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Screening for pKa, why?
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Is CE/MS better technique for pKa than others?

Sirius GLpKa — well established and widely used method !
PION's Gemini for routine pKa ($500/cdp, $760/cpd/co-solvent)
CE/UV (CombiSep), commercially available

CE/MS (new technology), AZ, Mdlndal, 2003 published.

H. Wan, A. Holmén, M. Nagard, W. Lindberg, J. Chromatogr. A. 979 (2002) 369.
H. Wan, A. Holmén, Y. Wang, W. Lindberg, M. Englund, M. Nagard, R. Thompson,
Rapid Commun. Mass Spectrom. 17 (2003) 2639.
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Advantages of CE/MS over established methods

Specification

Amount of cpd

Concentration

Purity required
Co-solvent
Accuracy

Throughput
capacity

Limitation

CE/MS

1ug, orlulLofl0
mM solution

1-10 uM (2100 pL)

No
No
<+ 0.2

>150 cpds/seq.(6h)

Poor ionization (ESI)

Titration/UV (D-PAYS)

1-2 mg (titration)
3 uL of 10 mM DMSO stock (Sirius 3T)

>20uM (UV)

Yes
Yes, for poorly soluble cpds
+ 0.02-0.27
4 min/cpd (Sirius T3)

Impurity? poor solubility (precipitation),
| onization group close to chromophore
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Principle of pKa determination by CE

pKa < 50% Ionization

o {HHAT

" {HA}
2
oK. = pH _log —_Mer__ |, 050852 JI
mm — meff 1+ 03280(\/|_
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Equations used for pKa calculation

lonizable type Model equation
Mp10-PH
Mocnobase Meit = 10-PKa | 10-PH
; M,10-PKa
MonoaCId meff & W

Myp[10-PH]? - My, 10 PKar 10-PH

Dibase Meff = 5
[10-PH]2 4 10-PKa110-PH 4 10~ PKa1 10 PKaz
iaci Mg110-PKa110-PH V510 PKa1 10— PK=2
Diacid 7o = 10-PHZ 4 10K 10-PH 1 10-PKer 10-PKee
Monoacidic monobasic Mefs = My, [10 pH]E SR RSt
ampholyte [10 PH]? 1 10 PKa110 PH | 10 PKx1{10 PKw
Tribase e — Mia[10PH]® 4+ Myp 10 PK=1 [10PHZ 4 Mg 10 PKar 10 PKa2 10 PH
T 10 PH® 10 PKar [10-PH]Z 10 PKar 10 PK= 10 PH | 10 PKar 10 P10~ PReo
S o Ma10 PKat[10-PH]? 4 Mp10-PK= 10-PK210-PH | \f,510-PKa1 10-PKaz 10-PKa
off = 10 ;)H]3 f10-PKa[10 DH]2 I 10-PKa110-PKa2 10—PH - 10-PKa1 10— PKaz 10— PKas
O e e e T e e e M — Mp1[10 DH]S t M o110 PKa1 10-PKaz10-PH | 1,510 PKat 10 PKaz 10~ PK=2
" [10 PH]® 1 10 PKa1[10 PH)Z | 10 PKx {10 PK=21Q PH 4 10 PKm 10 PKa21Q PK=
Monoacidic dibasic ampholyte P Myo[10 DH}3 { Mp110-PR1[10 pH]2 | M 4110 PKat 10~ PKaz 1 Q- PKa
= [10-PH]® 4 10-PKat[10-PH]Z | 10-PK: 10-PK2 10-PH | 10-PKar 10-PKaz 10~ PKes
Graphs and table from Miller, Electrophoresis 2002, 23, 2833 é;
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High-throughput pKa screening by CE/MS

10-14 different pH buffers

—® Constant ionic strengths

l

P mAlu 1| N
( Pressure [ s
CE separation —>
uv MS ’
non-volatile buffers | Volatile buffers T b v
(Single compound) (Pooled
20-100 uM compounds)

Mobility calculation

l

Effective mobility
. pKa
(fit-pKa) 5

pK, evaluation

S e

2.00 4.00 6.00 8.00 10.00 pH
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Sample pooling and data analysis flow scheme

Abase —

l Sample lists

Data
Reference stand. e J, H evalution
‘. Pooling | _ﬁf][R_]
A | =

. . R
L E

CE-MS
Extraction 2003 manual data analysis
l of migration
times
- _|:|' R Tll‘neinl]

H. Wan, A. Holmén, Y. Wang, W. Lindberg, M. Englund, M. Nagard, R. Thompson,

Rapid Commun. Mass Spectrom. 17 (2003) 2639. é
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Current pKa screening - integrated & automated assay

lmwwmmwmmammmm
[ Data Aradas | I = =

B Generate sample run list (Abase)

