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Introduction

© Why is pKa important?
© What is the typical approach to
LC Method Development?

© What are some of the obstacles
that chromatographers face?

© What solution does ACD/Labs
offer?
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pKa Prediction
Why is it important to
chromatographers?
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(b What exactly is pKa?
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© Acid-base ionization constants.

© pKa values used for ACD/LC
Simulator are apparent pKa
values
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f?’“ What happens during ionization?
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© Henderson — Hasselbach
pH = pKa - log([HA]/[A-])
Where the ratio of acid to ionized
species is known
@ For example:
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© What's the pka?
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I One possible ionic form...

ACD/pKa DBE: Resulis Window

Results  Options  ACDfLabs  Help

S [F el o

[ HL
Approximated apparent pKa value{=s):
O
/\0/\/ 1. pKa(HL/H+L)=6.22 £ 0.70
H+ || 2. pKa(HzZL/H+HL)=3.46 + 0.10
N 8] 3. pKa(H3L/H+HZL)=2.10 % 0.50
PN
\\ J —
N I ]
\ /
Cl
Hame: CETIRIZINE pHa.. = pKa; + Alpka) =
References:
1. pKa(HL/H+L: presented in BioByte Master Filej=g.21 Calculation of pKa;:
Reference: Ter Laak,. A., Ts2i, E., Kelder,5., Carrupt,. P-A., Testd, B. &
Tinmerman , H. , Eur.J. Pharg. 5ci., 2, 373 (199%4) .
5, N "
Z. pKa(HZL/H+HL; presented in EioByte Master File)=3.66 HI HN—F

Reference: Ter Laak,. A., Ts2i, E., Kelder,5., Carrupt,. P-A., Testd, B. &
Timmpermaen  H. , Eur.J. Phara.5ci., 2, 375 (1994 . .
o T § g The fragment has been found in the Internal Reaction Centers

Database with estimated eguation
pka = 7.32-2.13. g n=51, StD=0.7000

N NH

ChemSk Eesults | History | Database |

Visionary Software for Scientists
Spectroscopy * Chromatography ¢ PhysChem ¢ Chemical Naming * Drawing ¢ Databasing ¢ Enterprise Solutions



Advanced
Chemistry
Development

- ol
ACD/Lab

-
s

ACD/pKa DB: Results Window

‘;;o And another ...

Results Options  ACDfLabs Help

S 4 e o

[ HzL

3
/

o

\

1

Approximated apparent pKa value(s):
1. pKa(HL/H+L)=6.22 = 0.70

2. pKa(H2L/H+HL)=3.46 + 0.10
3. pKaiH3L/H+HZL)=2.10 + 0.50

pKa = 3.46

Hame: CETIRIZIHE
References:

1. pEa(HL/H+L: presented in BioByte Master File)=8.21

Reference: Ter Lagk,A., Tsai, k., Kelder,G., Carrupt,P-3a., Testa,b. &

Timmerman H. , Eur.J. Pharm. 5ci. , 2, 373 (1994)

2. pEa(HZL/H+HL: presented in BioByte Master File)=3.66

Reference: Ter Lagk,A., Tsai, k., Kelder,G., Carrupt,P-3a., Testa,b. & 0/

Timmerman H. , Eur.J. Pharm. 5ci. , 2, 373 (1994)

ChemShk Eesults | Histony | Database |

pKa... = pKa; + AlpKa) j

Calculation of pKag

HO

oO—R

The fragment has been found in the Internal Reaction Centers
Database with experimental equation

pka=3518-2.753.g' n=14, r=089788, StD=0.0330
The final value of pKa.:

phan=3.5218

Calculation of a(pKa): =]
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g ...and another.

