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T 719 DoprAr EE REjstel glojA] o]2/d A1) JEe 1AL ofr| A B E A D-tryptophan}
N-CBZ-D-phenylalanine2 AF8-3}$1 2w, o] 24 N ZA] 1-butyl-3-methylimidazolium tetrafluoroborate([BMIm]*
[BE,] )& ARE3ISaL, 94 o] A =nke a2 B-A8199) ol 84k 242 65%, 70%, 80% HWeHeS F48o=
0.5, 1.0, 1.5, 2.0, 4.0, 6.0, 8.0, 10.0, 12.07} 15.0 mmol/L2] 52| o] MAE H7I8F3 1L, 2 (3.9 x 300 mm)e]|
15 um?] Y2 715 7R Cg APt s T8kl ARGl o)A dAE 713 C 2 M D-tryptophan®] A5+
QIxR= 719] W37} §1IA| W N-CBZ- D-phenylalanine®] AlFQIAR= 7H431%00), F E49] B ve-g9] slef
¥} o] 2/ A izl we} Wsslgltt. wighee] Fdo] whEE, o]/ A Fe] Tl wEbA EElEE
F7Fh= Ads JERISich

Abstract — D-tryptophan and N-CBZ-D-phenylalanine were separated using ionic liquid as additives for the mobile
phase in high performance liquid chromatography (HPLC). The ionic liquid of 1-butyl-3- methylimidazolium tetraflu-
oroborate ([BMIm]'[BF,]") was used. Mobile phases were 65%, 70%, and 80% methanol in water with addition of dif-
ferent concentrations (0.5, 1.0, 1.5, 2.0, 4.0, 6.0, 8.0, 10.0, 12.0, and 15.0 mmol/L) of the ionic liquid. The experiments
were performed on stainless steel column, 3.9x300 mm i.d., packed with 15 pm octadecyl-bonded silica gel at labora-
tory. The retention factor of D-tryptophan was not negligibly changed while that of N-CBZ-D-phenylalanine was
decreased. The resolution between the two components were affected by the contents of methanol and ionic liquid in the
mobile phase. With the small content of methanol and the high concentration of ionic liquid, the resolution was
improved.
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ol IAI= 7] ol 24 Sole-s AR dowm A
ofx] A AdeE EAEH, 100C olke] i=31e 7FAIaL SIH1).
2o AAZ EABR= o] WAE A= o] Nl (room
temperature ionic liquid, RTIL)2} &HH, o] 2= dialky-
limidazolium, alkylpyridinium, tetraalkylammonium, 1-alkyl-3-me-
thylimidazolium, N-alkylpyridinium, 1-butyl-3-methylimidazolium,
1-hexyl-3-methylimidazolium, 1-methyl-3-hexylimidazolium, 1-ethyl-3-
methylimidazolium, 1-hexyl-3-heptyloxymethylimidazolium, N-alkyl-
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N- methylmorpholinium 5-°] 319, £0]-2° 2= BF,", CH,COO",
NO;., S,Fe., FO,8s, PF,, COO", CN., CH,SO, , PhSO;,
(CF380,),N", ALCI,", AICl,", CH;CH(OH)CO, OH~, CF;SO,",
CF;80;7, CF;CO, 5°] Qith. 0|4 A= v]3aky, =2 o]
A, BI7k1, 38 o P 2S4S 7L oA, B
< 3715, B A ®flel £ 714 BAS 7L gleH, 4
Al AL, olelst 598 7H o] AAlE Full, 204 1A,
A719E, DAY F=, dA IErRETH ], 7)A A2eET Y
5 o] Y] ARRETH2-9]. [BMIm][BF,| = Uukz 0w oa)
N AZutE DI AFEEHE o] AARA AR
CgH, sBF NO| 1, A} 226,009, =82 -75°C, B3 &=
of & gafE, Aol WEE 1.17 gem’ZH 53} wjghe-o]
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WA} Foll o 7] (-NH,)%k 7F2 54171 (-COOH)E 7HA= 3ot
& obuluAtolgt s Aol EAllehe =] TS 2009
FF9] ojn|Ako g A E|o] Q)T Phenylalanine¥} tryptophans
o] AR FA ol WiEkSo | iAtolH, g ofu] eAlo |t 10].
Phenylalanine URF] 0 7 F3} 21 20] FAl} ofd & FollA]
e = EAE, W g-obr]Ate]tt, L-phenylalanine- &
= ol 5.4%, BAFN 5.1% =] Jdom, A dlelA v]7}
4 o 7 3|=E4ls}u]o] E]ZAl0] Hrt. D-phenylalanine E2]3
Elo]EA FAEHR] Tepe|AIES, E|ZAIY, v Epl 52
TR EN A Fole EAEHA ¥t N-CBZ-D-
phenylalanine> ©] 213 phenylalanine®] = A0]aL, FAF2] S
C,;H;,0,NoT™ 32242 299.3 g/molo]T}. Tryptophan> TlH--2]
whilzo] 7hrsl HW dolxl= A (2% o8t opHliAle =
A A Al AbelA] "ekeks A7) BlERIRL Yol (Wi
grhe] Al vl-$- S a8ttt E2]9lE (polyphenol)h ob] ik
9] 21 ERIEH(tryptophan)y> L2 A10] 2 S+ A &
7h lom, Alete] A37gell BAo] L, tryptophans 3HT8k=
whil-S skt B3R tryptophan®] Fw©] F
O|AE gdalloF S}, Tryptophan 33> F4d =t
sk JmA0 I B4 B el BF JEs = 71l
ol&l] Zd€ch. D-tryptophan®] A2 C; H,N,0,01™ AR
204.2 g/mololﬂ-.
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T ATE FAER] JIrH11-13]. E3F, B2 o] 0]
MR 7} 2] wAUFANA 2] Aol tisie] iste] SITHe, 8, 14].
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tryptophan¥} N-CBZ-D-phenylalanineS- 2|3l QlofA] o]/ ol
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N o] L& ZALSISILE. N ARrpE ] o5t Tl vl
BkS- Bleko] 2719 o] 24 ol [BMIm][BF,| 2 ¥57} the
of me} vheRl= Z19) o, ol2dsr 9 Dopr|eake] A <
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NAE AMEFRO ZA) HA o] B2 S 3= Flo] & Ao B4
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2-1. A] 2

