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Ve wish todescribe a simple absorption chromatography
technique for the muitine purification of oganic compourds.
Lamge scle preparative separations are traditionally carred
aut by tedious lorg coumr chrymatography. Slthough the
resslts are scroetimes satisfactory, the technique is always
tiow vurswung and freyuently gives poor rexovery due o
bard taiing. These preblems are especiully acute wien sem-
ples of pyeater cham 1 or 2 g mustbe separaled, In recent years
several preparative system: have evolved whica reduce =p-
aration umesto 1-3 h and allow the resolution of corponents
having &R 2 0.0 or analytical TLC. Of these, medium
pressure chromatography! and short column chroratogra.
phy? have been the most sucsessful in sur leboraiory. We have
recently developed a substantizlly faster technique for the
rowtine purification of reaciion sroducts whick we cail flash
chromatography. Although its resolution is only noderate
(4% = 0.15) thesystem iz axtreessly inatpentive 1o tot up
anc operate and allows separations of samples weighing
0.0, 103 g3in 10 15 min4

Flash chromatography i3 basically an air pressure driven
hytrid of mecium preasure and shont Wl Guvmnawgrawby
which has been optimized for particidarly rapid sepieations.
Op.imizatlonstudies were carried cutunder a sec of standard
conditions® wing samples of benzyl slcehol ona 20mm X §
in. :olumn ot silica gel 50 and monitoetng the columas autput
wity a Tracor 70 ultraviclel detector. Resolation is mensured
in terma of the ratia of retention time (F) to peak esdth dw,u/2)
IFigure ), and the results are diagrarimed in Figures 2— for
variations in silics ge' particle size, elusnt flow mte, and
sarepla siza.

4 number of interesting facts emerge from these data. Frst,
we find that one of the most popular grades o7 silica gol 50,
70-230 resh (63200 um), givea the poorest resslution of any
pelatuded under our standard eonditions. Serond, pardele
sizes Jeas thao 40 um offer an improvemen; in resolution with
tut medhued of pachiog.” Culuimm per vrtnmave > Yuile biriai-
tive to the rats of elution and is best with relatively high eluant
i zates, The solventhead above the adsarbent bed sheuld
drep 2,0+ 0.0 in/min {or optimam resolution with mixtures
of ethyt acetate/petroleim ether JU-40 *C.# binally, e peak
wicth shows the expécted increxie with the sample 3ize.
Sanple recovery was 295%,
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Flaw Controlles

Figuore 5.

Theapparatus required for this tzehnique consists of a set
of chrommiogeaphy cclumns and a flow centrallas valve
(below), The coumn is a flattaned bottom 13 in. tlass tube
fitted with s Telliu stopmock ead topped with u 2449 zlass
Joint Columns without fritted gloss bed suppotts are yeneeally
prefor;ed & nce they dave signilcan:ly fess dead voiume than
tho =t =t pd feisree® oaer T h sz vneioty, The ' owl e ™ -
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valve 15 a simple variable bieed device for precise regulation
of the elution rate and is constructed (rom a glass/Teflon
needie valve {Ace Glass Co. No. 8183-04 or equivalent) and
a standard 24/40 jeint,

A detailed procedure is presenied in the experimental
section and is summarized as follows; (1} A solvent is chosen
which gives good separation and moves the desired component
1o Ry = 0.35 on analytical TLC{E. Merck No. 5765).9 (2) A
column of the appropriate diameter (see Table 1) is selected
and filled with 5-6 in. of dry 4063 um silica gel {E. Merck No,
9385).19 (3) The column is filled with solvent and pressure is
used 1o rapidly push all the air from the silica gel {4} The
sample is applied and the column is refilled with solvent and
cluted at a flow rate of 2 in/min.

The time required to elute the desired componenta from the
column is generally so fast (5-10 min) that we have abandoned
autompatic fraction collectors in favar of a simple rack holding
forty 20 % 150 mm test tubes. Small fractions are typically
collected early in the elution with larger ones being collected
towerd the end of the chromatozraphy. Separated compo-
nents are conveniently detected by spotting ~3 uL of each
fraction ajong the long side of 7 cm X 2.5 ¢cm TLC plate and
then by developing the plate sideways. Heavier spotting may
be required for small saraples or highly retentive componenta.
A 1ypical separation is shown in Figure €,

Qver Lhe past year we have run many hundreds of these
columns. In every case we have been able to effect clean sep-
aration of compounds having Ry = 0.15 in leaa than 15 min
and in many cases separations at &Ry = 0.10 were poaaible,
The amount of sample wsed on a given column is proportional
L0 its cross-sectional areas and Table | can serve s a guide
column selection.

The sample size may increase substantially if less resofution
is required: we have used a 50-mm column for the purification
of up 1o 10 g of compound heving impurities at AR, = 0.4.
Resolution is maintained even with large diameter columns.
For example the epimeric alcohols 1 and 2 have an R; of 0.34

ke 50

and 0.25, respectively, in 3% ethy] acetate/petroleur ether.
A 1.0.g mixture of 1 and 2 (4R, = 0.09) easily separated with
only 8 65-mg mixed fraction in 7 min on a 40-mm diameter
column (500 mL of 5% EtOAc/petrolenm ether).