ACD/pKa DBE: Resulis Window

Results  Options  ACDfLabs  Help

S [F el o

[ H3L
OH Approximated apparent pKa value{=s):
ﬁ || 1. pKEa(HL/H+L)=6.2ZZ * 0.70
+ 2. pEa(HZL/H+HL)=3.46 + 0.10
/N\ o 3. pEa(H3L/H+HZL)=2.10 + 0.50
\\ +J —
N I ]
H
\ /
1
Hame: CETIRIZINE pHa.. = pKa, + AlpKa) =
References:
1. pKa(HL/H+L: presented in BioByte Master Filej=g.21 Calculation of pKa;:

Reference: Ter Laak,A., Tsai.R., Kelder,5., Cerrupt, P-A., Testa,B. &
Tinmerman , H. , Eur.J. Pharg. 5ci., 2, 373 (199%4)

+ +
Z. pKa(HZL/H+HL; presented in BEicByte Master File)=3.66 H;C—HN HH;
Reference: Ter Laak,A., Tsai,R., Kelder,&., Carrupt, P-A., Testa,B. & —

Timmpermaen  H. , Eur.J. Phara.5ci., 2, 375 (1994 .
o T § g The structure has been found in the Internal Structure Database

pka =4.35 StD=0.3000
The final value of pKa;:
pkas = 4.350

Calculation of aA(pKa):

ChemSk Eesults | History | Database |
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As expressed in ACD/LC
Simulator

ACDAC Simulator: History Window - [temporary storage]
Hiskory  Wiews Edit Record Search Liskts Options ACDfLabs  Help

L or o [EDSTE 444 b % F & (| He pia | Lo
pKa Results Detail
1 20 OH H
e S - i
| 26 | | Digs. Atom Acidic/Basic “alue Etror
1 /Izqle 5 % 22 ME 522 0.70
| 24 (LB 346 o0
17 1= 23 B 210 050
i)
23 pk.a calculated from ACD/LC Simulatar
4
-
R TR T R _Detail|
| | | | | | pH Sol, mginl | Flags U To 3 éé
12 /5 5\\ ?1 3 —
cl” e 3 E i
27 s
Single-valued Properties Detail —
o g Sl
hame “alue Error E
War Refractivity, cm 10594 0.30 E log 5
wlolar Wolume | cm®: 31424 3.00 —DT; Iog‘—
Parachar, cm*3 63889 5.00 3 =
Index of Refraction 159 2.00e-2 _f
face Tension, dyne 50.79 .00 I B e o o e e  Emam e ]
Density, afcm™3 1.24 G.00e-2 R = : el e £
wizabilty, 108-24 o 4200 oan Solubility in Pure ‘W ater: Mot Calculated Intrinzic S olubulity: Mot Calculated
Bloiling Point, °C 542.03 4500
pH LogD ] EE
1=
B B A B e ]
-0.035 u] 003
IC: 6 ABE BB 51972004 10:15 A
ChemSk Calculate All | Optimizations | History |
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An example of the impact of pKa
on retention time. (pH = 3.2)

ACDAC Simulator: Optimizations Window - [noname. lc 7]

File Edit %iew Mode ©Options Tools ACD/Labs Help
" A = F:
o @ e SRS LA e Kol @) ) S
Tkl R Lk E imental
pH | [324 of Pesks | hsp || b
Min. R= 1.5(10, 11 peaks]
Fun Time 23.27 min 1
Min. k' | 3831 peak)
Peak M 13 TE
Mame zyrtec c
R 11.62 min = 1
k481 2
“width | 0,41 min =
Az 1 10
Pre Rz/Fost Rs 1.85/ 268
Flate M 12612 k
Flow Rate 1.3 ml/min
Solvent Uzed 2018 ml ll|.
T T T T T T T T T T T T T T T T T T T T 1 T T T T T
Pressure 1 b3 3 4 5 =] 7 g ] 10 11 12 13
Awverage Plate N 34048 pH
310 220
1z 3 A
— 7
K [ij
— i e
09 1
07 2 e
06
05 &
— i 2
04 i 1
— 12
55 | ]
0z
0.1 10 1 I711 1z 1
T 1) T T T T 1) T T T 1 T 1 T T T 1 T T T 1 T T T
Data Input | 2 4 =} g 10 12 14 16 12 20 22 24
Time, min
pH: 3.24 Rz 1.5 Frediction
ChemSk Dptimizations | Histony | Spechkanager | Database |
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ALC Simulator: Optimizations Window - [noname. lc 7]