[ FaeB0 1500 S, 4055 40 4 (B EAT AP HATH00 BOSEAMGOEAT B - @
- i
L _ \ _ _ =
- z El e E .
- ““”‘“'““‘“““’“"““’"i o 5 Automated sample pooling (mass)

=
Ll

L= 2
Ll z £l - = L T - Al L L)
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Q31T = e = ===l ] : s E RN EE _
e L ¢
SR 3 [0 ED =
F) \
. :
B D 23 2| z \\
e \
. ] 0 \
1G | ' — 5 o 10ae \
AZ10181832-001 NA
pH meff Fitting Option:
2.477 | 287.909 | 2 [Gibase
3.012 | 243.266 |
2.046 | 178.427 | Value: lonization: _lon. Func. Gr.
4.565 | 163.527 | * | 2 BZ pKa,: 3.01] e2 = |
5.140 | 163.972 | pKa,: 8.33) o1 | |
5.633 | 163.325 | X | H pKag: [rireieies W | |
| g £l DOOOEEN v
6.060 [ 164.855 | x 2 0.999 7 pKa a/ Uaﬂon
7.086 | 151.000 | = | ; B1 s
8.020 | 115.490 | comment: [ ] Pid
8380 | 72.070 | A
r
3 456 7 8 91011213
oH

e \_/ /“ pKareported to database
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CE/MS instrumentation

 Higher initial investment

e Long-term savings

HPCES3P , 1100 series LC/MSD trap SL (Agilent)

Untreated fused silica capillary (50-60 cm/50 SEK) can be used as long as it works.
Buffers without filtration (stock solutions can be used up to >3 years).
Sheath liquid (1 L) can be used for more than 6 months (99% recycling).

4
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On-line CE/UV/MS experimental setup

UV Detector interface

Capillary cassette
|

To MS

(Agilent 1100
series LC/MSD
Trap)

| AT

UV @ 21.6 cm Pressure (40-50 mbar)
MS @ > 75 cm
MS w/o UV @ 55 cm

Courtesy from Agilent (with small modifications) AStraZenecaé



Sensitivity from volatile vs non-volatile buffers in CE/MS

160
140 | SN 10 uM OLidocaine
120 - B Papaverine
100 -
80
60 - Not detectable
40 -
20
O |
bYo v‘?o v‘?o bYO <\'§J <\’§J <\'§J &\’5&
%‘z\ %‘2\ %‘2\ %‘2\ Ky Ky Kl K
Q Q SN ¢ NS &
Q Q R @Q &\Q @\Q
(f,’-) @Q /\<° @Q 6\0 6\\\ 6\0 6\\)
2% 2N 2% )
S S S &

» Non-volatile buffer decreased signals at higher concentration (ion suppression)

* lon source contamination by non-volatile buffer
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Effects of buffer type and ionic strength on pKa

2
oK. = pH —Iog{ my, }L 0.5085z%/|

My, — My | 1+0.328a/I
pKa by CE/UV 12.00
12 = 1100 Tryptophan (ACD) HO
® CE/UV (non-volatile buffer, 1=0.05) 10.00{  9.55/9.34/ 9.01/9.32/9. 2 o
10| u ce/ms (volatile buffer, 1=0.025) | @ Atenolol 9.00 |
. .-~ Propranolol NH
| COde'n”Nicotine 8.00 | N 2 @1=0.01
8 S Lidocaine 7.00 | H Hi=0.1
| .a~_ Pilocarpine 6.00 . 9.51/2.34 (CE/MS, 1=0.025) 01=0.15
6 Papaverine 5.00 | 9.43/2.30 (CE/UV, 1=0.01) 01=0.50
X Bi=1.0
47 - 4.00 A Oi=3.0
/,l’ Nicotine 3.00 2.37/2.37/ 2.23/ 2.39/ 2.75
2] 2.00 -
2 1.00 -
0 T T T T T 000 ‘
0 2 4 6 8 10 12 pKal(B) pKa2(HA)
pKa by CE/MS

 Titration method uses physiological buffer with ionic strength at 0.15 M.
 lonic strengths (0.025 - 0.15 M) have a small effect on pKa (A pKa=0.064)
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Comparison of UV and MS (lon trap) sensitivity

Intens.

