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Abstract: A rapid and efficient chiral separation method for flurbiprofen using supercritical fluid
chromatography (SFC) was established, and the separation mechanisms of different chiral station-
ary phases were investigated. The separation of flurbiprofen enantiomers on three polysaccharide—
based chiral stationary phases (DAICEL CHIRALPAK IC, IC column; DAICEL CHIRALPAK
AS-H, AS-H column; and DAICEL CHIRALPAK IB, IB column) was investigated. It was
found that the flurbiprofen enantiomers could be completely separated within 6 minutes on the 1C col-
umn (Rs =1.83), while the separation performance on the other two columns was poorer (Rs =
0. 81 for AS-H column and Rs = 0. 65 for IB column) . Under identical mobile phase conditions,

the elution order of flurbiprofen enantiomers on the three stationary phases followed: IC > AS-H >

IB, with the R—enantiomer always eluting first. Molecular docking calculations revealed that the
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mean binding energies of flurbiprofen enantiomers to three stationary phases were —6. 40+0. 10 kcal
mol™  (R-type, IC column), =6.77+0.06 kcal mol" (S-type, IC column), =6.83+0.06
kcal mol" (R-type, AS-H column), -7.03+0.12 kcal mol" (S-type, AS-H column),
-7.43+0. 06 kcal mol" (R-type, IB column), and -7.57+0.12 kcal mol" (S-type, IB
column) . Higher binding energy corresponds to shorter retention times. The differences in mean
binding energy between the R and S enantiomers for the same stationary phase were 0. 37 kcal mol™
(IC column), 0.20kcal mol" (AS-H column), and0.13 kcal mol™ (IB column), respec-
tively. A larger difference in binding energy leads to better separation efficiency. The primary inter-
molecular forces responsible for the differences in binding energy between R and S—enantiomers are
- a stacking and hydrogen bonding. Further, the optimized chiral separation method was employed
to perform enantiomeric separation and content determination on the commercially available flurbipro-
fen samples. The content range of {lurbiprofen was 39.24-41. 72 mg per tablet, which was consis-
tent with the results obtained by the HPLC method and in compliance with the regulations. The super-
critical fluid chromatography chiral separation method for flurbiprofen established in this study and
the exploration of its separation mechanism provided technical support for its further quality control.
Key words: supercritical fluid chromatography; flurbiprofen; enantiomeric separation; molecular

docking; chiral separation mechanism; content determination
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Fig. 1  The chemical structures of flurbiprofen enantiomers
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FORE AL, PIERS BT OR R E S50 AR, Mg SEBEE A 10 2 At ia) 5 W] A ALK
PEFI AR D, BAF S b i R g sl =0 =Y Ak, PG R H SFCAGES 1Y H 1 A%
REWRARITRN, SFCEETPEZgy = =0 KRR 20 2020 0 25 7 L & ™ ST 485
WESZNA, HHAEEFEYIRAJ5E, SFCRI T ERNES SN HE L., HEFEsEdh, £
BT ] A PR S AR R, AR R T AL Y, (HE RSN T RS
BIPLRIPRI PR AL, AN [ AHEOREE A ELAE F A s A . R 15 [ A 0 S B E M 67 B
YEH 22 Rk IEM AN, S0 e MRS Z B ie S, IIfFAERRE B, /0 FRHEED TR
S22 BHEAEHMEZRE TR, JHZMHTEARS M. EAFRSEA RN F5/8
Gy A AR Y 3% E A BT R A 5 1 A )T bde e S i R S, AT
VRN PRAFARE R 0B 23 B AL )

BT, AR LRGSR S, RGEHEEAE B TR0 A e 70 S50 P ox i
R4y BEREBLIEN , [R5 5 o0 1 X 2B AR LG 16 25 0 Wk 5 3 o S0 b 35 T 31 s A P A A P 25
SHATRAE, Iy TR R F IR AIMUR o 52t 8E 1 L i 25X WA ) SEC T 0 55 05 1%
FER T TSR NGE () & B, [ 5 HPLC iR & 0 25 R Tt bk, ZRBEoT LU Ji G %
A5 T R ZE T 25 1) o 50 2 S AR A A
1 SEIRERS
1.1 4. MRFiks

