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Empirical Equation for Resolution of Ibuprofen Enantiomers
by Chiral High-Performance Liguid Chromatography
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Ibuprofen was analyzed by chiral high performance liquid chromatography. Retention behaviours of the standard mixtures of
ibuprofen were investigated to obtain their acceptable resolution. A chromatographic column (3.9x300 mm) was packed by
Kromasil CHI-TBB packings (10 ¢m) and n-hexane was used as a mobile phase with 0.1% acetic acid and tert-butyl methyl

ether.

Isocratic elution of ibuprofen at 1.0 m¢/min was performed by changing the mobile phase compositions. The

experimental variables affecting the resolution were the compositions of mobile phase and chemical buffer (n-hexane and
tert-butyl methyl ether). The resolution between the enantiomers were correlated into the several types of empirical equations
including linear form, and their agreements between experimental data and calculated values were examined by the

regression coefficient.
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02 wer 7|2 uXs AA AZwEIHT (chiral
HPLC)7} ®atd oz wdsA 5AUk3). 71% HPLCE 7%
838 F9 3 714 enantiomers} ML zte 71E 1A
A (CSP)E oj&3 7|12 AYo] A&3=3 ik dA) 72
HPLCE @38t ojddd 2ol 713} Fa3A AL&dHT. &
g9 93g 247 £ASY F 9 ¢4 B8 o] JHAR
Byt F mze ¥ 3L Folo HEHE F8EY E
Ao| BT (optical purity)E FAHT F Utk F B o
AAAN} 71% G Aol Az AE HAUEES HE3
oldiste] && £AME dFF 5 oA ol wep 71
HPLCE JAEIst) Bdd EZAES sidshke d o449 5
RE FHado Wyem AAHT QUH3).

2 A7 A g4 £ (R,S)-Ibuprofenf(+)-(R,S)-2-(4-
isobutyl phenyl) propionic acid]= thEZ <l H|2H|Zo]= A
29 % 9 AGARA FUEE, & T AFA o o
g 7§52 g AREE X5goln g EFE 4
B2 AFRE I QTK5). S-enantiomers ¢FEEE ANE zb
9191} R-enantiomer= &2 J}A| REALLS zkal Q1Y)

O

ar
71 AN 719 DO AN BAL ol of
el 24E HEFAA olFe] 24 Wed mE T
Ao BYEe] BH JBAL dE Aol ¥ AT 2o

o

Nz

Fig. 1-2 (R,S)-ibuprofen®) 3}8H3 Aot} AZP)A A
£8 EF A8 AU A9 Fe9 o|F=23L Sigma
(ST Louis, MO, USA), &3} dejo] o|R-Z 23} tert-butyl
methyl ether® Aldrich (Milwaukee, USA), &4} (HPLC
grade)?} o}H|EA} (analytical grade)& Y4tslgtoA Zb7] T
3tk Aok AAE] glo] HhE AN B8 Z9
9] A R4S Eka Chemicals Inc. (Sweden)] Kromasil (10 gm
silica-based) & AF&-3+3ch

CH,

COOH

(a) R-enantiomer

CH,
COOH

(b) S-enantiomer

Figure 1. Chemical structures of Ibuprofen.
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HPLC A]2EloZ= Waters 600s Multisolvent Delivery
Systemo] F-2E Waters 616 liquid chromatography (Waters
Associates, Milford, MA, USA), 18|37 Rheodyne injector
(20 ¢ sample loop)7} AMEEHQATE HlolH A A|AHE
Chromate (ver. 3.0, Interface Eng.)E A}&31ith UV 7HZE7)
© 486 UV-visible tunable wavelength absorbance (Waters,
Milford, MA, USA)E Alg3tdth B48 2Edds 29
(3.9x300 mm)oll Kromasil (10 ym silica based)s 3213} A}
23199k o)FAE AL tert-butyl methyl ether$} H74A|=
O EARS AREETE A4 1.0 nimin, FYRIE 5 b
olx, UV 7AZ&7)9) wavelengths 220 mmol™ ALo)x A¥
AT

