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gl Ao A oAty EAAH F oAHIEHE fid W
AEs) B3 E GCol o RRFE A T oluxig
GC/MS2] A=2& Ziyez EAsy AEdgIdD. LCE o&d £
B2y ZF AY & HolAdL A cyclodextrin bonded phaseZ

gt olmxa o3RS BAsSAE Aol B AT EEo

olun] Ao B3 38%F9 o}u]xAx alanine, threonine,
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SUMMARY

1. Title

“A Study on the Separation of Optical [somer”

(The Second Report)

1. The Purpose and Importance of the Project

Enantiomers in synthetic drugs are contained together. Especially
natural products such as amino acid 1s racemized spantaneously
generating the degradation of biological body. Therefore its impor-
tance of separation comes from demands on study for exact effect of
sysnthetic drugs and the reactivity of enantiomer in biological system.
In order to prepare restrictions of advanced country on enantiomeric
drugs and {fo provide information on manufacturing process, the
process of hydrolysis of protein Into amino acid. We attempt to
separate several amino acids with GC/MS, which are overlapped each
other on single GC separation. At the same time our study is

bound for the separation of amino acid enantiomers with convenient

cyclodextrin bonded phase by HPLC.

. Contents of the Research

The rate on racemzation was measured due to heat, acid, UV-



light, trypsin (enzyme) and combined effect by 6N HCl at 105C on
alanine, threonine, 1isoleucine, leucine, aspartic acid, methionine,
glutamic acid, tyrosine among 38 amino acids analyzed during first
period. ¥ The method for the identification of overlapped amino acids
on GC chromatogram was developed {from the close study of
fragementation pattern with mass spectrometry. Under the help of
the cyclodextrin bonded phase with HPLC, the separation of dansyl
amino acld was performed and the mechanism on the separation due

to d,lHorm amino acid and cyclodextrin i1nclusion complex was

investigated.

IV. Results and Suggestions

1. Among the conditions by heat treatment (105°C), acid treatment,
UV-ight, addition of enzyme on alanine, threonine, isgleucine,
leucine, leucine, aspartic acid, methionine, glutamic acid, tyrosine,
the racemization phenomenone on aspartic acild and glutamic
acid 1s seen a little, 0.31% 0.9% after two days passage
respeciively only due to heat treatment. But by other
conditions, racemization did not happen for several days.

2. Under the treatment of heat (105TC) and 6N HCl for four days,
racemization rate was 1.5% on alanine, 1.2% on 1soleucine, 2.5%
on glutamic acid, 1.6% on tyrosine. Therefore time control

during hydrolysis procedure is critical for accurate quantitative



analysis.

With TFA-IPA denivatization on chirasil-val column, d-threonine,
d-valine ; lasoleucine, d-serine | d-leucine, lserine ; d, l-proline could
not be separated, but introduction of mass spectrometer provides
identification of amino acid each other simultaneously.

The specific 10on fragment of amino acid on TFA-IPA
derivatives are listed in braket , alanine (140, 168, 72, 92),
threonine (153, 152, 84, 266), valine(168, 153, 55, 114),
glycine (126, 154, 78, 58), 1isoleucine (182, 153, 171, 213},
serine (139, 138, 280, 252), leucine(182, 140, 153, 163),
norleucine (182, 126, 140, 153), proline (166, 96, 252, 211),
cystein (140, 268, 170, 216), aspartic acid (184, 139, 212, 227),
hydroxy prohine (164, 279, 944), methionine (61, 260, 203, 328),
ornithine (166, 306, 279, 211), lysine (180, 294, 321, 67),
histidine (278, 206, 81, 153), tryptophan (226, 325, 438, Z83).
The 1nclusion complex between «, A-cyclodextrin and benzaldehyde
or aniline were confirmed with peak shift on NMR or IR.

On the separation of enantiomeric compound, Acyclodextrin
bonded phase has shown superiority over C-18 column for 4, !l
phenyl alanine and o, m, p-nitroaniline.

[t was not satisfactory even on cyclodextrin column for several
bulky enantiomer synthetic drug.

For the separation of dansyl amino acid with ACD column,
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following enantiomers were separated ; leucine, novaline,
methionine, glutamic  acid, valine, d-amino-n-butyric acid,
norleucine, phenyl alanine, threonine, serine, aspartic acid.

The strength of inclusion complex between d-form dansyl amino
acld and «, /-CD was superior to Iform amino acid making

elution order reversed with GLC, chirasil-val column.
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Enantiomerv &2]3], 333 Ado] Fd3to FEsY] ofF

I o & FEgolAdFAALe FxFH FsALY HBPe FHAZG
=7t gEA Ho. ot=e FEAL FAEoly kinetic A7, X-—ray
crystallographyo] W& dFdME dAHI WiXGE7E A= &
AgE ol BWIHMT 1980de] £VF M JYAdg RE
A2 olAddAs dAddFE F o 85%7F racemateE HWWiEHI
B8 ALY ol43A gUFE F L3 AFwro] oo

g%° dux HuHIY. F, dFEE Yo FFE ALY oA
Ao EFES SAH(FA, Fl, AT, MEAFRILEZM  HY)
SHA Y, B2 A ALY olAHZAN ME UE g3 A
AU AFeo] JHEJG. ol ZARZFA A7l 1960dW] T Fo A
FEARZ da 2949 thalidomide2A FHAZLL FE AL R
(+)-enantiomero|4} S-(—)-enantiomer2 YAlx7]o] A2yl B8
g 7187t U4g &gl Ee @E FAFAELS flSel 19799

il
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2 t}. catecholamine® AlAY AAEH EEAZA tyrozine?] ATHA
ojsiy A= BLAERHEA ZE Fo 2FFALd I¥FE Fx
e =83 FAHAH F=2Eolt}. catecholamine?] ASAA ulz AA
o] EAEL L-dopa(3-hydroxy-L-iyrosine) & A] Ft2EB A7 EHolA
dopamineeo] ¥ A}3lt}. parkinson¥ o] XBE duizlo =z A9 L.
forme] dopamineS F7IAIZCE FPE F£ Qg G e eke
stereochemistry 2] =242  R-(—)-epinephrineo| .} R-(— )-sopropyl
norepinephrineo] 20¥}] Wz 80u] ¥t} eo|FJAAEY HFo]l U
Fh=d ZolE 4 Ut

FeoldAAE REHsted  UAAX  HEx=  FHI}F AMES
19483 uAEl282x (+4), (—)-tartaric acide] ZAAL FHulAx =H
AE  o]lgdleq EEIAT. olAL FAFHIA  HACA  FLF
mechanical separationo} X7k SJE&HgAMs= diGEd] JFFAXS U
sodium ammonium tartrate 72X 27C oJAdAeE o HHES
ALEE & i, FStold A FeEle d&E WHF StvE  chiral
reagent®} F o|AAAL HIEERT zlo]lE o|83F kinetic Wl H
¢ olAdEAe Hol HEje duUFAI AME HES olE3F Zolt.
allene2] racemate’} optically activedt boraned ®Ig% of & yth
/ol e alleneo] FFHO EFHHJUG .

g4 AZHFRY AYH Hold FHujzgE s FE F
gt o|lAMdAAe HYFHo=R WSO F racemateE FEHIET F Ut

718 A=RvEIHIAYELS IEY 45 AFFHI "HA= E

Fin Afsn dwHez gl AGsHA ERAT O o
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A Z2wEadHE o]£3 enantiomers EEe B ozEe A
= Huostt. a8y AP o2& resolving agentt} olAAA < 4

s 2ol 7IHFA B AlRe &4do] FHoaw AWk Algo] A
€8 wWAE <dHgHo} o]EHA AFZEE Eod F Ude
Holr®”. IAH AZA o AHdFA EHHEA HE WHY FUHEA
SEvtEIHI e ol AA Y Py HIIES wAAS EHE
deo] AzzE&S ol&F HAY et &, #HLX AIZbE<t

2]

AL coldAEAAE FEUA oAAAE FAHso E

MozA GAY FEL AP+ ¢ e T HoAx

FetoldHAE EHE 4 U ZI7IE dE@uE GCo%
LC7} <131, chiral compound® fJAFe] <UAOA HYHE ojAHAAHE
o] F ol FHIlst= B olAAEAE LAHAYC immobiizeA]| H A o]
Sote WHoezE HEE £ Ud ME FHFEse FHUIMUERE

A9 R A9E ARPEE ol§F  F, inclusion complexE

o] &3k XHguvk, T Hydrophobic interaction® Hydrogen bonding
% molecular interactiond] &3 XFg¥kdoz UFHHA F£ U,
GCe} olmjx4it EAHLE polardt ofRiz|e ZA7]E  maskingsd}7]
A3 A acylationd esterificationS 3B+ capillary columng A}-£F}
o ¥ F Un. Ve B2 AE¥EAE F{rIE2RE o] WHE
A3t BE7t 7@ Aol GCE O ARERE WHE RIUHA o
= Aol Y, AA EHstEe ARV F ZissiHer HI, F

AR L&Az FHEUQA olAdAA FRXEHe FEHAEZ(entropy)Z}
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ol=AH%x Zloj7} ojof . T AHEAAL EL L E  chiral
A A Fo] racemate®E HojA AlZto] Age] wEA old @A A
HAdo] flojAx HE ZEEGYH WL F ARE EBEFHSIIE o
2ok oty EAHARE AA9 racemization ¥Hgo] <dold LI E
Atk olEg olfFE LCo o3 AL ol dFHAY FEEr AxH
o] B2 XFZ HA IHUG.

