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Setting the stage...

* Pharmaceutical Compounds

— Diverse compounds with wide range of polarity in same sample
* Product, reagents, by-products, etc

— Samples in DMSO

— Purification needed
* Samples stored in DMSO
* Stability with salts, water a concern

— Broad, rapid gradients
* 5-50%in 2.5 min, > 5mL/min

* Traditional SFC Phases — Bonded HPLC phases (Silica, Diol, Amino, CN, Phenyl)

— Limitations — poor peak shape without additives, salts
* Good for acidic compounds
* Poor for basic without additives

e SFC Specific Phase — 2-Ethylpyridine Bonded phase

— Expanded the applicability of SFC for achiral compound purification
* Low retention
* Good selectivity
* No additives
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* Advantages over Diol, CN, Phenyl, Amino, silica

— Aromatic
* Lipophilic

2-Ethylpyridine Phase

» Selectivity to substituted aromatics
— Basic, but not ionic
— Mid-range pKa (used to express basicity)
— Short aliphatic chain, base close to the silica support

* Masking silanol activity?
* Low density — lipophilicity?
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Rationale for new phases based on Pyridine data

(d Change position of N
— E.g. 2-ethyl to 4-ethyl

Outline

d Introduce non-acidic OH
d Explore similar aromaticity, different basicity

— Combinations of phases (e.g. Pyridine/Diol)
— Pyrimidine, piperazine, piperadine, quinoline, morpholine*
d Modify the aliphatic chain

— Opens up huge chemical space with propyl chain
— Polar embedded linkers
— Retention tuning

D Additive EffeCts *Out of scope for this presentation
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Novel

New Prototype Phases

Pyridinyl Phases
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Number of PF’s
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Column Selectivity — Correlating Retention

Examples of Similar Retention between Columns

2-Ethylpyridine — 2-Ethylpyrazine
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»...@ Column Selectivity — Correlating Retention

Examples of Dissimilar Retention between Columns
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Example Chromatograms
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PF on custom SFC columns

1 CaAb1 A, Sig=2605 Ref=450,50 (VW SHARED_DATAVWDA_SFCMS_2011950-344-93000350-344-9500-A02_4P'R.[0

UV chromatograms 4-ethylpyridine

1 DADR1 A, Sig=260.8 Ref=450.50 (vAEHARED _DATAMWDA_SFCMSE_Z011\080-244-02000020-244-0200-A02 _CEFE.D)

2-ethylpyridine/C8

1 DaAb1 A, Sig=2605 Ref=450,50 (v SHARED_DATAVWDA SFCOMS_2011950-344-953000350-344-9500-202_ D L)

Diol/Monol

1 DaAD1 A, Sig=260.5 Ref=450,50 (VW SHARED_DATAWA SFCMS_20119580-344-93000950-344-9300-A02 _ P L.

Pyridine/Diol

1 CaAb1 A, Sig=260.5 Ref=450,50 (v WSHARED_DATAVWDA _SFCOMS_2011850-344-953000350-344-9500-202_ HAP L)

HA-Pyridinyl

3.0min

5 — 50% methanol gradient

William Farrell July 20, 2011



@ Selectivity differences between Pyridinyl-
< & Hydroxyl-based phases

2
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E) 6.5 l i.5 2 2-.5 3 min
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2D Selectivity’s not the only difference

P 1 CO7

4.728

Zymorsphere Diol, 150 x 4.6mm; 5u particles
5.6mL/min; 140bar
Methanol gradient 5-50% in 5 min

P 1 CO8
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Tailing Factor — Pyridinyl Columns

HA-Pyridinyl HA-Dipyridinyl

- .

0.8-0.9

2-Ethylpyrazine C8-Pyridine 2-Ethylpyridine

50%
21%

4-Ethylpyridine
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Tailing Factor — Hydroxyl Columns

HA-Dihydroxypropyl 3,5-Dihydroxyphenyl Diol/Monol 3-Hydroxyphenyl
0.8-0.9
09-1.1 11-1.2