Agilent 1290 Infinity /& I 5% 3 74 6 3754 . Agilent 1260 /&5 20 AH A 354X (2 2R LA ) |
DAICEL CHIRALPAK IC (250 mmx4.6 mm, 5 wm). DAICEL CHIRALPAK IB (250 mmx4.6 mm, 5
pwm) . DAICEL CHIRALPAK AS-H (250 mmx4.6 mm, 5 pm). DAICEL CHIRALPAK AD-RH (250
mmx4. 6 mm, 5 wm) FPEGOER: (KRIFBEGYTFHEFARBGR AT Quintix65-1CN I+ 432 —H 1
RF (AL EFEL R R AR A T)) 3 KQ-500DE Vs i il i v s (R LT r A 2 A TR
Z57)); Milli-Q Advantage A 10 BB4EKAY (SEE Millipore 24 7))

HEE, 8. A, 2. iR, 2%, ZWom¥y haia (#tS . F25poM210,
F25P3S205. F25PBI202. F25P8P202. 2494941, 253846, 2562245, EEFEER K /REHE AR ), #al
K H SEBE S Milli-Q BB At /KAHl &5 Walico, (b5 SQ96516, JLHIAUR KR Tl AR R .

FELIEZS ANE e IS (LS. LH70S48, CASS: 5104-49-4, b H RIEFHEARAT); R-
FILIE SR IR, (5. E2317651, CASS: 51543-40-9, bFHEFTHL TAEALRHE A AR 2 7)) 5 9K
PV 2R BRI NG 341t (415 601061, 601141, 601291, JbuiZEM IR AR 2 ] ),

1.2 BR&EHFH&

1.2.1 RGEEAMBER BOKLIGE SN e &, KSEFoE, P REEA M, Bk A 1
mg-mL™ A AMEHER B, JF T -4 CF IR E, & H.

1.2.2 R-|EHFBREFR  BR-FELEIS IR =, EEWE, I, msl g
FER0.5 mg-mL BB, FFT-4 CT IR, M.

1.2.3 LUXBREER KERIGLIE S INE M IS S, P REE e, Bk EYh
0.4 mg-mL™" A R-FELIEZS . S-AUELIE S M IS &, JF -4 CTF DGR, &H.

1.2.4 HiX@AR BOULIE BRI E -, 87, BHREMMT, MAHEE 100 mL, FRE®E
&, @AER30 mn, BHZREIRGHEKREES, HEASERNES, B5, Bd, REIEH,
HIFE

1.3 BiEEH

1.3.1 SFC % %M DAICEL CHIRALPAK IC (250 mmx4. 6 mm, 5 wm) FVE@EH:, LG %
CO,-HIiE (0. 1%Z18) (90: 10) AishtH, FElL35°C, 5K 130 bar, i 1.5 mL min™, JFFE
&5 L, Rl 230 nm,

1.8.2 HPLC %% %M DAICEL CHIRALPAK AD-RH (250 mmx4. 6 mm, 5 um) FHEEAREF:, L&
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-k (XE0.1%2/) (45: 55) Kimshtd, FER35°C, WEO0. 8 mL min™', HEAER 10 pL, Kk
+: 230 nm.,
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T 5 FPE25) 2 (e A LA A2 P 22 5 DL R PR 25 ZE TR BN AH 5 18] 28 A= 1) 1 43T 22 5 DA i 5%
DU 485 o B “1.2.17, “1.2.27 T T RS0 F PR R IE 25 0 B 8, 58t
& 25 % WA AE 3 FhAS [ SEREREAS 1) F 1 £6, 3% A DAICEL CHIRALPAK IC. DAICEL CHIRALPAK IB,
DAICEL CHIRALPAK AS-H H %) 43 25 250 5% S UG I, S 50 e ] 8 A A0 A 0% S5 i — 30 (S
“1.3.17 T, AU 2, 5REIR, FELIEZR AT LR TE 3 Rl A TP o B b B R B e g, H
& HI DAICEL CHIRALPAK IC £8,38 43 2 [ @ AHINy , M0tk | 0ETE K3 Ho2r & AT 225K, ik 4%
DAICEL CHIRALPAK IC {85445 A 24

2000—

mAU
‘ |
f>
lev}

I I T I T |
5 10
Time/min
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Fig. 2 Chromatograms of flurbiprofen enantiomers on three different chromatographic columns (A: AS—H column, B: IB col-
umn, C: IC column) (black chromatogram: racemic flurbiprofen reference standard., red chromatogram: R—flurbiprofen ref-
erence standard )
1: R-flurbiprofen; 2: S—flurbiprofenl: R-FLLIGZS: 2. S-GELIEZS