LCell <93 ¥whie GCd <3 ¥WidBRth resolution@Bolr )} 7
AHA FHFAHolx EFsl 70~80% H7] racemateE ¥ 3=t
Al8-E2 4 lt}., Three point interactions 7|FZ T Pirkle type
A A& reverse phaseo] EUAS GYHEZ Adu. o|ART= A
g A3} = cyclodextring 7I1ZRE 3+ columneo] F& A
42 WA FL2 AIE HAFIL QY3 go2eo] dFd
B ZIH7F Eolxa U

Ligand exchange ¥WH.& Al83F ZHAo=zZ F=ZE reverse phase
HAAL AILFEI FFoZ= Cu', NI & ALE39 . Nimura”
=& picomole?] AAE N-(p-toluenesulfonyl)-L-phenylalanineS g oA
Bglst9 3 Lindner® %2 (R,R)-tartaric acid mono-n-octylamideZ
%2 N, N-dioctyl-L-alanine€ Ci;ol U3 A hydrophobic3dk

AAE EIZsEx Armani'® %L L-aminoacylamideE o] oA

Dansyl AAE Feibush'’ & N-w-(dimethylsiloxyl)-undecanoyl-L-valine
&€ Lepage'® % & diethylenetriamine& YW oJA] Takeuchi’™® %& §
cyclodextring F o] %WolA& Gilson'¥ F& L-aspartylcyclohexylamide&

A718lA Lam™2  Leproline®} & H7lstd FooldZA ol
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AE B2 AT o]FAe #FEeldd HIMEE e WY o9
ol = three point interaction-& 3} Pirkle 3 E2] AXAE o0o]8&F

=dl Pirkle®™ & U4 HAPJo =z FTolAdAAY Yg
AU S Alx3d¥3x2 Hyun'”e [MTacidicd} IIbasic X328 Zrt=
AL N3 AFLEY T Hara® & ojAAN ofulol=E
immobilized$dl AHX|AL Bank'™ %£&  pirkleg] Z B 2] A x| Al-&-

Pochapsky 29’ = & n-(3,5-dinitrobenzoyl)-a¢-amino Ak = A &

*) %2 binaphthalene {ZAE HA 4G Salvadori® T

Yamashita
L-lactic acidE& AHXAo=z2 3ld JF=AEH AAE Finn® FL pirkle
g AHAAAOS 2 arylalkyl carbinolg £33 3G th Cyclodextring & XA
Bl TN HE FHITY =Hd3FA=dH* JEIFES FAF
o 24 Guest-Host FAt2| 3 2For HAGo] <dAHsHEAM £

of 3% ®WbH HERHAZL pirkle typed T HHHASA R G
o] . TE AAAHoE WA ojT}EA]  triacetyl cellulcose®®,
Riboflavin &% A}&3tx ltf. SFC*Wx o]l&Xes A4 U
Mass® s9do] dH ZA$x A, GCes o AFEEH Foolyd=a
ANE Eelstedl ol &FHol aP FE O OJFEAE TES AR
AeHe Y v Agsgth FE FEAS @golME obm
71} &F, A7l T HEBI7]E o] &3 polar groupE& maskingd}
A Ee=dl F2 acylation®  esterificationS 3SFA Ho.  GCol A

acylation ®¥WFS-& o]|838= AL 2-chloroisovaleryl chloride®~?, (s)-2-

62, 63)

metoxy-2-trifluoro methyl phenyl acetyl chloride (— )methyl chloro-

formate® F2o] AjeFE AlE3lFH I esterification®] ®HESE o] 83l
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A& 2-phenyl propionyl chloride®, 2-phenyl butyryl chloride®, o-acetyl
lactic chloride® * & wje] acylation® N-carboxy-anhydride’'~™, N-
TFA-prolyl chloride™, (—)-1-methoxy-l-methyl-1-(2-naphthyl)acetic acid™
& A}£3gtE. LCo|A]  esterification ¥FL&  MTPACIS ™, 1-(4-
nitrophenyl)ethyl amine’™, methyl phenyl alaninate™ %o H I T}

2 Agede  FeolgAARAY A2ddEaA  oyaAe
FEHE XU} GLCYYAN MNE HAe oluixite] 2A L 9 I
Mass spectrometry®] x¢] X o|4ZAAE HPLC2 EJ37] Y3td
bonded f-cyclodextring] E8AH4EE AYPI  analyte®}  inclusion

complexe] ALE Wz AFsieg ol
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A2 AdAz 2wy

A4 EEEE 9 A
Fobr| =4t Sigma Chem. Co.(US.AN)AEZ < 5.0~10.0mgS
A8 HeYS 0.1N HClo] =9 volumetric flasko] £74 100mL

A A o &4E  5.0mL  HIAdH A& om  Dansyl

amino acid® FLs W¥Hog EF HE3Yd. « F-—cyclodextrin

2 ASTEC(Whippany, NJ, US.A.) AFE L ALL39 3 bonded phase
¢l columnk ASTEC A Eo 2 5um 25cmx4.6mmA 9L AR89 ).
Mathanol3?} 99.9% x4+& HPLC& o2l JT. Baker(Phillipsburg,
NJ, US.A)A &S aniline® ELe MarckA}l, benzaldehyder & E 9]

Kataya Chemical Co.2] 1gA]ekg ALE3}¢]cl.

A28 47171 8 #AA

GLC+s Vartan Vista 6000(US.AN)E ZAZEZ7]1= {lame ionization
detector(FID)&E o]&39 3 Vista 402 chromatograph data system-&
AL g8ty BEAARE 2 chromatogramg AP th.  #FEro) A A A 2]
amino acid® X3yl Hsd GC column& ZAo] 20m W74A 0.53mm
chirasil-val( Alltech associate Inc., U.S.A.) columng A}83E o

GC/MS& o2 ALg3 GC= Hewlett Packard 5890A& A}&3)
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Jom Mass spectrometer® Hewlet Packard 5970A 2  direct inter-
phaseE A}&£3] o]&35tFH}. 70eV 2 electron impact energyE 7}35}
913 quadrupole type®] analyzerE A}&£3st¢t:. HPLCol] Al&3 LC

- varian vista 55008-& A}8-5F9E 3 Astec o [S—cyclodextrin

columni} waters®] C—18 bonda pack column-g A&A}&3Fa] oA A A

=l e R IS 7 e

GLCe #H=Z7]|v FIDo]l® chirasil-val capillary columng& A}-£&

5t 3L carrier gas(He)® % 3mlL/min, makeup gas(He)® EZ

30mL42 Z3P 31 fuel gas® F4& 30mL/min, #F7] 300mL/min® %

datd AT ovenEE 70CoA 48 §AST 210CHA
29 3C <estel 25870 SAAAD o4 zAL  Table 19

L ERA A ok
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Table 1. Gas Chromatographic Condition for the Determination of Amino Acid
after Denvatization.

Gas Chromatograph : Varan vista 6000
Data system vista 402

Column ;. Capillary column 20m x 0.53mm

Chirasil val
Oven temperature 210°C

25min
" 3°C/min
70°C

4min

Detector . Flame Ionization Detector(FID)

Temperature ; 270°C

Injector :  Direct 1njector
Tempeiature ; 230°C

Gas flow rate :  Camier gas He ; 3mi/min
make-up gas 30ml/min
H, 30ml/min
Air 300mi/min

2. GL/MS¢e H&xd

GC/MSo| M= carrier gasE £% 0.8ImL/minE 1HI T
10:12 splitA]A Massol] 2932 E 9312 7|8 2d2 949 GC
ol w]&=3lgcl. AE8FY7I9g &= 230C, interface?] 2=+ 225
C, ion sourced LEE 200CE T3 A¥FE o]y X&

Table 2] 7]=<% o] <t}



Table 2. Gas Chromatographic_and Mass Spectrometric Condition for
Analysis of Amino Acid after Derivatization.

