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Abstract Background

Traditional normal phase (NP) purification on silica and reversed phase (RP) purification on C18 remain central to preparative workflows across industrial, government, Traditional normal-phase (NP) flash chromatography and preparative HPLC commonly utilize silica-based stationary phases with solvent systems such as medicinal chemistry applications [3]. The examples presented here explore how silica-based stationary phases can bridge traditional flash chromatography, Flash SFC,
and academic laboratories. While preparative supercritical fluid chromatography (SFC) has been widely adopted for chiral separations, broader use for achiral heptane/ethyl acetate and related organic solvent mixtures. While these approaches are widely used and highly effective, method development often requires and preparative SFC workflows while simplifying the transition between these purification approaches.
purification has progressed more slowly despite clear advantages in throughput, reduced solvent use, simplified fraction dry-down, and improved sustainability. optimization of solvent composition, additives, and gradient conditions. Efforts have also been made to reduce reliance on chlorinated solvents and replace them )
_ _ _ _ _ _ _ _ _ _ _ with greener alternatives [1,5]. Reverse-phase (RP) flash chromatography and preparative HPLC typically employ water/acetonitrile or water/alcohol mobile phases Ex erlmental
A persistent barrrer to routine gchwal SFC,: Is the percewgql compl§?<|ty of meth_o.d development, _mcludmg the need t(_) screen multiple bondgd stat|oh§ry iohages and on C18 stationary phases. Method development is often simplified through the availability of analytical RP-HPLC instrumentation; however, removal of aqueous p
co-solvent/additive combinations. In this work, we revisit bare silica as a familiar, versatile stationary phase for achiral CO,-based separations, positioning it as a mobile phase components after purification can significantly increase processing time and drying requirements. Preparative SFC offers an alternative purification A variety of pharmaceuticals, natural products, steroids, and other small molecules were evaI@uated using traditional flash chromatography, analytical SFC, preparative
prlaCtIF:a.l brldge beti\’i/\./leen eslta.b“Shed NkFi):l/RP Vifiork-ﬂows and m(l)ide'in SFg ap?’iro.al.(:hei)- Ba;e Slllpﬁa Ca.n be Useo Wlthl an?:i without aCIIdIC or balSIE mOdlﬁerS, enabllng approach Capab[e of reducing organic solvent Consurnptionl rn|n|rn|Z|ng dry down burdenl and providing rapid Separations_ Despite these advantages’ broader SFC, and Flash SFC workflows. Silica—basedlslepa.rations were performed using RedISep Gold™ Silica COlurrInS a.rId Cartridg§S to eva.luate the Utlllty of bare silica as a
selectivity tuning while retaining a workflow that is conceptually aligned with silica-based purification practices already common in many (abs. adoption of achiral SFC has been limited by the perception that method development requires specialized expertise and analytical SFC instrumentation. To simplify common stationary phase across these purification approaches. Method development was performed using either analytical SFC instrumentation or a scout-and-
We pose two questions relevant to today's preparative landscape: (1) Can silica-based CO, separations reduce reliance on alkane-rich NP methods and chlorinated method development, Teledyne LABS purification platforms utilize a scout- and focused-gradient workflow in which a low-loading scouting experiment performed focused-gradient workflow directly on Teledyne LABS ACCQPrep SFC and CombiFlash™ SFC systems. For scout-based development, a low-loading gradient screening
solvents such as dichloromethane under increasing regulatory pressure? (2) Can CO,-based purification more frequently complement or substitute RP methods that directly on the preparative instrument is used to automatically generate optimized purification conditions through the Focused Gradient Generator algorithm [2]. run was performed directly on the preparative instrument and used to generate optimized purification conditions through the Focused Gradient Generator algorithm [2].
. - : _ : Preparative SFC experiments were conducted on an ACCQPrep SFC system, while Flash SFC evaluations were performed on a Combiflash SFC system. Both approaches
5
depend on large volumes of water and acetonitrile, both of which contribute to extended dry-down time and energy use: Previous sttidies have investigated the relationship betwgen TLC re.tention behavior a.nd SFC selectivity, demonstrating tha.t while useful trends may sometlir.nes be utilized CO, with alcohol modifiers on silica stationary phases.