2.1.2 EFHFHEMNARASEEFHECHNSBANHRIT S HERFME A T 2500 5
BRI T AR AR [ A TR R T R CHEXTARE A7, T2 R R EAE &I E R S
FRE MR AR, SEMFE T REZES Y, X R T ik N 2 A 2R ) 1 R P 5
A . FEAGEARR RS R, RELIE S 3P FHER E M (LA 3) BRI T ARG 43 35k
J, XFh2E ST RE AR T 3 A e A PR I R MR BRI RS B A I S 20 . ICHE S 1B
FESTAEAR IR 35400 5 5SS OB T PN R T RIS B 3L AS—H AR 7R RHE B RIR 1Y o HEERUR T
TANHIBE At e -2 m] LU o e S U 00 A, T B 05 o e S8 -0 S e, TR B -5 D 1
AR ™ FERET 2T TR A b, SRR EUE W R 1 3 A GBI 350 o) B A 1) £ B % 3dk
PRV EZEN, BRI SEHRMNBRE R IR L m =,

PRI GT R S5 X AR TE 3 Fh T ] s A v (0 8 22 S S FHE UMM, AR50 R H 3 1%
P2 J7 15 OB G L 76 25 o ik 5 TP [ 8 A ) O AR ELVE . B o i 1 3 b1k 1 S AH Y 3D A
I, FFEET MMFFO4 J1i7,5% Holb 4788 & i AME AL DLk A & 3 W 45 J LA 2, 4R J5 R AutoDock
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Vina FAE R0 WA 53 - B2 1 € AH 43 F 64T 50 3%, B4 -F1 5&45(11%?3(}\, fdi JH Discovery Studio
2019 X HEH) G BEATAH B 140 0, 305 8 PyMOL A% He b7 ol WAk 40 A7, &% SR 0 51 4
531,

ENTTNTEN

Cl
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3 3FPFEN E A b2

Fig. 3 The chemical structures of three chiral stationary phases

B4 GRILHEZS AT b 3 FhIE E A 2 FRHELRIE (A: 1C-R, B: IC=S, C: IB-R, D: IB-S, E: AS-H-R, F:
AS-H-S)
Fig. 4 Molecular docking results of flurbiprofen enantiomers with three stationary phases (A: IC-R, B: IC-S, C: IB-R. D:
IB-S. E: AS-H-R. F: AS-H-S)

ZERI R, BELIE SE R 5 3 R e A TR R B AR SE & 56T, I A XRS5 RE
YRl IS S R R IR B R RO Y, 6 A4S A RE (B, keal mol™) HEF
MWF: —6.40+0.10 kcal mol™ (RAY, ICH:) >-6.77+0.06 kcal mol™ (SH, ICHE) >-6.83+0. 06
kcal mol” (RZY, AS-H#AE) >-7.0320. 12 kcal mol” (SHEI, AS-HAE) >-7.43+0.06 keal mol™ (R
I, IBFE) >-7.57+0. 12 kcal mol™ (SEY, IBHE), FAbriEZEIEREIAE0. 06~0. 12 keal mol ™, FH
IR R A — N EE ., ERAR E%ﬁm@ o o = I TR R N 3 b G S [ R
3 SRR AR B 00 UL U SR R e R A A T I A, BB HA — 8 SIS SRR B AR A 3 Pl e
FE_E BB A « IC*&E>AS—HE>IBE, [ B 72 3 Fhf i B 3404 R—-F LI 25 e e it . i — 2%
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[]— [ & AH 5 R/S AWK 25 S REFZEM (AE, keal mol™) T RIN, AE 5HFPRM TR (i
AR WAT — R, PIRR AR ICHE B AE SR, h0.37 keal  mol™, [RIEAEAH [A]AG €43
FAF T RI T AP B PR (R=1.83); Wi B fI14E AS-H #E 5 1B #E i) AE 53774 0. 20 keal
mol™, 0.13 keal mol”, /FERREAE (AS-HAER=0. 81, IBHR=0.65),