Gas Chromatograph . Hewlett Packard 5890A

Column :  Chirasil-val 50 m x 0.25 mm
Temp. initial 70 °C for 4 min, rate 5 °C/min,
final 210 °C for 25 min

Injector . Temp. 230 °C

Carrier Gas . He 0.89 mL/min
Split ratio 10 : 1

Mass Spectrometer . Hewlett Packard 5970A
Interface . Direct interface , 225°C

Ion Source . 200°C

Ionization Mode . Electron Impact (EI), 70 eV
Analyzer .  Quadrupole

3. LColAMel FEA=xX

77|24 = Varian vista 55000]1 Waterax]Z HPLCZ A&
StRo® ooz E, WEgg, XL ojgdld olAHAAE R
stel  Al=Fdd. AW =4S Adgd ol 2 ¥gol i
HE st ™. AR 7]2ZA]  variable wavelenght® el UV-VISES A}&3<
il 229~280nmolA AR E =AY Y. o] AL isocratic modeZ

0.5~1.0mL/min &2 EA3l9.



4. olAd3 HA el WF ofrx=ite A

Racemization@ AL RBodg=31 = alanine, aspartic acid,

glutamic acidE WAALE sl AEE AHsYow phenyl alanine&
glutamic acid®t E87F @ wEA"EXR 254 7] ol £ 9| (Chirasil-val
column) A SFF T A8 79 u}2} 4] aliphatic groupS  7}A
1soleucine®} leucine® A #E3Y T  sulfuric amino acid¢l methionine,
hydroxy group< 7}%l threonine, phenyl group& 7}% tyrosineS A

Al oJe] ZHAE A racemizationHE AEES A 54tk

5. o}lulx=2ke] stock solutionA]a] ¥ S =3 A
l-form  o}P|x=4t  5~10mg& FAIE o} 01N HCI&

100mLol| =o}j3 stock solutiong THETS 5.0mLA  HE o o

ZZ3tol| Al racemization¥v AEE Adsgr. dGxlge 3 F

L

she 5mLY 2719 A@@o]l €I 1, 29 105C ovendo] HolE

T AEsF 2 6N HClEH L stock solution 5mLeol] conc. HCl 5mL

g
X,
.
....L.L.r
ﬂ[o

o2 zASAT. UVl g &L stock&de 1,

2d  A&oA UViampE FAtg oz AFEII}YIT Trypsin® AL 25ng

< 5S0mLe] FFFd FI v ImLE FHdo 5HmLe stockg

85 ImL Ax=2 T3t (1PA:Acethyl Chloride=8:2)8< (0.5mL
F Y1 1AHEY 105CE fAFge=z A esterificationd  dFL

TFA 0.2ml, methylene chloride 0.3mL&E HRojyo] 30FEI AFeof A
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Hk-3-AlAH  acylationg AlZl  ©&  evaporationdte] F=3FFI ethyl
acetate 0.2mlLE 3 1.0mL% GCo FUst EA3FHTE GC/MS

M= FLI WHezE [FEAFst] ABE EXHAT

6. Cyclodextrin®} 7|52 complex ZFA
B—cyclodextrin(A—CD) 3  aniline3}¢] complex, A—CD<2} ber-

zaldehyde2] inclusion complex& WE7] f3] [F—CD 2.702g& 7/

4 25mL9d] =< aniline®} benzaldehydeE 2Z+Z} 0.3mLA 4 A}
2ol 1247 AojFEUch. oW 23EH
2&d4 80CT7A WA F ALgFA T

a—CD2} aniline, a—CD2} benzaldehyde complexk® <43+

Moz  HolFed «—CD  216g8& TmLe] FHFgo] Folx
aniline® benzaldehyde 0.3mLA Hojyo] 124|172 AHAAFIUH. A7

o] YZEge £9 A=zz AzAx F NMR#H IRZ 3¢t

7. cyclodextrin columne] g 3H|xn

oldAd HeElegeE& A¥HE7] $&  ortho, meta, para®]
nitroanilineS &35} HPLC chromatogram= I Utk Reverse
phasel C—18 column¥} A—CD column& A}&3std olAdAAY E
S vEsFYek. %3 amino acid® &% H ¢l Dansyl -d, - phenyl
alanine® % columngd EIFLE vlusgesdy olF A o2 metha-

nol, water, acetic acidE A}&31% o

J
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A—CDE ARET F7] olAZAA Eeo IJtedE A E7

A8 FFHAES ol A, B, C& "st] LAEEA w R

MeOH/water/AcOH=78:20:2& o|sA 0 E 33 229nm¥} 280nmo]

A A B -

(A) 1,3-oxathiolane-s-oxide

NH-
Seph

NSO
O// 3

(B) (+) cis-3-amino-4-(phenyl selenomethyl)-2-azetidinone-1-sulfomic acid

NH Se ph

(C) (+) cis-3-{(2-amino-diazole-4-yl)-2(methoxyimino) acetoamido]-4-(phenyi
selenomethyl)-2-azetidinone-1-sulfonic acid triethylamine sait

9. olmxAt FrAEL FHI

A—CDE HAAo=Z 3o Dansyl amino acid F&ZAEL X

= 1. O )= - O 1 & ==
ZES UYAozm 1 BIAHFE AIAstgrh
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A4 © 2 Dansyla-amino-N-butyric acid, Dansyl-a-amino-N-butyric

acid, Dansyl-d, l-aspartic acid, Dansyl-d, l-glutamic acid, Dansyl-glycine,
Dansyl-d, l-leucine, Dansyl-d, l-norleucine, Dansyl-d, l-valine, Dansyld, I-
narvaline, Dansyl-d, l-methionine, N-Dansyl-d, Il-serine, N-Dansyld, I-
threonine, Dansyl-d, lphenyl alanine, N, «Dansyl-d, Iltryptophan,
Dansyl-sarcosine 2.2 15F0o]t}. o] .15%% z+z+  MeOH/H,0O/CH;COOH
g 78:20:122 REE olFAHI 2L £99 01~03%E wWESol 104l

Yy Fgstarh

10. d, I=olvj=dt FEAEA gt o F-CDe] HEYA

p—CD>7} d-form3} ldformo] w3 AHEHA-E olrry] 3+
o 2L 4A#-L 3 th. Dansyla-aminon-butyric acid$} Dansyl-
d, I-serine, Dansyl-d, l-aspartic acid 3%&L& olEAH Z& LA 0.1%
2 UEJAH. olAE tA] 10wE M H ImL¥ FHl -
CD7}  1mg, 2mg, 5mg¥ EojdEr viald] €t o—-CDhDx Fd3
o g ST3ELS ZASET. o] 6712] vial€ water bathollA] 1

A 7+%9  sonificationA]Z] Heol o33tedax] HPLCol 101 393}

 ——

o o A—CD2} Dansyl amino acid7te] inclusion complexe] AT E

AN

AstE k. TS Peyclodextrind  a-cyclodextring] <%U& 2mgo 88 F

—d

AstA stm EEEA 3Fc] ETEHel Ae U9 FEE 0.01%,

{l

0.02%, 0.04%= WHIAAH 24 374 6719 ASE v
o] 671&] wviale water batholx 1A17v&E<F sonificationdt 3 filter

sl 10u1¥  2¥  injectiondthth. 2Z+zte] HPLC A =ZulE 13 of 4]
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1. o8] 3o wWE lform ofm|x4te] o]Ads}

Figure 1€ standard lform amino acid?l alanine, threonine,
isoleucine, leucine, aspartic acid, methionine, glutamic acid, tyrosine
1~2pugo] EIAH HEFEEZo|L dform on|x=bE AHe] HFd
AE ArZ ZAEHZA ZEeFFTr. 2w e retention timeid} selectivity
coefficient”} Table 3¢l 7]&=% 2t} Figure 204 X &= ule}l o] 4
Az 6N HCl® 105C=®2 Hasgs& uwW dformal racemizationd} o

Aol ExJxm 2 gke] Tabledo] FAE™. I8 4

UV, Trypsing 718l A% ®HEE 24T 4 GpuL €< 7HE
A ojgtk m Eko] racemizationHE AL =AY 4+ Yo} 1A

£ 0N HCl&<lo] AE& Lastgy] wWEel A Zulsioxe =
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Figure 1. GC Chromatogram of lform standard amino acids for
[PA-TFA derivatives containing alanine, threonine,
isoleucine, leucine, aspartic acid, methionin, glutamic
acid, tyrosine. Alanine, aspartic acid, glutamic acid,
were added for accurate measurement of d-form in

natural products other amino acids are ammed for the

study or racemization process.