E Ao AFEE o] &4 AAQ) 1-butyl-3-methylimidazolium
tetrafluoroborate ([BMIm]'[BF,])E 99.99%2] =55 7FAH, C-tri
(Namyang, Korea)oll A —+¢13}31t} N-CBZ(carbobenzyloxy)-D-
phenylalanine®} D-tryptophan> Sigma(St. Louis, MO, U.S.A)°l4]
TR, B AIRES HPLCO F4817] Zel] 2 1744102 pm,
Waters Co.)E ©]-8-510] oJ25 SF3ITE. Potassium nitrate (KNO;)=
Kanto 3}8}(Japan)*llA], Hydrochloric acid(HCIR= Junsei 3}8}(Japan)°l]

3l5kast 443 HI5S 20065 108

A Tdste] ARSIt ek HPLCE &2 Ak}t (Ansan,
Korea)oll Al F-913131 11, o5 doll AR B2 24} S57r2A 2%
3 X (Division of Millipore, Waters)2} = EJ(HA-0.45 pum, Division
of Millipore, Waters)& ©]-8-8}0] o¥}gt & AF7IAE o]8-3o]
SRS B F ARESISITh
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#2498 HPLC X|i= Waters 515 multi-solvent delivery system,
486 tunable absorbance analytical detector, Rheodyne injector (20 pl
sample loop)E ¥ &3 Waters model 600S liquid chromatography
(Waters Associates, Milford, MA, U. S. A)S AFE-SITE HPLCOJA]
A2 chromatography:= HI©JE] 43 ZX](Chromate Ver. 3.0,
Interface Eng. Korea)s E3ll4] A3t