File Edit %iew Mode ©Options Tools ACD/Labs Help
" A = F:
@ AR Ek S L e X e e BhL @
Tkl R Lk E imental
pH | [+28 of Pesks | hsp || b
Min. R= 0.01 (2, 13 peaks]
Fun Time 23.27 min 1
Min. k' | 4.25(1 peak)
Peak M 13 TE
Mame zyrtec c
R 121 mrin = 1
k' | 505 2
width 0.43 min =
Az 1 10
Fre As/Post As 001 /324
Flate W 12612 ]
Flows Rate 1.3 ml/min
Solvent Used 2018 ml
T T T T T T T T T T T T T T T T T
Pressure 1 z 3 a A0 11 12 13
Awverage Plate N 34048
1.z
E ]
10 j
09 a7
N 1 |
13
07 2 2:] .
I
o0& -
04
RN 1
TF 1
0z
o1 2 104 r 1z
T 1) T T T T T 1) T T T T T 1 T T T 1 T T T T T T T
Data Input | 2 4 =} g 10 12 14 16 12 20 22 24
Time, min
pH: 4.88 Rs: 0.5 Frediction
ChemSk Dptimizations | Histony | Spechkanager | Database |
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ALC Simulator: Optimizations Window - [noname. lc 7]
ACD/Labs  Help

File Edit %iew Mode ©Options Tools

" A = F:
o @ e SRS LA e Kol @) ) S
Tkl R Lk E imental
pH | [53 of Pesks | hsp || b
Min. R= 1.5(10, 11 peaks]
Fun Time 23.27 min 1
Min. k' | 4.48[1 peak)
Peak M 13 TE
Mame zyrtec c
1] 11.88 min 5 E
k| 494 2
width 0,42 min =
Az 1 10
Fre As/Post As 2097205
Flate W 12612 ]
Flows Rate 1.3 ml/min
Solvent Used 2018 ml ll|.
T T T T T T T T T T T T T T T T T T T 1 T T T 1 T
Pressure 1 b3 3 4 5 & 7 8 =] 10 11 12 13
Awverage Plate N 34048 pH
10 U2z l/\v/\/“’
08 I
05 Cj
07 2 31 |
06 P
05
04 24
03 1 7 ‘13-|
0z
X 107 r1 129
T 1) T T T T 1) T T T T T 1 T T T T T T 1 T T T
Data Input 2 4 =} g 10 12 14 16 12 20 22 24
Time, min
pH: 5.9 Rz 1.5
ChemSk Dptimizations | Histony | Spechkanager | Database |
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© Knowing the pKa can save you
time and headaches

© All the pKas of compounds in
your sample are important, but
your target compound is the
most important.

© Know where the trouble spots
are before you inject a sample!
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Pz Starting Points
i | pKa Prediction

ACD/Labs

@ Known or predicted pKas can aid in
the selection of starting pH:

@ The results of pH changes can be
hard to interpret

@ Optimization of pH can only be done
over small ranges and can still be
difficult.

Helpful Hint: When selecting a pH for your
solvent system, try to select one that is not
near the pKas of your targets.
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pKa, LogD and t,

@Hydrophobicity of a Base
(pKa = 5.54):

=
N
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LogD

Hydrophobicity versus pH

15

e LogD
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%* pKa, LogD and tR
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© Reversed phase HPLC:

|N Hydrophobicity versus pH

=
N

LogD

o LogD

0( \O 15
Good chrom.

characteristics

N _/
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%* pKa, LogD and tR
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© Reversed phase HPLC:

|N Hydrophobicity versus pH

=
N

o LogD

LogD

o W_/

0Tfrpeak o 15

shape;

non-robust
\_Separations
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pKa, LogD and tR

© Reversed phase HPLC:

ZY

X [t can take many experiments
to investigate potential pH
choices fully.

\O) S~~~

Hvdrophobicity versus pH

Insufficient
retention?

3D

7
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In summary, pKa Prediction

¢ pKa prediction is important to
all small molecule liquid
chromatography

@ Only Advanced Chemistry
Development’s method
development software contains

this capability
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© The value of pKa prediction is
underestimated

@ A great deal of time is spent
optimizing pH with little regard
for the pKas of interest.
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Switching gears...

