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Table 1: Flow Rate and Sample Load Increase
Proportionally to Column Volume

Equation1:
Flow Iprep) = Volume(prep) = LenglhIprep) ° r2 iprep)
Flow(scaling) Volume(scaling) Length(scaling)• r2 (scaling)

Equ:::'!ion2:
Mass(prep) = Length(prep)* r2 (prep)

Mass (scaling) Length{scaling)• r2 (scaling)
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Table 2- Choice of Cartridge Columns Which Could be
Used for the Separation of cis- and trans- isomers

Numberof Column FlowRate Solvent Load Timeof
Cartridges Volume(mls) (ml/min) Consumption (mg) Analysis

(mls)
1(8 x lOOmm) 5.0 2.8 22.4 1.06 8.0

3 ( 8 x 100mm) 15.0 2.8 67.2 3.18 24.0
1(25 x l OOmmI 50.0 28.0 224.0 10.60 8.0

2 (25 x l OOmm) 100.0 28.0 448.0 21.20 16.0
3( 25 x lOOmm) 150.O 28.0 672.0 31.80 24.0

1 (40 x l OOmm) 125.0 70.0 560.0 26.50 8.0

3 (40 x lOOmm) 375.0 70.0 1680.0 79.50 24.0

Shadedareasrepresenlcarlridgecolumnsusedin Figures5&6. Thesampleload doesnol reflecllheabsolute
capacityof lhevariouscartridgecolumns.
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Figure 1: cis-and trans-Isomers formed by
Wadsworth-Emmons Reaction
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Figure 2: Analytical Separation of Crude Material
i ii

Column:Nova-PakSilica, 4tsm3.gmrn x 150mm
Mobile Phase:Hexane/Elhyl Acelale, 99.5/0.5 (v/v)

1.0- Sample:51slof Crude (0.03% solulionof crude material
in mobilephasel
FlowRate: 1.Oml/min
Detection:UV@ 300nm
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Figure 3: Comparison of Four Silica Packings

MobilePhase:Hexane/ElhylAcetale,99.5/0.5 (v/v)
Sample:2_ of Crude(20%solutionof crudematerialin mobilephase)

2s- - ^j FlowRate: 2.8ml/min

Au AIII Detection:UV@30Ohm

Figure 3A: WatersNova-PakSilica61sm8mmx
o.0 -_, ' ' , _ , , 100mmCartridgeColumn

2.5- r'-"

AU

.z_ Figure 3B: WatersIsPorasil!M 1014m8mmx0.0 ,_ • , , 100mmCartridgeColumn
0 M/nutet I_0

2.5-

Au _- _ Figure 3C: WatersPorasil®15-2OI.Lrn8mmx-" l OOmmCartridgeColumn0.0 , , , , ,

2.5-

Au _ Figure 3D: Waters Porasil 37-55gm0.o , , , , 8mmx 100mmCartridgeColumn
0 !_/r,'._et I 0



Figure 4: Comparison of lOOmm, 200mm and
300ram Cartridge Column Lengths

Mobile Phase:Hexane/Elhyl 99.5/0.5 (v/vl
Sample:5_ of Crude 114.1 mg crude material/ml of mobilephase)
FlowRate: 2.8 ml/min
Detection:UV@30Onto

2.2-

Figure 4A: Walers _orasil lOl_n,
o.0 - , ' , ' , , , 8ramx 1OOmmCarlridgeColumn

,4 Figure4B: Waters_orasil 10_m,
0.o , , , , , 8mmx 2OOmmCarlridge Column

1.4-

Au ]_ Figure4C: Walers _orasil l Ol._n,8mmx 3OOrnmCarlridge ColumnO.0 i w I I ,
0 Minutes 25



Figure 5: Separation of Crude Material on a
Scaling Column

Column: Walers l.IPorasill Ol_lm
0.7- 8mmx 200mm Carlridge Column

Mobile Phase: Hexane/Elhyl Acelale,
_ 99.5/0.5 (v/v)