o AT ] A SR 2 ) A BAE R R B, R-SULIE 255 ICHEZ IR 1 6 4~ 221
MEAEM, S-RHES5ICHZMIER T 8N FEMM BN, FTEARF - ol S8, m-K%K.
m—fE3EE o PG A B SRR 34 T DL 5 ] S A v IR S U B IR R L PRI R R PR A - HER
Ha-KFEMEAEM, IFHENRREE T L) S0 R s b U5 T R Rl L 20 = A A AR
M, ENFER SR 2ZERET S-S LAH R | R SRR AR PR AR . &R T
WO T m-fidk . m- o m- RAHEAER, 0 R-FELIE S R A=A T RIE 1 52 H IR
RGN EREEN, AR E A S S-S S AE A RE TSR, EXMER DN, X PTREAE ICHERES R L
WA WAR D B R R T E . T AS-HAE S IBAEMN &, HICHZEL, e 15 RG2S xtm ik 2 b
BAAE T - R S m—e SR, R AS-H AR IBAE S R/S L I 25 AL T 1k ) AH A FE 5k
BHICHZL (ICH:S R/S KT AH B FELE A 6/8, AS-HAES R/S XLk i AH H.4E %84 7/8,
1B A5 R/S WML i AH HAE IR 4 10/10), {H AS—H F:FI 1B A 5 R/S MWL [a) 7k FH 25 Sedse . B
W1, AS-HAELS S-S5 MRS T R BULESN = E T 1A m- B 5B 5 10 1B A 55 R/S XF WA 4/ FH 2%
SRR —2, AUERM SIS, Bk, AS-HHE L 1% 250t AR 1) 43 25 6E HE1CHESS, 1B
(AN E S o

Zi b, RV SR W T B R SR R E R W R MR 2 ) - = HERE iR N B4 3
B BRI PSR VA A s T TR AR D, e R AR e T 25 e sz 2 R VE F hiE, Hpa
- wHE R SRR R R A TTERIN 2, WY, m-bedk . m- i S A e AR B P A
BVEH
2.2 BUMEFIFEAIERE

FESFCIPR R Y, IR CONE R EZM MBI, FEOR AR PE AR, 5% B ol FH ¥ LAt
JERZE 5y T ST ER . I, ARSI IS RT3 i3 7 s A R 7 iR
SRR, n] e KA A A AR S S 5 AR P AT SRS [ A SR ST A B, BF
M T B AR . (REFE AR OISR 5 (B8 “1.3.17 ), HET 4REHLSCER
(W, 2%, BWNFE. ) (980 1% 218) SRS T Bor i g, 258 0K s, 4
SR, CRAWREASCERIE, (R e B SOt e, wTREIR A IR /N HARTE R,
Syt N E AL S TR 4%, HBER R ) S i Rt S ik, X SR s 1 T4 RE 1 i
g s B RNEEREE TR 2 2B AR K, XS VR FHRE IRl TR s i SR AR
BRI, AR AR ARAE , (HIGkie S i, WRIR RIS T I RIS 2 AR T
28, PRI 3 R AR R AR e T 5
2.3 ARMAIFHEERENERE

P SE04% 5 R S TR S AH TR A N TR VR I, JREL I 25 R A 1) 43 S R SR A BT
TR 7 0] 3 o ) PR P R A P 85 L 9 R S P R S e 0 39 5 T [ A 2 ) ) SECBEAE A
MSGEIETE 550 Bk, R EROIE A5 (2 <1317 T, BT REFMFAZE (0. 1%
SROEE . 0. 1% W, 0. 1% Z1R) FUARFERIMAIKE (0% L8 . 0.05% 8. 0. 1% L1 . 0.2% 2
T2) AL I 25 MR 4y B RO R e, Z5 R LIE 6., Z5 R B R, MELTZBRN S, =RCR5HR
X (O G 5 53 B BE AT T kst , (IR SEBL R, Rk S AR gl FEias IR B s
T, 0.05% ZEMELLTE /4l A4 Ve, MR BEIE 25 0. 206 ), i 8 £ T 2 v 4 81 8 AH I SRV A5
il 55 0 B A 5 [ A 2 TR A 22 S PR VE T, XSRS B B0 B BN TR s 1M 0. 1% SR v] il ki 5
FAHERAE BT I-F, RIS 0. 1% 2R sk s
2.4 BEFIEEH. R, BEMREALL