2-3. HPLC &M

W24 HPLC 2 (3.9 x 300 mm)yS AMEaF10 1, 15 ume] Cg
A7k AL FIsle] ARSIt TR 10 plE skl &
42 1.0 mV/minZ 7Z3IATE UV #AE7]9] 92 254 nmE 1L
8ISt o1%87d=2 70%2] HeHE o]F gl 0.5~15 mmol/Le] Al
Z T %9 [BMIm]'[BF,| & 37Isle] S4slitt. 24 &%
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Fig. 1. Chemical structures of N-CBZ-D-phenylalanine, D-tryptophan
and [BMIm]|*[BF,]".
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Fig. 2014= 65% wlhEo] FAER1 o] s FollA o] 243 <)
A2l o] Frol e ARrHE TS YR 65% Hvhe-S
015740 7 31918 wloll D-tryptophan¥} N-CBZ-D-phenylalanine>
28] )7} =7 A RE 2%e] F521 0.5 mmol/Le] [BMIm]*
[BF, 17} A7Fa o= &t )7} ¥7] Al2kebd, 1 mmol/L oS
EHEE gdst a7} dvke 28 & 5 Ak oA AA19
%7t S7Vsbel| wE} D-tryptophan®}t N-CBZ-D-phenylalanine]
2= S7kshes AEE WERHSIAL, 2.0 mmol/L 01ge] o]
A7F 7pel vkt el 719 15 oo niszshA vl
th= Z2& & 7 Uitk oA A= 7 7] Dopr] Akl
s STHATE YIS TR 2S & ATk B3 o] 24
MAl= o] ArR A ddEde] SA 159 AeE &b
3.9 tailing?} 3 7.2] broadeningS AAAl7| 1L ZH 9] o] & W
= 57 Qo

Fig. 3014z 70% wlEheo] F4E0] ofsd FollA o243 <)
A2] ofe] el mhE I ZekE 7 se YeRSIch 13 -e]7) &
A o 5 Dopr|aAte] o] 24 eiAe] e slo] oA et
Hlom o] MA|e] Frt TRl wet et St Ei=
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Fig. 2. Chromatograms of N-CBZ-D-phenylalanine and D-tryptophan with a mobile phase containing different concentration of [BMIm['[BF,] at
pH=3.0. 1:D-tryptophan; 2:N-CBZ-D-phenylalanine (MeOH/H,0=65/35 vol.% with different concentrations of ionic liquid, 1 ml/min, 10 pl

injection volume, 254 nm).
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Fig. 3. Chromatograms of N-CBZ-D-phenylalanine and D-tryptophan with a mobile phase containing different concentration of [BMIm]*
|BF,|~at pH=3.0. 1:D-tryptophan; 2:N-CBZ-D-phenylalanine (MeOH/H,0=70/30 vol. % with different concentrations of ionic liquid, Iml/min,

10 pl injection volume, 254 nm ).

o] S7kPAA o] S7ksl| nidolth. 70% kel 5
Q3 o] 54 W, o] QA2 FETt SVl wet e
1,700 psiellA 1,600 psit 4dhe A3E UERSITE o5 &
o] WigEy} ERo Weel HEr) & oA AAZE Sl uh
2} A 3178737} o] A e FAsle] werE T Eo] AlFAIREE T
ARk o] MA|C] FErb AR 0% A7) wliEe] FAAR1
AFAREE 7130 FEs AT o= o4 A7} o]
Bl mEe] QlomA o]/ A9 folo] oAt ezt A
Feho gy Aeks 159 48 BaslE Aol A7hE o]
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Fig. 4°IM 80% HIgkEo] F/3i20] ol FollA] o] o
A2l ofe] Frieeol whE ARrHE TS eI 80% iRk