ACD/Labs, the inventor
of ChemAnalytics, develops
software that enables the process
of discovery for chemists

o

SUollnjog p=i4nlonils

MM ACD/SpecManager: Processar Window - [H:\chrom\AAA-BED.ESP]
File Edt Wiew Frocess Analysis Tools Seies Dalabsse Options Windows ACD/Labs Help

28 (D888 a|a k|l BRE

Lc,

5 e e e e

(=]

SeiMaise/Fesks PeakPicking Baseline Smoothing Integration | Daconvoluion | Annotation Assignment | Match
Organizer...
77777777777777777777777777777 " 44 r
B 1 e
: i T T able of St _ (o] x|

oy, Mame -
1 Ala

_lolx
Mo, | Ma.. T | tR(ming | Peak Ar.. | AreaPe.. 4
1 Ala 1817 | 2473093 | 4.908 :|
2 | A 16417 1645528 | 3.266
= [ ][CAse_ [ 7600 |[1em7si|[ 3178 |
2 w4 | Cys | 35780 1279212 | 2539
o [N 5 ou 8767 | 1666014 | 3305
g ' s | oy 13900 23489614 | 4663
3 7 His 15450 | 2013285 | 3.995
[ 8 [ 26250 | 2351818 | 4667
8 | Leu 26563 | 2139652 | 4.246
10 Lys 306s0 | 25710 5211
M Mt 238s0 | 2027428 5611

18.383

12544 570

praa|

166601 201329 12544 57

ZE27 43 213965 262571
u

uu Uy duw o Uy U oUW U
T T T T T T T T T T T T T T T T T T T T
0 5 10 15 0 25 30 35 40 45
Retention Time (min)
|4aspE0ESP [HPLC | B02min [ 01231 min s

ChemSk Procgssor | Databasze |
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Method Development -
The typical approach
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What is the typical approach to
method development?

© Use the same method as last
time

© Perform a text based literature
search for a method ®

@ Use the hottest new method
that you read about in a trade
journal!

@ Ask the local expert ©

Visionary Software for Scientists
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D | What's wrong with that
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© It might work...but it's not likely

© Text searches based on
compound names can be
problematic

2 You might not have the hottest
new column or instrumentation

@ The local expert’s not talking
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B chromatographers face?
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© Limited resources — columns,
solvents, detectors, time

@ Problems retrieving and sifting
through historical data

@ Compounds behave differently
depending on pH.
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What do we suggest?

© Build your own corporate
database.

© Have access to a database of
commercially available methods
that is structure searchable.

© Be able to search those
methods intelligently and
simultaneously
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Once you have that database...

© Search it for a suitable starting
point based on your
requirements -

© Predict retention times based
on your compounds of interest.

© Select the optimal pH based on
the pkas of those compounds
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© Predict retention times based on
chemical structures.

@ Optimize and refine your methods
“in silico” as much as possible.

© Select a reasonable pH for the
solvent system

@ Run your method.

© Update your database with your new
method.
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The Value of Application
Databasing

© Storage of organizational
chromatographic information
@ Find developed methods:

»Avoid redoing the same work
»Basis for new compound development

@ Structure similarity search is a
primary tool.

© Access to commercially available
applications

Visionary Software for Scientists
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] | Search the database

[ ACD/SpecDB: Database Window - [D:VACDSOAMDATABASEMVAPPL DB.HD5S]
Database Edit Wiew Record Search Liskts Plates Options ACDfLabs Help

FLAT SOL |2t @b | 41 44 b B> b, 9 | %, Hy | Il A ¢ e sk g R R
User Data 2 hromatogram Param
= Structures
I::Il; P 255, 3580; Formulz Bonded Fhase: C8
B P’ 278.3914; Formulz
@ Fw: 266, 3807, Formuls B
£ P 300.8257; Formulz Column Hame: Alltima
B P 2909483 Formulz
— Diocuments Date: 14.12.00
=I5 Document 415 [HPLC) D . uv (=20
E Full Chromatogram BLector: { T
B User Motes M Diameter: 0.46 cm

B EBrief Chromatograr ..