2y ¥ 0%

Az0) g w2 ARADH o 4AARe 2
2 Aveled AR QAT ARAT (e FAL
ARAR OZA Thg ) a4 EA Bk

=g
a

v, f M

e A o MFEA gv 229 AFALT &
k2 A E7E 2 A HedA 2Elwrh $4 83
ke Be=rb F7RsARE BA Akl ZojR|1 =7}
AXA Bt Be® (Re T A=A Aol w9 PR
g% AoHn, AFANR A F Gt Lol &
Aoz BAE7] wie] FAHLOTEH6).

fr dg gy rlo

_ lm—tm _ 24t
k= (wy+ w)/2 wy + w @)

tri= R-enantiomer, fgv= S-enantiomer®] HFA)7roln], wy,
wie 7 A% 929 AEAIHe Zolh AReIN A8
olF/Ae] A B EIY=E 9 FHE Jehdr] 9
314 Table 104 ke Hol FAAF (HE 7I1FoR 3
o A¥2e] gL Hmatdh AE dAENo 2 73
Agao) doht Auzke & YASEAE Ui AUgt
7 A Hz A Qo MEE 1Afele] otk RE 09
ol FH=rt dvka 7PgEtn Lo A 24E 4
AZF 2A Goh Fe ok A osA ARtk
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(R)8] Wstgs uFsr] HaiA Zzte < vH7PEA
Ad3e TP 712 2370l dErt AAAolmg ¥
e 71RLE SHT HVHMAE oHENS, 54 24 & 4
A} tert-butyl methyl etherE AME3IHTE olmAtoz At
AREEE AR 9] A FAIZo]l HojAa Azlgtel EHA
AR Bemot ol deh mebd M4 Ha
SAY f718WE HREHA Hed 2 F59 o5
e e Rl Faddth T4 AUlETE AFAT
P AREE fUE8d F
Zre tert-butyl methyl etherE & 7}3}ed

EX B

o] A ARl s} SAT A G
wyg ALESEY 2 (1), ()9 YA AFRIA, ERTE 73}
Hom, ol izt AAE Table 19 YERHRIT. Fig. 2& ©]
E4S n-hexane/tert-butyl methyl etherfacetic acidZ 75 : 25 :
0.19] 3 ZABAM A& AZvEIPCZ F ¥ Apo]
9] Bg]E& 3.12230]1 R-enantiomer”7} S-enantiomer®C}
g $ZH.

o) FAr] FAJo|A §7)-8u<l tert-butyl methyl ether®] %F
ol Z7apd olxmaale] AR FAHAT Fol=
o AR} FAS) FAWE ¢+ o8 olF Fg. 3]
dehglch. 671809 tert-butyl methyl ethere] ke m3At
3 o AsAgel oJajel EeEs AR A FHE
nHA & F40] e fF718ue] AR QA Z=e
AFAAZY #AasHT 2 BAR] EFEde MR
oplEAre] AbgHTh B A AMEE AR oA E
Al A FAE 0.1 %olatE FAHUT ol EARY gk
2 002 %)X 01 %7HA WSAFIEA HABE FHHT
oM EALY] FheFe] FtEeE §A9] AFAIZE FopA L
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o}l H| EALS tert-butyl methyl ether®B v} B8] =9 ARSI}
He Jdgg vAL & 4 Utk tert-butyl methyl ether &%

ohg} oM EALe dlake] F
Ao} AL vjA1 53 Byx

ZHAe] i g

712 49 =t AR
WetM = fr7lewet

@tz ot

0.8 -1
4 R-enantiomer —— - S-enantiomer

0.6 4

0.4

Intensity (V)

Time (min)