Tailing Factor

Hydroxyl — Pyridinyl Columns

Pyridine/Diol 5-Hydroxy-3-pyridinyl

>
£

60%
0.8-0.9




Best Column Acceptable Tailing (%)
HA-Dihydroypropyl 92
3-Hydroxyphenyl 84
4-Ethylpyridine 82
HA-Pyridinyl 82
Results Summary for Pyridine/Diol 7
3,5-Dihydroxyphenyl 76
77 PF compounds Diol/Monol 75
HA-Dipyridinyl 73
2-Ethylpyrazine 71
C8-Pyridine 68
5-Hydroxy-3-pyridinyl 61
Worst 2-Ethylpyridine 44
Re(?::‘rt;?a:i.rc:r:n : 4-E.ﬂ?yl C8-Pyridine | Diol/Monol Dih::r-oxy . HA HA-Pyridinyl| Pyridine/Diol Z-Eth.yl Z_E.ﬂfyl 5-Hyd.rc.>xy-3- 3-Hydroxy
Coefficients (R) pyridine ] Dipyridinyl pyrazine | pyridine pyridinyl phenyl
4-Ethylpyridine
C8-Pyridine 0.682
Diol/Monol 0.764 0.974
HA-Dihydroxypropyl 0.928 0.749 0.799
HA-Dipyridinyl 0.942 0.661 0.728 0.959
HA-Pyridinyl 0.954 0.691 0.770 0.953 0.982
Pyridine/Diol 0.914 0.793 0.843 0.938 0.938 0.962
2-Ethylpyrazine 0.932 0.808 0.876 0.906 0.909 0.958 0.949
2-Ethylpyridine 0.950 0.827 0.877 0.919 0.937 0.979 0.970 0.981
5-Hydroxy-3-pyridinyl | 0.907 0.898 0.942 0.912 0.846 0.893 0.914 0.953 0.924
3-Hydroxyphenyl 0.763 0.917 0.946 0.818 0.692 0.744 0.797 0.880 0.860 0.961
3,5-Dihydroxyphenyl | 0.541 0.900 0.882 0.600 0.526 0.564 0.618 0.665 0.648 0.772 0.838
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Rationale for new phases based on Pyridine data

Outline

d Lengthen aliphatic chain
— Opens up huge chemical space with propyl chain
— Retention tuning
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w@ Pyridine phase with modified linker
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0.932 H -
DCDP-pyrimidine Uracil HA-pyridine
0.84 1.839 1/ 2.877
A rf((\M \k —
0 05 B 15 2 a5 3 min
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150 x 4.6 mm; 5micron; 5.6mL/min methanol gradient (5-50% @ 18%/min)
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Rationale for new phases based on Pyridine data

Outline

] Additive effects



Separation of the 3 acidic components on each phase.

Flurbiprofen N
O CHy
O ! Ketoprofen PHASE
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GHs 0 CH, o
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CH, 0
o 2-ethylpyridinyl SiT"ONH (S
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y_ -
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Ao
0]
_— AN OH
5-Hydroxy-3-pyridinyl  Si NH |\
N/
==
P
3-Hydroxyphenyl STN"NH OH
S
OH
X
/\ /\ (3, 4)-Dihydroxyphenyl g ™~"~\4 OH
e
N OH
0.5 1 15 2 25 3 min

23
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Effect of ac

Methanol Only
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Separation of the 3 basic components on each phase

Minaprine

N, NH
N‘/ N \/\N/\
0o
Z oty &

Epinephrine

Ho, _CH, A i
NH Norepinephrine
OH

PHASE

NH,
OH HO Q0
OH 2-ethylpyridinyl Si/\/\NHkg
N~

0]
5-Hydroxy-3-pyridinyl Si/\/\NHJKmOH

N

General Conditions
150 x 4.6mm

5u particles
5.6mL/min

0
3-Hydroxyphenyl @
ydroxypheny SiTNONH OH

140bar
Methanol
Gradient 20-50% in 4.0 min

OH
- O
(3, 4)-Dihydroxyphenyl Si/\/\NHk/@OH

0]
2-ethylpyrazinyl Si’\/\NHkﬁN
NS
/\ J

1,2-propanediol Si/\/\O/\Of\OH

/\ —_—
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25
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Effect of additive on Epinephrine

20mM Ammonium Formate

2.689
A 4-Ethylpyridine In Methanol k_

PR -
2.440 1.998
/\ Diol/Monol _N
_/\ L
2.781 3335
/\ HA-Dipyridinyl
—_— —~— ‘/;\_
2.711 3.354
A HA-Pyridinyl /k
1.536 —_—