If the components to be senaratad are closer on TLC than

AR 0.15, increased resclution may be achieved by using a°

longer (e.g., 10 in.} column of gel aiternatively a less polar
solvent can be used, Such a solvent can be selected to move
the desired compenents on TLC 10 Ry = 0.25 without in-
creasing the elution times too drasticaily. In either case, the
culumn should be only lightly loaded with sample and a rapid
MNow rate of 2 in./min should be maintained. Slower flows

clearly give poorer resoiution with ethyl acetate/petrofeum

rither mixtires.

' oles
Table 1

typical

colymn volof  « =amnple: fraction
diamoter, eluant,® _x_\mrnl losading (my) size,
mm ink. 3k, & 0.2 _aky 0.0 mbL
10 0o 100 10 5
0 .00 4 D 10
i g 900 agu 20
10 wo 1600 €00 30
50 100 2500 1000 %0

a Typical volume of eluant reguired for packing and elution.

Tn conclusion, flash chromatography provides a rapid and
inpxpengive general method for the preparalive separation
of mixLures requiring only moderate resolution. Evenin cases
where high resolution is required, preliminary purification by
the flash tachnique allows simplified high-resolution sepa-
rations without contamination of expensive HPLC columna
Finally, we would like Lo stress the facis that use of the 40-63
um silica gel and a pressure. {and not vacuum-) driven flow
rate of 2.0 in/min are crucial for successful separations by this
method. ;

Experimental Section

Chromatography columns snd the flow eoncroller valve were a3-
sembied as described in the Lext. The silica gel used was 4063 um
{400-2Z30 mesh) silica gel 60 (E. Merck No. 9385}.°0 Solveols were
distilled prior to use. Thir layer chromatograms {TLC) were run on
zlass supparted silica gel 60 plates (0.25-mm Layer, F-254) (E Merck
No. 5765).

Flash Chromatography. General Procedure. First o low vis-
covity salvent aystem {e.g., ethyf acetate/30-60 °C petroleum etherl®
is found which separates the mixture and moves Lhe desired compa-
nent an analyticsl TLC to an Ry of 0.35.? If several cornpounds are to
be separsted which run very edose on TLC, adjust the solvent Lo put
the midpaint between the camporents aL Ry = 0.35. I the compourds
are widely separatad. sdjust the R; of 1the lees mobile companeat 1o
.25. Having chosen the =olvenl, & col of the approptiate diameter
(see taxt, Table [1 1 salected and 2 small plug of glass wool is placed
in the tube connecting the stopeuck to the column body (A in the di-
sgram abovel. Two telescoping lengths of glass Lubing {6 and § mm
o.d.) make placement of the glass wool plug easy. Next a smoath '
in. layer of %100 mesh sand is added to cover the bottom of the
column and dry 4063 um silica gel s poured into the cohimn in &
single poruon to give a depth of 5,5-6 in. With the stopcock open, the
calumn is geatly tapped vertically on Lhe beach 10p Lo pack the gel
Next 8 3 in. syer of sand is carefully placed oa the flat 1op of the dry
get bed and the column is clamped fur pressure packing and elution.
The solvent chesen sbove is thea poured carefully over the sand to
fill the column completely, The nesdle vatve (Bl of the flow controller
i coened all the way and the flow controlles ia fitted tighty to the wp
of the calumn and secured with strong rubber bands. The main air
Jine valve leading o the flow controller is opened slightly and a finger
is placed fairly Ughty over the bleed port (C)h. This will causs the
pressure aoave the adeorbent bed to climb rapidly and compress the
silica gel aa sobvent is capidly forced through the column, It is im-
porlant to maintain 1be pressure until all the air ir expelled and the
Jower part of the calumn is cool: otherwise, the column will fragment
and shoudd be repacked unless the separation desired is 8 Urivial ace,
Particular care is necessary with large diameter columna The preesure
is then released and excess eluant is forced out of the colymn shove
ke adsarbent bed by partially blocking the bleed port (Ch The top
of Lhe silica gel should not be aliowed to run dry. Next the sample is
applied by pipelte 85 a 20-25% solution in the eluant Lo the top f the
adsorbent bed and the Mow conteniler is briefly placed on top of the
colurmn to push all of the sample into the silica gel?’ The solvent used
w pack the cofumn is ordinarily reused 1o elule the column. The walls
of the column are washed down with a few milliliters of fresh eluant,
the washings are purhed into the gel as before, and Lhe column is
carefulty filled with elusnt eo as not to dirturh the sdrorbent bed. The
Mow cuntealler is (inally secured ta the column and sdjusted Lo cause
Lhe surlace of the salvent in the column 1o (all 2.0 in/min. This seenes
10 be an optimun value of the flaw rate fne rowel low visoosity sobvent>
for any column diameter with the 401-63 um silica pel. Fractions are
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cted until all the sulvent has been used {see Table | Lo estimats
mount of yo!vent and fraction size), [t is best nat to lat the colurmo
dry since [urlher elution is occasionslly necessary. Purified
xinents are identified as described in the text by TLC, If the
woing instructians sre followed exactly, theee 1s Jittle upportunity
ne separation to fa:l .
though we generally pack (eesh columng for vach sepucation, the
nse of large.scale separations makes it advontageaus to reyys
diameter columns, Column recycling is effgcted by first fushing
= 2 infruin) the column with approximately 3 in. of thy more
rcomponant in the eluant (generally ethyl acetaie or acetane)
then with 5 in. of the desired siuant, If the eluant is relatively
wolar (e.g.. X10% ElOAc/petralenm ether). it way be mare ad-
e to use ¢ Nushing solvent (e.g., 20-50% ExOAc/patrolewm ether)
b is somewhat less palar than the pure bigh palarity compo-

