
Jouurrzf of Chromatography, 171 (1979) 453-459 
8 Elmer Scientik Publishing Company, Amsterdam - Printed in The Netherlands . . 

CHROM. 11,613 

Note 

Purific&oa offully protected oBigonucleotide phosphotrieste; intermediates 
by gel fiftration on Sephadex bH-643 

J. F. M. DE RDOIJ, R. ARENTZEN, J. A. J. DEN HARTOG, G. VAN DECR MAREL and 
J. H. VAN BOOM’ 

Department of Organic Chemktry, Gorfaeus La&oratories, Sfate Utziversify of Leiden, P-0. Box 9502, 
2300 RA L&den (The NetheriandsJ 

(Received November 2&h, 1978) 

In the last few years, much time and effort has been directed towards the 
synthesis of oligonucleotides via phosphotriester intermediates’“. Basically, the 
method consists in coupling two partially protected phosphotriester fragments (e.g., 
1 and 2 in Scheme I), in the presence of an activating agent (3) derived from 2,4,6- 
triisopropylbenzenesulphonic acid, to give the required product (e.g.? 4). The fully 
protected DNA fragment thus obtained has to be separated from excess of first 
component (e.g., 1) and, if not fiklly consumed, second component (e.g., 2). 

Further, a typical side-product formed in this coupling process is a 5’-O- 
sulphouylated product (e.g., 5), the formation of which could not be prevented9 by 
using different10-16 activating agents (3a-f). 

We consistently observed in our purification procedure, using short column 
chromatography” on silica gel with chloroform-methanol as the eluting solvent, 
losses of required products (e.g., 4) and unsatisfactory resolution of side- and main 
products. 

The decrease in yield of reqvired products (e.g., 4) and the loss in resolving 
power became more significant when fully protected DNA fragments of relatively 
high molecular weight (e.g., 4, n + m > 2) were purifkd by this_ technique, and 
especially for oligonucleotides with a relatively hi@ content of the bases thymine or 
uracil and guanine. 

Further, the purification of fully protected DNA fragments of high molecular 
weight (e.g., 4, ~a f FIZ = 12) was virtually impossible by short column chromate- . 
graphy” on silica gel, even when water, which inactivated the adsorbent, was added 
to the eluting solvent. 

Therefore, in order to obtain pure coupling products (e.g., 4):,which can either 
be completely deblocked to give oligonucleotides, or selectively deblokked and as such 
be used for further coupling reactions, it is essential to have an e&c&e purification 
procedure. 

We report here that fully protected oligonucleotide phosphotriester inter- 
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SCHEME1 

mediates can be purified in re!atively large amounts by gel filtration chromatography 
on Sephadex LH-60 in 

Fully protected DNA fragments 
The fully protected oligonucleotides used are listed in Table I. They were 

prepared by block condensation of the partially protected fragments 1 and 2 (see 
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this way, many separations could be carried out on the same column with the main- 
tenance of good resolution. 

Thin-layer chromatography (TLC) was carried out on silica gel TLC-Ready 
Plastic Sheets F 1500 LS 2% (Schleicher & Schiili, Dassel, G.F.R.). 

Shcrt column chromatography” was carried out on Kieselgel 60 (E. Merck, 
Darmstidt, G-F-R.). 

RESULTS AND DlSCUSSfONS 

Sephadex LH-60, formed by hydroxypropylation of Sephadex G-50, has both 
hydrophilic and lipophilic properties. As the beads are known to swell in 2 wide 
variety of organic solvents’“, we tested some of these solvents as eluents for the 
purification of fully protected oligonucleotides. 

In our studies the mobile phase tetrahydrofuran-methanol (95:5), which can 
easily be removed in VCICUO at 30”, proved to be most generally applicable for this 
purification procedure. This solvent system provides excellent solubility properties 
and good chromatographic results, without causing any detectable deprotection or 
transesterification of the protecting groups. The latter phenomenon, transesteriflcation 
of the aryl protecting groups (R’ in Scheme I), has been observed during purification 
of fully protected oligonucleotides (e.g.. 4) on silica gel, and is presumably due to the 
relatively high percentage of methanol (up to 10 “%) in the eluting solvent chloroform- 
methanol in combination with the catalysing effect of the silica gel surface. 

