENMEZ PERR
T 572\ HPLC 2% AW TS L7z, pH2.2 & pH 8.0 DOFEERIX HPLC ZE{ED
ATAEBIAUATHSE LTz, BEWE A LRBEHE B OAFHEIE 1.0 mL/min &
L, &N AED pH IIMRIES- pH A —X THER LT, &7t 11 FEQR.5, 3.0,

3.5, 40, 45, 50, 55, 6.0, 6.5, 70, 75D pH L 72 52BEHIRE LR EZRDT,
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FE% Table 5 10k &7z, pH2.2 & pH 8.0 DFEENRD U VBRI IXF U (10 mM)
THDHZ LMD, HPLC NTHREE SN- 2 TOREERD U U BARE Y 10mM ThH

D, KEAEA ) T LREIZT R D T L AR LTV D,

Table 5 Mixing ratios of two phosphate buffers and the pH values of the mixtures

pH 2.2 (%) pH 8.0 (%) pH
100.0 0.0 22
78.0 22.0 2.5
58.0 42.0 3.0
51.0 49.0 35
483 51.7 4.0
473 52.7 45
46.7 533 5.0
4538 54.2 55
43.0 57.0 6.0
35.0 65.0 6.5
22.0 78.0 7.0
7.0 93.0 75
0.0 100.0 8.0
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U s ) MR E LI, ERMENE pH 1, SN pH 12 13T % R
THZENAEETH DD, RO 3 DEEHNG, BEHpH O FRIZpHS & L, 2 FlfA
DFRIEIR AR S S50 pH OFGREEFHIL pH 22~pH 8.0 & L7z, 1 DHDEH
13 DUV BT NANR—AD T T AL pH 2-9 DINTIIHIENEL 220, [T HHIR
SNTWDHLBTHD, 2 OHOBEHITIHE VA pH L2 5 e, 2008
EFHOIRE A< 72 0 9°E, HPLC 2EE TOHBUENE 205 Z LGSz
MHTHhD, 3 OHOHMIY, HWEMEORERR (pH9 LLL) 132250 Z{bRED
BT TR pH NEDSTLE I 120, AR NEE /o TL
FOMBTHD,

EHIT, pH22 & pH 8.0 DFEMERIE, BWHROBHLKES NIz~ A 7 mEXy |
AT 52 LT, WS pH A —F 2RI, FHE @SN TES XD
(Z L7z, SR pH A —& Zff ] LIoBEEREIEIC Lo Tida v # I3AEL, 7

TV MOTTCRIEE 2 F—A PE—=I BAEDFR LD Z EbIESNLTVD

12)

o
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F2IH 2IKIRA & 3WRRAED T 7Y = v NMHT O

WERD T TV = M, & 570U pH 5T ST & AR 2
IRACEIT 500N ThH D, ZiuL, 21EE TRAFRER A TV R T D
HPLC WAL ER L TWDZEBHEBTHDL EEZX LND, SHT/IT A —Z O
IRAY V== FETIE, 3TEOBENE (REEWK 2 1 & AR 1 FEOGFT 3 K
BE) DTy "EITY, ZDOZEND, —EHOEBREZBIET DENIERD
QIRRAETDT Tz Mgt & X—A T4 ) A X, FRG ORI L O E—2
TR OBLR CIRIFEDOFERIMGF DAL DD ERRGE LTZ, 7 A& LTIE XBridge C18 % H
W, pH3.5, pH5.0 XUpH 6.5 (2 THIRA T o7z, 3KIREG DV TV = MyfrT
ISREENE A, B, CIZZNEIpH2.2 OFEENR, pH 8.0 DFEENR, 7 =K 1%
Pt U CEE Lz, 6RO 2IRA D7 T Y = o NyHT CIIBENE D 1245 pH OFEfE
e, BEWECIZT & b= YU EHERE L CHEME LTz, ZOfER% Figure 10 1ZF &

7’»
—o
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0.030-
0.020]
2 : A L\ }L\ AW m
0.010°
OIOOOi [I 1 1 | IA 1 1 | [I 1 1 —JIL}\I 1 | jl/\ 1 1 /L‘[\"\ 1 1 [I | 1 1 1 | 1
2.00 4.00 6.00 8.00 10.00  12.00  14.00  16.00