2-Ethylpyrazine /L
2.901
A 5-Hydroxy-3-pyridine k

2.530 2.633

/L 5-Hydroxyphenyl k

> 5.0 min 2
L —
1.406
1.489
f AN 2-Ethylpyridine k

Pyridine/Diol
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Basic columns for basic solutes

N
| PA {\ ”
CH, OH

H3C\Si/ O\)\/N Norepinephrine
/ \/\/ \H P P

Minaprine H,C

HA-Pyridinyl
phase

Epinephrine

EIC overlay

’M—”’; N T
T T T T T T T T T T

05 1 15 2 25 3 35 4 45  min
4.6 x 150mm i.d. column
20 mM Ammonium Formate in Methanol

4AmL/minute flow rate @ 140 bar
20 — 50% Solvent Gradient in 5 minutes
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Phzer:

Summary

87% of PF’s purified by SFC used Custom Columns

180 -+
160 -
140 - M Custom
120 -
100 -
80 -
60 -
40 +
20 A

Traditional

Move
CB6 —CB2

2 0 o
EHA-DP EHAP mDM mPD m Traditional % 2

Last 1000 PF’s Since Jan 2010 Traditional
2-Ethylpyridine
4-ethylpyidine
1,2-Propanediol

28
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Column Classifications
Choosing a column

“Basic” Analytes “Acidic” Analytes

HA-Dipyridinyl

3,5-Dihydroxyphenyl

R
HA-Pyridinyl ; 3-Hydroxyphenyl
4-Ethylpyridine : 5-Hydroxy-3-pyridinyl
Pyridine/Diol N Diol/Monol
2-Ethylpyridine : C8-Pyridine
2-Ethylpyrazine 0
HA-Dihydroxypropy! N
Less

Orthogonal Retention



* Continue to develop new phases
— Fill in the gaps
— Develop mechanistic model for retention

Future Directions

e Utilize existing chromatographic data for in silico
prediction

— Exploring ACD Labs Chrom Genius software

* Apply SFC to new areas
— Molecular properties
— Metabolism, phosphorylated sugars, biomarkers, etc
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Questions
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HADP Gradient effects

mAU
400

300

200

100

DAD1 A, Sig=260,8 Ref=450,50 (HADP_061809\LCT_5_50_18_A.D)

[Te}

5-50% @ 18%/min

P N B B W B

I ]
0.5 1

15
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o~

0.482
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2.257

—

P A B I

I ]
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15
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400
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200

100

DAD1 A, Sig=260,8 Ref=450,50 (HADP_061809\LCT_15_50_18_A.D)
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(32}

0.666

15-50% @ 18%/min

1.660

2.008

2.496

[

15

N—

2.5

min
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Analytical on HADP

ADC1 A, ELSD CHANNEL A (A0916910\P_1_A04.D)

w
@
| FEE EETE FEET FNNEE FRRTH NNNTE FREEE N

mir)

MSDITIC, VS File (A0916910_1_A04D) APCI, Pos, Scan, Frag: 70
400000 S 3
350000 5 N
300000 o
250000
200000
150000
100000
50000

0

o
-
=
3
N
N
3

mir)

0.5
VWD1 A, Wavelength=260 nm (A0916910\P_1_A04.D)
mAU el
200

150

2.215

100

50

2.086

T T T T T
15 2 25

o

mir)

MSD1 507, EIC=506.7:507.7 (A09169.10\P717A04.D) APCI, Pos, Scan, FI:'Lag: 70
200000
175000
150000
125000
100000
75000
50000
25000

0 .

EIC

T
0 0.5 1 1.5 2 2.5

mi

4.6x150mm HADP:10-50% MeOH @ 18%/min; 5.6ml/min
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Purification on HADP

250uL (89 mg/ml) (22.25mg/inj)

P P | | S W SR S R AAAAir‘? ] e

50
400

350

300

250

200

15(gll8 .

