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Anotation

Chiral forms of enantiomeric chemicals often differ in their biological reactivity, creation of chiral
chemicals in their pure forms is important not only for chemistry but for other fields as well. The
main method of separating enantiomers is capillary electrophoresis, this method is highly effective
and using this method saves chemicals and is highly cost efficient, it is ecologically safe.

In this work cyclodextrines were used as chiral selectors, and we studied their interaction with
terbutalin and its enantiomers, as well as its impact on migration row within kapilary electrophoresis.
Using nuclear magnetic resonance method and molecular modeling, we studied the structure of
selector/selectant in which the migration row was changed within capillary electrophoresis.
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59 9Ju39M0d9bBHTo 45dm3094gbgo  2,3-030MOMJLoW-6-Lygm dgde  GoEEmE)duG®mobo,
O0Igeois 3o3w99300 bgabsfiymdo, 22 30mzme@ol gogargbom, pH=2.0. Losbserobmo ogym

50993990 1 Jooy©®530, HMYMOE 36930 FM9803000 symxs sofiym 16 (momol 99dpymd.

30095 3039 BHMobo
DIOLB Sy IARET (CC-EVENDTASANSCIINAT)

8

59 94u39600963 o 259M30Yygbgm 298> 303MYJLEGHMObO, MHMIgEoE 393983000 bywlisfymdo,
22 300300l gogwgbom, pH=2.0. LssbseroBm@ ogm s0gdmwo 110 doeoy®sdo, Hmym®3
36905300 20553030056 YMAs s0fym 15 frmol 990 .

2,3-00539G0W-39%0  (3030m©9duEG®™obo
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59 9Ju39M0d9bBHTo  45dM3094gbgod  2,3-0539AHOW-09FHO 303m©gJuBHMobo, GMIgeos
3939983000 bgelsfymdo, 22 30m3me@ol 3s3wgbom, pH=2.0. Lssbsgrobmo ogm s©gdwgeo 20
300590, HMAMEO 3 359300 4M5530306 oYMRBs s0fHgm 21 {mmol 899ma.

5B 303 mEIJGO0bo

DAOLB SGEIMRE (QGHEVEXNDNATERIGIIZSD

a&&’

T T T T T T T T T
2 4 6 8 0 r »n 5] B nir

50 9Jb39M0d96EHT0 A58M30Ygbgm SRS (3030 MYJLEH®0b0, MM 3938300 bgwbsfiymdo,
22 30m3m@EoL gogergbom, pH=2.0. Lssbserobm@ ogm s0mgdwero 100 dogroy®sdo, Hmym®3
390030  3M803006 IYMRs ©soflgm 16 ymol Jg8Ma.GHYMdMEIWobols ©s BYGS-
303w m©gJuAHOOBOL LEGHMIBHOOL LGB FsBMY)bgdE 0dbs BIM-L3gdBHOMMLZM30s s
9939 M0 IMEIL0OHGOOL B)0MPOYdO.

1. 3™33¢094bob LESHEOMJEGHMOS

3033gdubol  LEAHO®MIGHOOL  EILOYIPs©  Bos@otMs 1D ROESY 9du390089b6Go s 2D
ROESY9du3960096¢)0.  Lomomom@  ©oslbogg  Hmamms  Ggdddowobol,  sbgzg  B-
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303 M©gJuEHOboL MOMMYMEo IOMEHMbo. JoMgdmwo Loabswgdol Logwydzguwbg IEOby,
G Lygrgd@GmO/Lgergdsbm®o 3md3ergdlo HoMmdmoyaqbl Bsdmmwo Lsbol 3md3ergdul.

b-CD H-3-0b @slboggdom 2560  5OHMIsGHwo  doMm30L  3OMAGHMbgdol  Loabswols,
993w smsdm®molbo NOE(nuclear overhauser effect) Logbsero 80300900 FHgMdMESobols
SOBIGNM0 X9F30L 3OIMBHM™MDYO0ID, Gz 005L J0a35608690@s MMA SEIORIGHMMO XSIFZ03
Mbs ymxzowoygm Jmmoglgdeo 303mEgduBMobol wOwdo. b-CD-ob H-5 ol @slboggdols
39009290 Loabsero 303009, GJMdIMEHIWObOL sSOMIsEHME0 BOOMZOL 3OIMEHMDYI0D.