Retention Time (min)

0.030+
0.020%
2 ] A N W S| S Y W SN
< 0.010-
] [ W
0.000 ] ] ] ‘ \p\;l ] | [l [l ] | ] [l [l | [I\hl \_j\—‘j‘\l\l I_j\:n\ ‘ [l ] ] | [l
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
Retention Time (min)
(c)
0.030+
0.020% IJ\
2 : N AN WY
0.0104
O'OOG:"|"|"|U"‘/'J\'}L|ﬂ\'_/\{\|"'|
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
Retention Time (min)
Figure 10 Comparison of the two- (upper) and three-(lower) mobile-phase

gradient systems at (a) pH 3.5, (b) pH 5.0, and (c¢) pH 6.5
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QIR OBHRERD T TV = MOHTT, N=AT7A /A X, KFE—T D
(REFHH R OB — 7 ROBLE CRI%D Y m~ 77 A3 b7z, 13 FED(LE
WINZITIA A DA HZ < EFEINTEBY, HPLC 10O pH fRELL O, AHEIAMLE
EDIRADER LTZB Y [ZEBTE TS Z LRSI, 2O Enb, D
BEWERELC, 2 < OBEME pH 2 2h5NA 7 Y —= 2 7 CE D FEDHEL S HL
7o

2 WIRA D pH 3.5 (Figure 10 (a) upper) MO pH 5.0 (Figure 10 (b) upper) D7 12 K
7T BZRWT, PREFRH] 16 0 LRI — 7 DS STV D 2 & 2vbns s,
INHIEFT T O THRHENTEY, pHEEOBICa L Z I Lizb o L #i5R
i 12,

-36-



F2E FER2 - ERESHI O HPLC SBREBIR O — A A T ¢

IINT/RT A—2 DM A 7 ) —= 2 7 REFEOEIR AN O HPLC #RERIE
FIFICER TH D Z L 2WGET H12012, F—ARET 4 &4To1=, TF/MEahe
LT, =ATNVDRFTMRRESED 1 FETH D 4-7 X ) REF=T IV (XY A
v) wEEERTERONTER Lz, &0 EESE DR HPLC ABARITE 2 T 57
DIZ, XY HA L OREOREEETIRA L TL 2R TR, vy hAf e
o3 R LAV REE DR U7z 12 FEEOLE W2 A RE LTz, 2D DR
T2 S PICERRTRA L T 28 (0.05%0°5 040%) A ARE L CHIN L7oi
WA AT, RS AT TE TORWEES BRI —HE O R4 D> HPLC
ABRERN A TR 2 L—Y g U LT, AWE TR BT AFTE TR0
BHETORBREFEZEX L TWD Z &b,  RFEEOCAMIE L Z IR E R
(T2 Z ST o T, BBRIEBFIIIRO AT » 7 TfTo7- (Figure
1), A7V —=7, A7) —=2 TFEROMNT, Bt OHIERORE, i
b, HHRALDIEIAT -7,

AU ) == TREROIMT & B b O IR ORE DT 1 & AZHWT, KD 3D
OEE : (1) EEGTOMPHEL O, (2) R OmBHE R/ BEDMRIE T & 25
WEHFERORE  (Fali{b. 7 12 A2 25087737 A — 2B S Rl e —2
OEHFTHOBE), (3) Fai{bOFEEE L 72 2 MO UGES LB A ©— 7 DIF]

TE & eI T
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Step 1: ZDU——_+)
(=88)

¥

Step 2: XOVU—-—>7
TERARMT

¥

Step 3: E{LDEFER
DIRTE

¥

Step 4: miE{t, (5EER)

\ 4

IS A—4 (BEEpH, HSLBRE) D
BHRARROU—=—220 + HSLRII—-"7

: ERRPOFHMNAROEE (BiF1)

: FREVIDAEIR I REDMREE T & 5 RiB{ELHRERDRTE
(B&%2)

: RB(EDIBIRERBRDIDMOBENLEERZIFHNME—D
OEE (B&F3)

: RERSTEPE(C L BRI RBIL
(#B#1EpH, HSLRE, 551> M)

