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NUCLEOSIDES & NUCLEOTIDES, 18(8), 1879-1882 (1999) 

Efficient Synthesis of Deoxyribonucleoside Phosphoramidites by 
Eliminating the- Use of Additional Activator 

Alessandra Eleuteri, Daniel C. Capaldi, Douglas L. Cole & Vasulinga T. Ravikumar* 
lsis Pharmaceuticals, 2292 Faraday Avenue, Carlsbad, CA 92008 

Abstract: An efficient, safe and cost effective synthesis of deoxyribonucleoside 
phosphoramidites is described. The amine hydrochloride produced as a by-product during the 
synthesis of nucleoside phosphorbisamidite is used as an internal activator in the synthesis of 
phosphoramidites. 

The antisense therapeutic strategy has aroused much interest in the past two 
decades as a tool to interfere with disease processes at the gene level and as the most 
basic approach to rational drug design.'-6 Among the many DNA analogs that have 
been designed and synthesized as potential antisense drugs, oligodeoxyribonucleotide 
phosphorothioates have stood out and reached advanced clinical studies against 
multiple  disease^.'.^ Recent advances in phosphoramidite coupling chemi~try '~- '~  and 
solid phase synthesis methodology, together with current state of the art large-scale 
synthesizers, allow complete assembly of a 20-mer deoxyribonucleotide 
phosphorothioate at 150 m o l e  scale (1 kilogram) in just 8 hours. Due to its high 
efficiency, phosphoramidite coupling followed by stepwise sulfurization of the trialkyl 
phosphite linkage is the current preferred method, providing >98.5% average coupling 
yields at 1.75-fold molar amidite excess." Hence there is strong demand for safe and 
economical ways of preparing deoxyribonucleoside phosphoramidite synthons. 

Traditionally, deoxyribonucleoside phosphoramidites have been prepared 
according to one of the following schemes (Pg = protecting group): 

IH-Tetrazole DMvase OH + i-prz,f\ Diisopropylammonium 7 
o-pg tetrazolide 

i - P r 2 d  
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The first s ~ h e m e ’ ~ ’ ’ ~  involves the use of 1H-tetrazole or tetrazole salts like 
diisopropylammonium tetrazolide as activators. In addition to being health hazardous, 
the use of tetrazole also evokes disposal problems due to its explosive nature.” The 
second involves the preparation of the chloro phosphitylating reagent 
which is also explosive in nature. Recently trimethylsilylZ3 and 4 3 -  
dicyan~imidazole~~ have been reported as activators for the synthesis of 
phosphoramidites. 

An alternate dichloridite pathway to the synthesis of amidites was proposed” by 
Tanaka et al. as shown below: 

However, for the very large scale synthesis of deoxyribonucleoside 
phosphoramidites, atom economy and efficient use of by-products are very crucial. 
Herein we report a method where potentially explosive activators like tetrazole and 
separate synthesis of explosive phosphitylating reagents have been eliminated. In 
addition, the amine hydrochloride by-product formed in the 

DMmWae 
OH 

Base Pg-OH - 
CHFN 

DMTk9ae 
Pg = p-NC-CH,C,H,CH,OH; HOCH,CH,CN 

first step has been used as an activator in the second step, for reaction with the 
alcohol. Finally, the procedure is carried out in one-pot, making it very attractive for 
large scale phosphoramidite syntheses. Thus, reaction of 5’-0-DMT protected 
nucleoside with bis(diisopropy1amino)chlorophosphine in the presence of 
triethylamine gave the nucleoside phosphor~bisamidite~~~~ in less than 1 h. Without 
isolation, addition of the protecting group alcohol at room temperature afforded the 
phosphoramidites as colorless solids in 60-75% isolated yields. Other bases like 
triethylamine and pyridine were investigated for use in the reaction. Activation by 
triethylamine hydrochloride was found to be slow (16-20 h, pKa=lO-11) but much 
cleaner. On the other hand, activation by pyridinium hydrochloride (pka = 5.6) was 
fast but led to the formation of dinucleoside phosphite (5-10%). In either case, 
purification by column chromatography afforded the products as colorless solids. In 
the case of 4-cyanomethylbenzyl alcoh01,~’ both conditions led rapidly to the 
formation of phosphoramidites. ‘ rt was also observed that acetonitrile was a better 
solvent for the reaction than dichloromethane and gave higher yields of isolated 
products. 
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EFFICIENT SYNTHESIS OF PHOSPHORAMIDITES 1881 

General Procedure for Synthesis of Phosphoramidites: To a stirred solution 
of bis(diisopropy1amino)chlorophosphine (1.18 g; 4.44 mmol; 1.2 eq) and anhydrous 
pyridine (0.44 g; 5.55 mmol; 1.5 eq.) in anhydrous acetonitrile (50 ml) in a 250 ml 
round bottomed flask under argon was added 5’-O-dimethoxytrityl-N2-isobutyryl-2’- 
deoxyguanosine as a solid. The reaction mixture was stirred at room temperature for 
30 min. and then a solution of 4-cyanomethylbenzyl alcohol (0.63 g; 4.28 m o l e ;  
1.15 eq.) in anhydrous acetonitrile (dried over 4A sieves) was added. After stirring 
the reaction mixture for 30 min., all the volatiles were evaporated under vacuum and 
the residue partitioned between dichloromethane (100 ml) and saturated sodium 
bicarbonate solution (100 ml). The aqueous layer was back extracted with 
dichloromethane (100 ml). The combined organic extracts was dried (Na,SO,), 
filtered and concentrated. The crude product was purified by column chromatography 
using silica gel and hexanedethyl acetate as eluants. Yield: 2.52 g (2.75 mmol; 
74%).3’ 
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