
Essentialsin "
I

Poster Presentation

Prep '91 - May, 1991

Simplified Methods Development and
Scale-Up for Organic Synthesis Using

Segmented Column Technology TM

K. O'Connor and C. Phoebe, Jr.
Millipore Corporation, Waters Chromatography Division

34 Maple Street, Milford, MA. 01757 U.S.A.

Waters. The absolute essential Millil::_rewaters ChramatG:jraphyDivisiOncorporation Watersfor bioresearch. 34 Maple St. D,v,sionof MILLIPORE
Milford, MA 01757
(508)478-2000



Introduction

Inorder to increasetheyield of a final product, many syntheticor-
ganic chemistsneed 1opurify reaclion inlermediales. Thelarge
scale purificationof lhesesynlhelicinlermedialesis lradilionally per-
formed usingflash chromalography. Thismelhodology offerslow
resolutionand can useexcessiveamounlsof solvent. Presenledhere
is an alternativemelhodology for lhe separalion of reaction interme-
diates by HPLCusingSegmentedColumnTechnology(SCT).

, SCT is a novelapproach for preparalive chromalography lhat per-
mitscolumn lenglh and/or diameler to be varied in order 1oachieve
increased resolutionand/or capacily. Up to lhree 8ram, 25ram or
40mm I.D. carlridge columnsor segmenlsin l OOmmlenglhscan
be connected1ooplimize a separalionand can conservesolvent.
To demonstrateibis simpleand direct approach to lhe preparative
isolationof reaclion inlermediales,lhe cis-and trans-produclsof a
well characterizedWadsworlh-Emmonsreactionemployed in lhe
synlhesisof many pharmaceulicallyinlereslingrelenoidswere puri-
fied using normal phase chromatographyand SCT(Figure1).



Figure 1: cis-and trans-Isomers formed by
Wadsworth-Emmons Reaction
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Analytical Separation
A separationwas firstdevelopedon a high resolutionNova-Pak®
Silica, 4_n, 3.9mm x 150mm analylical column, so lhal fraclions
ullimatelycollectedfroma preparativeseparationcould be ana-
lyzed (Figure2). The desired cis-isomer(peak 1)was well resolved
fromthe trans-isomer(peak2)and otherreactionby-products
(peaks 3-5). The analytical separation was lhen transferred to a pre-
parative cartridgecolumn. Thistransferrequiredthedeterminalion
of which preparative silica packings should be used and the lenglh
and loading of thecartridge(s)requiredfor thisseparation. Inorder
to determine these parameters, 8mm I.D. scaling cartridges were uti-
lized. Once theoptimumconditionswere determined,sampleload
and solventconsumption were decided by using several equations.
The8mmcartridgeconditionscould thenbe scaled1oeilher25mm
or 40mm I.D. cartridges.



Figure 2: Analytical Separation of Crude Material
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Column:Nova-PakSilica,4_1 3.9ramx 150rr,m

1.0- Mobile Phase:Hexane/ElhylAcelale, 99.5/0.5 (v/v)
Sample:5_11of Crude (0.03% solulionof crude malerial
in mobilepllase)
Flow Rate: 1.Oral/rain
Detection:UV@30Onto
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Preparative Silica Evaluation

Fourdifferentpreparativesilica packings,(6_n, 10_n, ]5-20j.rn
and 37-55_n), packed in 8ram x l OOmmcarlridges were evalu-
ated to determinetheirabilityto resolvethe cis-and trans-isomers
(Figure3). Boththe 6_m and the l O_msilica packings provided
good resolution,whereaslhe 15-20_T_and 37-55_rnsilica
packings poorly resolved the pair for this lenglh of cartridge column.
The l O_n particlesizesilicawas chosento determinefurlherscale-
up parametersbecauseit resolvedthe cis/trans-isomersand would
provide a higher sample capacity than the 6_n silica.



Figure 3: Comparison of Four Silica Packings

Mobile Phase: Hexane/FthylAcetale,99.5/0.5 (v/v)
Sample: 2_ of Crude (20% solulion of crude malerial in mobile phase)

2.s. - FlowRate: 2.8ml/min

Au _ Detection: UV@300nmFigure3A: Waters Nova-PakSilica 61.u'n8mm x
^

o.o , " , , , l O0mmCartridge Column
2.5-

Au _- /._ Figure 3B: Waters _orasil ''M 10pro 8mm xo.o ,,- _ . , , , 100mm Cartridge Column
0 Minutes 10

2.5-

,,u _ Figure 3C: Waters Porasil®l 5-201.u'n8mm xo.0 -", ...... 100mm Cartridge Column
2.5-

Au _ Figure 3D: Waters Porasil37-551am
o._ ,_ .... 8mm x 100mm Cartridge Column
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Figure 4: Comparison of lOOmm, 200ram and
300ram Cartridge Column Lengths

Mobile Phase:Hexane/Elhyl 99.5/0.5 Iv/v)
Sample:51.dol Crude (14.1 mg crude malerial/ml ot mobilepllase)
FlowRate: 2.8 rnl/min
Detection:UV @30Onto
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Figure4A: Walers l.PorasillOI4m,
0.0 _ 8ramx 1OOmmCarlridge CdurnnI I 1 I I