Step 5: Rt (EER) | : RERATOREMIBERED
Figure 11 A new strategy for efficient HPL.C method development utilizing

continuous screening of analytical parameters
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F1IHE Stepl : A7 V—=7

AP V== 7 UTHRELTE TN T A—2 L LT, —AINCHBHIRE 705
BN D E SNTWDHBENE pH, 7 AR, HPLC 77 AffEE L7z, HPLC %

DTN R E S B D A FREEO N T 223 R LU=, HHED T A CTéh D XBridge
CI8 AT, BEhHpH (13FE) Lh 7 AIRE Q&) ZEicAs ) —=
V7 LT, B O 3T T LTI RGO BRY T, BEMHE pH 1% 4 5&AF,
A7 DREE 1 GFpIr & Uiz (Table3), £/ L7z HPLC 1 7 A FEHHAI ORI 0D
B 2B e OV 7 AR A B L C, iRl L0mL/min & L7z, FEIEGBIRA
HACIXATREZR R 0 Al 2 Rk S 2p =iz, MR & U Cidbbism 2 < OB Rk
PRI ZRFD, UV AR EMER (210 nm~230nm) (ZEETHZ ENEE LW, FF
12, BEIRERO NI R ORI Lo C, B EMNC LRI Z R 720 6 0
LoD, ATETIIR Y A O UV IBINOIKD 1573 220 nm (T Th o722 &

HEB LT, 220nm #HHEE & L,
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F2IH Step2 : AV U—=1 THEROMRNT

AY V== TREROFITOBFICIRN T, AFROBIED 1 >HTH D [EHKM,
FHOAMPERONAR ) 21T-o70, A7 V—=2 ZFEREHE L TR TORNOTRNL
EMMETESZE (B =2 b7 vF 7)) CTCINNAREICRD EHEE S,
XBridge C18 C pH XU 7 AREEZ#fGHINI A 7 U —=2 7 LT BRORER & £
Z¥U Figure 12 & Figure 13 (279, pH 2.2 TORNMMOEHIEICAS ©— 7 1ZHSET
YA 2 Uiz, AT, W37 A—%  (FRCBEME pH) 2 27 Y —=>
TUIZZ Ens, KE—T WD IT A —4 OB 5 BRI 5 M
Ipofc, ZAUTEY, BEY A O TSR T O RMBOTEHRTE], v — 2 R KO
B — 7 RN D, AR 72 THE—2 R o F U TR BHTITH 2 &
PN CE 7, Figure 14 (2 pH O/ A 7 U —=27#55% (Figure 12) #t&—2 7
X7 LTl ER LT, ZAUZK Y, NS 12 THD Z LGN Eeo
72
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Figure 12 Influence of mobile-phase pH on the elution pattern of benzocaine and

impurities using an XBridge C18 column
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Figure 13 Influence of column temperature on the elution pattern of benzocaine

and impurities using an XBridge C18 column at (a) pH 8.0, (b) pH 6.0,
(c) pH 4.0, and (d) pH 2.2
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Figure 14 Peak tracking image on the mobile phase pH screening

HPLC % 7 A7 7 v RZE@GHNCA Y ) == 75 Z LI TE RN &b, 3
RN DN T LEFERA LTZAT UV —= 0 FHRERIY, #5IRA 7 V—= TG
O AN E LW & 2l T 5 BRI THM Lc, 3AKDA T L TDAT Y
—= U TRERIZEBN T, 12 L EORMIIH S o7 (Figure 15), 42
THOAY V== 7T SN e — 7 #% Table 6 IZE LT, LLED
ZEMDAHIES 12 T D Z RS, AMROBETH D TEELFOAR
TR DR | DEKR TE D 2 E ARSI,
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Figure 15 Demonstration of the selectivity difference generated for benzocaine and

impurities with the (a) XBridge Shield RP18 column, (b) XSelect HSS

C18 SB column, (¢) XSelect CSH Phenyl-Hexyl column, using mobile-

phase pH 2.2, pH 4.0, pH 6.0, and pH 8.0
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Table 6 Summary of the number of peaks detected