FETHE T 1 EAH SRR 2SS, AR E— 5 eI ) . AR . 35 R A T T
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b, BFEMENHEREZECT, SRR Of B i 8] 5555 2 B P2 A — e g . PRdr L A (s S — 3%
(ZH“1.3.17 ), 3al %58 7AW ERIELB] (6%, 8%. 10%. 12%) . ANFEFE# (25 °C. 30 C.
35°C, 40 °C). AEH (110 bar, 120 bar, 130 bar, 140 bar) . AE##E (0.8 mL min"', 1.2 mL
min”, 1.5mL min", 2.0 mL min") X EGIEF TR BRSO B S, SR 7, 45 RN,
FEHESCERIL B . . TR L, AR PG, AL i 250 B A i) DR BRI B) 45, 73 B3 BE /N5
SRR E I BN SR Fe 9 B 1 R S R W DA 4 B B, H R AT i Ta) e e, ol du i 0 14
PR R VEIL G, TEPRIES SRS T, S5 % 8Tt ) 50T, B2t Btk R b 61 10% .
FEIR 35 °C. FE 130 bar, HE 1. S mL  min AP0 RE 54

2.5 AEFEERE

2.5.1 ZMXRZR B “1.2.37 BT LM E GG S, IMAHEEE SRBERIKEY
H712.5, 25, 50, 100, 200, 400 g mL" A R-FILIESS . S-S 25 M) BT . 545 R AN
B LR B S TR A E N R I AR A, #% “1.3. 17 T PR S ERE 2, DA WLk
WAL PR (X)), WEmEBUMIALRR (V) BEFTZMERIE, 25082, vlA8 XFLATE 12. 5~400 g
mL YR I P 2R S R R I

2.5.2 WNREEEMR FEWIL “1.2.3”7 T FEEXSRSESHE R, AW EHETTER
R, 55 RN B S i NI S AR A, 4% “1.3.017 WMk SR e, DS
MEEL (S/N) Sk 3110 B 23 )T 554 X AR R I PR 5 78 B PR . R—HL I 25 55 S-S LG 75 25 ARG I PR 1)
F1.56 pg ml', EREREIA4.67 pg mL',

2.5.3 BEERIE HEWRR-HILIESS S-RUILIESREYI 25, 50, 100 pg mL' A%, .
15 3NV BE B e MO BRI, AR 13017 TGS A EERERR N, BEFT H PR E (24 h, n=6)
HHBREEE (72 h, n=9) %%, H MRS 4558 R R- 5 H 7% 25 0% 15 B RSD 4391 o0 2. 21%.,
1.06%. 0.55%, S—4RILI&ZFIETIAL RSD 48512, 17%. 1.29%. 0.75%; H )R %5 Br s 5 iR R-Bb g
ZRUETH AL RSD 43714 2. 70%. 2. 10%., 0. 69%, S—3RLhifkZFEm A RSD 43 4124 3. 05%., 2. 78%. 0. 85%,
FEHHAL A 2 B R T

2.5.4 FREMRE WE-EKASER, 25 THFE0. 2. 4, 8. 12, 16, 24 h (n=7) %
“1.3.17 TR RS AR ERERT I, TR RO I 25 5 S Lk i 25 04 1H B RSD 4331 24 0. 75% .
0.50%, FEIHHASMETE 24 h NFaE ER I .

2.5.5 BEEMIKE IR MR LIESSEERNGE 64y (n=6), #& “1.2.47 WF 7kl &R
W, ¥ L3017 WM AGE SRR, RN, 45 R R R IESF S S-a b i 2R 0 T AR
RSD 435411, 25%., 0. 64%, FBiZTEREE R T,

2.5.6 ERIKE KEFEBTHUE—LSIE (5 601061) 9fy, B ST& R-MLIES 5 S-
LR 10 mg, BYRESE T HEHEHP, 20 Y T EHEES50%, 100%., 150% )% B
I, JFEE 12047 BUR R mIAAR . P E 3 ANAEREACE IR RS (n=9), %
“1.3017 TR ARG SRR, AR WA 3, RWIZ AR TE R 1T

2.6 HmaElE

BOMtRE SR, % “1.2.47 WPkl s, P TS 3 (n=9), anilk
F“1.3.17 WF SFCAARESAER “1.3.27 Wi F HPLC il S gk Rasiil, sk @ vl 8, e
SR UL 4, WRISFCHI HPLC ME (1) 3 R NGB FES & B IFF G ZK, HLAm E 77 12 00 0 45 SR AH
SHRZEEN, 4331540.30%. 0.53%. 0.39%, FHIFFN T vERAG SN —2 k.