990002990056  250m30bstrg,  BHYMdIMGHIWobol ImErg3Mws  (303eMEJuEGH®ObOL  Mwdo
5OHMI5Ge0 30OM30L BOHOD Box s (3030Mm©gJuEHO0bOL 4609M0 VO AbGOB.

terbutaline_bCD_D20O_1H_12D2
1.3 mg terbutaline 15 15 15 5 5 15 B 6 B 5
10.1 mg b-CD e
0.7 mL 50 mM (pH 2) D3P0O4/D20 buffer
1H
D (t)
6.18
B (d) N (ddd) P|(s)
6.27 2.90 1jz28
A (d) M (m) Of(s)
6.29 2.99 1{29
C ()
6.19
[
I 7
/ J/
1
A
LA T AN T
53 2 g3 S
— o A o =
T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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"H bogbagmado
3C bogpoamgdo

H
13C vogbsemgdo

1.3 33 G2Ed=M>eobob Gaggdado + 10.1 83 FCD, 0.050 mM D;PO, d=maco (pH 2.0, 0.7 mL)
H and 13C 8o3mmgBgd=gemo Logbagegdo (D0, 500 MHz, 25°C)

6.27,6.29 OH
106.8 472,473

1.3 8 JEd=aeeobols Gggasto + 10.1 8 £CD, 0.050 mM D;PO;, d=sg6o (pH 2.0, 0.7 mL)
1H and 13 8ozm3Bgd=mo bopBagdo(D,0, 500 MHz, 25°C)
Bobmgryer egge3abytob azd(by EygTdtgdaero dgmago. ROESY

3.66, 3.71
62.5
3.46
834
__O||||||.- O—
3.76 3.52
75.9 . 745
HO “OH
L 1 7

1.28,12.29
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133
1D ROESY L3gdd¥o

terbutaline_bCD_D20O_1DROE
1.3 mg terbutaline

e e L

(D;0, 500 MHz, 25°C), osliboggds

10.1 33 £CD, 0.050 MM DPO; d=gmgo (pH 2.0, 0.7 mL)
6.28 ppm-by ((g@dxdienobols Ph H-2,6)

10.1 mg b-CD

0.7 mL 50 mM (pH 2) D3PO4/D20 buffer
1D ROESY

Selective band center: 6.28 (ppm); width: 19.5 (Hz)

OH

Hs
N
&

=
OH X

iz
b

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5
fl (ppm)
138y 10.1 8y £-CD, 0.050 mM D;PO, d=xa960 (pH 2.0, 0.7 mL)
1D ROESY b3addco (D0, 500 MHz, 25°C), @abboggds 3.76 ppm-bg (4-CD H-3)
terbutaline_bCD_D20O_1DROESY_ifr3.76p_170220 R I DSERES =
1.3 mg terbutaline [ RN ] i
10.1 mg b-CD ' g
0.7 mL 50 mM (pH 2) D3P0O4/D20 buffer
1D ROESY
Selective band center: 3.76 (ppm); width: 27.6 (Hz)
oH ey 3myeesomsdetolbo NOE
Hy -/
HO N /
@ /
OH X ) ) /
I ﬁ L4 Ak,
| S W T 7T — 7
T T T T T T T T T T T T T T T T T T T T T T
)5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (bpm)
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138 10.1 83 S-CD, 0.050 mM D;PO;, d=mgéo (pH 2.0, 0.7 mL)
1D ROESY 3gd3éo (D,0, 500 MHz, 25°C), gslboggds t 1.28 ppm-Tby (moﬁdi NHCME:;)
terbutaline_bCD_D20_1DRO|