== T T o~ ~
< > u} = 10 15 20 25 < >
[Jata
/ endor: Alltech Associates, Inc.
Faw: §547-945-1075
H\'“‘x.,
B Technoloogy: LC
(leb =zite of wendor: http: /Awnr.alltechweb. con
Phionie: 800-255-8324
/N\\C Prediction Equation: Logi(tR - tlO, sec) = 0.0332(x 0.0452)-LogDh + 2.7
H3C H3
> Prediction Equation Statistics: n = 5, R = 0.72584, 5tD = 0.11
10 2671 A TI27 B 5324 HPLC Single DB 1202002003 1:04 P

ChemSk Frocessor “iewer Database

Visionary Software for Scientists
Spectroscopy * Chromatography ¢ PhysChem ¢ Chemical Naming * Drawing ¢ Databasing ¢ Enterprise Solutions



=iz b Find a suitable starting point

[EE ACD/SpecManager: Processor Window - [E:X\TsarDocs\ChromAccessi3ChrEsphF232_407ci.esp]

File Edit Wiew Process Analysis Tools Series Database Options wWindows ACDfLabs Help

= [ B ML A B —— %B4 [ L=y LC (] [P =l b | i
LH | Den|Fad|Q [ lxldiBe BEE B o ]| & & | a
Set Moise/Peaks PeakPicking Baseline Smoothing Integration | Deconwvolution | Annotation  Assignment | Match

Qrganizer... gas1 oas

f}232_4l]? cl.esph,

|
_i
—14.49

0.8

/
12,57

—19

o7
TE S 5 e TeH

0.5

Response
1

0.4

0.3

0.2

0.1

718,53

—1

4202 12673452 5147 .48 1617191 22104 490357 34545 39249
=l = — — e e e e =
L T L o o L B o o o LA i e e i

LI B e L o o B R e
u] 2 4 (=] g 10 12 14 16 18 20 22 24
Fetention Time (min)

T232_407cl esp | HPLC 9.6 min 02191 min  pts

ChemSk FProcessor | Database | LCZ Sim |
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ALC Simulator: Optimizations Window - [noname. lc 7]

File Edit ¥iew Mode ©Oplions ACD/Labs  Help
" A = F:
@ AR Ek S L e X e e A=
Tahle Resolution | | Experimental
pH 5639 of Peaks rap Foinks
Min. Rz | 0.6 (8. 9 peaks) E
Fun Time 28.14 min 0.9
Mir. k' 4.4 1 peak] E
Peak N | 1 S
Mame tripelennamine c
1] 10.81 min g Oy
k44 2
width 0.45 min = 08 E
Az 1
Fre As/Post As /264 0.5
Flate W a0s8 E
Flows Rate | 1.3 ml/min ma 1 }f\
Solvent Used 26.58 ml A
T T T T T T T T T T T T T 1 T T T 1 T T T
Pressure z 3 4 5 =] 7 & 10 11 1z 13
Awverage Plate N 50043 pH
E ]
10
0o
og 4-|
o7 2
06
05 1
04
1 12 2-|
03 1 1
0z &
] 1
0.1 & 'I-‘ ] |— 129
N
T T T T T T T T 1 T T T 1 T T 1 T 1 T T T 1 T T T T
Data Input 2 4 =} Ed 10 12 14 16 18 20 22 24 26 pea=]
Time, min
pH: 514 Rs: 0.37
ChemSk Optimizations | History | Spechkanager Database |
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Predict pKas

