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NUCLEOSIDES & NUCLEOTIDES, 14(3-5), 329-332 (1995) 

SYNTHESIS OF ANALOGUES OF 3’-DEOXYPSICOTHYMIDINE 

Jari Hovinen,* Alex Azhayev, Andrei Guzaev, and Harri Lonnberg 
University of Turku, Department of Chemistry, FIN-20500 Turku, Finland 

Abstract: Preparation of 3’-deoxypsicothymidines bearing a tether group at 01’ is 
described. Selective protection of the primary hydroxy functions of the starting nucleoside 
is briefly discussed. 

Oligonucleotides and DNA fragments tethered with various reporter groups are 
versatile tools in studies of molecular biology. These reporters are commonly attached to 
the target molecules via aliphatic amino groups which are, in turn, introduced into 
polynucleotides either chemically or enzymically. The chemical approaches include either 
preparation of modified building blocks and their subsequent incorporation into synthetic 
oligonucleotides,’ or transformation of natural DNA, for instance by transamination of 
cytosine residues.2 The enzymic approach consists of preparation of nucleoside 
triphosphates derivatized with appropriate tethers, and their insertion into DNA by a 
polymerase rea~t ion .~  Since the tethers are often attached to the base residues, the ionic 
and tautomeric properties of the entire oligomer are disturbed. Therefore, nucleoside 
analogues possessing the ionic and tautomeric properties and all functional groups of the 
natural 2’-deoxynucleosides, but displaying additional functionalities for further 
derivatization, are of interest. We have recently focused our attention to 3’- 
deoxypsic~nucleosides~ (1) which fulfill all these requirements. Oligonucleotides bearing 
several 3’-deoxypsicothymidine units, labeled at their 1 ’-position with fluorescent groups, 
have been shown to serve as primers for DNA polymerization reactions catalyzed by DNA 
polymerases.5 

We have previously prepared 3’-0-(w-aminoalkoxymethyl)thymidine 5’- 
triphosphates, terminators of DNA synthesis that can be labeled at their amino function 
with fluorescent dyes6 The same synthetic strategy has now been applied to the 
preparation of 1 ’-0-derivatized 3’-deoxypsicothymidines. 
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330 HOVINEN ET AL. 

Scheme 1. (i) 1.0 eq. of 4,4’-dimethoxytrityl chloride (ii) 1.0 eq. of 1,3-dichloro-l.1,3,3-tetraisopropyI- 
1.3-disiloxane (iii) 1.0 eq. of benzoyl chloride. X = 1.1,3.3-tetraisopropyl-~.3-disiloxayl- 

Selective protection of the primary 1’- and 6’-hydroxy functions of 
psiconucleosides is an arduous task due to their similar reactivity. Our previous studies 
have shown that 1, when reacted with an equimolar amount of DMTr-chloride, gives 
predominantly the 6’-O-tritylated product, 2a, while the 1 ’-0-isomer, 2b, is formed only 
in 15 76 yield7 (Scheme 1). Quite recently Ono et a1.8 reported that 4,6-0-(1,1,3,3- 
tetraisopropyl- 1,3-disiloxanodiyl)-3’-deoxypsicouridine can be prepared in a moderate 
yield by treating 3’-deoxypsicouridine with 1,3-dichloro- 1,1,3,3-tetraisopropyl- 1,3- 
disiloxane and imidazole in cold DMF. Surprisingly, when 1 was treated under the same 
conditions, a mixture of 3a and 3b was obtained, and the desired isomer, 3b, was only a 

minor c~mponent .~  By contrast, benzoylation of 1 occurs predominantly at 1 ’-OH: the 
monobenzoylated derivatives, 4a and 4b, were isolated in 16 and 55 % yield, 
respectively. lo  

Further derivatizations of 3a and 4b were performed as described in Scheme 2. 
Accordingly, acylation of 3a with acetic anhydride gave, after subsequent desilylation, 5. 
Its treatment with an equimolar amount of benzoyl chloride resulted in 4’-O-acetyl-l’-0- 
benzoyL3‘-deoxypsicothymidine, 6, which was then converted into 3‘-deoxypsico- 
thymidine 6’-triphosphate, 7,” according to the published procedure.6 

l’-O-Benzoyl-3’-deoxypsicothymidine (4b) was easily converted into 8 by 
treatment with t-butyldimethylsilylchloride and imidazole in dry DMF, followed by 
debenzoylation with methanolic ammonia. 8 was then transformed to the corresponding 
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4b 

Scheme 2. ( i )  1. acetic anhydride/pyridine; overnight at rt. 2. Bu,N+F/THF; 2 h at rt. (ii) benzoyl 
chloride/pyridine: overnight at ri. (iii) 1. PO(triazole),/acetonitrile 30 min at rt. 2. tri-n-butylammonium 
pyrophosphate/DMF: 2 h at rt. 3. water; 1 h at rt; 4. aq. MI,; overnight at rt. (iv) 1. t-butyldimethylsilyl 
chloride/iiidazole/DMF; overnight at rt; 2. NH,/MeOH; overnight at rt. (v) DMSO/acetic acid/acetic 
anhydride: 2 d at rt. (vi) 1. HO(CH,),NHCOCF,/triflic acid/dichloroethane: 2 min at 0 0C: 2.  Bu4N+P 
DHF 2 h a t  rt. 

1 ’-0-methylthiomethyl ether, 9, by treatment with the mixture of DMSO, acetic anhydride 
and acetic acid, as described previously for 5’-0-ben~oylthymidine.~ In the present case, 
methylthiomethylation of the primary hydroxy group of 8 was accompanied with the 
formation of an aldehyde as a side product (- 15 %), while the desired monothioacetal 
was obtained in 50 % yield. 

A method of Veeneman et a1.,I2 was employed for the attachment of the aliphatic 
arm to 0 1 ’. Accordingly, the mixture of 9 and N-trifluoroacetyl-5-aminopentanol was 
treated with NIS in dry 1,2-dichloroethane in the presence of catalytic amount of triflic 
acid. After subsequent desilylation, 10 was obtained almost q~antitatively.’~ 

Studies on the ability of 3’deoxypsicothymidine 6’-triphosphate, 7, as well as its 
1 ’Oderivatized analogues to serve as substrates for DNA polymerases are in progress in 
our laboratory. Unfortunately, our preliminary studies on 7 are not promising. 
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