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Analytical SFC Screening
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Chiral Method DevelopmentChiral Method Development
Assay development to determine the enantiomeric ratio of key reactions on the Minigram SFC
using analytical conditions. A sample at ~1 mg/mL was injected on a Chiralpak AD-H (250 x
4.6 mm) column using 4% MeOH/CO2 for 4 mins then ramp to 50% MeOH/CO2 at a rate of
2% MeOH/min with a 3 min hold, 2.5 mL/min, 100 bar, 35 C, 210 nm, 10 µL injection, run time
25 mins.
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An isocratic method:
40% MeOH/CO2, 5.0 mL/min, 100 bar, 35 C, 210 nm, 10 µL injection, run time 5 mins.
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Analytical Solvent Reduction CalculationAnalytical Solvent Reduction Calculation
Analytical HPLC Solvent UsageAnalytical HPLC Solvent Usage

Flow Rate
1.0 mL/min x

Time (8 hrs/day)
480 min/day x

Yearly
250 days/year =

Yearly Solvent Usage
120 L/year x

# of Instruments
1000

=  Total Yearly Solvent Usage
120000 L/year

Analytical SFC Solvent Usage
Yearly Solvent Usage

12-48 L/year
Flow Rate

1.0 mL/min x
Time (8 hrs/day)

480 min/day x
Yearly

250 days/year = x
# of Instruments

1000x
% Modifier

10-40%

Analytical SFC Solvent Usage

Total Yearly Solvent Usage
12000-48000 L/year

60-90% Reduction in Solvent Waste
=

60 90% Reduction in Solvent Waste



Assay development to determine the diastereomeric ratio of key reactions on the Minigram SFC using analytical
diti A d l i j t d P i t Ch t h ’ C (250 4 6 ) l

Ultra Fast Assay DevelopmentUltra Fast Assay Development
conditions. A crude sample was injected on a Princeton Chromatography’s Cyano (250 x 4.6 mm) column
using the standard gradient method.
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Conversion to Isocratic:
Princeton Chromatography’s Cyano (250 x 4.6 mm), 15% MeOH/CO2, 5.0 mL/min, 100 bar, 35 C, 215 nm, 10
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Ultra Fast Isocratic Method:
P i t Ch t h ’ C (250 4 6 ) 15% M OH/CO 10 0 L/ i 100 b 35 C 215 10

Ultra Fast Assay (1.0 min)Ultra Fast Assay (1.0 min)
Princeton Chromatography’s Cyano (250 x 4.6 mm), 15% MeOH/CO2, 10.0 mL/min, 100 bar, 35 C, 215 nm, 10
µL injection, run time 5 mins.
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Analytical Solvent Reduction Calculation per SampleAnalytical Solvent Reduction Calculation per Sample
Analytical HPLC Solvent UsageAnalytical HPLC Solvent Usage

Samples
16 samples/day x

Yearly Solvent Usage
4k samples/year x

# of Instruments
1000

Yearly
250 days/year =

=  Total Yearly Solvent Usage
120000 L/year for 4 Million samples

Yearly Solvent Usage
120 480 L/year

Flow Rate
10 0 L/ i

Time (8 hrs/day)
480 i /d x

Yearly
250 d /

# of Instruments
1000

% Modifier
10 40%

Analytical SFC Solvent Usage

120-480 L/year10.0 mL/min x 480 min/day x 250 days/year = x 1000x 10-40%

Samples
160-480 samples/day x

Yearly Solvent Usage
4k samples/year x

# of Instruments
1000

Yearly
250 days/year =

Total Yearly Solvent Usage
120000-480000 L/year for
40 – 120 Million samples

=
p

60-96% Reduction in Solvent Waste



SemiSemi--Preparative SFC SystemPreparative SFC System

•50-400 mL/min

•2-5 cm columns

•Suitable for 1-1000 
grams

•Immediate prep method 
based on SFC screening

•Automated sample 
injection

•Automated fraction•Automated fraction 
collection

•Convenient sample 
recovery



SemiSemi--Prep SFC Loading StudyPrep SFC Loading Study

Chiralcel OF 25% 2-Propanol/75% CO2, 70 mL/min, 100 Bar, 35°C, 290 nm

1,700

1,600

1,500

1,400

1,300

1,200

1,100

1,000

900 125 mg injected

800

700

600

500

400
25 mg injected

50 mg injected

400

300

200

100

0

43210



Chiral Separation of a Racemic MixtureChiral Separation of a Racemic Mixture
425 grams s bmitted for Separation b SFC425 grams submitted for Separation by SFC.