Response

R N 1 -4

2. 123

L8117

5
529237

<
't
&
I Glll
£y -
o
=
Thr Asp -
E r~
M-
v  Jlen T
90 w
- & Y
My
Y}
o
Ala
- ;
o
N . i |
) ]
)
— ; |
; ¥
|
| | Met |
.- ;
: N3]
i 0
w
T : |
;? I ; |
¥
i; 1 i
,' i
il | o |
: | | 3 ff
0 i : 3 9 = ow) w T o
- o N 1 ~ 0~ ﬂ ® 9 =i r~ -
@ T | oo 10 M~ N — Sl 3 M 9 W T
~ --ﬁ;‘ < O - agp - —I s Y S
* + * + - E - N II o M~
I — b et i ; 1d 1 J '.1 ‘.f

10 15 20 25 30 35 40

Retention time, min

Figure 2. GC Chromatogram of lform amino acids after in 6N

HCL at 105C for four day containing alanine,
threonine, 1soleucine, leucine, aspartic acid, methionine,
glutamic acid, tyrosine. Methionine tends to be des-
troyed during the heating process showing decrease of

peak signmficantly after four days treatment.




Table 3. Retention time of standard 1-form amino acids by GLC with Chirasii-
val column .

Retention time (min) te-1.88

11.71
14.60
17.46
19.41
26.60
29.71
32.20
37.08

K

0.93 6.23
0.94 1.77
0.97 9.29
0.93 10.32
0.99 14.15
0.98 15.80
0.98 17.13

0.99 19.72

racemization%| ¥+ d-form amino acidE

Name of A.A
KRR

1. Alanine 12.75 13.59 | 10.87
2. Threonine 15.54 1648 1 13.66
3. Isoleucine 18.79 19.34 | 16.91
4. Leucine 20.02 21.29 | 18.14
S. Aspartic acid 28.15 2848 | 26.27
6. Methionine 30.85 31.59 | 28.97
7. Glutamic acid 33.49 3408 | 31.61
8. Tyrosine 38.47 3896 | 36.59

Figure 3& figure 1, 2%
Bgst AHo=2 6N HCL, 105C A} s}o) A
sto] uyelwth 28y d, lform EIHE
T FEAE 2413t Ther Rl A &
B Zo] A g stol JEA F  ofr =AY
AWBE Aok FEde]l ® £ Ed
Methionine> AJZte] AUWA FHIE &  Fol
He € 3T 4+ /-

ki

24 o
A2 A

Z ol A A

g Ao

racemization



Table 4. Racemization of 1-form amino acids under heat (105°C), acid(6lN HCL) , UV light
and enzyme as time passed.

|

1

Alanine 2
3

4

i

Threonine | 2
3

4

i

Isoleucine ] 2
3

4

1

Leucine 2
3

4

1

Aspartic 2
acid 3
4

1

Methionin] 2
3

4

|

Glutamic 2
acid 3
4

1

| Tyrosine 2
| 3
4

Unit : D/L x 100
6N HCL + Heat ot

Enzyme
Heat (105 °C) 6N HCL uv (Trypsin)

0.31 -

0.90

447X oz 2

6N HCL
Heat(105°C)

.t

1.59
1.43

1.05
1.16

0.91
1.84
2.20
2.46

2.13
3.02
3.03

0.82
1.64
1.59
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GC Chromatogram ot l-form alanine, isoleucine, aspar-
tic acid, glutamic acid, tyrosine according to time
scale at 105C with 6N HCL.Chrasil-val column was

IPA-TFA derivatives

Conditions are described

used after with FID detector.

in text. The ratio of

race-

mization 18 Increasing as time passed gradually.
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2. Dernivatization and Chromatographic properties of amino acids

UHFF 02  amino acidEE  carboxyl, sulfur, hydroxy Y
amino groups A1 R},E_E.i hydrogen bondZ <133 low
volatility-2 7FX|3 Qlth. 2822 amino acid®& GC/MSZ EA 3}
7l #1894 Al= functional group® polarity® Zookdlr] o R
reagents AHIo FEHE TWEY EBEAZol k. Amino acid
of Wg <L¥rHA KA uk-$  schemed two stepo]td.  Carboxyl
group®)] W3}  esterification® YE group o9& Eo] amino
group®] w3l perfluoro acylationA]7]ly= H¥yle] w9 £43ck B8
esterification ¥F-go 27 HHSE volatile A g+  trifunctional group-%
7FZl  amino acido] w& A& involatile 3}y, wElx] BEE polardt
group GCEAYE 39 FrAt ¥ee Aldle Aol ulahz 3}
o},

184 trifunctional amino acidE £ amide groupg& J7}A
asparagine 3 glutamine® acidic conditiondtd]A] dicarboxylic acidE
dAAste FEAE oA FZIg. &  acid-catalyzed esterificaticjni‘l}?é =
glutamine2  glutamic acid& ®H3sA =k T3 primary EE
secondary aliphatic hydroxyl groupS 7}& serine® threonine, I1&l
AL phenolic hydroxy group-& 7}&  tyrosine®  esterification3}
trifluoroacylation2 A|Fl {xA= vlgFe] FEI A JlFEES
7} H3, GCEA % degradationo] <Uolute 3FEFH oz BAA]
< 7FA2 Ut} imidazole ringg 7}&A  histidine® 73$ imidazole

ringo] v ELo) trifluorcacyl groupe] oW o$ HoAF 1

3G



inidazole ringel] ST A2 A LS peak tailinge] A7|BEE
three step derivatization¥}Ao] H 3tk B A Ho|A % esterification
I} tnfluorcacylationdt ¥ chloroethyl carbamate-f2 A}8-3}o] imidazole
ring®]] <FA3F N-ethoxycarbonyl histidines W&o X ASE ok 1]
L} o] nwkg9o =z Q3 methioninee] FEZAHO=F degradeZ
FAatol yEldtr. Columno A& d, lenantiomer® 383ty < a)A]
chirasil-val€ A}& 38} ol

Chirasil-val column&  polydimethylsiloxane] RtA 3L  amide

inkage®2 ZF3Z2%¢5Eo U FXE X o o] column

210CoM e <A} F2ANFSAE 250C7AA E& 718 F
2} T}, arginine, histidine % tryptophan® X &3t X E amino acid
enantiomer&2 I E HHAIZHYA E2|E 4 . Chirasil-val2
amino acid®] enantiomer?e Eal¥But o}y hydroxy acid, amino
alcohol, glycols, amines, carbohydrates % sulfoxide %¢] chiral 3}
g=e e w§ FE&3Hoh

3+ Chirasil-val column& A9 AlZ oA aminoc-acide] & EkA

o] determinationd] w3 AN2L wWHE APt Figure 4= 17

£ 9ol D.L-enantiomer amino acid®] mixturee] total 1on chromatogram
(TIC)E YYEY AT

D—threoninex} d-valine, lisoleucined d-serine, d-leucine’d} I-
serine, d-, l-proline, d-, l-hydroxy proline®] 74-$% overlapE < &4 0]
LHEFLHEX] gL £ amino acildEL A3 EZH7F HAFHG. o]l &

overlap¥|= peak® % d-, lproline¥} d-, lhydroxyprolineg A}t
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Figure 4. Total Ion Chromatogram of Amino Acid-N(O, S)-TFA,

isopropy! ester derivative of standard mixture.

Peak 1dentity ; 1. d-alanine, 2.l-alanine, 3.d-valine, 4.i-
valine, b.glycine, 6.d-isoleucin, 7.l-1soleucine, 8.d-leucine,
9.1leucine, 10.l-norleucine(internal standard), 11.d-proline,
12.d-cystein, 13.lcysteine, 14.d-aspartic acid, 15.d-
hydroxy proline, 16.I-hydroxy proline, 17.d-methionine,
18.1-methionine, 19.dglutamic acid, 20.l-glutamic acid,
21.-phenylalanine, 22.d-tyrosine, 23.1-tyrosine, 24 .d-

ornmithine, 2b5.-orthinine, 26.-lycine, 27.d-tryptophan, 28.1-
tryptophan.
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1zble 5. GC retendon dmetRT) and Mass So
ISODIopy estar derivative

____-__'-_‘__—'—_————l———-—_-__-——-—_._—_—_______—

MW

Compound

1 Alanine

~J

Threonine

Vaine

L)

4 Gilycme

Isoleucin=

Lry

{  Leucine
2 Norieucine
(IS)

9 Proiine

10 Cystain

11 Aspartic acid |

12 Mvdroxy-
proune

13 Mathionine

14 Giutamic acid

15 Phenvylaianine|

16 Tyrosine

17 Omithine

18 Lvsine

19 Histidine

20 Tryproohan

—_____'-——I-—————-___..n_——-_______ﬂ_“__—______—__

!