[mAU] ~ uv X
x10 7~ U
1.0 - . .
Pilocarpine
EOF Papverine
08 - Lidocaine
- Atenolol Sample: 0.5 uM
06 - o COde'nlel Ammonium acetate,
: ropranolo
| MS(EIC) P (PH=7) 1=0.025
04 - Pressure: 40 mbar
- 1
02 i b = a2 f e . o —
0.0 = [rrre—rrurs —————

UV working concentration: 20-100 uM
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Sensitivity and reproducibility of pressure-assisted-CE/MS

Intens.

x10
1

xlO%
2

xlool
2

0

Intens.
x104

xlO%
1.0

0.5
x](.)(')(%
0.5
0.0

SENS$-C10.D: TIC All
63 0.1uM
VWWMWW“

Total ion chromatogram (TIC)

1 uM (11 mixed compounds) M SENS-C20.D: TIC All

SENS-C30.D: TIC #All
| | | _VT“V 1 ; L 1 | L 1 1 ‘i“-rlh’llr\l | 1 | I-'I“N{\I‘M
1 2 3 4 5 6 7 8 Time [min]

(EIC) and migration times after 30 runs

SENS-C10.D: EIC 260 AT MS

0.1 pM SIN=1 1

SENS-C20.D: EIC 260 All MS
1uM (propranolol) S/IN=235 ﬁi
SENS-C30.D: EIC 260 *All MS
10 uM S/N=864 K
LI L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
1 2 3 4 5 6 7 8 Time [min]
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Sensitive and selective MS detection over UV

UV AR—|07337;\ PKAC036.D: UV Chromatogram, 210.4 nm

DMSO (2.5%) '”Xti%&. JR +MS, 7.3mirafo
5] \ pH:3 25 MM 1 25E
) e 248.0 (M+1)

1 n 1.00E
0 S N

MS |ARH073379 PKA036.D: EIC 79; 248 +All, 0-755
x16 N :
6 DMSO 0-50;
4 0.251 391.0
1793 1250 167-0199'T 317.9
2 LJ L‘ j l_ OO - |I |I' T 'i i".1Jl!. II."l| “I.llu :I. |‘||III .Illl J| 'ﬂl
100 150 200 250 300 350 400 450 miz

1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 |
0 2 4 6 8 10 12 14 16 18Time [min]

On-line tandem UV and MS detection
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Effects of pressure on migration times/sensitivity

Time (s)

Mass scan 70-660 m/z

230

—— Atenolol
220 Pilocarpine+Papaverine —#- Codeine
210 ’ —— Lidocaine
200 - —= Q.umldm.e
—— Pilocarpine
1907 —&— Propranolo
180 - / —— Nicotine
1704 Codeine+Propranolol — Papaverine
160 T T T T T
0 10 20 30 40 50 mbar
Intensity
—— Atenolol
2000000 —=— Codeine
1500000 —+—Lidocaine
—*— Quinidine
1000000 —*— Pilocarpine
—e— Propranolol
500000 —— Nicotine
—— Papaverine
0 T T T T T
0 10 20 30 40 50 mbar

CE sprayer tip
\ A\ i
nebulizing gas
. :\ :.\ / %& #++
CE capillary : > e O **5*
n——> N\ 1

sheath —— 7 RN
liquid A/ 17 +

- Pressure reduced migration times
» Negligible signal suppression
* Improved RSD of effective mobility

* High throughput capacity
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Effects of pressure on effective mobility

Mgi(10“cm?Vis™)

35

3.0

2.5

2.0

15

1.0

0.5

0.0

Ibuprofen

T I I T T T T T
‘,—ti—v |
—=— 50 mbar |
<«— pKa=4.5 —@— 25 mbar
0 mbar |

T T T T T T T T
3 4 5 6 7 8 9 10 11

pH

100

80 A

60

40

20 1

N\
(A) pH=3
HO
Benzoic acid
3

OH
O\J>\©\>\

(c) P=50 mbar

2 lbuprofen
(b) P=25 mbar
CHs
N N7 e,
(@) P=0 mbar s KCH3 40 min
1 Lidocaine l

T T T T T T
10 15 20 25 30 35 min

Effective mobility shift around pKa (an interesting observation)
Mobility shift caused by pressure doesn't affect pKa values.

H. Wan, A. Holmén, M. Nagard, W. Lindberg, J. Chromatogr. A. 979 (2002) 369.
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How many compounds can be pooled by CE/MS?

8 | —l— DMSO (Peak height)
7 —&— DMSO (Peak area; .
6
5
4
3
2
1-
0 ' :
0 2 DM SO % 5
3.50
3.007 * *
2.50|t——= : . '
2,000 ° * y
1.507 —— Pilocarpine
—&— Lidocaine
1.007 —&— Propranolol
| —e— Atenolol
0.50 —e®— Papaverine
0.00 '
0 1 4 DMO% 5

DMSO < 5% in sample
Constant mobility

High MS resolution

More than 150 cpds/sequence
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Comparison of measured pKa and lit./predicted values

Poor prediction for conjugated structures

14 PK, (CEMS)

R2=0.992

0 T T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10

11

pK, (literature)

11 PK, (CE/MS)
10 -
9 < "y
\
8
14 [e] OH
7 _ ’ I/
[
6 1 Flumequine

[ 4
Cinoxacin

N. ‘ .
g [ L S

6 7 8 9 10 11

pK_ (Cal.) ACD6

H. Wan, A. Holmén, Y. Wang, W. Lindberg, M. Englund, M. Nagard, R. Thompson,

Rapid Commun. Mass Spectrom. 17 (2003) 2639.