Separation system Il:I/Ilj)Ill:itl):rp(l)lgIs)ee?)kli

(Column/Columnttemp) —»» »5 30 35 40 45 50 55 60 65 70 75 80
XBridge C18/40°C 0 12 11 9 10 10 10 10 10 10 9 9 10
XBridge C18/32°C 1 - - - 10 - - - 9 - - - 10
XBridge C18/25°C 0o - - - 10 - - - 8 - - - 1
XBridge Shield RP18/40°C 12 - - - 10 - - - 9 - - - 9
XSelect HSS C1I8SB/40°C 9 - - - 6 - - - 6 - - - 9
XSelect CSH Phenyl- nm - - - 9 - - - 10 - - - 10
Hexyl/40°C

INE THE STV A ERLAM O HPLC BRBRERR TIX, A7V —=27
BB Z 3N T, BEMHA 2~5 FEREREMGRET 2 b ONZN 1), Fie, KTl
W72 DRSEETRIIAIZME ] S, pH2 Unit DLEBEN CTWD Z 30, Z D70,
ST TR OV R — U RELS B2 s, BE—2 R T vF 7
ISV T~ 72 B BRI —7 N7 v % 7 OBE&IE HPLC 305k
BRI DR LB COMBEH S D Z ENZN ST FRE LT L Z AT, Al
WL & OIS, HPLC/UV MHE#R CAZ U —= 0 JRERZ B LT —2 b T v %
V7 R LTS 170,

BT, TS THH Y A L OE— T HfTA Y V—=0 75k %@L TlE
& EBA Lo 7273, Peak 1, Peak2, Peak 4 K (X Peak 5 O E™—7 [Hifdns pH O
TENZ L > TRELED-> TS Z E M Figure 12 X 0 bod, BEWHpH 2V E< 7
HIZOHT, Peak 1 OB —7 EFHIIHENN L TV 523, 11Z Peak 2, Peak 4 % U Peak 5
D LT b, ZOBRGUMEEMNA A MEEMTH Y, A A AL 57RO

UV WIS Z — 3R E S B D Z LI L CND EERTHENTE D, 20
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L9 MbEMEETAlE, A RE KB THEMTDERDA Y ) —=0 7Tk
TIEE—2 R o 7Rk —EE#L < 7ed LHREIN,

AMFZE T FRE DR, LAk G A At g & LRI LIZT-01Z, 13& A
EDLRM TR B — 7 [R-LN B DB BIZE S 72, XBridge C18 T, 717 Al
FE 40°C, FEEhFH pH 2.5 ORFTMESN 12 BB TR SN2, ZOREN IR T2
ELThH, ST A—EZB A I D7 a~ 7T AFLEOHEICLY, o
I 12 THDHZ EE2RHEET D Z LITFRETH D (B2 1L, Figure 12 ? pH 2.2/40°C
& pH3.0/40°C DY), H L, HESNTWDHAZ ) —= T FEO L S, A7
—=V VBECRBEWEE LT pH4.0 & pH8.0 L3 3L T - 72358,
XBridge C18/pH 8.0/25°C D54 (Figure 13 (a)) (ZHBWT, 1 DOARM) (Peak 2) 73
RS NA L DE—TIZHIR>TLESTND Z Eidbhblenoiz RS ND,
DY, SIINTEFE IO T DN E R ORI E 11 LiR> GE L TLE D Z
ElZ2 %, Zhud, BEFESOMEEHICBOTIEmIREETH 5,

ERlR s v~ R 7T TEESHEE LCOMS) BE—2 R I XUl EShD 2
&R SALTW DS BY), [RINAREDR UAFHRRR O G A Ry T 2 Z & 13T&
720N, Table2 & 5.5 & 0735 K 912, AWFZETIE 3 DL FHL DR CALEY)

(CsHsOs ; {LE# No. 4 & No. 5, CoHuNOy; ; {LA# No. 1, No.2, No.6 & U No.
13, CsHsCINO: ; {EA# No. 9 EALE# No. 10) DMEH S TERY, LOMS ZfEHL
TbE—=7 b7 oF oI35 L3 LY, 70, FEROEIGLAFO T b
KRR C Cdo 2 SR DA IS < FET D, S HIZ MS Mg ORE F, |k
U 7 A niE (TFA), S, B, 7 2 F =7 EOERMEOBEWERIE] Lo