42 g processed by HPLC

HPLC Method:
Column: Chiralcel OJ (20 μm, 50 x 500 mm) 
Mobile Phase: 45% 2-Propanol/Hexane
Flow Rate: 45 mL/min
Injection: 600 mg/inj
Temperature: Room Temperature
Wavelength: 254 nm
Run Time: 50 minutes

Purity: >99% 
Recover: >90%

500           

82 hours to process the 42 g sample by HPLC.  A total of 220 liter of solvent was used.



SFCSFC screeningscreening andand loadingloading studiesstudies werewere performedperformed onon thethe samplesample ofof racemicracemic materialmaterial AA

Analytical SFC ScreeningAnalytical SFC Screening
SFCSFC screeningscreening andand loadingloading studiesstudies werewere performedperformed onon thethe samplesample ofof racemicracemic materialmaterial.. AA
resolutionresolution waswas foundfound onon severalseveral columnscolumns.. TheThe bestbest chromatographicchromatographic resolutionresolution waswas foundfound
usingusing aa ChiralpakChiralpak ADAD--HH columncolumn..

Analytical Screening Gradient Chromatogram:
1 ,8 0 0
1 ,7 0 0
1 ,6 0 0
1 ,5 0 0
1 ,4 0 0
1 ,3 0 0
1 ,2 0 0
1 ,1 0 0
1 ,0 0 0

9 0 0
8 0 0
7 0 0
6 0 0

3 02 82 62 42 22 01 81 61 41 21 086420

5 0 0
4 0 0
3 0 0
2 0 0
1 0 0

0
- 1 0 0

3 02 82 62 42 22 01 81 61 41 21 086420

TheThe resultsresults werewere directlydirectly translatedtranslated toto semisemi--prepprep SFCSFC.. TheThe isocraticisocratic methodmethod developmentdevelopment
forfor thethe ChiralpakChiralpak ADAD--HH columncolumn waswas performedperformed onon thethe semisemi--prepprep SFCSFC..



SFC Method:
C l Chi l k A ( 0 2 0 ) bil h 30% h l/CO

425 grams separated by SFC425 grams separated by SFC

Column: Chiralpak AD-H (5 μm, 50 x 250 mm) Mobile Phase: 30% Methanol/CO2
Flow Rate: 200 mL/min Injection: 330 mg/inj
Temperature: 35°C Wavelength: 280 nm
Cycle Time: 1.80 minutes Run Time: 5.00 minutes
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Semi-prep SFC Single Injection:
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Semi-prep SFC Stacked Injections: 5

1 , 0 0 0
9 5 0
9 0 0
8 5 0
8 0 0
7 5 0
7 0 0
6 5 0
6 0 0
5 5 0
5 0 0
4 5 0
4 0 0
3 5 0
3 0 0
2 5 0
2 0 0
1 5 0
1 0 0

170 g of the desired enantiomer of was recovered. 
Purity: >99%  Recovery: ~88%

1 51 41 31 21 11 09876543210

1 0 0
5 0

0
- 5 0

16



Savings CalculationSavings Calculation

Laboratory Laboratory Plant 
SFC HPLC HPLC

P d ti it (kkd) 0 43 0 01 0 01

Purification Technique

Productivity (kkd) 0.43 0.01 0.01
Separation Run Time (hrs) 39 825 90
Product Isolation Time (hrs) 7 115 29( )
Solvent Consumed (L) 140 2230 2230
Solvent Evaporated (L) 70 574 574

93 7% reduction in solvent utilization93.7% reduction in solvent utilization
87.8% reduction in solvent evaporation

95 2%(Lab)/56 7%(Plant) reduction in system usage95.2%(Lab)/56.7%(Plant) reduction in system usage



Chiral Separation of a Racemic MixtureChiral Separation of a Racemic Mixture
235 grams s bmitted for Separation b SFC235 grams submitted for Separation by SFC.