BE— 25X LRI E i, ST TR e, SR FH SFCAE 6 min PRI OT SEBLAEL 7 25 % W fA 1k
FIRELR &, HPLCWIFEZL20 min, DA SFCRENS KIRAREE /3 25 /0 ATt ia), $2FH 40 b, e Tl
FEFIRME TAE PR AT ZEoR . Hesbh, I SR AN AR H A SRR B, AR N, A
WAL TR &, REREIRIBEAERIETE ), ARSLIR b SFC i {6 0 T8 24 4 HPLC /) —f, HAE
S )7 B ALRE . FEVANARME 7, SFC LUBIE 7+ CO-HEE (& 0. 1% L) (90: 10) Aisht,
HPLC LLZHE-/K (3985 0. 1% 418 ) (45: 55) AiishtH, SFCAHBLEFIEFEE HPLC 2, B hngk iR
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B 851, ADRICEE I IHCH S BIGA  G T BT PR SR EIRGR, W I%K24
TS B R 7.

Fol GRLLHE S td b5 3 ] A B0 23 1 0 RS B 2

Table 1  Molecular docking results of flurbiprofen enantiomers with three stationary phases
Stationary phases Flurbiprofen £,/ (kcal Bmol™) ALl (li?al ! Interaction types ; Interaction Sl.tes
mol ") Enantiomers Stationary phases
H bond - OH Glucose O
H bond -C=0 Carbamate NH
H bond -F Carbamate NH
R -6.40+0. 10 .
mo Phenyl ring 1 Carbamate Phe
m™- Phenyl ring 2 Carbamate Phe
w-Cl Phenyl ring 2 Carbamate Cl
. H bond - OH Glucose O
1C 0.37
H bond -C=0 Carbamate NH
m™o T Phenyl ring 1 Carbamate Phe
m™= T Phenyl ring 2 Carbamate Phe
S —6. 77+0. 06 .
T Phenyl ring 2 Carbamate Phe
w-Cl Phenyl ring 1 Carbamate Cl
w-Cl Phenyl ring 2 Carbamate CI
 — Alkyl - CH, Carbamate Phe
H bond - OH Glucose O
H bond - OH Glucose O
H bond -C=0 Carbamate NH
AS-H R -6. 83+0. 06 0.20 H bond -F Carbamate NH
™= Phenyl ring 1 Carbamate Phe
T Phenyl ring 2 Carbamate Phe
 — Alkyl Phenyl ring 1 Carbamate CH,
Stationary phases Flurbiprofen E_bi“ J (kealll mol™) ALl (li?al ! Interaction types - Interaction s?tes
mol ") Enantiomers Stationary phases
H bond - OH Glucose O
H bond - OH Carbamate C=0
H bond -C=0 Carbamate NH
S 7030, 12 H bond - F‘ Carbamate NH
m™- Phenyl ring 2 Carbamate Phe
™= Phenyl ring 2 Carbamate Phe
 — Alkyl Phenyl ring 1 Carbamate CH,
 — Alkyl Phenyl ring 2 Carbamate CH,
H bond - OH Glucose O
H bond - OH Glucose O
H bond - OH Glucose O
H bond -C=0 Carbamate NH
H bond -F Carbamate NH
R =7.43+0. 06 .
™= Phenyl ring 1 Carbamate Phe
T Phenyl ring 2 Carbamate Phe
1B 0.13  — Alkyl Phenyl ring 2 Carbamate CH,
 — Alkyl Phenyl ring 2 Carbamate CH,
= Alkyl - CH, Carbamate Phe
H bond - OH Carbamate NH
H bond - OH Carbamate NH
S =7.57+0. 12 H bond - OH Carbamate C=0
H bond -C=0 Carbamate NH
H bond -F Carbamate NH
Stationary phases Flurbiprofen £, / (kcal B mol™) ALl (kfal ! Interaction types - Interaction sTtes
mol ™) Enantiomers Stationary phases