Fina[[yl we discuss how silica-based SFC workflows can be extended across a continuum of Operating scales and column formats, including Sing[e_use’ prepacked observed, direct extrapolatlon from TLC to SFC is not UrI|Ver5a|.ly reliable and can be hlghly dependent on analyte class, stationary phase, and modifier conditions [3,4]. N . . . . . . N '
silica cartridges commonly used for rapid purification, enabling familiar ‘load-run-collect’ operation in what we describe as Flash SFC—a workflow that combines the Similar challenges can be encountered when attempting to predict SFC behavior from RP-HPLC data. Because bare silica stationary phases are widely used in normal- Traditional flash chromatography experiments were performed using a Combiflash NextGen system equipped with RediSep Gold Silica cartridges and standard load-
simplicity of flash chromatography with the speed and sustainability benefits of CO,-based separations. This perspective highlights bare silica as a unifying stationary phase flash chromatography and are also highly effective for many achiral SFC separations, they provide a unique opportunity to establish a common chromatographic run-collect workflows. Traditional preparative HPLC runs were conducted on an ACCQPrep HP150 instrument. Representative examples were selected to compare
phase that can lower adoption barriers and broaden the role of SFC within modern preparative Chromatography workflows. platform aCross multlple puriﬁcation modalities [7, 8] Flash SFC was developed to combine the workflow SImpIICIty of flash Chromatography with the SeleCtiVity and purlﬁcatllon Strategles acrOS-S mUItlple Compound classes and evaluate whether bare silica can serve as a praCtlcal brldge between traditional flash Chromatography,
solvent advantages of preparative SFC. Previous work demonstrated flash-scale SFC purification and alternative sample-loading approaches for pharmaceutical preparative HPLC, preparative SFC, and Flash SFC workflows.
o Analytical SFC to Flash SFC Examples with Several Drug Molecules Comparison of NP HPLC, Analytical SFC, and Flash SFC SFC and a Natural Product Extract
SFl : . for Seven Bioactive Molecules * Piperine is a naturally occurring alkaloid molecule from black pepper.
DAD1 A, Sig=210,4 Ref=off (061-0101.D] Aﬂalytlcal SFCrunona4.6 x 150 . . . .
ﬁ— § mm Redi Sfp Prep Silica column, 5 N Diethybm tolsamide  Phenaceti N Benmybensamide N oo ifacetamide P » Has been shown to have various therapeutic effects and continues to be studied.
L 2 . 'l um, 5-40% CO,/MeOH from 0-3 - | n | « A focused gradient was calculated and the compound purified on preparative SFC.
] | o | minutes @ 5 mL/min, 100 bar, oM e p fj ,/Lﬁ o _ _ . . .
00 I | | 40 °C: ibuprofen, ketoprofen /5 ) NS R oo  This result was obtained from a cosolvent screen. Methanol was evaluated first but did not provide
3 | | I w o= o ) . ! ) . ! ﬁl)“ N I .. ..
. g § | _%% % AL 8 acetaminophen mixture (listed by I 5 © Q Q Q sufficient selectivity.
- ; MMM N M MM T »'-4:_5» — elution order) o . -
D 600 A I —_ . . .