8 g processed by HPLC

HPLC Method:
Column: Chiralpak AD-H (5 μm, 50 x 250 mm) 
Mobile Phase: 20% Ethanol/Hexane
Flow Rate: 100 mL/min
Injection: 210 mg/inj
Temperature: Room Temperature
Wavelength: 240 nm
Run Time: 25 minutes

Purity: >97% 
Recover: >90%

16 hours to process the 8 g sample by HPLC.  A total of 95 liter of solvent was used.



SFCSFC screeningscreening andand loadingloading studiesstudies werewere performedperformed onon thethe samplesample ofof racemicracemic materialmaterial AA

Chiral Analytical SFC ScreeningChiral Analytical SFC Screening
SFCSFC screeningscreening andand loadingloading studiesstudies werewere performedperformed onon thethe samplesample ofof racemicracemic materialmaterial.. AA
resolutionresolution waswas foundfound onon severalseveral columnscolumns.. TheThe bestbest chromatographicchromatographic resolutionresolution waswas foundfound
usingusing aa ChiralcelChiralcel OJOJ--HH columncolumn..

Analytical Screening Gradient Chromatogram:
7 5 0

7 0 0

6 5 0

6 0 0

5 5 0

5 0 0

4 5 0

4 0 0

3 5 0

3 0 0

2 5 02 5 0

2 0 0

1 5 0

1 0 0

5 0

0

TheThe resultsresults werewere directlydirectly translatedtranslated toto semisemi--prepprep SFCSFC.. thethe isocraticisocratic methodmethod developmentdevelopment
forfor thethe ChiralcelChiralcel OJOJ--HH columncolumn waswas performedperformed onon thethe semisemi--prepprep SFCSFC..
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235 grams separated by SFC235 grams separated by SFC
SFC Method:
C l Chi l l O ( 20 2 0 ) bil h 2 % h l/COColumn: Chiralcel OJ-H (5 μm, 20 x 250 mm) Mobile Phase: 25% Methanol/CO2
Flow Rate: 100 mL/min Injection: 63 mg/inj
Temperature: 35°C Wavelength: 270 nm
Cycle Time: 0.53 minutes (Cycle time Limited due to injection speed) Run Time: 2.00 minutes

Semi-prep SFC Single Injection:
1 , 2 0 0

1 , 1 0 0

1 , 0 0 0

9 0 0

8 0 0

7 0 0

6 0 0

5 0 0

4 0 0

3 0 0

2 0 0

1 0 0

Semi-prep SFC Stacked Injections: 2
10

0

1 , 3 0 0

1 , 2 0 0

1 , 1 0 0

1 , 0 0 0

9 0 09 0 0

8 0 0

7 0 0

6 0 0

5 0 0

4 0 0

3 0 0

2 0 0

1 0 0

120 g of the desired enantiomer of was recovered. 
Purity: >99%  Recovery: ~92% 

6
543210

0



Savings CalculationSavings Calculation

Laboratory Laboratory Plant 
SFC HPLC HPLC

Purification Technique

Productivity (kkd) 1.56 0.02 0.02
Separation Run Time (hrs) 33 466 52
Product Isolation Time (hrs) 2 112 28Product Isolation Time (hrs) 2 112 28
Solvent Consumed (L) 50 2800 2800
Solvent Evaporated (L) 13 560 560

98 2% reduction in solvent utilization98.2% reduction in solvent utilization
97.7% reduction in solvent evaporation

92 9%(Lab)/36 5%(Plant) reduction in system usage92.9%(Lab)/36.5%(Plant) reduction in system usage



Achiral Separation of a Pharmceutical IntermediateAchiral Separation of a Pharmceutical Intermediate
13 7 Kilograms s bmitted for Separation b SFC13.7  Kilograms submitted for Separation by SFC.