ACDAC Simulator: History Window - [temporary storage]
ACD/Labs  Help

Hiskory  Wiews Edit Record Search Lisks

Cptions

L (or o0 @S E a4 b b T & A G e Le
pKa Results Detail
1 20 OH H
e S - i
| 26 | | Digs. Atom Acidic/Basic “alue Etror
1 /Izqle 5 % 22 ME 522 0.70
| 24 (LB 346 o0
17 1= 23 B 210 050
i)
23 pk.a calculated from ACD/LC Simulatar
7 14 4
-
R TR T R _Detail|
| | | | | | pH Sol, mginl | Flags U To 3 éé
Az 8 S E =
cl” e 3 E i
27 s
Single-valued Properties Detail —
o g Sl
hame “alue Error E
War Refractivity, cm 10594 0.30 E log 5
wlolar Wolume | cm®: 31424 3.00 —DT; Iog‘—
Parachar, cm*3 63889 5.00 3 =
Inclex of Refraction 159 0.0z 3
face Tension, dyne 50.79 .00 I B e o o e e  Emam e ]
Density, afcm™3 1.24 0.06 R = : el £
wizabilty, 108-24 o 4200 oan Solubility in Pure ‘W ater: Mot Calculated Intrinzic S olubulity: Mot Calculated
Bloiling Point, °C 542.03 4500
pH LogD EE
1=
B B A B e ]
-0.035 003
IC: 6 ABE BB SM952004 11:15 PM
ChemSk Calculate All | Optimizations | History |
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To determine optimal pH

- ey
ACD/Ltabs

ALC Simulator: Optimizations Window - [noname. lc 7]

File Edit %iew Mode ©Options Tools ACD/Labs Help
" A = F:
& B o Ak eS| Lk M, E eeg o oL S
Takle Reszolution | | Experimental
pH 3.25 of Peaks rap Foinks
Min. Rz | 0.6 (8. 9 peaks) E
Fun Time 23.27 min 0.9
Min. k' | 384 [1 peak) E
Peak N | 1 S
Mame tripelennamine c
R 9.67 rnin g Oy
k' 284 2
width 0.41 min ® 05 1
Az 1
Fre As/Post As A24 0.5
Flate W a0s8 E
Flows Rate | 1.3 ml/min ma 1 }f\
Solvent Used 2018 ml A
Pressure B e R = S A T a1 1z a3
Awverage Plate N 50043 pH
310 220
1z 2
1.1 2
1.0
— 4
09 1
08 2 37
07 2 79
06
05 &
— i 2
04 i 1
_ 12
CERS ] )
0z 2
R 10
5 1
R 1-‘ -‘ [ |
T 1) T T T T T 1) T T T 1 T 1 T T T 1 T T T T T T T
2 4 =} g 10 12 14 16 12 20 22 24
Drata Input |
Time, min
pH: 3.63 Rs 0.3 Frediction
ChemSk Dptimizations | Histony | Spechkanager | Database |
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[EE ACD/SpecManager: Processor Window - [NONAMEO1]

> Database your new method!

File Edit Wiew Process Analysis Tools Series Database Options wWindows ACDfLabs Help

gH & e | Fiadw Q ke JL B BRE BN (]
Set Moise/Peaks PeakPicking Baseline Smoothing Integration | Deconwvolution | Annotation  Assignment | Match
Qrganizer... gas1 oas
AmA B30 ESPY7232 407 cl.esp NONAMEDD;NONAMED 1{2AA B30 ESPY,
[T - @0
O/\/OH !
Il i
i o] |
= [
s
08 Ii j o
H —
H i |
a7 g e | o
H i g .
1 H Cl H
0E | _
. 3
2
2 05
B 3
o
0.4
03
0z
3 [
£e
] e
0.1 ]
3 |
K AN
LA LA BLELEL L B BELEL L L LU DL L LR B L L BN UL L BELL L UL L LI UL L B L LA L LR R LR LR L L LR LR B | T
a 2 4 & g 10 12 14 16 18 20 22 24
Fetention Time (min)
ROMAMEDT | HPLC 11.38 min 0.0662 min  pts
ChemSk FProcessor | Database | LCZ Sim |
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T ,’7” Wh y ACD /ChromMana ger?
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© Advanced Search algorithms
@ Structure Similarity
@ Chromatographic Smart Search
@ ACD/Chrom Applications DB
@ Create user DBs as well
@ 18 column vendors
© ACD/ChromProcessor
© ACD/Column Selector
© Web Librarian for “casual users”
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© Refine methods before you
inject

© System suitability — resolution
maps

© Method Optimization based on
experimental runs
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Wrapping up
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© Don't overlook the importance
of pKas of your compounds.

© Harness the chromatographic
knowledge that you have

@ Find a suitable starting point
© Optimize and refine
© Update your database
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Thanks for your
attention!

Sherry Gregory
sherry@acdlabs.com
(919) 567-4672
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