T Phenyl ring 1 Carbamate Phe
T Phenyl ring 2 Carbamate Phe
 — Alkyl Phenyl ring 1 Carbamate CH,
 — Alkyl Phenyl ring 2 Carbamate CH,
 — Alkyl - CH, Carbamate Phe
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2000—
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K5 SIS AMATEARRBER T (A 285, B: HNEE, C: LFF. D: HEE) M@k
Fig. 5 Chromatograms of flurbiprofen enantiomers with different modifiers (A: acetonitrile, B: isopropanol, C: etha-

nol, D: methanol)
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Fig. 6 Chromatograms of flurbiprofen enantiomers with different additive types (A) and different additive concentrations (B)
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AWRFHEGE T AT E AT . RS S e 1) 45 €0 B AR 200 S L 38 25 R R 23 B ) 5
FRA ISR 7 AN ] 25T 0 S AH B PRI, & B S A 5 e R 45 5 BE B 22 5 A i AL
SrEHREE, b - HERU U D A B 00 2EIKE J) o TEMCEERE bR IR i SRSk
PR SFC P 7%, SEBL T IRORHR PRI BE o0 8, RIS SR ATZ T 5 e 1 17 i b s 25 BRI N
TR I SRR & R E , e ARS8 HPLC 43 T TG | JEE RN AE B R I B, 3264 4450
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Fig. 7 Chromatograms of flurbiprofen enantiomers with different modifier ratios (A), column temperatures (B), back pres-

sures (C), and flow rates (D)

F2 BXTWUALMRE R

Tab. 2  Linear relationships for each enantiomer

Enantiomers Regression equation Correlation coefficient (r) Linear range/ (pg # mL™")
R~flurbiprofen Y=6. 6021X-5. 1080 0.9999 12.5~400
S—flurbiprofen Y=6. 8071X-7. 1647 0. 9999 12. 5~400

3 RIS

Tab.3 Results of recovery tests

Enantiomers Number Original/mg Added/mg Measured/mg Recovery/% Average/%

1 10 5 15. 14 102. 85

. 2 10 5 14.95 99.09 100. 98

R~flurbiprofen

3 10 5 15.05 101. 00

4 10 10 19. 99 99.92 96. 63

Enantiomers Number Original/mg Added/mg Measured/mg Recovery/% Average/%

5 10 10 19. 41 94. 12
6 10 10 19. 59 95. 85
7 10 15 24.82 98.79

8 10 15 24. 40 96. 01 97.75
9 10 15 24.77 98. 46
1 10 5 14.98 99. 66

2 10 5 14.91 98.13 99. 21
3 10 5 14.99 99. 84
4 10 10 19. 84 98. 41

S—flurbiprofen 5 10 10 19. 62 96. 17 97. 04
6 10 10 19. 65 96. 54
7 10 15 24.57 97. 14

8 10 15 24.12 94. 12 96. 02
9 10 15 24.52 96. 81
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Table 4  Content determination results of three batches of samples

R~flurbiprofen/  S—flurbiprofen/  Total quantity/ Average quantity/

Batch number Number Chromatography mode (mgftablet) (mgftablet) (mghtablet) (mgftablet) RD/%
1 20. 44 19.97 40. 41
2 SFC 19. 65 19.59 39.24 40. 04
3 20. 34 20. 14 40. 48
601061 0.30
1 20.13 20. 06 40. 19
2 HPLC 19.98 19.92 39.90 40. 16
3 20. 20 20. 18 40. 38
1 20. 85 20. 50 41.35
2 SFC 21.01 20.71 41.72 41.50
3 20. 89 20. 55 41. 44
601141 0.53
1 20. 84 20.77 41.61
2 HPLC 21.00 20. 85 41.85 41.28
3 20. 28 20. 11 40. 39
1 20. 64 20. 32 40. 96
2 SFC 20. 68 20.28 40. 96 41.07
3 20. 87 20. 43 41.30
601291 0.39
1 20. 58 20. 42 41.00
2 HPLC 20. 68 20.53 41.21 41.23
3 20. 85 20. 63 41.48
400— | , A
= — N
8 1, B
0 i
\ [ ’
10 20
Time/min

8 @ikl (A: HPLC, B: SFC)
Fig. 8 Chromatograms of test samples (A: HPLC., B: SFC)
1: R—flurbiprofen; 2: S—flurbiprofenl: R-FELi&ZF; 2: S-FILIESS
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