215

269

380

3635

438

RT

| 11.205
| 11.883

13.120
13.625

13.244
13.681

14,327

1 15.438
15.899 .

18.25
16.243

16511 .

17.253
17.890
19.214
19.214

20,161

20914

22,161

| =311

b 23.342

23.342

24.169
24,563

25.762

$26.089

268.074

- 26,381

29.067
29.314

31.209

r 31.503

a

0.626
0.664

0.733
0.762

3.740
0.785

0.801

0.365

. 0.88%

0.909
0513

0.925
0.964

. 1.000

-
N -y

| 140

153
(100}
{
168
{ (100}

| 126
{ (100}
| 182
| {100}

133
(100

182
(100)

182
(100

166

Characrerisuc lonsimis)

163

157

ain.

(78}

155

(33}

154
(29}

153
(74)

138

(39}

140
(98)

126
(73)

96

NM L A00) )

140

268

165 1 (100 (&%)

0.83

NM

.47

1.85

1.75 -

150

172

0.66

184
| (100)

| 164
1 (1003

61
(1C0)

198

(100).

91
(100)

260
(100)

166
| (100)

180
(100)

278

(1003

226

0.3 } (1005

34

139
(46)
279
(52
171
(32)

180
(80}

159G
(70)
203
(34}

306
)

294
(1%

206
(45)

325
(21)

72

92

(100 @& & 0O

170

(1)

84 266 29¢

(14

(3)

@)

55 114 171
77 (16) (1)

78

58

102

(13} (13} (8

i71
(48)

230G
(14)

153

(29

140

(33}

255
(6)

176G
(30)
212
(84)

Q4

(12}

75

(39)

224

(64}

148
(63}

302

(98)

321

@)

31
(43)

438
&)

213

(16)

Py
(12)

168
(22)

153

(26)

211
()

216
17)

126
(16)

184
(8;
171
(Z2)

114
(60}

71
@)

250

(17

198
©)

194
(6)

114
(19)

170
(7)

166
(17)
171
(13}
194
(2)

313

(11)

227 166 254

(31)

306
(4)

287
(26)

152
(56)

103
()

328
(32)

126
7)

&7
(18)

L33
(12)

129
9)

(26)

94
(12)

215

(24)
33

(32)

303
(12)

415
(<)

279
©)

181

(14)

166
(12)

283

(32}

(12)
67
(12)

200
(12)

240
(£2)

218
(33)

216
(20)

153
(3}

126
(11)
365
)

129
%)

r3i garz or Amino Acid-N(OS) -TFA

210
(12)

210

{13}

296
(10)

151
(3)

268

(1) )

198
(12)

175
an



overlap¥| = peakE2 GColA BTE 4 gAY o]lE<9 mass
spectradl A= X E TE spectrumg UENYRE XH7lo] s}l
Table 5& 179} d, lenantiomeric amino acid®] retention time

3} characteristic ion® A%

3. TFA—1PA $x=A e Mass fragmentatione] tj3gk 3

3—1. Ablphatic Amino Acids
Glycine, alanine, valine, leucine 2 isoleucined] H$X Ao T]3H
mass fragment pathway< Figure.5¢] 4% t}. aliphatic amino acid<]
749  inductive -cleawage of el AAHM-—-COOC:H,)*3 a-cleavage
o  o& A HdEM-0CH)" oo uvelH(H~COOC:H,)* iono]

Y5 base peak® L}ElUT].

Leucine, isoleucineﬂ} norleucineE < isomerZ Al ZEA3} olE
2] mass spectradlA] A2 TE ong A Qomz FTHol J}t
ottt olE9 2W¥AE #3 intensed J}A iong& H|mEH 4A
+HHt}.  Figuer. 694 HXo] alkyl chaind] JFZd oz o=
on°] AAHdHEH= AAE ¢ F Ut

T3+ aliphate amino acide®] 7B% alkyl chaino] 27] o]jat¢l
39 m/e 213¢] A4 YeEldth. o] ion& Mchafferty rearrange-
mento] 23 A AYAEH onejtd o] ion¢] relative abundance=

chain®] 3o H&E Wt
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No= CHz
e
H TFA O ¥ TFA 0.*
\N = CﬂHa'l P \‘h hi.
v — / NY
H H H
CnHErwi
- CﬁHgn,n
A o
/N \/

Figure 5. Aliphatic Amino acid Fragmentation Scheme.

3—2. Hydroxy Amino Acids
Hydroxy amino acid 729 N, O-bisTFA =47 AAAEH
o] HX A+ aliphatic amino acide®t 2 (M—-CO0OC;H;)* iong& &AL
dor2 VeI (M-—200)*" iono] base peak® et} o] iong
HA40H L Figure. 79 At
Hydroxy amino acide] ©Z& characteristic ion2. 2+ (M -CF,COO
—CHy)  ionx:  VERAT.  Hydroxy group®  dehedrationo] 8} & A]

dealdehyde % o2 7A]7] HAYX*X Molecular ion peak’} Z 1 }elLE
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THA
leucine . CH2 — CH \
CHa
m —— ﬁ + =
L + NH;
TrA TFA
m/e 140
isoleucineg -C‘I,H —CHy —CHs
CHy
<+
u L \/\ NHZ . s
I —
H* NH TFA
v\TF A m/e 153

noreucine -CHZCHECHQCHg

+ N
| m/e 1286
TFA
e
m/e 213 -]
(I
K\O <
A
TFA
m/e 213

Figure 6. Mass Fragmentation pathways of Leucine, Isoleucine and Norleucine
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] —QOC,H- 1t .
TFA=NH-CH-C-0-CyH; ———> TFA—NH-CH~C (M-58
R—OTFA R—-OTFA
TFA—~NH-EH-R—OTFA — 21 TA TFA—NH-CH-R
e - - - —_— — - -—
—HOTFA

(M-87)"

Figure 7. Fragmentation pattern of Hydroxy Amino acids ;
Threonine , Serine.

3—3. Acidic Amino Acids

Aspartic acid®} glutanic acided H A9 W3t mass frag-

mentation pathway-g& Figure. 8¢ AItTh.

Acidic amino acidE® B & strong intensity ZFE= ionEo] ot
E amino acids Bt} o] YeEUE Aol EAo]m glutamic acid
= 1% AX2 molecular ion(M*)o] AZ&EF<%th. Characteristic ion
o 24 (M—-COOC;H;)", (M—COOC;H;—C;3H;)*, (M—COOC;s;H;—C;Hg)*,
(M—-COOC;H;—C;Hs—H,0), (M-COOC;H,—HOC;H;), (M-—COOC;H;—
HOC;H,—CO)", (M—-COOC;H;—HOC;H;)™ %2 (M—COOC;H;—CO,)*

ion°] stron intensityS Z— ol EZo|dh

3—4. Basic Aliphatic Amino Acids :

Lysined} ornithine fXA< mass spectra AoA 159
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N CHam 0~
o Xy i N OH
. A N
TFA — "CaH7 O H o
S - H,0
/N%/(CHZ)?"TO l l
H + | | | TFA\ .
O in the case of glutamin acid N=MO
— % TFA H
\ﬁ\l/(Csz e ~
Xy n .
" . U\r
Y
TFA. Y +
N+ e — N
#0 TFA—N =
DA I
m/e 180 H m/e 152

Figure 8. Mass Fragmantation pathways of Acidic Amino acids ; Aspartic acid,Glutamic acid.
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base peak®to] strongstA vielLi, < ong< weak intensity-g
Ze EHEAE 7HXY. o]E9] characterist ioneZA] (M—HOCH.)",
(M—COOC:;H7)*, (M—-COOC;H,—TFA NH,)", TFA® NH=CH, %Xo]
LtEbbth. LieimerZ} A3k fragment ionE3 Hlmza F Ax 3ok
T2t o]E2] molecular ion® AZEHA &Yt Figure. 9= char-

acteristic 1onE 2] mass frugment pathwayg = A}8+l.