90 g processed by HPLC

HPLC Method:
Column: Pricenton Chromatography’s Cyano 
(5 μm, 50 x 280 mm) 
Mobile Phase: 10% Ethanol/Hexane
Flow Rate: 118 mL/min
Injection: 4.5 g/inj
Temperature: Room Temperature
Wavelength: 293 nm
Run Time: 25 minutes

iPurity: >95% 
Recover: >90%

9 hours to process the 90 g sample by HPLC.  A total of 65 liter of solvent was used.



SFCSFC screeningscreening waswas performedperformed usingusing bothboth chiralchiral andand achiralachiral columnscolumns.. AA resolutionresolution waswas
f df d ll ll ThTh b tb t h t hih t hi l til ti f df d ii

Analytical SFC ScreeningAnalytical SFC Screening

foundfound onon severalseveral columnscolumns.. TheThe bestbest chromatographicchromatographic resolutionresolution waswas foundfound usingusing aa
PrincetonPrinceton ChromatographyChromatography’’ss (PC)(PC) CyanoCyano.. OtherOther PCPC CyanoCyano columnscolumns werewere testedtested butbut thisthis
oneone demonstrateddemonstrated thethe mostmost robustnessrobustness..

Analytical Screening Gradient Chromatogram:
1 ,4 0 0

1 ,3 0 0

1 ,2 0 0

1 ,1 0 0

1 ,0 0 0

OC
 13

a

De
BO

C 
13

9 0 0

8 0 0

7 0 0

6 0 0

5 0 0

De
BO

4 0 0

3 0 0

2 0 0

1 0 0

0

IsocraticIsocratic methodmethod developmentdevelopment forfor thethe separationseparation waswas performedperformed onon thethe MinigranMinigran SFCSFC
usingusing thethe PCPC CyanoCyano columncolumn.. TheThe isocraticisocratic methodmethod waswas directlydirectly translatedtranslated toto semisemi--prepprep
SFCSFC..
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SFC Method:
C l C C ( 0 2 0 ) bil h 2 % h l/CO

425 grams separated by SFC425 grams separated by SFC

Column: PC Cyano (5 μm, 50 x 250 mm) Mobile Phase: 25% Methanol/CO2
Flow Rate: 250 mL/min Injection: 2.15 g/inj
Temperature: 35°C Wavelength: 280 nm
Cycle Time: 1.35 minutes Run Time: 3.50 minutes

Semi-prep SFC Single Injection:
1 , 3 0 0

1 , 2 0 0

1 , 1 0 0

1 , 0 0 0

9 0 0

8 0 08 0 0

7 0 0

6 0 0

5 0 0

4 0 0

3 0 0

2 0 0

1 0 0

0

Semi-prep SFC Stacked Injections: 4
3210

0

1 , 4 0 0

1 , 3 0 0

1 , 2 0 0

1 , 1 0 0

1 , 0 0 0

9 0 0

8 0 0

7 0 0

6 0 0

5 0 0

4 0 0

3 0 0

2 0 0

4.44 kg of the desired intermediate of was recovered. 
Purity: 98%  Recovery: ~92%
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Savings CalculationSavings Calculation

Laboratory Laboratory Plant 
SFC HPLC HPLC

Purification Technique

Productivity (kkd) 2.71 0.41 0.41
Separation Run Time (hrs) 144 1320 147
P d t I l ti Ti (h ) 25 360 89 8Product Isolation Time (hrs) 25 360 89.8
Solvent Consumed (L) 540 9350 9350
Solvent Evaporated (L) 216 1796 1796

94 2% reduction in solvent utilization

p ( )

94.2% reduction in solvent utilization
87.9% reduction in solvent evaporation

89 1%(Lab) reduction in system usage89.1%(Lab) reduction in system usage



•Not just Normal Phase
Prep SFC Lessons LearnedPrep SFC Lessons Learned

•Not just Normal Phase
SFC Method:
Column: C18 (21.2x250mm) Mobile Phase: 10% Methanol/CO2
Flow Rate: 100 mL/min Injection: 35 mg/injFlow Rate: 100 mL/min Injection: 35 mg/inj
Temperature: 35°C Wavelength: 215 nm
Cycle Time: 1.00 minute Run Time: 3.00 minutes