é\?
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Long-term validation of CE/MS pKa (2005-2008)

14 buffers

pKai2008)

Scatter Plot

Paracetmol /
Imlpramlne
Terfenadine Clofazimine
O
Haloperidol .
N O \/\N/ /./
/ Tamoxifen Terbutaline | propranolol
Tamoxifen Phenytoin
pKa: 8.71 (2005) Clozapine
Quinine
7.88/7.66 (2008) idocaine
clonidine
Cimetidine
Amiodarone Meclizine
Flumequine
Enalapril
Methotrexate Papaverine HCL
Warfarin
Sulfacetamide 2
Ethionamide Glyburide R —0 . 996
Phenylbutazone
Furosemide
Diaim“
Antipyrine
)/Benzocaine
2 3 4 5 6 7 8 9 1

PKa(2005) 10 buffers

AstraZenec
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An example of poorly soluble compound

at 0
HN O Q H pKa=8.71
O Q Tt pKa = 8.7 0.2
— = — 0 ' ! ' ' ' ' ' Y
Tamoxifen
() %)

00000000000000

444444444

p 3 4 5 6 7 8 9 10 1
o = R ———
1. lonization not close to chromophore \JKa?B o o

2. Low solubility 0.45 uM (pH 7.4), LogD=6.5 E L e
. lo7ro] as LD QV\/N/

pKa (DPAS): no o ) &

pKa (GlpKa): co-solvent, precipitation ? =

pKa (CE/MS): 8.71 (2005), 7.88/7.76 (2008)
(ref: 7.6)

Ref. (Karl Box et al., Anal. Chem., 2003, 75, 883-892).
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Long-term reproducibility of QC (2005-2008)

QcC AZ 1 AZ 2 AZ 3 AZ 4 AZ 5 AZ 6 AZ 7
Compound Atenolol Lidocaine Papaverine Nicotine Propranolol Quinine Codeine
(‘:H
CHs N )Cia o
NH, NH
’ NH A~ i I 7Nl ]| e o
Structure )\NHY\Om @i W/\’\L CH3 HJCJ\NH/\hOm - (j /\(f
- S S8 O
C
pKa(B1/B2)
Mean (n=50) 9.73 8.16 6.05 8.45(3.12) 9.67 8.88(4.00) 8.45
SD 0.09 0.09 0.11 0.10(0.27) 0.08 0.10(0.19) 0.08
8.50(4.1) 8.21
Ref. 9.58 7.90 6.39/5.95 8.12(3.12) 9.50 8.90 8.30
8.54
CE/UV 9.61 7.92 6.38 8.02(3.10) 9.49 8.39(4.14) 7.97

e Seven compounds as on-line QC for pKa screening (single measurement)

* Reproducibility <0.2 pKa units

AstraZenec



Examples of determination of poorly soluble compounds

8.9

n—0

)

—&— (a) Imipramine

11 —l— (b) Tamoxifen
(c) Hexetidine
0.5 (d) Ketoconazole
j-\n\,;F

—¥— (e) Mebendazole
—&— (f) Omeprazole
—+—(g) Indomethacin

—=— (h) Sulfacetamide

— ]

2 4 6 8 10 (pH)

CHs CHs
(f) Omeprazole

0—\ CHy
O O CHS
o O

(b) Tamoxifen

» Possible to measure pKa with solubility < 1 uM
* pKa =50% ionization < (max. mobility)/2

* Mobility = charge/mass

HSC/\/j/\N/\N/\(\/\CHa
HsC CHj
HsC

(c) Hexetidine
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pKa fitting example pH 2.5-10.5/10 buffers(2.3-10.8/14 buffers)

8.9

o

&
e
/
1l
17

CH,

Omeprazole %

@(ref)?

Debrisoquin
0.08? e
A——— !
I . |

Sulfacetamide o

mono-base

—&— Omeprazole
—— Clozapine
Chlorpromazine
Phenylbutazone
—X¥— Ampicillin

—@— Mebendazole

—&— Sulfacetamide
—l— Paracetmol
Clonidine
Cimetidine
—¥— Debrisoquin
—@— Ethionamide
—+— Antipyrine
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Summary

Pressure-assisted CE/MS for pKa:

High throughput screening pKa from 2.3 to 10.8
Reproducibility and accuracy of pKa + 0.2 units

Insensitive to compound purity, requiring minute sample
Concn: (1-10 uM) beneficial for poorly soluble cpds
Independent on type of buffer, capillary length, DMSO concn.

Provide charge and structure/stability information (MS)

AstraZenecaQ’Z?
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