H Y\

5! ol Aﬁ U N / A

o ‘_li_,;i - [ W R R W B | i i
-50

21x150mm HADP column; 10-50% MeOH @ 9%/min; 60mL/min i Fare sy 20,2011



~.@ Explorative phases

Collaborators... @t le“jkk

Commercial Vendors

J \ | N | N O~
— Princeton | & NN Nig
Chromatography 3.67
— Nacalai USA
| S
N
5.85
| S
Academic — PARC e
Pat Sandra & Melissa Dunkle 6.62
(2 year post-Doc project)
— Synthesize and characterize g

phases using Click Chemistry N
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Phenol Phase

O DAL A, Sig=260.2 Ref=45050 (COSMOSIL_PTO02-007\EFC_PTOOG-CHSNO2_1.00

mal o™ HO
w0
o
1600 =] S F C
B Flow rate: 5.6 mL/min X
Pressure: 140 bar D ! 0
R Temp: ambient
Methanol Gradient 5-50% @ 18%/minute; 2 NH
hold @ 50% 0.1 min; return to 5% @99%/min o
1200
(]
2 ! HPLC
S A .
1000 E c 4 SI
—
> s
= = 2
- o
(ol = 8
200 D -
O 0 = )
@) = = © ) , ,
g % E 0 5 10 (min)
600 © by ® Column size  4.6mml.D. X 150mm
(&) D e Mobile phase  Methanol : 20mmol/l CH;COONH, =10 : 90
S Flow rate 1.0ml/min
Temperatur 30°C
n Detection  UV23inm
Sample 1: Uracil
400 2: 1-Hydroxy-7-azabenzotriazole
3: Sulfanilamide
4: Caffeine
i = o
200 < g
O o
L L A
0 1 .
0 05 1 15 z 25 3 mi

MeOH with 20mM Ammonium Formate .
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Catechol Phase

[ DADT A Sig=2608 Ref=45050 (COSMOSIL_PTO0Z-007VSFC_PTOOT_1.00
maAl o OH
i HO
SFC 3
Flow rate: 5.6 mL/min 1
Pressure: 140 bar
Temp: ambient
1200 B Methanol Gradient 5-50% @18%/minute; O
hold @ 50% 0.1 min; return to 5% @99%/min
g NH
w (=]
e HPLC
1000 o -O
é 4
2
- — C .
s Si
C." A T (D)
200 - o U
o - =
Q 5 S
@) o e . / - . .
D E E c 0 5 10 (min)
600 & © ch
t — — Column size 4.6mml.D. X 150mm
(4] D =) Mobile phase  Methanol : 20mmol/l CH;COONH, =10 : 90
(&) U) Flow rate 1.0ml/min
l_ Temperature  30°C
< Detection UV254nm
Sample 1: Uracil
400 O 2t 1-Hydroxy-7-azabenzotriazole
I 3: Sulfanilamide
4: Caffeine
E
200
5 . /\ L J k I J
DI 0!5 “: 1!5 2!5 3I min
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Pyrazinyl Phase

1 D[ADT A, Sig=260.2 Ref=450,50 (COSMOSIL_PTO0Z-007SFC_PTO0Z_1.0)

) L]
2250 3
T sFc
1 NT
Flow rate: 5.6 mL/min |/ﬁ
2000
Pressure: 140 bar 3 ~N
Temp: ambient .
Methanol Gradient 5-50% @ 18%/minute; D HN/\O
1750 hold @ 50% 0.1 min; return to 5% @99%/min
B %
o~ 2
1500 - () N
G) .
< = — Si
S S @
£ S 5
1250 - —
= HPLC
e —
o c G Smin)
1800 7 D A o Column size 4.6mml.D. X 150mm
O =T 8 Mobile phase  Methanol : 20mmol/l CH;COONH, =10 : 90
=1 — Flow rat 1.0ml/min
D o — E Te(irlvpe?r:ture 30°C
L Detection UV254nm
750 = C_G Sample 1: Uracil
= l_ o — 2: 1-Hydroxy-7-azabenzotriazole
< = 3 Sulfanilamide
O ch 4: Caffeine
T >
S00 + U)
E
250 «©
0 — /\ 1
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Hydroxy Pyridinyl Phase

1 DADT A, Sig=zRU,8 Ref=450,50 (COSMOSIL_P TOOZ-007/4SF C_FTO05_1.09

mal %
5 HO
B I ] SN
1400 o S F C 3 |
= Flow rate: 5.6 mL/min Z
Pressure: 140 bar
Temp: ambient HN/\O
1200 1 Methanol Gradient 5-50% @ 18%/minute;
hold @ 50% 0.1 min; return to 5% @99%/min ) .
N~
1000 Si
c
o A o HPLC
500 - £ o — o) u
S S ie, —J
E — é 0 5 {min)
=
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Pyridinyl Phase

[ DADR1 A, Sig=260.8 Ref=450,50 (COSMOSIL_PTO02-007\SFC_PTO0S_1.0)
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