Semi-prep SFC Single Injection:
1 ,3 0 0

1 ,2 0 0

1 ,1 0 0

1 ,0 0 0

9 0 09 0 0

8 0 0

7 0 0

6 0 0

5 0 0

4 0 0

3 0 0

2 0 0

1 0 0

0
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•Not just Normal Phase
Prep SFC Lessons LearnedPrep SFC Lessons Learned

•Not just Normal Phase
HPLC of Results:
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0.00
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•Bigger is Not always better
Prep SFC Lessons LearnedPrep SFC Lessons Learned

•Bigger is Not always better
SFC Method:
Column: Kromasil 60-5SIL (50 x 250 mm) 
Mobile Phase: 10% MeOH/CO2 for 4 mins ramp to 40% MeOH/CO2 @ 4% MeOH/minMobile Phase: 10% MeOH/CO2 for 4 mins ramp to 40% MeOH/CO2 @ 4% MeOH/min
Flow Rate: 200 mL/min Injection: 700 mg/inj
Temperature: 35°C Wavelength: 215 nm
Run Time: 14.00 minutes
Semi prep SFC Single Injection:

2 ,1 0 0
2 ,0 0 0
1 ,9 0 0
1 ,8 0 0
1 ,7 0 0
1 ,6 0 0

Semi-prep SFC Single Injection:

1 ,5 0 0
1 ,4 0 0
1 ,3 0 0
1 ,2 0 0
1 ,1 0 0
1 ,0 0 0

9 0 0
8 0 08 0 0
7 0 0
6 0 0
5 0 0
4 0 0
3 0 0
2 0 0
1 0 0

1 31 21 11 09876543210

0
- 1 0 0



•Bigger is Not always better
Prep SFC Lessons LearnedPrep SFC Lessons Learned

•Bigger is Not always better
SFC Method:
Column: Kromasil 60-5SIL (20 x 250 mm) 
Mobile Phase: 10% MeOH/CO for 4 mins ramp to 18% MeOH/CO @ 4% MeOH/min step to 40% MeOH/COMobile Phase: 10% MeOH/CO2 for 4 mins ramp to 18% MeOH/CO2 @ 4% MeOH/min step to 40% MeOH/CO2

Flow Rate: 100 mL/min Injection: 350 mg/inj
Temperature: 35°C Wavelength: 215 nm
Run Time: 8.00 minutes
S i SFC Si l I j tiSemi-prep SFC Single Injection:

1 ,9 0 0
1 ,8 0 0
1 ,7 0 0
1 ,6 0 0
1 ,5 0 0

~60% reduction in solvent
1 ,4 0 0
1 ,3 0 0
1 ,2 0 0
1 ,1 0 0
1 ,0 0 0

9 0 0
8 0 08 0 0
7 0 0
6 0 0
5 0 0
4 0 0
3 0 0
2 0 0
1 0 0

76543210

1 0 0
0

- 1 0 0



ConclusionsConclusions

• Preparative SFC can help to speed the process development effort.

• SFC is becoming the preferred technique for chiral method development, chiral 
analysis and purifications in support of pharmaceutical process research.

• Moving towards replacement of HPLC with SFC, owing to improved performance g p , g p p
and solvent savings

• SFC at the analytical scale can afford faster development times for both SFC and 
HPLC from the rapid column scouting methods. p g

• SFC at the analytical scale can also afford great solvent reduction due to its fast run 
times.

• Preparative SFC at kilogram scale can afford greatly improved productivity and 
significant savings in solvent utilization and waste generation. 

• Preparative SFC at even larger scale shows promise for the future• Preparative SFC at even larger scale shows promise for the future.



Looking to the FutureLooking to the Futuregg

• What will the future hold for SFC?

– As technology get smaller?

• Microfluidic SFC

• Micro-prep SFC

– As demand gets greater?

• Super Prep SFC?p p

• SMB-SFC
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