Sample: 150_ of Crude (14.1 mg
crude malerial/ml of mobile phase)

- FlowRate: 2.8 ml/min
AU Detection:UV @34Onto

0.0 I

0 Minutes 15



Figure 6: Preparative Separation of cis
and trans-isomers

Column:Walers Porasill Olin
40mm x 200mm Carlridge Column

0.8- Mobile Phase:Hexane/ElhylAcelale,
1 99.5/0.5 (v/v)

- Sample: 3.75 ml crude malerial
(14.1 mg/ml of mobilephase)

AU FlowRate: 70 ml/min
Detection: UV @34Onto
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Figure 7: Analysis of Fractions from
Preparative Separation

.14 Column: Walers Nova-PakSilica, 41Jrn,
3.9mm x 150mmColumn

Mobile Phase: Hexane/Elhyl Acelale,
99.5/0.5 Iv/vl

AUFS Sample: 51dof collecled fraclion from pre-
paralive isolalion
Flow Rate: 1.0ml/min
Detection: UV @30Onm

0 , _ , , , Figure7A: Fraclion1B from preparalivesepar ':'_n
0 Minutes 8

.45-

AUFS

o L Figure7B: Fraclion2B from preparaliveseparalionI !I
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Introduction

Inorder to increasetheyield of a final product,manysyntheticor-
ganic chemislsneed1opurifyreactioninlermediates.Thelarge
scalepurificalionof lhesesynlheticinlermediatesis lradilionallyper-
formedusingflashchromatography.Thismethodologyofferslow
resolulionand can useexcessiveamounlsof solvent. Presentedhere
isan alternativemethodologyfor theseparalionof reaclioninlerme-
dialesby HPLCusingSegmentedColumnTechnology(SCT).
SCTisa novelapproach for preparativechromatographylhatper-
milscolumnlengthand/or diameter1obe varied in order1oachieve
increasedresolutionand/or capacily. Up to lhree8ram,25ramor
40mm I.D. carlridgecolumnsor segmentsin l OOmmlenglhscan
be connecled1ooptimizea separationand can conservesolvenl.
Todemonslrateibissimpleand directapproach to lhe preparalive
isolalionof reactioninlermediales,lhe cis-and lrans-produclsof a
well characlerizedWadsworlh-Emmonsreaclionemployedin lhe
synlhesisof manypharmaceulicallyinlereslingrelenoidswere puri-
fied usingnormalphasechromalographyand SCT(Figure1).



Analytical Separation

A separationwas firstdevelopedon a high resolutionNova-Pak®
Silica, 4_m, 3.9mm x 150mm analytical column,so that fractions
ultimatelycollectedfroma preparativeseparationcouldbe ana-
lyzed(Figure2). The desired cis-isomer(peak 1)was well resolved
fromthe trans-isomer(peak2) and otherreactionby-products
(peaks3-5). Theanalyticalseparali,._._awas thentransferredtoa pre-
parativecartridge column. Thislransferrequired lhe determination
of whichpreparativesilicapackingsshouldbe usedand lhelenglh
and loading of the cartridge(s)required for thisseparation. Inorder
todeterminetheseparamelers,8mmI.D.scalingcartridgeswere uti-
lized. Once the optimumconditionswere determined, sample load
and solventconsumplionweredecidedby usingseveralequations.
The 8mm carlridge condilionscould then be scaled 1oeilher 25mm
or 40mm I.D.cartridges.
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Preparative Silica Evaluation
Fourdifferentpreparativesilicapackings,(6_m, l Ol.rn,15-20_m
and 37-55_m), packed in 8ram x l OOmmcartridges were evalu-
ated to determinetheirabilily toresolvethecis-and trans-isomers
[Figure3). Bolhthe 6_n and the lOjJmsilica packings provided
good resolution,whereasthe 15-201.rnand 37-55tjrnsilica
packings poorlyresolvedlhe pair for lhis lenglh of carlridge column.
The101.rnparliclesize silicawaschosen1ode|erminefurlherscale-
upparamelers because ilresolvedlhe cis/trans-isomersand would
providea highersamplecapacitythanlhe 61Jmsilica.
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Large Scale Purification.
As predictedfromTable2, 52.88mg (3.75mls)couldbe loaded
on the 40mm x 200mm cartridge columa, resultingin the same
chromatography(Figure6). Fractionsacrossthepeaksof interest
were collecled, and aliquotswere injectedon the Nova-Pak Silica,
41.rn,3.9ramx 150mmanalyticalcolumnIo assesspurily.Fractions
1A, 1Band 1C proved to be the cis-isomerwhile lhe remaining
threewere lhe trans-isomer(Figure7).