Figure4B: Walers _orasil l O_n,
0.o , , , , , 8ramx 2OOmmCarlridge Cdumn
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AUI _._ Figure4C Walers _lPorasillO_lm,8turnx 3OOmmCarlridqe Columrl0.0 i I i I i ,
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Loading Study
A loading studywas performedon the8mmx 200mm cartridge
column packed with l O_msilica to determine lhe maximumamount
of crudesamplethecolumncouldtoleratewithoutcompromising
resolution of the cis-and trans-isomers. Once established, the flow
rateand the maximumload on thescalingcolumncould now be
used to determine the conditions to be employed for any larger vol-
ume columnpackedwith lhe samematerial. Thesampleload and

' flow ratewere increasedproporlionallyto thevolumeof the packed
bed (Table 1). This resultsin identical chromatographic perfor-
mance (retentiontimes,peak widthsand resolution)attheprepara-
tive scale as on the scaling cartridge column. The maximum
sampleload, on lhe scalingcarlridgecolumn,was 2.12 mg (Figure
5). Using equations 1 & 2, the flow rale and load were calculated
for a 200mm length(lwo cartridgecolumnconfiguralion)wilha
40mm diameter carlridge column.



Figure 5: Separation of Crude Material on a
Scaling Column

0.7- Column" Walers l.Porasil l OLuln
8ramx 200ram Cafhidgo Colu,nr_
Mobile Phase: t lexa,le/Eltlyl Acel(ll(,_,

_ 99.5/0.5 (v/v)
Sample: 150_ of Crude (14.1 mg
crude malerial/ml of mobilephase)

- Flow Rate: 2.8 ml/rnin
AU Detection:UV@34Onto
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Table 1" Flow Rate and Sample Load Increase
Proportionally to Column Volume

Equation1

Flow(prep) = Volume(prep) = LengthJprep)• r2(prep)
Flow (scaling) Volume(scaling) Lenglh(scaling)• r2(scaling)

Equation2

Mass (prep) = Lenglh(prep)• r2{prep)
Mass (scaling) Lenglh(scaling)• r2(scaling)
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Figure 6" Preparative Separation of cis
and trans-isomers

Column:Walers Porasill O_n
40mm x 200ram Carlridge Column

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

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

- Flow Rate: 70 ml/min
Detection: UV@340nm
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Large Scale Purification
As predictedfromTable 2, 52.88mg (3.75mls)could be loaded
on the 40mm x 200mm cartridge column, resultingin the same
chromatography(Figure6). Fractionsacrossthepeaksof interest
were collected, and aliquots were injected on the Nova-Pak Silica,
41.rn,3.9mm x 150mmanalyticalcolumnto assesspurily.Fractions
1A, 1B and 1C proved to be the cis-isomerwhile lhe remaining
threewere lhe trans-isomer(Figure7).
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Table 2- Choice of Cartridge Columns Which Could be
Used for the Separation of cis- and trans- isomers

Number of Column Flow Rate 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 l OOmm) 15.0 2.8 67.2 3.18 24.0

1 ( 25 x l OOmm) 50.0 28.0 224.0 10.60 8.0

2 ( 25 x lOOmm) 100.0 28.0 448.0 21.20 16.0

3 ( 25 x lO@mm) 150.0 28.0 672.0 31.80 24.0

1 ( 40 x l O0mm) 125.0 70.0 560.0 26.50 8.0

3 ( 40 x lOOmm ) 375.0 70.0 1680.0 79.50 24.0

Shodedoreos represenl corlridge columns usedin Figures 5&6. Thesampleload doesnol reflect lhe obsolule
copocily of lhe vorious corlridge columns.



Figure 7: Analysis of Fractions from
Preparative Separation

.,,i Column: Walers Nova-PakSilica,4_.lm,
3.9ramx 150ramColumn
Mobile Phase: Hexane/Elhyl Acelale,
99.5/0.5 (v/v)

AUFS Sample: 5_1of collecledfloclion from pre-
paralive isolalion
FlowRate: 1.0ml/min
Detection: UV@30Ohm

0 , , , , Figure7A: Fraclion 1B frompreparaliveseparalion
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Alternative Methodology
Thepathway presentedhererepresentsonly one way in which to
perform lhis separation. The speed and capaci_/were oplimized 1o
offera compromisebek,veenthetwo. Many otheroptionsexist
when using Segmented Column Technology (SCT). Forexample,
thisseparationcouldhavebeentailoredto optimizespeedor
capacity. Using Equations 1 and 2 (Table 1)other oplions in col-
umn configurationcan beemployed(Table2).



Determining Column Length: Optimizing the
• Separation to Suit Your Application

Injections were made on l OOmm, 200mm end 300mm column
lengths,using 8mm cartridge columnspacked with 101.rnsilica to
determine which would offer lhe largest sample capaci_, resolution
and fastestruntime(Figure4). The l OOmmlengthoffereda fast
separation with low peak volumes but is limiled in capaci_. The
300ram lengthofferedthegreatestresolutionand increasedcapac-
i_/but itslong run time would use larger amounts of solventand in-
creasethepeak volumes. The200mm lenglhwas chosenfor this
application because itprovided the best compromise between reso-
lutionof peaksof interest,separationtimeand solventconsumplion.
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Conclusion

Theuseof SCToffersthesyntheticorganicchemista meansto purify
large amounts of material without the column defining the purifica-
tion conditions. Thisseparationwas assessedby consideringresolu-
tion, capacity, time and solvent consumption. The column lenglh
and packingmaterialsize were tailoredto lhe separation and a ca-
paciN study was performed at the analytical scale. Having deler-
minedtheoptimumcolumnlengthand capacily, theseparationwas
scaled to a 40mm cartridge column with the same number of seg-
ments as in thescalingseparation. Fractionscollectedfromlhepre-
parativeseparation were analyzed by HPLC,confirminglhal pure
productswere obtained.
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