MTERNEW SRR DD, o OBEHRRRNIFIILFHEE L, UV ORI
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(IR 2072018, UV BRIz MR & U CER RS IR L TR
0.1%LL F O % BIAFCHRIT 5 2 L XN 60385 GE3 % FH4HiTR
AET %), ZTIE, EIRMOWEEHEY TR BIUVHMTH S UV filtidsz vz
IR OO HPLC 3BEIZITE S 72V, 74 M A A4 — K7 LA fitigs (PDA
detector) NE—727 F T o F TR EINDSZ EbHD MO, Rl L~ L sESE
ARG U TR 0.1% L R &0 72, 2D UV AT ML S — U TS

CFHIBENHE pH) ICX > TE D> TLE S GAITEMNBNETSH 2,
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5310 Step3 : HaE b DO HFEROWRE

i LOHFE R DORE DB ZIBNT, AFEOBIED 2 DHE3HSHTHD A
T OTERET R 53 BEDMRRRE C & 2 B bR R ORE ) & [HaifboOfatE & 70 2 5B
SENNER AR B — 7 DRE] A ToTz, T b3 by FEii S b ko
GIHT/RT A =B OEBNKT D4 — 7 [{or ORI E A PR 5 2 & TR TE
Do

RS A HPLC SRERIEIZISNNTC, BHCEE/ZRZ L1%, 2 TORMA Tk
EFFIFBEL TNDZEThD, DFEY, EIFLFHMIHEL TAT 28—
T ILBAF R E A R o T, L TV TF bRy, £, A7 U —=2 7
SAF DT EFE7REH (Figure 12, Figure 13, Table6) %% L2, EOBEMASLL:
D LD RUZ S SO LODERRGE LT, @ PRI AS X912, BEEpH 23
SR BB A B2 5 Z LT, XA (Peak 6) DOIREFEIL pH 3
~pH 8 DI TLZEL TNDM, XY HA & Peak2 & Peak 7 D43HEIE 4 A4TD
T L TR otz —J7, pH2~pH3 DORITIIU ) I A v Ofi & It
IO S AET D728, PRlpReill B pH OEA R8N ek LT D 71
R, NV TA L EARDOHED AR T DME— DI Th »7z, 2D &
/25, pH2~pH 3 (1 & i LD HFE R DT SAED 15 LPRGE LT,

W2, HomfblfEfT 24 7 2% 0E LT, XBridge C18 TOpH22 TOE—7 T
T AERERIC, V7 R OVAHRFEN DM 3 KD T Z A0 pH22 TOE
— T WA v EFToT= (Figure 15), £72, pH22 TOEDMEIETOR Y T A
DYV A NI, S HA v OERTE ERITENT 2 R e — 2 O

SSEfEFE 2 Table 7 12 F & 7~
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Table 7 Summary of the symmetry factors and resolution of benzocaine at pH 2.2
Symmetry Main peak

Separation system factor of resolution
(Column/Column temp.) main peak (pre/post)

XBridge C18/40°C 1.07 7.58/7.18
XBridge C18/32°C 1.09 7.04/7.40
XBridge C18/25°C 1.10 6.17/7.38
XBridge Shield RP18/40°C 1.20 4.39/10.60
XSelect HSS C18 SB/40°C 0.92 5.96/4.76
XSelect CSH Phenyl-Hexyl/40°C 1.21 1.65/9.12

XSelect HSS C18 SB & XSelect CSH Phenyl-Hexyl 1Z7R DFLH 7> & Feiia{ L O A/ 7> 5
#hL7=, (1) XSelect HSS C18 SB & XBridge Phenyl Tl Peak 7 23 Ty & —2 OF
—U 7 RTEH LTS, (2) FEmE—27EID O5#EE LTI, XSelect CSH
Phenyl-Hexyl |23\ C, ERIZATT % Peak 5 & OBEREN>T- (Rs: 1.65) .
XBridge C18 & Lt L C XBridge Shield RP18 Tl pH 2.2 (2B W TR TORMM N K
SNTEY, NFE OGRS RIFCThoTlz, ULEOHEBNG, faifbdHFE
si& L TIE XBridge Shield RP18 & V>, BEMHIZEANE L (pH2 225 pH3) &%
ZEE Ui, ZOEDITLT, IOy BEDMRIE T & 2 Faif LT TR
] DERCE D 2 D HER S,