Alternative Methodology " _ "

Thepathway presentedhererepresenlsonly one way in which to
performlhis separation. The speed and capaci b, were optimized 1o
offera compromisebelweenlhe lwo. Many olheroptionsexisl
when using Segmenled Column Technology (SCT). Forexample,
Ibisseparationcouldhavebeenlailored 1ooptimizespeedor
capaciN. Using Equations 1 and 2 (Table 1)olher options in col-
umn configurationcan be employedITable2).



Determining Column Length: Optimizing the
Separation _o Suit Your Application

Injectionswere madeon l OOmm,200mm and 300mm column
lengths, using 8mm cartridge columns packed with l O_n silica to
determinewhich would offer lhe largestsamplecapacily, resolulion
and fastest run time (Figure4). The l OOmmlenglh offered a fas!
separationwith low peakvolumesbul is limiled in capacily. The
300mm lenglh offered lhe grealesl resolulionand increased capac-
ily but itslong runtimewould uselargeramountsof solventand in-
crease lhe peak volumes. The 200ram lenglh was chosen for lhis
applicationbecauseit providedlhe bestcompromisebetweenreso-
lulionof peaks of inlerest,separation lime and solvenl consumption.



Loading Study
A loading sludywas performedon the 8mmx 200mm carlridge
column packed wilh l O_msilica Io determine lhe maximumamount
of crudesamplelhe columncould loleralewilhoutcompromising
resolutionof lhe cis-and trans-isomers. Once eslablished, lhe flow
raleand lhe maximumload on lhe scalingcolumncouldnowbe
used 1odelermine lhe conditions 1obe employed for any larger vol-
ume columnpackedwilh lhe samemalerial. Thesampleload and
flowtale were increased proportionally1olhe volume of lhe packed
bed (Table1). Thisresultsin identicalchromalographicperfor-
mance(relenlionlimes, peak widlhs and resolution)al lhe prepara-
livescaleas on thescalingcarlridgecolumn. Themaximum
sample load, on the scaling carlridge column, was 2 12 mg (Figure
5). Usingequalions1 & 2, theflow rateand load were calculaled
for a 200mm lenglh (twocarlridge column configuralion)wilh a
40mm diametercartridgecolumn.
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Conclusion

Theuseof SCToffersthesyntheticorganic chemista meansto purify
largeamountsof malerialwilhoullhe columndefining lhe purifica-
tioncondilions. Thisseparalionwas assessedby consideringresolu-
tion, capacily, limeand solventconsumplion.The columnlenglh
and packingmaterialsizewere tailoredto !!le separ,":_nand a ca-
pacily sludywas performedal theanalylicalscale. Havingdeter-
minedlhe op|imumcolumnlenglhand capacily, lhe separationwas
scaledto a 40mm carlridgecolumnwith lhe samenumberof seg-
mentsas in lhe scalingseparation. Fractionscollectedfromthepre-
paraliveseparationwere analyzedby HPLC,confirminglhat pure
productswere oblained.
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