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Racemate vs. Single Enantiomer

Single enantiomers of chiral active
pharmaceutical ingredients (APIls) may have
different:

» Pharmacokinetic properties in animal models
Absorption, distribution, metabolism and excretion

> Pharmacological or toxicological effects
Biologically “active” isomer may have desirable effects
Biologically “inactive” isomer may be toxic

Increased pressure by FDA to switch from
racemic to single enantiomer APlIs

Forces companies to take action:
> Develop better manufacturing controls

> Comprehensive safety profile of both enantiomers
> Proper clinical evaluation of these drugs

http://www.fda.gov/cder/guidance/stereo.htm;
C&EN, May 5, 2003, pg. 56
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Approaches to Pure Enantiomers

Chiral Synthetic Approach

> Stereoselective or asymmetric syntheses

> Biotransformation or enzymatic resolution

» Catalytic enantioselective processes
Racemic Approach

> Crystallization

> Chiral salt resolution

> CE (capillary electrophoresis)

> SMB (simulated moving bed technology)

» Chromatographic separations (HPLC, SFC)

Courtesy of Christina Kraml, Wyeth
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Drivers for MS-Directed SFC

Development

Flow Rate Barrier

> Previous MS-Directed systems were limited to <
30 mL/min

> Analytical SFC run at ~5ml/min

> Using generic scale factor of the column radii
from analytical (4.6mm) to prep (21mm)
(rzprep/rzanalytical) = 20
> »x Prep flow rate = 100mL/min
Purification of compounds with no chromophores
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Merits of Purification Approach

SFC-UV [HPLC-UV|HPLC-MS|SFC-MS

Polar compounds unretained on C18 X X X
Compounds too polar for CO,/MeOH X X
Incompatibility w/ H,O but not MeOH X X
Incompatibility w/ MeOH but not H,O X X
Poorly-resolved chromatographic peaks X X
Poorly ionizing species X X

Weak or non-chromophoric species X X
Best chance of 1:1 sample to fraction correspondence X X
Excludes salt forms as final products X
Less post-purification evaporation times X
Equipment/Maintenance costs (relative to others) X
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Development Challenges to
Mass-Directed Preparative SFC

Requires integration of multi-vendor components
> 1 complexity = { reliability
> SFC and MS vendor partnerships

> Thar SFC/MS Prep 30 not appropriate for our applications, e.g.
flow rate barrier

Splitting/Diluting/lonization

> Viscosity of supercritical fluid is not constant throughout
gradient—split ratio not maintained

Affects timing
> Injection of >100mg onto column
Requires appropriate amount of dilution for the MS

> ESI needs ion source (acids) which are incompatible with
separation. APCI temperatures not high enough.
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Challenges continued...

Open bed fraction collection
> Need to be able to isolate sample & solvent
from depressurized CO,
Requires containment of sample for trecovery
» SFC purification systems use either pressure
manifolds for collections or closed

containers—Ilimits the number of collected
fractions

= LIMITED AUTOMATION POTENTIAL
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Mass-Directed Preparative SFC

v'Product of a collaboration between Pfizer and Thar
v'"What were our goals for a Prep SFC/MS system?
»Simplicity +Reliability
+Validity +Open Access
v'Higher Flow rates, 100 mL/min capability
v'Active splitter capable of delivering constant split ratio across a gradient

v’ Open-bed fraction collection for automated, high throughput
applications

v'Ability to utilize Boolean logic for fraction collection triggering of UV and
MS signals

=



-
Prep SFC/MS 100 Schematic
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Thar SFC/MS Prep 100 System
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* MassLynx and FractionLynx 4.1
« Waters 3100 Mass Spec
« Waters 2996 PDA

« 2- Waters 515 pumps
(conditioning and dilution)

« Waters 2767 inject/fraction
collector platform

* Thar P200 CO, pump
 Thar P50 Co-solvent pump
Thar ABPR

Thar 6-Column Oven

SSI makeup pump

Split diluter
Gas-Liquid Separator (GLS)



-
Thar SFC/MS Prep 100 System
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Tunable Splitter
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T or | MS Sensitivity

Modify Thar Mobile Phase Method

0| = I & | B -
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‘ Status
Purnping System ]Adjitional Options |
Statuz  Thar Inlet Additional Status ]
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*MS Sensitivity is adjusted through Inlet Method of MassLynx

»Each splitter setting has different conditioning/dilution pump flow rates

»Adjustments to split ratio (1 or | amount of sample to MS)
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Site Acceptance Testing - Standard

Runs

4-Component Standard Mixture:

Peak A - Flavone (m/z=223) 7.84 mg/injection

Peak B - Carbamazepine (m/z=237) 8.37 mg/injection
Peak C - Acetominophen (m/z=152) 8.00 mg/injection
Peak D - Sulfamethazine (m/z=279) 8.31 mg/injection

Chromatographic Conditions:

Column: ZyroSil Pyridine/Diol, 150x21.1mm,
5u semi prep column from Zymor, Inc.