O
] +
TFA-NH-CH- C-0—C,H, —% TFA—NH- CH-R-NHNTFA
L (M-87)"
| — NH,TFA
NHTFA
+.
TFA- NH-CH-R (100% )
—HOC,H,
( M- 60)°

+
TFA-NH = CH,

Figure 9. Fragmantation pathway of Basic Aliphatic Amino acids ;

Lysine, Ornithine.

3—5. Sulfur Amino Acid
Sulfur amino acid% methionine2 <A AHIAEYT compound

=3 T©EZA fragmentation©] thioether groupe©] strong intensity &
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et s dA4el uEtdd. F m/e 61(CH:—S"=CH:)2 m/e 75
(CH;—O—CH;—"CH,) ion°co] WE}J}H molecular ionE < A] strong
intensity 2 2tk m/e 153, 171 o] & &2 aliphatic amino acidoj A
A3 patterng PRI ol&ox m/s 2/3& MC  hafferty
rearrangerotentol] 23] H-migrationo] YoJuta] A7l o]&ol (M-—
CH;=S—-CH;)*"3 (M—-CH3;—S—CH=CH,)* ionE AA=ETt} dq
(M—COQOC;3H;)"¢1l TFA-iminium 1on< low relative abundance8 Zr=
t}.

Cysteine< N, S-di-TFA HZA3 Il T EZE  methionined}
= AS ©E fragment ionsL zte=t. (M—COOC:H;)* iono =2
HolA =98 3F fragmentationo] <Lolux] Lom™ base peakll m/e
1402 isopropgl groupolA] H7} TFA group® carbonyl groupo 2
migration©] doq}HAA (M—-CHq—CO,—SCOCF3;)™ 1ono] 3T
A o] o}, Methionine 3} cysteine 2} mass fragment putaway+

Figure. 10| 42t}

3—6. Aromatic Amino Acids
Aromatic % heterocyclic amino acidQl phenylalanine, tyrosine,
tryptophan®}  histidine &% Aol 3 mass spectradl]A] = 9}
cyclic moleties®] 3 A wL H3FL we=t). Aromatic ring @l

e

stabilizing 938 o]|E Ez iong spectrum AolA YEIYA S} F

3, o}L22A] ring moietyE 7}F ionE£ high relative abundance&
UEY A H ok Phenylalanine? 729 m/e 91(Ar"CH,)& diagnostic

46



methionine
TFA H

~S %<r”<

m/e 212
(N - CO‘OC3H7 CH3 S CHz CHy-S-CHs- CHZ
m/ e 260 m/e 61 m/ie 75
mie 153 m/e 171
cysieine
/‘\
..cooc H TFA ——=N
C\é OJ\ — H v Ds.TEA
O m/e 268
, - CaHg i
TFA m r3 O
 s00cF: hd
+1\§‘
m/e 140

Figure 10. Mass Fragmantation pathways of Sulfur Amino acids.
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Figure 11. Fragmantation pathways of Aromatic Amino acid.

Table 6. Characteristic

Amino
acids

Phenylalanine

Tyrosine

Histidine

Tryptophan

A(%)
303
(12)

145
(4)

438
&)

Ion Types
B(%) C(%) D(%)
216 190 91
(33) (70) (100)
328 302 203
(32) (98) (94)
351 325 226
(7) (25) (100)
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fragmants of common Aromatic Amino acids.

E(%)
148
(63)

260
(100)

283
(32)

F(%)
131

243

266



O
(Ao oo .
G—< | .o P+ +
) ) \
TFA - CaHg TFA TFA
M* : 8%
( X ) (M*S? . 100‘%})
- OCqH~ QC"&O
I |
TEA OH
(M-59‘2%) (M-42:4n/u)
m/e 86 :

CNj CO
+

hydroxy - proline

- OC3Hy ( - TFAOH —
+ 5

Figure 12. Mass Fragmantation pathways of Proline and Hydroxy -proline.
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valueZ} % i  histidine®] 739 m/e 81, tyrosined AL m/e 260,
203 % 3207} charateristic iono]® tryptophand 2% m/e 226,
283, 3257} characteristics ioneo]|th. o] E 9] fragment pathwayt
Figure. 110] 4 <A™k Table 6& aromatic ringg 7}Z  amino acid=

o] ion typeS A3 Ao|t}

3—7. Prolhne and Hydroxy proline

Proline #XA|+= carboxylic ester groupo] Wolzx JUzoz
g3 A2 cyclic iminium ©]&e¢] mass spectrumol]A] high relative
abundance-& Zr+1tlh

Hydroxy-proline®] 739+ <&7]o] trifluoracetic acid’} =Ho}A
L2 24 stable ion(allylic cation)o] A HE <}l proline typed $%
A A%, low intensity& 7} && fragment iono] EA R o= L} E}
fin=d

& proline® 7% m/e 96, hydroxy proline2] m/e 94°ly4], o)

ione- Cyclic Ketente ion F%& dAsA ok o]l=9 fragment

mechanism Figure. 120 2¢idl.

4. a, f—cyclodextrin¥} inclusion complex® A

F—CD=2} aniline, B—CD%} benzaldehyde, ¢—CD2$} aniline, a—
CDet+  benzaldehyde inclusion complexE& A& Ao)r 7]E3ugz
ZA st IR¥ NMR2 spectrogram-g H] @ st o}

HA  ZAZ4A5e IR NMRE Figure. 13~200] $E39 1
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Figure 18. 200 MHz 'HNMR spectrum of - cycrodextrin.
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Figure 19. 200 MHz 'HNMR spectrum of Aniline.
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inclusion complex?} A& wje [R3} NMR& Figure. 21 ~280}] 1}
EfWl X th. IR wave number 80094 1800cm™'7} =] H] 7 3} 9 o},

AlE g IR spectrume] FAFe)  29]8}W  inclusion complex7} 3
AdESE ¢ 4 3Aded  aniline?}  benzaldehyde®™ « /—CDS  in-
clusiong #AH T2  steric pressure® WAIE 3 w3} strechingo]
L+ bending®] Fo] AH2¥AR EslA =k oA vibration
energy’} s 3tAl ol wave number’t Z7}3m g Ut
cyclodextring  guest molecule®} E<QtA 3  steric repulsions®  8F%] Tl
Y4 Hbonding Fo2 &A QAZHE R JAHHE BA=
siA ZE energye] W3yl dEFHow Hx E3: batho, hypso
chromic shiftE FAld] HAFH Qr}. olo] usl peak position$]
HAW3=  table 6~9o Jl£3dlgrt. Table 10~13% « A—CDsl
aniline, benzaldehyde®}2] inclusion complex’} dA =S o] NMR
2] chemical shifte] M3lE =439}t  Steric hindrance<] G0 F
NMR HZax [RelA9 Zo] inclusion complex 3#A8& u upfield
shifteq g ¢ 4 A

a—CD%  aniline?}9] complexdjXe E3 3, 4, 5 9x 9
protonB 4 2, 62 oA @& upfield shift(~3.5Hz)= 3t AHo
2 HolA a—cyclodextring] primary—OH?17} & slgddards
secondary —OHZ|7} e YUFZFHd A  anilineo] © o] <Igke wk
o ¢ 4 Uk a—CD¢  benzaldehydem® £l WSk o
chemical shift7} ®sg oy} 3, 5 YxgAE A5 8Lo] o] &
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Table 7. Comparison of IR spectrum on a-CD and Aniline inclusion complex with a-CD or
Aniline alone.

Aniline Cf. 1 a-CD-Aniline complex : a-CD

1622.4 + 1628.5

1604.0 + 1607.3

1498.5 + 1500.1
14100 1415.2
1365.6 1362.7
1331.9 B
1294 .9 1298.1
1249 .8 12434

+, - ; represents for peak shift on inclusion complex compared to separate analytes.
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Table 8. Comparison of IR spectrum on o-CD and Benzaldehyde inclusion complex
with o-CD or Benzaldehyde alone.

Benzaldehyde Cf. | o-CD-Benzaldehyde Cf. o-CD
complex

1695.7 + 1697.7

1595.0(*) + 1600.0

1455.4 + 1460.0(*)

1204.1 + 1206.7
1411.9 1415.2
1367.6 1362.7
1335.5 1335.0(*)
12449 1243 .4

¥ ; not exactly printed by plotter, manual calculation for approximation.

+, - ; represents for peak shift on inclusion complex compared to separate analytes.
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Table 9. Comparison of IR spectrum on B-CD and Aniline inclusion complex with
B-CD or Aniline alone.