154302 313925 w, N-CBZ-D-phenylalanine®} D-tryptophan
7k B 73ekS YeRAITE. 2.0 mmol/LFE] 8.0 mmol/L 5%
ol MAE 7S EHA N-CBZ-D- phenylalanine 2}
D-tryptophan: 8] 27} =] Gk}, o] 712 mehE2] ghgo]
U5 Bo} N-CBZ-D-phenylalanine®] AFAIZFS 7HAaAIF 0 24
F 7H Dop|sAte] Ui A §EEo] el HA] o] whiel
T} 10.0 mmol/L ©/de] o]/ HA7} H7bge] whet N-CBZ-D-
phenylalanine?} D-tryptophan®] 2|5 S7FHs 43S Ueh

o

o, 19

slstEst

Ml442 M55 20064 108

ek, 0184 24412 517} 100 mmollL o1o] HuA] Fgo] o
o el 288 WA ey Rl 2717 dEo)
th. 15.0 mmol/L 55-8] ]2/ AAE H7Ft 80% vk o] & gl
A S 7] D-obr] Akl i 0.910] AR R ) 65%,
70% HThE-S TR0 R 3 o] dETE HWaplel U] £ =9 o]
A MAE 7R ARE e skt

4 718 258 7R AV E4E FErETHT A B
7] o]2YE ZHITHIS] 65% HleES] o]F el 0.5 mmol/L
FE 15.0 mmol/L 552 0] A E- 3713+ 24 D-tryptophan
9] o]&&= T4sk3AINE, N-CBZ-D- phenylalanine®] o] &&=
© 37FBhe 43S YeRISITE 65% mIERES] oF7d Foll ofg
FEO) o)A AAE HrISEo M o]Eukr 31014 864101
om L7t 7Rl whet F 71| opn|nAt o] @] Aol
S7VRe AT YERIRITE 70% wgEE-2] o]FA; Fol o] o
A5 H7FH0 2 M D-tryptophan®] )&% A7 H3lsHA] ek
om, o] AA 9] L} TNl wket o] BT 44004 57
Atolell EAEI O A W3t ] gkt wiHo|, o] 5t Tl
2 mmol/Le] °]/d MAE 37}3EO ZH] N-CBZ-D-phenylalanine
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Fig. 4. Chromatograms of N-CBZ-D-phenylalanine and D-tryptophan with a mobile phase containing different concentration of [BMIm]‘[BF,| at
pH=3.0. 1:D-tryptophan; 2:N-CBZ-D-phenylalanine (MeOH/H,0=80/20 vol. % with different concentrations of ionic liquid, 1mV/min, 10 pl

injection volume, 254 nm).
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k= Age vERigl o, 23014 61xf0]] B e vEh
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Fig. 5oIM:= ol2Ad oiA|] Fieell whe Alqelake] Wsks o
ERISITE 65% HEhEo] AR o157 Sl oA AAE A
7}&-© 2% N-CBZ-D- phenylalanine®] #|FAAN= 4.1014 4.44F
0]] A ZkS 7HH T WhEel, D-tryptophan®] AFAA= o]
3 MA] Tt SRl wet 5248] 2HAsEITE. 0.5 mmol/Le]
ole/d AAE H7}5SEM D-tryptophan®] AFAAR= 4.16014]
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Fig. 5. Effect of concentration of ionic liquids on retention factor.

