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Abstract: A new synthetic route has been devised for the preparation of 2'-O-alkyl 

guanosine derivatives. Utilizing a strategy of minimal protection, the alkylation was 

performed on partly protected guanosine using an alkyl halide and a sterically hindered 

strong organic base. © 1997, Elsevier Science Ltd. All rights reserved. 

2'-O-Alkyloligoribonucleotides possess properties that make them interesting for in vivo gene 

expression studies and therapeutic applications. These oligonucleotide analogues exhibit high resistance to 

degradation by either RNA or DNA specific nucleases and form hybrids of high thermal stability with 

complementary RNA. 2 2'-O-Allyl and 2'-O-methyl modified oligoribonucleotides have been used for studying 

in vitro RNA processing. 2,3 Moreover, multiple 2'-O-allylation or methylation of hammerhead ribozymes 

results in high activity and greatly enhanced nuclease resistance.4, 5 

Considerable effort has been directed towards developing efficient alkylation reactions that yield 2'-0- 

alkylribonucleoside building blocks. Early methods of methylation using diazomethane on unprotected or 

partially protected nucleosides 6 suffered from low yields and the presence of the undesired T-O-methyl 

isomer complicated the purification. The use of sodium hydride and an alkyl iodide on partially protected 

ribonucleosides enhanced the selectivity for alkylation of the 2'-hydroxyl function. 7 However, the separation 

of the T-O-methyl from the 3'-O-methyl ribonucleosides required subsequent protection of the exocyclic 

amino function and 5'-hydroxyl moiety. 7 In an elegant procedure developed by Chanteloup et al. 8 2'-O-alkyl 

derivatives were prepared by a glycosylation reaction using an activated 2'-O-alkyl ribose derivative and a 

per-silylated base. However, the method is a multistep procedure and result in low overall yield. The 

procedures originally developed by us for preparing 2'-O-methylribonucleoside phosphoramidite monomers 

require the use of expensive starting materials. 9 The latter route has also been adapted to palladium(0) 

catalysed allylation 10 and as described recently, modified to give a simple and more cost effective synthesis 

of 2'-O-allylribonucleosides. 11 Lately, Hodge et al. 12 published a simple synthesis of 2'-O- 

alkylribopyrimidines, using partially protected cytidine and silver oxide/alkyl iodide. The 2'-O-alkylcytidine 
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products could be converted to 2'-O-alkyluridines in one step. However, the silver oxide catalysed alkylation 

procedure cannot be transferred to purine ribosides. 9 

In this paper we describe a simple and efficient procedure for the preparation of 2'-O-alkylguanosine 

derivatives using inexpensive guanosine as starting material. The key feature is the use of a silyl protected 

intermediate, where the selective alkylation is pertk)rmed with an alkyl halide in the presence of a sterically 

hindered strong organic base. 
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Figure 1 Reaction scheme for the synlhesis ol 2'-O-alkyl guanosine derivatives. Reagents: i, 1.2 eq tert.- 

bulyldiphenylchlorosilane, 0.2 eq 4-dimclhylaminopyridine, 5 eq Iricthylamine in dichloromethane; ii, 2.5 eq 2-tert. 

butylimino~2-dicthylamino-1.3-dimethylperhydro 1,3,2-diazaphosphorine, 5 eq of alkyl halide in acetonitrile; iii, I 

eq tetrabutylammonium lluoride in tctrahydrofuran; iv, 5 eq N,N-dimcthylformamide dimcthyl acetal in methanol. 

Protection of the guanine ring is essential to prevent heterocyclic alkylation and so we based our 

protection of the guanine lactam function on the work of Daskalov et al .13 who reported O6-silylation of 

2 ' ,3 ' , 5 ' - t r i -O-ace ty l -N2- t r i ty lguanos ine  using 4 -d im e thy l am inopy r id ine  (DMAP)  and t e r t . -  

butyldiphenylchlorosilane (TBDPSCI). The use of the Markiewicz reagent for the protection of the 5'- and 3'- 

hydroxyls 14 allows exclusive alkylation of the T-hydroxyl group. Further, the disiloxane bridge and the 

TBDPS-group can be removed simultaneously under mild conditions 14 after the alkylation. Thus, guanosine 

was first protected with the Markiewicz disiloxane reagent giving compound 1. This compound was then 

converted into the highly versatile O6-TBDPS derivative 215, using TBDPSCI, DMAP and triethylamine in 

dichloromethane at room temperature. The reaction gave selectively O6-silylation without any observable 2'- 