Whereas fully protected oligonucleotides (e.g., 4), obtained in coupling reac- 
tions as outlined in Scheme 1, often exhibit, in chromatographic systems involving 
silica gel, 2 similar RF value as the second component (e.g., 2), they behaved difierently 
in chromatographic systems with Sephadex LH-60 in tetrahydrofuran-methanol . 
(95:5). In the latter systems, separation of the various components of the reaction 
mixture seems to be due mainly to the difference in molecular weight (gel filtration) 
and adsorption effects. Although methanol was added to the eluting solvent mzinly 
for reasons of solubility of the fully protected oligonucleotides in tetrahydrofuran. 
it even enhanced the resolution of these molecules. 

Table I lists the fully protected DNA fragments employed in this study using 
tetrahydrofuran-methanol (95 :5) as eluents. 

For instance, it was found that the crude fragment (experiment no. 1, Table r) 
on application to Sephadex LH-60 in tetrahydrofuran gave a chromatographically 
pure product in an isolated yield of 767;. Purification of the same amount of this 
crude fragment on silica gel in chloroform-methanol (96:4), however, gave only 607; 
of impure product. The same unsatisfactory results were obtained during the puri- 
fication of the other DNA fragments on silica gel. 

An example of the purification of a fully protected oligodeoxyribonucleotide 
(experiment no. 8, Table I) on Sephadex LH-60 in tetrahydrofuran-methanol (95:5l 
is given in Fig. I. About 3 mg of this crude fragment, obtained by coupling two 
partially protected fragments (1, n = 4, and 2, m = 5 in Scheme l), was applied to 
Sephadex LIMO in tetrahydrofuran-methanol (95:5) to give a well resolved peak 
of the desired product (Fig. la)_ The products eluted from the column were identified 
by TLC on silica gel in chloroform-methanol (9O:lO) as indicated in Fig. lb. 

Purification, on 2 preparative scale, of the same crude fragment (experiment 
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Fig. 1. (2) hrrification of cu. 3 mg of oligodeoxyribonucleotide fagment no. 8 (‘Table I) by cbromato- 
graphy on Sephadex LK-60. (b) TLC an&sis of the products I and IL (Fig. la). M refers to the crude 
fragment; I refers to the desired praduct. 

no. 8, Table r) is demonstrated in Fig. 2. About 500 mg of crude fragment was loaded . . . 
on to the column, and analysis of the fractions by TLC (Fig. 2b) indicated that the 
components were eIuted from the column without significant loss of resolution com- 
pared with the analy&l purification (Fig. La). 

High-performance liquid chromatographic (HPLC) analysislp (Fig. 3) of the 
product (dATCCTA=AGGAT), obtained after removal of the protecting groups of 
the purified fngrnent (experiment no. 8, Table I) with fluoride ionzo followed by 
aqueous ammonia, confirmed the purity of the isolated fragment. This was indicated 
by the absence (see Fig. 3) of peaks from the deprotected reaction components 
dATCCTApOR2 and dTTAGGAT (e.g., unblocked compounds 1 and 2 in Scheme I). 

All crude oligodeoxyribonucfeotide fragments (experiments ribs. l-12, Table r) 
were purified by gel filtration chromatography on the same column of Sephadex 
LH-60, and could be isolated in high yields as indicated in Table E. 

The purification of two fully protected oligoribonucleoyide fragments, 
rAAGAAG and r-pAGCCUGGp L*, demonstrated the general. application of this 
separation procedure for the purification of fuliy protected oligoribonucleotide 
phosphotriester intermediates. * 
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Fig. 2. (2) Purifkation of ea. 500 mg of oligodeoxyribonucleotide fragment no. 8 (Table I) by C~XEZ- 
tography on Sephadex LEE-60. (6) TLC analysis of the products I, Lh and Elf (Fig- 2~)). E refers to an 
unidentifki product: II refers to the required product; M refers to the crude fragment. 
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Fig. 3. HPLC analysis of dATCCIATTAGGAT, obtained after removal of the protecting groups of 
the purified fragment no. 8 (Table I), i.e., product II in Fig. 2a, on Permaphasc AAX at 60’. Solvent 
system: buffer A, 0.005 M KHIPOI (PH 4.1); buffer B, 0.5 M KCl-O.05 M KH2POc. Elution was 
carried out with a linear gradient of 2 7, of buffer B per minute, starting from 97 y0 beer A and 3 % 
buffer B. 

CONCLUSION 

Gel filtration chromatography on Sephadex LH-60 in tetrahydrofirran- 
methanol (955) is an excellent and economical method for the purification of fully 
protected oligonucleotide phosphotriester intermediates. The procedure has the 
following advantages over the previously used method employing short column 
chromatography on silica gel in chloroform-methanol: (a) excellent resolving power; 
(b) total recovery of purified product; (c) repeated use of the same column; and 
(d) low operating costs. 
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