_ _ - . < - -40 < Analytical SFC chromatogram of piperine
CHy » Both profens require acetic acid with » NP HPLC run on a 20 mm x 150 mm, 5 pm = 400 - 30 S extract with 2-propanol on silica
ve i g 0P i n-hexane/ethyl acetate for NP Flash ;3 RediSep Prep Silica column, 0-100% hexane/ethyl S 20+ fg -
COLH OH chromatography (not shown) @ acetate from 0-6 minutes @ 18.9 mL/min: T S e
H ‘ ‘ o « Phenolic hydrogen also acidic on P | b ibuprofen, ketoprofen, acetaminophen mixture 0 2 4 | 6 _ 8 10 12
+Bu ool i — (listed by elution order) Time (min)
acetaminophen P 0 Y
OH Absorbance : i : Run Length 9.1 Min ) : Percent B 1 5 _ O - 100
" = ] N L 80
o Flash SFC run on a 12 g, RediSep Gold Silica s . | = o ) _ | |
125 N column, 5-70% CO, /MeOH from 0-7 minutes Analytic_al SFCrunona4.6 x 15(3 mm RediSep < 1.04 5 > 0 < Preio.arat.lve SFC .focysed—gradlent
Lo - : o . o 00 Prep Silica column, 5 uym, 5-40% CO,/MeOH Y a purification of piperine extract using
| w0 @ 50 mL/min, 40 °C, 100 bar, liquid loading in 210 ‘ 0-3 minut 5 mL/min. 100 bar. 40 °C _ o L = P
078 Ii . . MeOH: ibuprofen, ketoprofen, cetaminophen o - rom 0-3 minutes @ 5 mL/min, ar, E . | 40 2 2-propanol on silica
ps0 | . mixture (listed by elution order) O O = S
0 L] 0 2 L 20
N sl AR ©
ﬂ.ilo I— 0 1.00 100 00 = . ; . : . : . T . : : - O
Absoci:l(iance Lo 20 0 4'(]le ngsfl(j| 10.0 Minﬁ.o ™0 80 0 Pelroc'gm B e i z((: 0 2 4 6 8 1 O 1 2
I ™ Flash SFC run on a 12 g, RediSep Gold Silica Time (min)
PTELEDYNE | LABS PTELEDYNE | LABS Ii . column, 5-70% CO, /MeOH from 0-7 minutes @
e " Flash SFC run on a 12 g, 19.5 mm x 50 mm, . AM”A/ IIWW . 50 mL/min, 40 °C, 100 bar, liquid loading in MeOH . .
S iﬂ 0 20 pm RediSep Gold Silica column, 5-70% . — VY U\ p %
| . CO /IPA from 0-7 minutes @ 50 mL/min, A A S A I " Flash SFC run on a 12 g, RediSep Gold
0.75 i\ 40 40 C, flOO Ii)ar, I.Iqqud loadlﬂg II’.I IPAh Absorbance Run Length 10.0 Min Percent B ii 60 S|l|Ca COlumI’I, 5_70% C02 /IPA from 0_7
Flash SFC combines the ease of flash chromatography with the unique selectivity - ISz m Ibuprofen, ketoprofen, acetaminophen ©  minutes @ 50 mL/min, 40 °C, 100 bar,
- /JT\J\\ \ w© mixture (listed by elution order) _ ©  liquid loading in IPA
and solvent advantages of supercritical fluid chromatography e n i : [
- R-;-g):i?‘rzl):\ime Run Length 10.0 Min Percent B 0.75 32 0:35 0.30 iiii iiii l o J \\—d—h‘__ /—\ 3
s i 60 o0 o I I § 0.00-0.10 M o
1.00 100 H\ ::i um 0:5 i \i i’\i , \ A 4 Abiwol:game 1.0 2.0 3.0 4.{13{ i Len gst'lgmu\ﬁnﬁ'o 7.0 8.0 9.0 Pelnpc'gms
. I " Flash SFC run on a 12 g, RediSep Gold Silica . VN A N 4}/\\1 \ /I \\ // I\ N : o
_ o o " column, 5-70% CO, /IPA from 0-7 minutes @ —J LA B NS Y 1
Standardized and Optimized Purification Workflows for Flash and Flash SFC N i “ 50 mL/min, 40 °C, 100 bar, solid load cartridge: i .
e auii } . ibuprofen, ketoprofen, acetaminophen o e .
028 i \\ IHI I’ \ 0 mixture (listed by elution order) Flash SFC and Steroids
oo AL o ) y Flash SFC run on a 12 g, RediSep Gold Silica column, Flash SFC run on a 12 g, RediSep Gold Silica
Crude Sample asobanee 003 e egmoown T B >-407% COZ/MeQH.from 0,_7 rmnutes @ 50 mL/min, column, 5_40% CO-/IPA frorn 9_7 m|riute§ @ » Steroids are commonly run with » Stigmasterol is a phytosterol
40 °C, 100 bar, liquid loading in MeOH 50 mL/min, 40 °C, 100 bar, liquid loading in IPA dichloromethane in flash chromatoaraoh
grapny e [t also runs on SFC and silica with no
peak m Sel e Cholesterol is easily run on SFC and silica dichloromethane needed
41— ™ Mgtﬁ%td with ELSD detection » Again, the eluting solvent was 2-propanol
Focus Gradient Development Comparison of NP Flash, RP Flash, Flash SFC, and Prep SFC for SM-102 Using Alternative Stationary Phases * 2-propanol was the eluting solvent—no and itis easily detected with ELSD
Generator Strategy DCM needed!