Aniline Cf. | B-CD-Aniline complex | Cf. 3-CD

1622.4 + 1631.4
1604.0 + 1612.0(%)
1498.5 + 1499 .5
1455.0(*) 1458.0(*)
1415.5 1418.1
1368.9 1368.2
1335.4 1338.0(*)
1299.0(%) 1301.0(*)
12479 1245.0
1156.8 1157.8
041.9 941.6
858.2 856.0

* 5 notexactly printed by plotter, manual calculation for approximation.
+, - ; represents for peak shift on inclusion complex compared to each chemicals.
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Table 10. Comparison of IR spectrum on B-CD and Benzaldehyde inclusion complex
with B-CD or Benzaldehyde alone.

Benzaldehyde Cf. | B-CD-Benzaldehyde Cf. B3-CD
complex
1701.0(*) + 1701.5
1595.0(*) + 1600.0(*)
1204.1 + 1205.1(*)
1414.2 - 1418.1
1369.8 + 1368.2
1335.1 + 1332.0(*)
1157.1 - 1157.8
941.9 + 941.6
859.5 + 856.0
* , not exactly determined by instrument, manual calculation for approximation.

+, - , represents for peak shift on inclusion complex compared to separate analytes.



Table 11. Chemical shift of a-CD and Aniline inclusion complex with 200 MHz FT-NMR

compared to free Aniline.
a-CD and Aniline
Aniline (ppm) complex(ppm)

6.51102 6.49296
6.54707 6.52924
6.58315 6.57094
6.67142 6.71197
6.75108 6.74884
6.97772 6.97734
7.01884 6.99697
7.05618 7.04816

2

1. H:N 4
6

2. Deutrated pyridine was used for solvent.

AHz

3.63

3.57
2.44

-8.11
0.45

0.08
4.38
1.51
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Table 12. Chemical shift of a-CD and Benzaldehyde inclusion complex with 200 MHz
FT-NMR compared to free Benzaldehyde.

Benzaldehyde o.-CD and Benzaldehyde
(ppm) complex(ppm) AHz

7.19343 7.18080 2.53
71.22751 7.21356 2.79
1.26447 7.25168
7.29693 7.27301
71.33127 7.28174
7.28956
7.31621
7.67319 7.66565 1.51
71.70666 7.69843 1.65
9.85937 9.85298 1.28
.
e
6 S5

2. Deutrated pyridine was used for solvent.



compared to free Aniline.

B-CD and Aniline
Aniline (ppm) complex(ppm)

6.51102
6.54707
6.58315

6.71415
6.75108

6.97772
7.01884
7.05618

2

6 S

6.49862
6.53508
6.57684

6.72288
6.75056

6.97700
7.00315
7.04536

2. Deutrated pynidine was used for solvent.

Table 13. Chemical shift of 3-CD and Aniline inclusion complex with 200 MHz FT-NMR

AHz

2.48
2.40
1.26

-1.75
0.10

0.14
3.14
2.17
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Table 14. Chemical shift of 3-CD and Benzaldehyde inclusion complex with 200 MHz
FT-NMR compared to free Benzaldehyde.

Benzaldehyde B-CD and Beazaldehyde
(ppm) complex(ppm) position AHz

7.19343 7.22505 3,4,5 -6.32
1.22751 1.24717 -3.93
7.26447 7.28568 -4.24
7.29693 7.32070 -4.75
7.33127 7.34613 -2.18
1.67319 7.66732 2,6 1.17
1.70666 1.70014 1.30
9.85937 9.85520 CHO 0.33

2

6 S

2. Deutrated pyridine was used for solvent.
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Table 15. Comparison of retention index C(C—18 and A—CD

column for the separation of o, m, p-nitroaniline with

HPLC.
Column | Compound Retention time Resolution k'
(min)
C-18 p-nitroaniline 1.45
1.1724
m-nitroaniline 1.70
1.3235
o-nitroaniline 2.25
B-CD m-nitroaniline 3.35
o-nitroaniline 3.70
p-nitroaniline 13.10

Dansyl amino acid% d, l-phenyl alanine€ A€3do F-CD

columni C—18 columnezg XEIEF AEdgth o]FAez MeOH/

Water/AcOHE 78:20:282 1uEo] AL3¥UI A2x 01%9A 3
o 101X HPLCoY FU3sgtr Figure 299142} o] d, lformo]

regE 2L 2 & Ygen 2yYse 0672 nuch dyas

B—CD7} ol oMol FFE AHEI] Hsty  olFAHY
MeOH/Water/AcOH=100:100:1¢]] A—-CD& 3x3lAAH A—CD7} ol%
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Figure 29. HPLC chromatogram of Dansyld, l-phenyl alanine
with C-18 column (A) and AF—CD column using
MeOH/Water/AcOH(78/20/2) mobile phase.
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Figure 30. HPLC chromatogram of o, m, p-nitroaniline on C—18

column composed of two mobile phase system A and
B: A. MeOH/Water/AcOH/f—CD=100/100/1/1, B.
MeOH/Water/AcOH=100/100/1.
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dell gle Wit dlastey  EHYrh ojuie] WYL =E2E o, m, p-
nitroanilineg Ar&3A . o]FAo A—-CDE ESAZASE = para,
meta, ortho®] retention timeo] 8.27, 8.96, 0.69¢0]%¥x1 AB—CDE FH
7ketA] =  ol& el C—18 columnd] <& E=#E p, m, o
nitroaniline®} retention time& 8.53, 9.95, 29.44% Z7}steg A—CD
7} nitroaniline®  inclusion complexE & A] ghol ZH 5l 2 o} (Fig-

ure 30).

6. SlFE ol4AAe ¥

f—CD columns ©o]&% 2ojefFg o|dAA Ertede &
HHE7l 98] KIST ejekgAdEoa] FA S antibacterial drugel <
<= Q) 1, 3-oxathiolane s-oxide(A), (& )-cis-3-amino-4-(phenyl seleno-
methyl)-2-azetidinone-1-sulfomic acid(B), (3 )-cis-3-[ (2-amino-diazole-4-yl)-
2-(methoxyimino)acetoamido |-4-(phenyl selenomethyl)-2-azetidinone-1-sulfo-
nic acid triethylamine salt(C)E Eglsld HUT. 2Z+Zle]l compound
7t 271¢] Chiral centerE 7}A|7] W&ol 4FH{Fe olAAAE 1A
t}. o]xAo =2 MeOH/Water/AcOH=78:20:29] v|&E ZFAdo 0.1%
AlE 10ul FAstgth Compound Co&= E3ls 0.7 ojAo =z 47
b E9EHAT Be 3709 peak®E EFHEHISYW AT T 2%

29 Reso AW: wH2FX Ragoh add olFgd =7

& wEoz o4AA Y Bsel lojgel HA T F Qv

tsdel Ba HAA AEEBMojx f—CD columno] JT&EHYo] 4
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7. ool FEAEY EE

olu| A ST HE F Dansyl amino acid JFFEZFA 15%
22 Ao g s¥gr. olFAe FAL MeOH/Water/AcOHE 78:
20:28 8} 1socratic mode=Z 0.5mL/minE ZA 3l 254moA =
g 3R -

Leucine, norvaline, methionine, glutamic acid, valine a-amino-n-
butyric acid, norleucine, phenyl alanine, threonine, serine, aspartic acid
= 1174¢] Dansyl AA7F d, lformeo] EEFHUT. o|E2 FHaeldH
¢} LC chromatogrameo| figure 31~33¢] YEM]SY I retention para-
meter7} table 169 AT HS A¢. Yol =3t AA- B Fol
04~11AE BAgFo HA EFd S&E 4 Aoy raminon-
butyric acid, tryptophan, sarcosine2 ©oJAZAE BEIAT F+ AT
FTLY FAsteA C—18 columno 2 wuiite] AAe] FEHE Axs
o mgou o zAdAE As B U4 Eegvh EEEd
o] B A Zto] 1wl leucine® norvaline, methionine, ghitamic acid 4
22 3JFLoF 3Bt group I o|gt SFx  valine, a-amino-n-butyric
acid, phenyl alanine, threonine, serine, aspartic acid 658 groupl &}
st AM=E RIS Y. oldgd L& chromatogrameo] figure 34, 35
o =XAIE . :L_E]l—]- broad3dt taillinge 2 groupl olA] leucinei}
norvaline® d, lforme] AMZ HBxI3Z groupll 9lA] phenyl alanined
threoninee] A2 ZAHA Foe THFL2HEA Zsgeu 19 EF

obrlate oldAA e HUth
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Table 16. Retention index of dansyld, l-amino acids on A—CD

column, retention time, slectivity coefficient, capacity
factor.