Figure 2. Chromatogram of Ibuprofen free acids in isocratic method
(n-Hexaneftert-butyl methyl ether/acetic acid 75/25/0.1 vol. %, 1 ml/min, 5
14, 1000 ppm)

2elzol] 25t AslAl
o]FAto] 34EA 07 wE 4L 65~95 vol %,
tert-butyl methyl ether’= 5~35 vol. % & Z}7] 5%% #3IA 7]
WA ol EAY] #EkS 0.02~0.1 vol. % Abo)ollA 0.02%4
WA AT F7)80¢] tert-butyl methyl ethere] ko] =713+
o we} 2R &% A7te] wetdA Rrizto] FAIA
31 olo] meEld BEwst 7HAaskn Stk ol EAre] ek

YT AFANL 7AaEHHAL olF Fig 40 Vehidtk z7l5m  EAe BElmrt 7Aastgnh AREA
Table 1. Number of theoretical plates and resolution of ibuprofen enantiomer”

No. Composition" trs (min) trz (min) w; (min) wy (min) ki ka R

1 65/35/0.1 5.4333 7.2500 0.9746 1.1379 0.3583 0.8125 1.7200
2 65/35/0.08 5.7833 7.4167 0.5570 0.5725 0.4458 0.8542 2.8923
3 65/35/0.06 6.0667 7.7667 0.5157 0.5848 0.5167 0.9417 3.0895
4 65/35/0.04 6.0833 7.83000 0.5133 0.5763 0.5208 0.9500 3.1511
5 65/35/0.02 7.6000 10.000 0.7009 0.7517 0.9000 1.5000 3.3044
6 70/30/0.1 6.4667 8.1000 0.7223 0.7223 0.6167 1.0250 2.1751
7 75/25/0.1 6.7000 8.5000 0.5615 0.5915 0.6750 1.1250 3.1223
8 75/25/0.08 6.9833 9.6000 0.7443 0.7758 0.7458 1.4000 34428
9 75/25/0.06 7.2500 9.7667 0.6586 0.6843 0.8125 1.4417 3.7482
10 75/25/0.04 7.3000 9.7833 0.5844 0.6481 0.8250 1.4458 4.0297
11 75/25/0.02 7.5500 10.3667 0.6264 0.6951 0.8875 1.5917 4.2629
12 80/20/0.1 8.1000 8.1000 0.6740 0.6803 1.0250 1.7833 4.4795
13 85/15/0.1 9.5833 9.5833 0.6153 0.7603 1.3958 2.3000 5.5284
14 90/10/0.1 12.7167 18.5667 0.7725 1.0254 2.1792 3.6417 6.5076
15 90/10/0.08 12.8333 18.9333 0.8020 1.0196 2.2083 3,7333 6.6974
16 90/10/0.06 13.4833 19.5333 0.7540 1.0580 2.3708 3.8333 6.6777
17 90/10/0.04 13.5167 19.7833 0.7747 1.0649 2.3792 3.9458 6.8130
18 90/10/0.02 14,7667 22.5000 0.9097 1.3174 2.6917 46250 6.9447
19 95/5/0.1 13.3167 19.7333 0.7855 1.0648 23292 3.9333 6.9357
20 95/5/0.08 17.6333 26.4167 0.9985 1.4962 3.4083 5.6042 7.0416
21 95/5/0.06 18.9833 29.0000 1.2457 1.5743 3.7458 6.2500 7.1040
22 95/5/0.04 19.0833 29.0833 1.1891 1.5419 3.7708 6.2708 7.3233
23 95/5/0.02 26.000 39.7500 1.3126 22715 5.5000 8.9375 7.6728

* 11 ; R-enantiomer 2 ; S-enantiomer

** . Hexane/tert-Butyl-methyl ether/Acetic acid (vol. %)
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tert-butyl methyl ether$} o}H|E4LS] dtgro] Helkol] HTS

