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Summary : By replacing the phenyl by a pyrenyl in the dimethoxytrityl (DMTr) 
group commonly used for 5'-protection in oligonucleotide synthesis, we have 
obtained a fluorescent acid-labile protecting group which exhibits similar 
chemical properties to those of DMTr. Here we demonstrate the usefulness 
of the new protecting group in the purification of both charged and neutral 
DNA fragments. 

The cyclic process leading to a synthetic oligonucleotide normally involves 

an acid treatment to remove a 5'-protecting group at the beginning of each 

cycle. The acid labile group most often used is the di-p-anisylphenylmethyl 

(trivially called dimethoxytrityl, DMTr) developed by Khorana et al.(l). 

Modifications of this group are very easily achieved but this fact has not 

been exploited to a large extent. The most notable exceptions are due to 

Seliger (2) who introduced long chain I-alkyloxy groups to facilitate HPLC 

purification and to Caruthers (3) who synthesized a large variety of tri- 

arylmethyl groups giving different colours in acid solution. Letsinger and 

Finan (4) reported a l-naphthyldiphenylmethyl group, but this requires 

strong acid treatment for its removal. However, to our knowledge, a modi- 

fication l'eading to a highly-fluorescent 5'-protecting group easily remov- 

able under mild acid conditions has not been made use of for oligonucleo- 

tide synthesis. We chose to substitute a pyrenyl group for the phenyl in 

DMTr because using its respective excitation and emission wavelengths of 

346 and 390nm for detection purposes would enable us to avoid the DNA- 

damaging wavelengths of 254-260nm currently used. 

BY 5 '-addition of the group to a complete oligomer we would achieve two 

objectives. Firstly, we would have an alternative detection method to the 

254nm UV shadowing procedure routinely used to localize the desired syn- 

thetic product on a polyacrylamide gel. Secondly, we would be able to iden- 

tify easily, and unambiguously, the desired product in a complex mixture 

resulting from a new, perhaps inefficient synthetic procedure. 
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The synthesis of 1,l - bis - (4-methoxyphenyl)-l'-pyrenyl-methyl-chloride 3 

and its reaction with thymidine is shown in the Scheme. The aldehyde 1 was - 

converted to the methyl ester 2 in quantitative yield (5). A standard 

Grignard reaction gave the carbinol 1 in excellent yield (6). The deep 

purple coloured chloride 4 was obtained by treatment of 2 with acetyl 

chloride (7). Reaction of 3 with thymidine in pyridine gave the 5'-protected 

nucleoside 2 (8). The stability towards 80% aqueous acetic acid of bmpmT 2 

and DMTrT was compared by tic analysis. It was estimated that at least 

908 deprotection was achieved in lo-20 min for DMTrT and in 30-60 min for 

bmpmT(9). We could detect quantities of bmpnTdown to 10 -10 M on silica gel 

tic plates at 360nm.bmpmT was converted to the methoxy diisopropylphospho- 

ramidite 5 (10) by the method of McBride and Caruthers (11). The same 

method was adapted to obtain the methyl phosphonamidite derivatives of 

bmpmTzand of DMTrTs.The products were purified by silica gel column 

chromatography (10). 

Two series of oligomers, using either commercial cyanoethyl phosphoramidi- 

tes or the methyl phosphonamidite 8, were synthesized by normal automated 

solid phase techniques using tetrazole as activator (12). An acetylation 

was used after each coupling in order to block all the 5' -hydroxyls which 

had failed to react. For the final coupling reaction, the 5' -bmpm protec- 

ted product 2 or 1 was added via a manual injection port. Thus only the 

desired, complete sequence bore the fluorescent group. Appropriate base 

treatment, concentrated ammonia solution for the oligonucleotides and 

ethylenediamine/ethanol for the oligonucleoside methylphosphonates (13), 

deprotected the oligomers and cleaved them from the solid support. 

Fig. 1A shows the reverse phase HPLC profile (14) of a 5'-bmpm30-base 

charged oligodeoxynucleotide using a double detection method with, in 
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Fig.1. HPLC of bmpm 30-mer Fig.2. PAGE of bmpm 30-mer 

series, a spectrophotometer at 260nm and a spectrofluorimeter with excita- 

tion and emission wavelengths of 340 and 390nm. As observed with DMTr-pro- 

tected oligomers, thebmpm-protected oligomer is well separated from non- 

fluorescent failure sequences. After deprotection with 80% acetic acid, 

the product was repurified on the same column (Fig.lB). The 5'-bmpm 30mer 

was also purified by EM-urea polyacrylamide gel electrophoresis. The pro- 

duct resulting from a deposit of 0.5 OD units of crude product is clearly 

visible by fluorescence on a wet gel at 360nm and, because of the retar- 

ding effect of the bmpm group, it is well separated from n-l and other 

failure sequences (Fig.2). 

Fig.3. HPLC of bmpmT(pTJ3 
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Fig.3A shows the reverse phase HPLC profile of the oligothymidyl methyl- 

phosphonate bnpmT(pT) 3 which, because of the presence of two diastereoiso- 

mers at each P atom, is a mixture of 2 
3 
=8 diastereomers. In this case, we 

observe a complex mixture of UV absorbing and fluorescent peaks, indica- 

ting that the different diastereomers are retained to differing extents 

on the column. HPLC analysis of longer sequences shows either a broad pro- 
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duct peak or a number of more or less well defined peaks as seen forbmpmT 

(pT) 5(Fig.4A). The fluorescence clearly indicates that the whole peak com- 

plex represents products of the correct length, which would not have been 

evident from the use of the DMTr group. After collection of all the product 

peaks and removal of the bmpm group, HPLC analysis now shows only one relati- 

vely sharp peak (Figs.3B, 4B). Confirmation of the correct structure of 

these and other oligonucleoside methylphosphonates has been obtained by 

mass spectroscopy (12) and from thermal stability studies (manuscript in 

preparation). 

*To whom enquiries should be addressed. 
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