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Abstract: The preparation of au appropriately protected 2’-0-(2-~i~~yl)~~~ phosphoramidite is reported 
along with its incorporation into an oligonucleotide and post-synthetic labelling. 

The labelhng of o~igonucleotid~ with non-radioactive reporter groups and active probes has become a 

standard method for the detection and assay of these molecules. Labels are usually introduced by attachment to 

a free amino or thiol group within an oligonucleotider, and as such operations are carried out most 

conveniendy at the end of the synthesis, the function~ity should be protected until requited and then be readily 

deblocked and made accessible to electrophiles. 

Tbiols have been used in this context for several years now2, their activity being derived from the fact 

that they are very good nucleophiles and that them. are a wide range of reactive labels (eg. haloacetyl and 

maleimido derivatives of dyes and photo~tiva~ble compounds) with which they readily couple. There are 

various sites in a oligonucleotide where a thiol cau be incorporated, the position being determined primarily by 

the type of probe with which it will react and the use to which the labelled oligonucleotide will be put. 

The most accessible modifications are those that are situated at the 5’ or 3’- termini of the 

oligonucleotide. 5’-Terminal modifications that are incorporated during standard automated oligonucleotide 

synthesis are widely used’, typical examples of these are the trityl pro-ted ~~io~l phosphor~idi~ of 

Connolly et als, the o-thioalkyl H-phosphonates of Sinha and the trityl protected 5’-thio-Z’J’- 

dideoxyribonucleoside 3’-0-phosphoramidites of Sproat 5. All of these modifications are added to the 

completed o~igonucleotide at the end of the synthesis and allow the thiol function to be selectively deblocked as 

desired. 

For DNA oligonucleoti~s, 3’-terminal modi~cations are usuafly in~duced by carrying out the 

synthesis on a solid support containing a disulphide bond between tbe support and oligonucleotide and then 

liberating the thiol function by reduction of the disulphide bond with DTT before or after the main ammonia 

debfock steph-8. The main advantage of modifications such as these is that they do not interfere with 

hybridisation, on the negative side however, they are not amenable to multiple labelling. There are, at present, 

two main ways in which a reactive thiol may be incorporated ‘internally’ within the oligonucl~tide, these being 

modification of tbe phosphate backbone, and incorporation of modified residues with masked thiols present in 

the nucleobases. 
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There are two main approaches to the insertion of sulphur and thiol linkers within the phosphate 

backbone. The first uses standard phosphoramidite chemistrysvto and simply involves oxidation of the 

intemucleotide phosphite bond with sulphur (either in the form of elemental sulphur or one of a number of 

commercially available sulphurising agents)12 to give a phosphorothioate diester rather than a phosphodiester 

bond. As the sulphur has similar reactivity to a thiol, it can be coupled to a variety of probe@. 

The main advantages are that in~~uction of the sulphur is simple and that the modification can be 

placed at any position within the backbone. The main disadvantage is that the sulphurisation reaction produces 

two diastereoisomers at each intemucleotidic bond, which may be troublesome when the oligonucleotide is to 

be used in biological systems. 

The second approach uses H-phosphonate chemistry14 and relies on the oxidation of the in~muc~eotide 

H-phosphonate diester bond with an alkylamine in carbon tetrachioride to give a phosphoramida~ linkage. If 

the alkylamine has an internal disulphide bond then this can be reduced with DTT to give a thiol. A recent 

application has been demonstrated by McLaughlin ts who used H-phosphonate chemistry to incorporate an 

alkylamine with a terminal protected amine and an internal disulphide bond. These can be deblocked separately 

to allow the incorporation of amine and thiol specific probes at different positions within the same sequence. 

This technique has been applied to incorporate two different dyes for Fluorescence Energy Transfer 

Spectroscopy of oligonucleotides 14. Again, however. there is the problem of diastereoisomers. 

Modified bases containing masked thiols can be incorporated at any position within a sequence but it is 

desirable that the modification does not interfere with hybridisation, thus the position for modification within 

the base is restricted to the 5 and 6-positions of pyrimidinestfiJ7 and the I-position of purines. 

We wish to report here the preparation of a nucleoside phosphoramidite containing a masked thioalkyl 

function in the 2’-position, and its incorporation into an oligonucleotide and subsequent labelling. The 2’- 

position in the sugar residue is ideal for the attachment of probes and labels as interference with hybridisation is 

unlikely and this position can be used to investigate the binding of enzymes and proteins to double stranded 

nucleic acid sequences. The key reaction in the synthesis is the 2’-O-alkylation of uridine derivative 1 (scheme) 

with ethyl bromoacetate in the presence of the strong non-nucleophilic base, 2-~e~-butylimino-2-die~yl~ino- 

l,3-dimethylperhydro-1,3,2-diazaphosphorin (BDDDP)t*. This, in combination with the base and sugar 

protection, allows the alkylation to be carried out directly on the nucleoside rather than on a sugar alone which 

then has to be coupled to a nucleobase, as was recently reported by Hgner 19. A similar alkylation leading to a 

modified adenosine residue carrying a S-amino~ntyl linker in the 2’position has recently been reported by 

Cook et al 20. 