Rg & 4 ek At ol S HesE Flel
I tert-butyl methyl ethers} o}x|E4re] Stgko] F7lslH £
T 2AEFT. EYEE ol Al g d@dez
YeER) 7] $giA Table 19 = 7 o]FAF 23004 £
TE Table 29} Zo] OAl 7}A] A& 4o disjA 23t
Z}7] oty A0 Ui Eelke ¥ s uE
Ak A @AAME 718 ity fr1evle] 249 o
2 olfold HEAeR FARIAT, 4 OANE 44
)2k} tert-butyl methyl ether®] A& 282 w33 3 3
3k A (6)o X+ FAts} tert-butyl methyl etherol] thd A
P2g 224 A] vldFgA s FFSYT, 4 (1)L 233
o #|Ak7} tert-butyl methyl ether®] A} &Ro] e FJ& =
71tk A @M= oHEN Xa)7tA EFele il
F71&uo] thdt A8 23 #HAY tert-butyl methyl ether, o}Al
EX A 7HA o5 ’B‘-’] AEFRL0] e FE FFEAT
Z g fﬂa ‘s wud A oty whEse]
77V BE 4 @0l 10009 713 2Ha A8l
uty Bz A¥zm & 9= FEE Fg 59 A
ok AgAo] WA BFD 4 (), @AAE Boh AU
o & dAFSh '

o

)l.

Table 2. Correlation equations for the resolutions of ibuprofen

2

No. Equation r

4) R = 0.9677+0.0691X,-0.0678X, 0.6660
(5) R = 0.9634+0.0760X,+0.0995X,-0.0028X X, 0.9334
(6) R = 1.8937-1.7033X,-0.0177X;*+1.5883X,-0.0152X," 0.9480

(7) R = 5.6186-9.5670X;+0.0960X,"-1.5762X,+0.1097X,X,+0.0161X,"  0.9551

R = 0.9407+0.0818X,-0.0033X,X;+0.1409X,+4.8512X;-0.1837X,X;

® -2.6518X:X3+0.0351X,X,X; 0.9736
X; : Hexane (vol. %),
X; : tert-Butyl-methy] ether (vol. %),
X; : Acetic acid (vol. %)
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Figure 3. Effect of tert-methyl ethyl ether composition on retention factor
and resolution (n-Hexane/tert-butyl methyl etherfacetic acid 65/35/0.1~
95/5/0.1, vol. %).
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Ak 84 BEE AT HY ol =4S Tl AAA
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e BE Aol 289tk BF ZE 2AE APHo=
gelate] HAzY o]F4Y 24E AT oHd F
Hel BExe £ At EZC we} tE2A FoEHAT
ditHo g Fewrt I FARe] golop @tk o|F4
o 249 Wt W EYE Hoge L¥E stu 43
l“ﬂiiﬂé e57] A3 HH9 o]
°i %‘6}%1‘4 Aoz 7 4
}— °1E“94 i*éé_’ g9l

2 239 2al¥ o o1 e 4% 183 o153 o 24
242 dEsed 552 2 5 92 Rl
5 3
—0—R
kl
=)
T —O—k
44 2
\D
\”\ L2
3 o z
= -
=3 ©
= o. S
§ 2 \ i
2 l © 2
1 2
S
1
W 4 a T_.\A\.A
0 T T T T T 0
0.02 0.04 0.06 0.08 0.10

Acetic acid (vol. %)

Figure 4. Effect of acetic acid composition on retention factor and
resolution  (n-Hexaneftert-butyl methyl etherfacetic acid  75/25/0.1~
75/25/0.02, vol. %).

© Eq (9
O Eq (5 B
4 Eq.(6)
64 ® Eq () ig
= Eq.(8) ©
o]
O 00O
:4%4_ : jitoo
i,
2 | |
0 T T ]
0 2 4 6 8
Rcal

Figure 5. Comparison of experimental data with calculated resolutions by
Egs. (4)-(8).
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