WIZ, FawfbOFEEE & 702 5 5Bk O UGED LB Al v — 2 (Critical pair) DiZEE
ATl BRI A Y U —=2 7 THRLIER (/3T A—2 D% E—7 k)
DEEHAEEN ST 588 1L, Faibo IR ORELSM I B b CRRE S~ &
Critical pair D3&EICHHH TH 7=,

XBridge C18 TOAFERI/R A 7 U —= 1 JHE R L Feiifb & 3§~ % XBridge Shield

RP18 T pH 2.2 TOHE/ S Z— L DBIRD 5 DD —27 O45#fE% Critical Pair (CP)IZ
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BIRLTe, A7V —=2 7 ORPECIIRHEIRIOT- 8, BEFE pH & 7 MR D
fi7e A7 V—=2 713 XBridge C18 77 7 LD THEfii L=, —J5, BEWHpH °H
T KRS 5E Y~ OISEIL, BT 57T 2 RTIER L SALB M OWEY LA
WHEIRGET DEDDRE N END, BRD 0T L THTHRILL S IHEATS
ZEMWTET,

(1) CP1 (Peak?2 & Peak3) : pH 23 < 72 51224C, Peak2 & Peak 3 D43HfEN
725 (Peak 2 & peak 3 DOIAHIARFAWiHiAT %), (2) CP2 (Peak4 & Peak 5) :
pH 235 < 7251225 TC, Peak4 & Peak 5 OBEIIGET 523, pH 2.2 fH Cldirs
LTWW5%, (3) CP3 (Peak6 & Peak7) : pH 23Ei< 72 HIZ24LTC, Peak 6 (171
A ) & Peak 7 DBENHEL 725, (4) CP4 (Peak 9 & Peak 10) : BBEIH pH o 7
LRI L 5T Peak 9 & Peak 10 28725, (5) CP5 (Peak 12 & Peak 13) : pH 75
KIRBITOHLT, Peak 12 & Peak 13 OLEENUGET 523, pH 22 fHE Tl L T
% (Figure 16), ZD X HIZLC, [Ral{bDEE L 72 2 otk B e Rl v

— 7 DRIE] DNEMRTE DI &R ST,
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Figure 16 Determination of critical pairs (CPs) for the optimization process

IBIZ, A7V —=2TO/RREY, Failb a3 id % pH2 7> 5 pH 3 1Tl
BB pH & 77 7 DREERHECRET 2B Th D 2 L b, Ziub A hai{h T
RET NG AR L LTz, FT2, A7V —=0 T TEERLRN ST T NE)
FLH BN S HHE /T A =L ThHDHZ ENMOLNTEY, AFt3 fED <
T A —H Lol CHGEST 5 2 & & LT,

SHTRT A =2 OHRIN A V—= 7 TlE, TRETHREINTE A7 U —
=T HETIIEONR P ST ARRERETIGT 5 2 ENTER™, ol
Critical pair O&EZIT > 72855, B3 S7z HPLC SRR IED 24 ED S 5 FIHE
MR 5,
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% 4IH Step4 : Har{t

HPLC #BRVED B LI T EBRFHAEZ IV CTEM L7z, Step 3 TOfMTND, H5
FREEIRF TSI Bai e 3 6 D 2 L N> T D, EBREHEOET /L E LT
1%, FHELEAVD 72K v 7 2 (Box-Behnken) FHEI A L7- 19,
BEIEpH, H 7 LEERNT T V= MO 3 SOKRFD, 5 DDA
(Critical pair) (Z5-2 2585 MR LTz, Ry 7 A7 A O FHBLRI IR /K YE
OfeE & BRSO OHEOMAG R TH D, KRTKECONTE, BE
I pH 22, pH2.5, pH28, 17 AL 25°C, 32.5°C, 40°C, 77 = hHFH
%13, 18, 2340 L Uiz, 3KFDOR v 7 AR 7 EHECIEARE 15 ERANEL S

N5, FEROFHE % Figure 17 1R L7z,

®
10 f ® ® 0=

O O
. . :n=3

B‘? ()
@ N

Gradient time (min)

