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Establishment of Equilibrium Analysis Method Using Separation Analysis under the
Concomitant of Side Reactions
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This study aimed at the establishment of the analysis method of fast
equilibrium under the concomitant of side reactions or under the presence of the degraded species
from the objective substance in an aqueous solution. Separation analysis by capillary zone
electrophoresis (CZE) has been utilized to realize it. Gradually generated substances from the
objective substance can be resolved by CZE, while the objective substance in fast equilibrium is
detected as a single peak signal with its migration time / electrophoretic mobility of the weighted
average of the equilibrium species.

Acid dissociation constants of easily degradable substances have successfully been determined by the

proposed analysis method in the presence of the degraded species from the object substance. They
were UV-degradable haloperidol, acid-degradable hexamethylenetetramine and pravastatin, as well as
heat-degradable bupropion and hydrochlorothiazide.



CZE

Takayanagi, Anal. Sci., 20, 255 (2004).

CE Iki,
et al., Anal. Chem., 72, 4812 (2000).

NECEEM: Berezovski and Krylov, J. Am.
Chem. Soc., 124, 13674 (2002).

CA cC A
CA

CZE

Takayanagi and
Motomizu, Chem. Lett., 30, 14 (2001).

1)

)

K+

Cs*

CZE

CZE



®)

Ka
CZE
Ka
(4)
CZE
(1)
MG* 3
OH-
MGH MGOH
pH
MG+ 24
CZE MG+ MGOH
1 MG+
pKa
6.34+0.09
pKa = 6.92
\N/
g k, )
O /g OH_ \N OH
s
MG+ MGOH

MG+ MGOH

2

DPA-

CZE
DPA- K+ Cs*

CZE DPA-

Kass
DPA- Kass
K+
18- -6-
K+ Cs*
DPA-

NO, O,N

NO, O,N
DPA-

€)

(HLP) pKa
HLP

4-(p- )-4-

(CPHP)

HLP

CZE HLP

2

HLP pKa

4)

CZE



pKa = 4.93+0.01

4
1
1
)
)
SN
(5)
pH=2.0 5
CZE
pKa = 4.46+0.03
4.36, 4.2, 4.6
2
_,.\\‘OH
6)
BUP pKa
BUP CZE
BUP pKa
3_
3CI-BA
(0]
H
Cl N
TI T
—
BUP e
cl _
(@]
3CI-BA
3_
(7

HC

4- -6- -m-
pKa
pKar = 8.95+0.04 pKaz = 10.66+0.07
4- -6-
-m-
pKa
pKa1 =9.27+0.06 pKaz2 =10.79+0.10
O\\S//O ‘{\S/P
HoN~ SNH Heat
e
cl N
H o 0 o 0
HCT \ 7/ \ 7/

s s
cl NH,

®

CES p-
NPA

NPA pH  CES

CZE p-

CZE

OCOCH;, OH

CES

NO, NO,

CES NPA  p-

, , 66,
(2017).

2. T. Takayanagi, D. Itoh, H. Mizuguchi,
Analysis  of Acid  Dissociation

Equilibrium of Bupropion by Capillary



Zone Electrophoresis After the
Heat-Degradation, Chromatography,

, Vol. 37, No. 3, 105-109 (2016).
DOI: 10.15583/jpchrom.2016.009

T. Takayanagi, N. Shimakami, M.
Kurashina, H. Mizuguchi, T. Yabutani,
Determination of the Acid-Base
Dissociation Constant of
Acid-Degradable
Hexamethylenetetramine by Capillary
Zone Electrophoresis, Anal. Sci.,

, Vol. 32, No. 12, 1327-1332 (2016).
DOI: 10.2116/analsci.32.1327

T. Takayanagi, M. Amiya, N.
Shimakami, and T. Yabutani,
Determination of Acid Dissociation
Constant of Pravastatin under
Degraded Conditions by Capillary
Zone Electrophoresis, Anal. Sci.,
, Vol. 31, No. 11, 1193-1196 (2015).