Thus, compound 1 was rapidly alkylated with ethyl bromoacetate and BDDDP to give the 2’0 

ethoxycarbonylmethyl ether, 2 in 90% yield. This is in complete contrast to methylation of the 2’-hydroxyl 

group of compound 1 using iodomethane where the overall yield is generally around 70% and takes several 

hours to reach completion 1s. The 2,6-dichio~phenoxy nucleobase protection was then removed by treatment 

with oximate to give 3. This is necessary otherwise reduction of the ester results in concomitant reduction of 

the heterocycle. The ester was then readily reduced to the 2-hydroxyethyl ether derivative 4, by treatment with 

alcoholic sodium borohydride. Bromination was then carried out by treatment of 4 with carbon tetrabromide in 

the presence of triphenylphosphine in refluxing acetonitrile. Here it was necessary to add the carbon 

tetrabromide solution in acetonitrile dropwise to the refiuxing solution containing nucleoside and 
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Scheme. 
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KQX i, BDDDP(1.5 eq), ethyl bromoacetate (2 eq), CH,CN, rt , lh; ii, 2- nitrobenzaldoxime 

(2.28 eq), 1,1,3,3- tetramethyguanidine (2.08 eq), CH$N, rt, 12h; iii, NaBH, (2.5 e@, 

CH@H (15 e@, t-BuOH, 80°C, 1.25h; iv, Ph3P (1.3 eq), CBr, (1.3 eq), CH,CN, 90°C, 

then v trityl mercaptan (1.3 eq), DBU (1.1 eq), benzene, 90°C, 3h; vi, TBAF (2.2 eq), THF; 

vii, DMTrCl (1.2 e@, Et3N (1.5 eq), pyridine, rt, 12h; viii, 2-cyanoethoxy-N,N-diisopropylamino 

chlorophosphine (1.8 eq), N,N-diisopropylethylamine (2.5 eq), CH,Cl,, rt, 28h. 

DMTr = dimethoxytrityl. d = isopropyl. Tr = trityl. 
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triphenylphosphine so that the reactive brominating species was trapped by the alcohol before it could react 

with more triphenyl phosphine and thus become deactivated. At the end of the reaction, the volatile material 

was removed in vacua and the gum redissolved in benzene and brought to reflux (CAUTION - TOXIC - all 

manipulations should be carried out wearing a lab coat, safety glasses and gloves in an efficient fume hood). 

The intermediate 2-bromoethyl ether was not isolated. Trityhnercaptan and 1,8-diazabicyclo[5.4.O]undec-7ene 

were then added and the mixture was heated further giving the tritylmercapto derivative 5 which was then 

desilylated in the usual manner to yield compound 6 in good yield. Compound 6 was then dimethoxytritylated 

in reasonable yield giving compound 7. Phosphitylation of compound 7 was carried out in accordance with 

standard procedures**, however, even in the presence of a large excess of the phosphitylating agent, the 

reaction required about 26 h to reach completion, and because of this, a large amount of H-phosphonate was 

formed thereby somewhat reducing the yield of the desired product 8. The slow phosphitylation is almost 

certainly due to steric hindrance caused by the bulky O-dimethoxytrityl and S-trityl groups. The purified 

phosphoramidite 8 was stored at -2O’C and dried thoroughly by evaporation of benzene before use in solid- 

phase synthesis in order to remove traces of moisture and triethylamine which would impair the coupling yield. 

Oligodeoxyribonucleotide synthesis was carried out on an Applied Biosystems model 394 DNA/RNA 

synthesiser using a standard 1 l.tmol synthesis cycle and trityl-on end procedure, except that the coupling time 

for the modified uridine phosphoramidite was increased to 10 min. Standard ammonia deprotection was carried 

out and the S-O-dimethoxytrityl, S-trityl protected oligonucleotide was purified by reversed phase HPLC. 

After selective removal of the 5’-O-dimethoxytrityl group with aqueous acetic acid, the S-trityl protecting 

group was cleaved with aqueous silver nitrate solution under neutral conditions; subsequently the silver ions 

were removed with DlT and labelling of the free thiol was performed following a standard proceduret. 

In our initial investigations we attempted to use the terr-butyl- and cyano- groups to protect the 

mercaptan function however both methods tended to give irreproducible results and as a consequence we 

switched to the rather bulky yet readily cleavable trityl group. We envisage that this methodology will be 

particularly useful for the incorporation of photoactivatable groups such as phenyl azides in synthetic 

oligoribonucleotides for mapping interactions with RNA binding proteins. 
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