é?
‘} .
R &@@
18 . > » \@'&\
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Mobile phase pH
Figure 17 Design of experiment for method optimization
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CP1, CP2, CP3, CP5 [Z DV CIIRRE L 7= & COMEIR T R) MMEohi-Z &
D, DEEEZIRE S LTEIR LIS, —7, CP4 IO\ DT 2 KD —
7L, DBEEEDSRD B oto 2 En, K0 FEERGHE A UNCEYE S 7
OIZBEREL (o) 2 AV TR L7z, 0B R OV BEEREI DUV T F o A

WTEH Lz, SNSRI T /SO B YT IMP [ JHEE S AUT SHU7-,

F—21 B¥—22

tﬁ h
oy + B — 1 DARISBER
L b ¢+ 7720 RIS
- Wosh + E—T 10BN
Wosho + E—220 ¥ B1&E

_J W, P—20P —iE

R: tRZ_tRl — 1.18)( ZRZ_tRl

;(Wl n Wz) W o+ W osn

72720, R: BEE o DEERE 00 A=V KTy 7R

ZINEN S DDIESDIHTRT A —4 OFBLRTHNGHITT 572012, IMP
DMERK U7 E thi 2 Ve, RRS M BEDSIREEC & - 7= Critical pair (CP4 & CP5) @
SIHEL ST Y = v MRS 23 ORI D BEF ChoTe 2 &b, 77V = M
W73 23 3 DOBROBERE pH & A T LRFE DB 52 %57 % Figure 18 (v,

Z1E, CP1IZoOWTIE, BEE pH OIXUMEAITHBEE N K& < R DB H - 7=,
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—J7, A7 NREEZOWTI pH MRS (pH 2.2 A1) TIHERV REE, pH 25E0

fEIR (pH 2.8 fH1) TIEEVRE DRI EEEE A K & < I A H BT,
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CP1 (peak 2 and peak 3) CP3 (peak 6 and peak 7) CP4 (peak 9 and peak 10)

pHz2.8 FBE)HPH

CP2 (peak 4 and peak 5)

Figure 18 Three-dimensional (3D) response surface plots for the effect of mobile-
phase pH and column temperature on resolution of critical pairs using a
23 min gradient

BOlSIEO HEE L LTI, CP1,CP2, CP3, CP5 (2 WW I 1.5 U b (a4
OYBEOIRIE) & CP4IZ WY, &E (o) 2% 1.01 L 2573k & s Lz,
EHUWEDS 1.01 DL EDORHCEEEA R ATRETH Y, 28R 1.0 BLEAMSFHI TV,
7'V x v MRS 23 Sy ORFOREN pH & 1 T MREEOH HAER 2~ thim
ZHEH U7z (Figure 19), 7F#HEIL (Region of acceptability) & E2 17z AV MiEdkI X
IMP 3 AR L7242 T D Critical pair D BEEDNZERR STV LI TH D, 2TD
Critical pair D3BENERKRIZAR Y, 2308 D FEEE O D MRAE S A7z S St

(Optimum condition) 1%, FEEpH 1%2.3, 7T LRI 26°C, 7T Y = MR
X235 CTh-oTz,
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A response graph showing interactions between mobile-phase pH and
column temperature using a 23 min gradient. The white area, marked

as region of acceptability, corresponds to the method conditions
predicted using JMP when target goals can be achieved.
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H5IH Step5 : Akl

FERREEIED PRIZMEET 572010, BBl CIHERAIT 7= (
Figure 20), & CORMMY & — 7 (X BIABELTZ, F£7=, CP OFEEDO D oG
HOTARE R —E L7z (Table8),

LLE, Step1 235 Step5 Zi LT, /37 A—F Ol )72 A7V —=2 7% H
WZRBRIERATE 7 v —I2 L0, BRIV CE O B ESKL D HPLC #R8RIED B
HCEDZ EDHRES N,
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0.008- ‘ 4

0.006 ; : 054
= 1 1 \ k || 5 39 \1 i
0.004- 2 3 [ | \ 13
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Figure 20 Final chromatogram for benzocaine and impurities using an XBridge
Shield RP18 column