SY_irr1.28p_170220 2255 EEEEIn35%32288 2%
1.3 mg terbutaline R m;‘_"ﬁ_"i"i"i"i";";’;’;";";’;dzifﬂdré“i“}d
10.1 mg b-CD e e N
0.7 mL 50 mM (pH 2) D3PO4 /D20 buffer
1D ROESY
Selective band center: 1.28 (ppm); width: 22.9 (Hz)
OH a
eaemgmensmsdemobo NOE bCD H-3
Hz
HO
X -
/
<
. /
<
OH X /
i L

-

1.3 B @EdrEobols Gagydsdot 10.1 3, A-CD, 0.050 mM

1D ROESY b3gda®o (D,0, 500 MHz, 25"0), gg.shtnmba 4.92 ppm-%y (,B-CD H 1)
terbutaline |56 3353l aa6gasbo 333emgdbo 0dob gadm Grd aacgoms 3Gedmbgdols
1.3 mg ter

slibogdolis 6 Boggonos 36ex)ebigBogest boplisgro
10.1 mg b-CD i —
0.7 mL 50 mM (pH 2) D3P0O4/D20O buffer
1D ROESY
Selective band center: 4.92 (ppm); width: 21.3 (Hz)
OH
Hp
HO N
)
S
OH X
\III
100 95 90 85 80 75 70 65 60 55 _ 50 45 40 35 30 25 20 15 1.0
f1 (nnm

0o 935x%5990 80900 89093900 s 30300900 39900930 999R0.
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3. 259Myq6900 OFJMOGMMS
http://ka.medicine-cure.com/ovr5_303.htm
https://en.wikipedia.org/wiki/Adrenergic_agonist
https://en.wikipedia.org/wiki/Terbutaline
http://www.sciencedirect.com/topics/page/Adrenergic_receptor
https://pubchem.ncbi.nlm.nih.gov/compound/terbutaline#section=Top
http://web.chem.ucla.edu/ harding/notes/notes_14C_stereo01.pdf
https://www.ncbi.nlm.nih.gov/pubmed/23666078
http://onlinelibrary.wiley.com/doi/10.1002/hlca.201300300/abstract
https://chem.libretexts.org/Core/Organic_Chemistry/Chirality/Chirality_and_Stereoisomers
https://chem.libretexts.org/Core/Organic_Chemistry/Chirality
http://www.colby.edu/chemistry/CH332/laboratory/Agilent%20CE%20Primer.pdf
http://ro.ecu.edu.au/cgi/viewcontent.cgi?article=1445&context=theses
https://link.springer.com/chapter/10.1007%2F978-1-4615-6998-5_164#page-1
http://ro.ecu.edu.au/cgi/viewcontent.cgi?article=1445&context=theses
https://www.ncbi.nlm.nih.gov/pubmed/12226716

https://www.researchgate.net/figure/6471384_figl FIGURE-1-Enzymatic-conversion-of-starch-to-
natural-cyclodextrins-Reprinted-with

https://www.researchgate.net/profile/Zhaofeng Li3/publication/268983067/figure/fig2/AS:392218931
154951@1470523688478/Fig-2-Scheme-of-the-gcyclization-reaction-of-CGTase-The-enzyme-first-
cleaves-the-a.png

http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/nmr.html

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/spectrpy/nmr/nmrl.htm

Enantioseparations in capillary electromigration techniques: recent developments and future trends
*,1 Bezhan Chankvetadze , Gottfried Blaschke University of Munster ~ , Institute of Pharmaceutical
Chemistry, Hittorfstrasse 58-62, 48149 Munster, Germany

Combined approach using capillary electrophoresis and NMR spectroscopy for an understanding of
enantioselective recognition mechanisms by cyclodextrins Bezhan Chankvetadze
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https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/spectrpy/nmr/nmr1.htm

Enantioseparations by using capillary electrophoretic techniques The story of 20 and a few more
years Bezhan Chankvetadze

Research of some physical and chemical mechanisms of separation of chiral beta blockers using novel
polysaccharide base columns, Khatuna Gogaladze

Phyiscal Chemistry 9™ edition, Peter akins
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