. SM_lOZ is a synthetic amino lipid that . i . Run Notes: Column: 12g Dimensions: 19.5 mm x 50 mm 20 pm
forms nanoparticles in conjunction with m I - Hlash SFC. runonals.og Roed|5ep _
other compounds NN o Gold Amine column, 5-70% " e 02 "
- . u "oy - - N ::E: 05 ‘ :g - i 8 0:4;r 83; 30
Optlmlzed Method Development Workﬂow 1) SCOUt Run OnE'ShOt Dlrect Purlflcatlon . /il/\/r S om LOE7 31? iif }\'i n COZ/MeOH fI’Om O 7 mlﬂutes @- i s .
or TLC with broad, standardized gradients « SM-102 forms part of the delivery system NG a0 " 50 mL/min, 40 °C, 100 bar, liquid “ o
TLC Scout Gradient for some mRNA vaccines including some Fommua ieigi. 710 16(1) e wi AP loading in MeOH “ T N
. . Exact Mass ° 709 65842491(4) 0.00 — l N 30 003 e
Screen stationary | Analytical | PeakTrak FGG Direct Prep NP Flash SFC COVID vaccines e s235% 11975 01120 st (] st i . i Aii\/ - i
phase & mobile | Bxpert, custom | Run Scout on Run 0-100% Hex/EA or | 0-70% CO,/co-solvent + Tested it via NP flash chromatography | - ° e . i :
dase sysiems, i i . ° - i ™ . ELS woance * * i Lengin 100 i " " et 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
p . y i i Screenlng & Analytlcal or 0_30% DCM/MeOH (eg MEOH _ DCM/methanol on an amine Column SM 102 IS Commonly run on reverse ° Silica Screened along With Other i Ahcorhanes Dun T anath 10 0 Viin Doveent R
determine isocratic method Flash System . , phase; this is on a 5.5 g RediSep 5 um SFC columns and alcohols
conditions development 2) Op’[lml.ZGd Prep - Impurity co-elutes (ELSD trace-green) Gold C18 20 um column with _ o -
Run.W|th heavier - MS trace- blue shows M+H water/acetonitrile with 0.1% PSP 2 h— T, . R_ed_llSeP Prﬁp SFC D|arrilne et I HiE T .
. . 22E7 045 ——— i t 90 OB g 35 T T ! 1T
loading O formic acid., AT Sas similar to the amine column e T SFC can Access Much of the Chemical Space
- “ « 2 mg sample loading on scout run; o — e used for flash chromatography i, i B =
b : 10 g on focus run - Sl f - Enanolusedasacosobent  EI b - Addressed by LC
. ] 5.5E7 0.25 | | 50 . 48E6 0.113 i ij\’\/\v—v T l 20 . . !:4ES - | ! ir IIi | ol I‘ L —
Purified Target Material ! I o « With no chromophores, SM-102 e —r — T Good peak shape in scout run el 7 | il
7 010 p—— — requires ELSD or MS for detection H O A o Well resolved from impurity | e — : : : :
;;E; zz; J:\\i L | o ;0 / N . '\n157 =Ali§,ci|1b;mre Run Length 9.8 Min Perc I I I I
| i[l.l] '_Siﬂ_r 10.0 15.0 20.0 250 30.0. 350 40.0 45.0 50.0 .. Sample elUteS from reverse phase * NO addltlve reqUIred ch. Pure co I I I
Both traditional flash chromatography and Flash SFC can be performed using broad-gradient "one-shot" purification workflows or optimized e e with poor peak shape. ' 2 | | |
| | |

scouting-based method development workflows, with PeakTrak Focused Gradient Generator enabling rapid gradient refinement from scout data.
TLC to SFC screening and method development relationships are still being investigated. SFC: Pure CO,, Modifiers

Additives and Water
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Results and Discussion Conclusion
* Representative pharmaceuticals, bioactive compounds, steroids, natural products, and lipids were successfully The examples presented in this study

SFC: Pure CO,, Organic Modifiers and Additives
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