Table 8 Comparison of actual and predicted resolutions for each critical pair

Critical pair Actual resolution Predicted resolution by JMP
CP1 (peak 2 and 3) 17.7 16.6
CP2 (peak 4 and 5) 1.8 1.7
CP3 (peak 6 and 7) 11.2 10.9
CP4 (peak 9 and 10) 1.0 1.0
CPS5 (peak 12 and 13) 1.8 1.8
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AHFFEClddd 2 CTHBEDREE 230 2 VTR E T o772, A7 U —= B
BRI\ TRENRIL 0.5 pH 3oL, At 33 SOt &a1T o7z, ARFFEOREE
NG, DBETRERHOEEEBIAFT 203, @E THIUX1.0pH T-OA 7 U —
=V TFTHUS Y7 T R U VAR LR S D, ZAUT KV TSt b
33705 27 IS T 2 ENFRETH D, WTHIOBLATIE, BRTEHE ShTnD
TR0 12 XU 16 G & bl 35 & U3 972, ARWFSETED J7 3R %
FLTHIENRME L TRTOND, LnLARDL, ERLFORMY T 27 7 A
IWVESERIZIH BN L, RIS A D HPLC SRERE 2 ZENINCHRE TX,
BEORRERETE DAMREFEONRIL, ZORSE DD Z LB TE D,
PUHRYZRMED HPLC 295 &, 27 RFD A7 U —= 2 ZIZI3H) 28 R AL E
Tholo, —Ji, MOz Em kA s v~ v 727 ¢+ — (UHPLC) %ff
T2 28T, /eI 28 B D 4 B & CEMENATRETH Y, #%5D HPLC
EEAWAT U CTHERT D 2 & CRARDRHREREN TREL 700, ZO%G, A7 U —=
> TR DL Y OE N TIEHES OFRBERIR RO O TR TE 5 LyL

TdH D,
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FAH EROBEMHEAER LI-AZ UV —=2 7 L Ol

AREBREBRR DA 7 ) —= TEFEAZ IV T, BEEOBENE pH DA% VT
BB —APRHHIZN ), ET2, ZHDOFIETIEEREOBLE) O A BB
pH OBERERIIAIOIREFN R 5 Z e NFEEAETHD, —F5, #fpH % 1.0
FTORZ V== 7 LIz Ob—HE SN TND P, 22T, EROBEIELH
UWNTRENE pH 2B C A 7 U —= 73 5 FEIC KD, SBRERRED I —A 2 #
T 4 CTHRELTZ 2 2O AR (EIESP ONMHERORIE, A ORERER /3 BED IRbE
T & D Ea LHIFE R DORIE) 1T DOV TERATRE A MREE L7, pH2.2 225 pH 8.0 %
TO T HAOBERICE N S TO D BEHBIRIIFIHEE I RS S TWD b D0 b
HEVEZ BRI L7 0B - —T5 - BEFRINIIAI ORI DWW CIIESERT A %
UTMTTHEHMTIOMMICH— Lo, 3Bt LT 13882 - RS o
HPLC #BRERAFED 7 — A2 2T 1 | THAILIZ D LR b DEMZ, FHi7e
i R Figure 21 [T ¥, S E—Z IR DAL TV DS Table 2 1R LA G5

Y, T ORFFFRIIAH L EM ORI A L TIRE L7,
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Figure 21 Influence of mobile-phase pH on the elution patterns of benzocaine and

impurities using different mobile-phase modifiers

pH 2.2: 10 mM sodium perchlorate, pH 3.0: 10 mM potassium
dihydrogen phosphate, pH 4.0: 10 mM ammonium formate, pH 5.0: 10
mM ammonium acetate, pH 6.0: 10 mM dipotassium hydrogen
phosphate, pH 7.0: 10 mM potassium phosphate, pH 8.0: 10 mM
sodium borate
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Figure 22 Retention times of each peak as a function of pH for the continuous (a)
and conventional (b) screening strategies
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Figure 23 (a): Fraction of species present for 4-methoxybenzoic acid as a function

of pH of solution
(b): Theoretical retention time of 4- methoxybenzoic acid using absolute
buffer as a mobile phase
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Figure 24 Retention time of 4-Methoxybenzoic acid as a function of pH
and pKa, values in aqueous solution and HPLC mobile phase
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