rgistry No.—|, 6841 7-28.-5; 2, 66417-27 4.
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FOMpoLNds, aCetonaspevolourn ether or acelcne/melhyiene chiordde
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he chemistry of C-nucleosides has received cansiderable
ation recently due to the biological activities of naturally
rring compounds such as showdomycin, furmycin, and
inomycin,? Though synthetic methedology has evolved
he preparation of a number of C-nuclenside analogues,?
one investigation has dealt with the synthesia of homo-
iclecsides,” cumpounda with a methylene unit between
rbon of the niteogen base and the standard p-ribose
ity. This note describes the facile synthesis of a series of
bstituted 4-pyrimidinone homo-C -nucleosides from the
*1, which is available in three steps from D-rihose %

eatment al | with lithio.ter?-butyl acetate® in toluene
'C for sevezal hours affords an anomerie mixture (ca. 3,
of the §-kuto ester 2 in 3% yield. The assignment of 3 tu
najor anomer was made ¢n the hasis of 1'C NME data. [
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DOCH, CHCOLH,  TROCH, f]’ '
w : CCH,CO.tBu
o><o 0

CH CH, CH,~ 'CH,
1 2
Tr = trityl
H 0
H\\I O \N -
R—4 R (N
N
TrOCH, CH. HOCH, oy,
0 > =
oxo HO OH
CcH, - CH, 4 =
3
a, R = NH,
b R = CH,
e, R =SH
d, R = phenyl
e, R=H

occur at § 23,66 and 27.54, within the range atrongly indicative
of a 2 configuration {25.5 = 0.2 and 27.5 4 0.2).748

[t has been shown that the a-anomer of 1 is more stable than
the J.* and recently a rationalization for this seemingly un.
usual behavior has been presented.? On this basis it seems
likely that the o anomer of 2 is also more stable than the 8. The
conditions involved in the preparation of 2 llow-temperature,
aprotic solvent) probably do ni allow equitibration, though
there is some leakage to the @-anomer, Further support for
these postulates is provided by the finding that 5-2 is isom-
erized read:ly under basic conditions to an «/d mixture which
is predominantly «.

Condensation of 2 with guanidine, acetamidine, thiourea,
end benzamidine under basic conditions afforded the pro-
tected nuclecsides Ja-d as anomeric mixtures (ca, 3:1, /3
which were chromatographically insepacable. That the major
anomers after condensation are all o is also indicated by the

* chemical shifts of the isopropylidene methyls, For example,

the shifts of the miethyls in 3a are at  23.09 and 26,33, clearly
in the « range (24.9 = 0.3 and 26.3 £ 0.2i."3 In view of the
ready isomenzation of -2 to & mixture of anamers containing
predominantly «-2, it seems likely that equilibration is oc-
curring prior vo cyclization, and that the anameric composition
of 2 after equilibration dictates the ratio of o- and 8-homo-
C.nuclensides. Desulfurization of 3¢ with Raney Nickel in
refluxing 95% ethanol provided the hydroger-substituted
compound Je. Tnlerestingly, while bath urea and formamidine
reacted with 2, neither led 1o the formasicnof cyclized mate.
rial under a variety of conditions, The free nucleasides 1n-e
were oblained by treatmenc of 3a3-e with either methanolic
hydrogen chloride or aqueous trifluoroacetic acid for several
hou.’s. These acidic conditions, even over longer periods of
time (2 days), caused nochange in the «/ rativ of the nucle-
osides. Chromatographic separation of the free nuclecside
AnOMmErs M as ance again nnt peesible. de was also available by
desulfurization of de.

The “'C NMR spectra of the free nuclecsides contained
characteristic signais for the five compounds, and all values
are reported in the Experimental Section. Salient 'H NMR
values are thi methylsinglet ol dbal 4 2,28 and the pyrimiding
CuH singlet nf 4& a0 3 292 as well zs the prrimidine ) <iznal