Korean Chem. Eng. Res., Vol. 44, No. 5, October, 2006



458 24 - AE - Yulia Polyakova - -85 - WES

A& 1272 ZA48F3ItE N-CBZ-D- phenylalanine?} D-tryptophan®]
AEAE 1005 352 F7HII 70%2] HekEo] F3i<l
o FoAANE v AR o]/ WS H718H D-tryptophan
o] AFAA= 33004 1452 F43] 748} A] 9 N-CBZ-D-
phenylalanine®] A|F1AR= 2.9914 3.0 Alo] 24 A2 W37} {191
t}. o]/ AA9] F57} 571l et D-tryptophan®] AF<Q14}
T L4elA 112 25 HAashks A4S VERASIc viHe] N-CBZ-
D-phenylalanine®] AFAAH= A2 Hs7} QISItt. o] A=
D-tryptophan®] AFRIAE 744310 24 D-tryptophan?} N- CBZ-
D-phenylalaninerto] 9] Z|5FA17Ee] 2jo) & Ujo] 228 S7Fe
AT 0187 Tl ol 1Al 2.0 mmol/L= H7FFO =AM Dok
u)Ake] A 092 E 2,17 F28] SUksIion, o)A
NA ] L7t Sl wet S7skelt. o] A s
12.0 mmol/L W, D-opr]Ake] A 2,60 25 71 %8kt
80%2] MEHE-S- o] 5402 3191 1, 2.0 mmol/LFE] 8.0 mmol/L
o] o] 24 MAE HIgtemA F 7 DopAke] ARk
ks AFE eSO, 100 mmol/L F1= o1de] o]
NS H7}stol| w2} N-CBZ-D-phenylalanine®] H|5+2147}F 57}
skt

AoFeRz vke A4S 7H WghE e 52 o R sl T
7HA oprlAte] AFAlRto] WS E QI o] 24 A st &
7¥gtel] whet, B90] 10.0 mmolL &5 o3l e & 5735 7t
A= o]/d MA 2] Zg-oF ko] thAlF N-CBZ-D-phenyl-
alanine®] AFRJIAE F7HAIZICE o240 ofA||e] ol it}
MEAe] S-S 7R o] o Aulgt Aute] AAFRCRE 5
3 3R] HI=A shEkEel viE) oA gl s AE-S o
o] 35 & F k.

A AlFelake] Matel r7 AR 10.0 mmol/L 55 o1
o 7kl ZAEE UERASITE. 80% Mgkl 15.0 mmolL
o] o] 27 MAIE H7ISE wl, o] F 714 Dopr|uAte] thgh A
B4 Leolgitt. 71Ee] s A AErkE T seelx= 2
o] Z%1¥ F2AN9} o] F7dzre] FAF 52 ARkl dARrtel ] F&
o erre] viUFo R w7t Hed), 48 A1) o
= oA Attt F FEsY, F mido] & gl fElsl]
ol A ow ulAEk o] Wol Aasht. F2A k= &
ZA| QAF Hholl A Eoleal, YAF QRO R FAkE|o] ARRE 4= 9]
T FHEE 7 ARt FEA Fxel dEshe AAYS
o] 9l o Fejrt Aol Hal wwlE & == A 77 A
Aoz FAGt ek A mIAYSS gk FAA 2 2
Ao 23t 2k, w5 W9l 2 FHE60 JEdTHIe, 17).

oA AAE H7Ieho M ol YAt T Hehs IF,
Ci} 45 A-88s FAdsh ol s ol 83lie =49 ouA]
5 A 28 A FHH o slo] B4 AR e
AFRIAE 71 & 5 vk Fol3 ol o® 74 o]
M= ol s ol w2 ALY APIE ek, A= o
%5 7121 D-tryptophan?} N-CBZ-D-phenylalanine}2] 21-8-2/0] A]
2 U= Aot} & 7154 152 7 N-CBZ-D-phenylalanine™}
o] g2 719 YL, AhHe® Tx7} 22 D-tryptophan ©]
24 9] FEe wol Wtk shte] FHERAYIE 7= N-
CBZ-D-phenylalanine ¢} =711l < carbobenzyloxy 15| ]
A o] A ol 9] fol&3t 2§kt AsfataL Q7] WiEow &

3l5kast 443 HI5S 20065 108
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Fig. 6. Effect of concentration of ionic liquids on resolution.
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