O-silylation. The O6-silylated product was found to be formed essentially quantitatively by monitoring the 

reaction on tic. TBDPSCI/ DMAP/tricthylanmm with pyridine or dimethylformamide as solvent did not 

produce any silylated products. However, compound 2 was only partly stable to chromatography on silica gel 



Synthesis of 2'-O-alkylguanosine derivatives 427 

and was therefore used further without any purification. Other reagents like tert.-butoxydiphenylchlorosilane 

and tert.-butyldimethylchlorosilane also yielded O6-silylated products (data not shown), but were excluded 

from further use due to their low stability. It is worth noting that the IR spectrum of compound 2 lacked the 

usual carbonyl band at 1700 cm -1 thereby indicating that the lactam function was in the enol form and that 

the TBDPS-group was attached to the 0 6. 

It should be noted that the presence of small amounts of imidazole from the first reaction changed the 

selectivity almost completely from O6-silylation to 2'-O-silylation. It is likely that the imidazole is assisting 

the removal of the OH proton at position 2' and this results in the formation of the 2'-O-silylated derivative. It 

is therefore essential to remove all the imidazole. 

It was found that compound 2 is readily alkylated on the T-hydroxyl function using an alkyl halide and 

the sterically hindered strong organic base, 2-tert .-butylimino-2-diethylamino-l ,3-dimethylperhydro-l ,3,2- 

diazaphosphorine (BEMP). No N-2 alkylation was observed and ring opening of the disiloxane bridge was 

minimal. After 2-3 h some degradation started to occur. The degradation was mainly due to loss of the 

TBDPS-group. In complete contrast the silver oxide catalysed alkylation 12 route, when applied to compound 

2 ,  resulted only in small amounts of N7-alkylation. 

Silylation Procedure 

Guanosine (35 mmol) in DMF was treated with 1.1 eq 1,3-dichloro-l, l ,3,3-tetraisopropyldisiloxane 

and 5 eq imidazole 14 under anhydrous conditions at room temperature for 1 h. (Alternatively, 7 eq pyridine 

was used as base 10 and the reaction was left at 50°C for I h. This excluded the necessity of silica gel 

chromatography before the next step). The solvent was evaporated in vacuo and the residue coevaporated with 

toluene to leave a white foam. Residual imidazole was removed by silica gel chromatography eluting with a 

gradient of ethanol (5-10%) in dichloromethane.  Compound I was then treated with 1.2 equivalents of 

TBDPSC1 and 5 equiva lents  of t r ie thylamine in the presence of 0.2 equivalents  of DMAP,  in 

dichloromethane at room temperature for 8h. The reaction mixture was poured into vigorously stirred 

phosphate buffer. The organic layer was then separated, washed with saturated NaC1 (aq) solution, dried 

(Na2SO4), filtered and evaporated in vacuo. 

General Alkylation Procedure 

Compound  2 (10 mmol)  was dried by evaporation of anhydrous acetonitrile and dissolved in 

anhydrous acetonitrile under argon. The solution was cooled in an ice bath and 2.5 equivalents of BEMP and 

5 equivalents of alkyl halide were added with stirring and exclusion of moisture. 9 The solution was kept for 

10 min at 0°C and then stirred at room temperature. Reactions were considered complete when less than 20% 

starting material remained, or when degradation started to become significant, usually after 2-3h. The reaction 

time was dependent on alkylating agent: 1.5 h for methyl iodide and 2 h for allyl bromide. The solvent was 

evaporated in vacuo. Ethyl acetate was added to the residue and the mixture washed with phosphate buffer 

(pH 7) and saturated NaCI solution. The organic layer was then dried over sodium sulphate, filtered and 

evaporated in vacuo. 

Without  any further purification the products 3a-b  were subsequently desilylated 13 followed b y 

introduction of dimethylaminomethylidcne 16 protection on the exocyclic amino function to give compounds 
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4a-b. Products 4a -b  17 were finally purified on silica gel using a gradient of ethanol (5-20%) in 

dichloromethane. The overall yield of compounds, 4a-b based on guanosine were 48 and 51%, respectively. 

This is a substantial improvement over the previous rather complicated 8 step procedure which has an overall 

yield of about 40% after 4 chromatographic purifications. 11 

In summary we have developed a versatile synthetic route enabling the preparation of 2'-O-alkyl 

guanosine derivatives in only 5 steps starting from inexpensive guanosine. The route can easily be scaled up, 

it requires a minimum of purification and gives a good overall yield. The combination of the silyl protected 

intermediate and the highly selective alkylation procedure will enable us to prepare a variety of 2'-0- 

alkylguanosine derivatives and work in this direction is currently in progress. 
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