DOI: 10.2116/analsci.31.1193

K. Hirabayashi, K. Hanaoka, T.
Takayanagi, Y. Toki, T. Egawa, M.
Kamiya, T. Komatsu, T. Ueno, T. Terai,
K. Yoshida, M. Uchiyama, T. Nagano,
and Y. Urano, Analysis of Chemical
Equilibrium of Silicon-Substituted
Fluorescein and Its Application to
Develop a Scaffold for Red Fluorescent
Probes, Anal. Chem., , Vol. 87,
No. 17, 9061-9069 (2015).

DOI: 10.1021/acs.analchem.5b02331

, , Vol. 64, No. 2, 105-116
(2015).
DOI: 10.2116/bunsekikagaku.64.105

T. Takayanagi, G. Inoue, A. Ikuta,
Analysis of Binding Equilibrium of
Phenylalkylamines to Brij 58 Micelle
through  the  Measurement  of
Electrophoretic Mobility by CZE,
Chromatography, , Vol. 35, No.
3, 147-154 (2014).

DOI: 10.15583/jpchrom.2014.024

T. Takayanagi, K. Ogura, and T.
Yabutani, Analysis of Ion-Association
Equilibrium of Precipitable
Dipicrylaminate Ion in Aqueous
Solution by Capillary Zone
Electrophoresis, Anal. Sci., ,
Vol. 30, No. 9, 919-924 (2014).

DOI: 10.2116/analsci.30.919

, Vol. 63, No. 8, 643-648 (2014).
DOI: 10.2116/bunsekikagaku.63.643

20

27 )
2016 11 17

, ,____ ,PEG

,2016 11 10

-
, 36
, 2016 11 10
, 36
, 2016 11 10
, 76
2016 5 28
, 76
,2016 5 28
, 76
,2016 5 28

T. Takayanagi, M. Morimoto, Y.
Tomiyama, and T. Yabutani, Micellar
electrokinetic = chromatography  of




9.

10.

11.

12.

13.

14.

15.

graphenes, PACIFICHEM 2015, 2015
12 18 Hawaii Convention
Center Honolulu, Hawaii

T. Takayanagi, Determination of acid

dissociation constants of

phenolphthalein and its derivatives

under degradation, PACIFICHEM

2015, 2015 12 15 Waikiki

Beach Marriott Resort & Spa
Honolulu, Hawaii

,2015 11 12

35
,2015 11 6

, 75
24

, 2015 5

T. Takahashi, A. Hosono, T.
Takayanagi, N. Iki, Kinetic Analysis of
Acidic and Basic Hydrolysis of
Tetrabromophenolphthalein Ethyl
Ester by Zone-passing Mode Capillary
Electrophoretic Reactor, 14th
Asia-Pacific International Symposium
on Microscale Separations and
Analysis, 2014 12 8

N. Shimakami, T. Yabutani, T.
Takayanagi, Determination of Acid
Dissociation Constant of Haloperidol
under Photo-degraded Conditions
through  the  Measurement  of
Electrophoretic Mobility by Capillary
Zone Electrophoresis, 14th
Asia-Pacific International Symposium
on Microscale Separations and
Analysis, 2014 12 8

T. Takayanagi, Y. Tomiyama, M.
Morimoto, T. Yabutani, Micellar
Electrokinetic Chromatography of
Graphenes with Polymer Additive,
14th Asia-Pacific International
Symposium on Microscale Separations

and Analysis, 2014 12 8

16. T. Takayanagi, Equilibrium Analysis
by Capillary Zone Electrophoresis - Its
Characteristics and  Advantages
(Keynote  Lecture), 1st  Asian
Symposium on Analytical Sciences,
2014 9 19

17. ,

63 ,2014 9 17

18. , ) )

b

63 , 2014 9
17

19. A. Kimura, T. Yabutani, T. Takayanagi
Inhibitor Assay of Xanthine Oxidase
by  Photometric Flow Injection
Analysis with Bindschedler's Green
Leuco Base, RSC Tokyo International
Conference, JASIS conference, 2014
9 4

200 o,

, 2014

B-1

http://www.chem.tokushima-u.ac.jp/B1l/ind
ex.html

(1
TAKAYANAGI, Toshio

(2)
YABUTANI, Tomoki

27 4 10