Modifier: Methanol

Gradient: 5-40% in 9 minutes
(Hold 5% for 5 sec, 5-40% in 480 sec,
hold 40% for 30 sec, 40-5% in 20 sec,
hold 5% for 5 sec)

Total Flow: 100 g/min
Outlet Pressure: 120 bar
lonization Mode: ESI+
Injection Volume: 0.9 mL

Low Split Ratio setting

SAT 4-mix
SAT 29
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SAT Results:

SAT 4-mix
SAT 29

EIC 279

EIC 152
b e et i)

EIC 237

EIC 223

Peak | UV220 Purity | TIC Purity| Impurities (TIC) | Recovery (TIC)
A 100 100 99
Injection 1 B 100 100 98
5 sec wash C 100 100 93
D 100 99.03 0.97% C 99
A 100 100 100
Injection 2 B 100 100 97
5 sec wash C 100 100 96
D 100 98.85 1.15% C 97
A 100 100 98
Injection 3 B 100 100 98
5 sec wash C 100 100 95
D 100 99.5 0.5% C 101

TIC

QDW

0.00 0.50

* Purity of all 4 components were
>98% by UV,

» Overall recovery of each was >90%

* Closely eluting peaks--Peak 4
contained small amounts of Peak 3
impurity

* 5 second wash between fractions
minimized sample carryover

=
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Learning Curve

SOFTWARE

(MassLynx and HARDWARE
FractionLynx) (MS, Pumps, etc.)
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Optimizing for Library Applications

Goal: to duplicate prep LC/MS triggering capabilities
> ESI and APCI switching
> Mixed mode triggering (PDA and MS)

Installed ESCI (multimode ESI and APCI source)

Optimization of ESCI capabilities for SFC in conjunction
with Waters
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Library #2
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Using Mixed Triggering
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Non-Chiral Singleton

T3 GAD1 B Sig-210.8 Fiei-500.50 [0 1500_F T RANGORZ_FE_8-60_WEOHE1E_RF-

mAU ] g 13
1000 o o
=1 1Y
000
0
u
200 n
o . =, /
T T T
u o . . ain
T WEDT TIC WE File (o CHESE 50 F TFANE0BI_F 0. O MECHETE_RE D1 AFCL Fer ©
- & 5
] | || A
18000 |' | \
10000 \ h] ll . .
n
oo YN M SFC/MS Purification — MS only
o Y M J S ———
"o i 15 3 i T [TOSEMN
WEGT 188 FI=20 7 2 T [C 7 I _F TRARGEE, PO _50_MECHGA_RF 05 AFLI Fax, Scan, Fiag 15 30462 3
160, 503
000 4
- )
3000 <4 512
2000 o Bt
1000 A * 55500
T T T T 5%
o as H z 28 3 ain
4 Wiaad
Pre-purification R i 0
-p P | S N . N i A Mas p
os0 160 " 4 " 400 i i ) ﬁ‘ﬂ) ) 'J:JJ i 18] 8.00 850 .00
0462 9
SFC/MS o
12642 [
\
Challenge: i B1
Lhallenge: .
B0+
No UV signal Lo [
|
40011
|
|
20eH | | eiawd
|\ 11,1740 18 175
o T T T T T T T T T T T T T T T
os0 a0 100 150 250 %0 Lo N0 40 4.3 2m 230 13 a0 a0 200
624
(]
| i1
o 11
H’D I 11
L A
|
1] 1l
| | I
Inw tgzal | 111
v TR W o A3 i 572 ;...'g FanT Ty
"y T AV A g ‘WMNM "-Mf' JATEN P WA T
i ik o el B
oo | 040 | 100 | 140 | 300 | 240 | ato | 340 | am | 4% 400 | S50 60) | G83  700  14) 00 650 800




-
Biological Application

HIGHLY DESIRED metabolites
Rat Fecal Extract from PDM m/z 361, 391
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Chiral Purification

SFC/MS Purification
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Analytical:

PhenomenexLux Cellulose-2,
250x4.6mm, 5u column

15%MeOH, 2.0mL/min flow;
140 bar

Preparative:

Phenomenex Lux Cellulose-2,
150x21.1mm, 5u column

8%MeOH, 100mL/min flow;
120 bar
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Chiral Example #2
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Prep SFC/MS 100 Realities

Hurdles
> Multiple pumps, from different vendors

> Requires frequent recovery studies to ensure
system performance

> Splitter requires 5 components in order to

achieve the proper dilution/split ratio;

heavy dependence on proper working order of
cond and dilution pumps, and splitter not clogging
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System complexities

Makeup
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New Challenges & Next Steps

System has only been optimized for 100 mL/min

> Flexibility of lower flow rates is desired vs. increasing
column size ($9)

> Operation at lower flows will require studies to
determine the correct timing delays; may be system-
specific

Open Access uptake

Temperature of the MS spray is significantly
less than set point

> Better MS signal if temperature was higher
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Spray Temp Studies

Probe temp
Waters ESCI spray temp H P LC
110
—— 5% Methanol
—4—50% Methanol
S 100
=
3
2
8
=]
]
K
=]
?
£ 90 /
expansion
80 : : . . ; ; ;
325 350 375 400 425 450 475 500 525

Desolvation Temp Set point (C)

Results:
*Source temperature — 140°C
«Actual temperatures ~ 40° less than setpoint

*Direct heating of conditioning and dilution fluids had no effect w
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Conclusions

With the Thar SFC/MS 100:

*We now have the first high flow mass-directed SFC

-Can demonstrate high recovery and purity with
standards

*Can be utilized in either ESI, APCI, or both (ESCI)
modes

Collections based on UV only, MS only or a
combination of triggers

*‘Requires a considerable learning curve

*‘Requires more characterization to increase flow
rate flexibility
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