Dansyl-amino acid Retention time k' Resolution  «

leucine 15.057 5.0 0.53 1.100
16.304 3.5
17.316 6.0

methionine 23.632 8.4 0.64 1.071
25.090 9.0

glutamic acid 29.372 10.7 1.06 1,084
31.605 11.6

valine 15.722 5.2 0.67 1.096
17.058 5.7

0L—amino-n- 18.451 6.8 0.48 1.082

butyric acid 19.719 7.4

norleucine 15.915 3.3 0.36 1.076
16.791 5.7

phenylalanine 21.758 8.4 0.67 1.036
23.485 8.7

threonine 25.180 9.1 0.92 1.176
29.203 10.7

serine 32.924 12.2 1.00 1.115
36.461 13.6

aspartic acid 50.990 19.4 1.03 1.098

35.772 21.3
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Figure 34. HPLC chromatogram of group 1 containing d, l-form

of dansyl-leucine, norvaline, methionine, glutamic acid.
Mobile phase composed of MeOH/Water/AcOH(78/20/

2) as isocratic mode on A—CD column.
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Figure 35. HPLC chromatogram of group 1 containing d, l-form
of dansyl-valine, a-amino-n-butyric acid, phenylalanine,
threonine, serine, aspartic acid. Mobile phase com-

posed of MeOH/Water/AcOH(78/20/2) as 1socratic

mode on B—CD column.
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8. a, p-cyclodextrini®} 3F&to]dAA ofn]xitie] HMAA]

a, f-CDe} Dansyl amino acid & «a-amino-n-butyric acid, serine,
aspartic acide] inclusion complex?] AEE Hwsgo. o] d, I-
forme chromatogramo] figure 369 UElUQ 32 d, lform complex?

3

e SAsH7] #AstH free AAS Ao o]&3AuY. 0.01% =
252 1ImL¥ a—CDY B-CD7} ZZ+ 1mg, 2mg, Smg SoUS
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Figure 36. HPLC chromatogram of d, lform of dansyl amino
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Table 17. Test of selectivity between dansyi-d,

various amount of «—CD mixture.
0.01%

analyte was

experiment.

Dansyl AA

Retenton Time

Ol—amino- I-form
n-butyrc d-form
acid
Peak Area

1-form(Al)

d-form(Ad)

Retentdon Time
serine I-form
d-form

Peak Area
I-form(Al)
d-form(Ad)

Retention Time
aspartic I-form
acid d-form

Peak Area
I-form(Al)
d-form(Ad)

set

up t

llamino acid

through

and

Concentration of
all

the

Amount of a—CD with 0.01 %9 AAiIn 1 mL

0 mg

(rmun)
18.917
20.155

15.029
23.637

0.6358
(rmin)

33.428
37.110

18.282
18.540

0.9861
(min)

50.439
55.355

12.082
12.429

Rauo(Al/Ad) 0.9721

1. Separation was performed through 3—CD colume with mobile phase of MeOH/Water/

AcOH(78/20/2) isocratic system.

1 mg

18.272
19.799

14.618
25.471

0.5739

33.250
36.978

16.894
17.076

0.9895

49.930
55.067

12.778
13.164

0.9707

2 mg

18.489
19.657

15.185
25.761

0.5895

32.719
36.234

17.930
18.354
0.9769

49.375
53.970

10.724
11.149

0.9619

5 mg

18.748
19.760

15.311
27.689

0.5530

33.315
37.040

19.934
20.585

0.9684



Table 18.

Dansyl AA

OL—armino-
N-Dutyric
acid

serine

aspartic
acid

1. Separation was performed through §—~CD colume with mobile phase of MeOH/Water/

Test of selectivity between dansyl-d, l-amino acid and

various
analyte was

experiment.

Retention Time

I-form
d-form

Peak Area
l-form(Al)
d-form(Ad)

Retention Time
[-form
d-form

Peak Area
I-torm(Al)
d-form(Ad)

Retention Time
l-form
d-form

Peak Area
l-form(Al)
d-form(Ad)

set

up

at

amount of AF—CD mixture.
0.01%

through

Concentration of
all

the

Amount of $~CD with 0.01 % AA in 1 mL

33,428

37.110

18.282

18.540

0.9861

50.439
53.355

12.082
12.429

Rato(Al/Ad) 0.9721

AcOH(78/20/2) isocratic system.

90

1 mg

18.510
19.592

13.037
23.721

0.5496

32.923
36.588

17.819
18.919

0.9419

49.800
54.823

11.053
11.733

0.9401

2 mg

18.465
19.597

15.630
28.288

0.55235

32.988
56.621

20.286
20.953
0.9682

49.520
54.415

5.251
5.581

0.9409

5 mg

19.051
20.224

15.403
28.311

0.5346

34.036
38.010

18.339
18.282

1.003

51.588
56.800

9.071
8.897

1.020



Table 19. Test of selectivity between dansyl-d,l-amino acid and various

amount of anayte mixture. The concentration of cyclodextrin was fixed at
0.2 % all through the experiment.

Concentration of Analvte (Wt %)

Dansyl AA 0.005 0.01 0.02
L~—amino-n-

butyric acid 0.885 0.9398 1.1117
serine* 1.0282 1.0058 (0.9953
aspartic |
acid 1.0552 1.0425 | 1.0148

* serine is mixed with 0.2 % a—cyclodextrin, others with 0.2 % B-cyclodexmin.

1. Numbers represents for the ratio between two enantiomers.
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1. Ex8 (105C), 4Fxa (6N Hcl), UVEXA}L, en3yme FH7}o] £

sk l—form amino acid9l alanine, threonine, isoleucine, leucine,

aspartic acid, methionine, glutamic acid, tyrosine?] d—form© = race-
mization¥= AEE FAHs 2 ZA3, o3 <dAHAMt aspartic
acid®} glutamic acid?} 2= o|lAZstd 29 FH 0.31%, 0.9%
ol d3t ¥|EE LT Ty 2L ZWFA A= REL ol A

ol d3 "X

o

238 4 AN

2. 447 105CEx el 6N Hcls 718389 S o alanined 1.5%,

Isoleucine 1.2%, aspartic acid< 2.5%, glutamic acide 3.0%

L

tyrosine 1.6% A X racemizationo] o} AgFZ<¢ BAHY w= 7}
TEINAFE AHFS) FEHSe Aol LAE Fole FQ23 A
A

o},

3. TFA—1PA fF=AE = Chirasil val columng AF-&3H
d —serine , d—leucine, 1—serine, d,!—prolinec] E27} H=x =4
d,]—proline& A|2l3 YU A= Mass spectrometerE o]8&3%ld

o] 7} 3FE T

4. o}u]x ALY TFA—-1PA &A%  Eol9 mass fragment+
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alamne (140,168,72,92), threonine (153,152,84,266), valine(168,155,55,114),

glycine (126,154,78,58), 1soleucine (182,153,171,213), serine (139,138,
280,252), leucine (182,1540,153,168,), norleucine (182,126,140,153),
proline (166,96,253,211), cystein (140,268,170,216), aspartic acid (184,
139,212,229), hydroxy proline (164,279,94), methionine (61,171,75,
2987), glutamic acid (198,180,226,152), phenylalanine (91,190,148,103),
tyrosine (260,203,302,328), ornithine(166,306,279,211), lysine (180,294,

321,67),  histidine (278,206,81,153), tryptophan(226,325,438,238) o] &} C}.

5. a,f—cyclodexteini} benzaldehyde, aniline®] inclusion complex+

NMR33} IR9] peak shift2 ZFEith

6. d,|—phenyl alanine® o,m,p—nitroanilines TtHASZE 4AFHs E

A3 ¢—18 columnXE v} p—cylodextrin bonded phase’} o|A&A] E

glo] 4% ®‘Eol Ugol FTHIHUG

7. Bulkyd ¥ FHF<e] FSo|A A A 9 kEFE 2=  cyclodextrin

column®: ¥HZ &L ERBIYFE BAFA ZsIFTH.

8. Danayl amino acide] oJAAA EIle= p-—cyclodextrin-g A}E3}
S AL leucine, norvaline, methionine, glutamic acid, valine, a—
amino—n—butyric acid, norleucine, phenylalanine, threonine, serine,
aspartic acid’} H] F <
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9. Inclusion complxe] AHEE Dansyl—amino acid®Z H|iste E
A3 d—forme] a,f—Cyclodextrin® © A|A] complex& A3
7] 1—forme] WA elution® A3, GCoJA chirasil—val calume]X

s the el
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