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Abstract : Syntheses of decadeoxythymidylates containing stereoregulated 
phosphorothioate and phosphodiester linkages in an alternating manner 
starting from preseparated diastereochemically pure phosphorothioate dimers 
are described. Hybridization of these modified oligonucleotides with the 
complementary sequence has been investigated. 

The potential therapeutic use of modified oligonucleotides as 

artificial gene control agents faces Several problems ’ including : i) the 

specificity of their binding to the target nucleic sequence under 

physiological conditions; ii) their uptake by intact cells: iii) their 

resistance to nuclease activity. To overcome these difficulties the 

phosphodiester backbone of the oligodeoxyribonucleotide can be replaced by 

phosphonate* , phosphotriester 
3-4 

or phosphorothioate backbones? However, 

these modifications introduce chirality at the phosphorus atom. The 

reversible association of oligonucleotides with complementary sequences is 

of basic importance in biotechnology and studies of modified 

oligonucleotides have been conducted with the objective of gaining a further 

understanding and control of 
6-S 

hybridization. In order to control the 

stereochemistry at a modified P center, we have separated the two 

diastereoisomers at the level of the modified dinucleoside and used these 

dimers to synthesize decathymidylates with stereoregulated phosphorothioate 

and phosphodiester linkages in an alternating manner as described in the 

Scheme I. 

The condensation of thymidine-3'-phosphonate l? with the 3Qilylated 

2'-deoxythymidine derivative 21° (1 equiv.) in presence of pivaloyl chloride 

(1 equiv.) in anhydrous pyridine led to a mixture of diastereomers in 

quantitative yield and in a 1:l ratio. The mixture was separated (silica 

gel column, EtOAC:peterther:AcOH,79.95:20:D.0~rv/v/v).Transfo~ation of 

each isomer into the corresponding phosphorothioates 3a and 3b was 

performed by treatment with sulphur, in pyridine carbon disulphide (l:l,v/v). 

In order to assign the absolute configuration of the dinucleoside 

phosphorothioates, a small amount of each isomer was deprotected by i) 

desilylation (1M Bu4NF in THF) and ii) detritylation (80% AcOH) to provide 
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da and 4b (Scheme I). These isomers were characterized by HPLC and 

enzymatic studies. The 

exclusively 1' while the RP 

SP isomer 4a was hydrolysed by Pl nuclease 

isomer 4b remains undigested, In addktion, the 

SP isomer has a greater retention time (20.49 min.) than the RP isomer 

fzo.ia min.j12 on reverse phase HPLC Nucleosil Cl.8 (10,um)250 mm X 4.6 mm 

column from Altech using a CH3CN gradient (0% to 25% in 25 min.) in 

triethylsmmonium acetate buffer O.O3M, pH 7.0 with a flow rate of 1.0 

mL/min. 3* NMR spectroscopy in CDCl3 with H3P04 as an external standard 

has revealed that the SP diastereomer 3a is found at higher field (58.14 

ppm) than the RPdiastereomer 3b (59.13 ppm). The compounds 3a and 3b were 

desilylated and converted into their respective H-phosphonate derivatives 

5a and 5b using 
13 

2-chloro-4-H-1,3r2-benzodioxa-phosphorin-4-one. These 

ii-phosphonates were used to synthesize decathymidylate analogs by block 

condensation on solid support using the syringe method '*(Scheme I). Iodine 

may cause some desulphurization during conversion of H-phosphonate linkage 
15 

into phosphodiester linkage. 1n order to avoid the use of iodine, the 

H-phosphonate linkage was converted into the corresponding methoxy 

derivative and at the end of the synthesis the methyl group from the 

methoxy was deprotected (Scheme If. Hybridization was assayed by changes 

in A2*aas a function of temperaturetin Tris.HCl buffer‘ 10 mM,pH 7.0 and 

1.0 M NaCl (Ratio 1:1)1. Duplexes formed between d(TSTS)5with poly dh were 

found to have a much lower Tm value (2O*C) than the duplexes of d(TPTP15 

with poly dA(35OC) .The melting temperature (Tm) of duplex formed between 

(r)~T,(TSTP)~T(RP),(lX~dTP(TSTp~T((Sp~andfIII~dTP~TSTPf~T~RPC 'PI with poly dA 

are found to be 32.S°C, 36.5 *C and 35OC ,respectively., In the case of 

sequence (11, destabilization may be presumed from the steric interference 

by the sulphur atom that is orienting into the major groove of the S-form 

helix, causing only local deformation. The value of such type of compounds 

as research tool will continue to grow in the years to come in control 

of gene expression by oligonucleotides. 

Acknowledgments : The financial assistance from the Department of Science 

and Technology, New Delhi is gratefu1l.y acknowledged. We are thankful to 

Dr.K.N.Ganesh# NCL, Pune for encouraging discussion and help in recording 
31 P NMR spectra. 



Oligothymidylate analogs 2665 

+ HO OTBOMS 

0 . 

( i,ii, iii ) 

4 4 
T T 

DMTO 

3atSp) 3 b(RD) 

Sa(61 %) 5b (54 %) 

T 

HO 
k3 

0 CPG + 5a or 5b 

k 

“!, .M&+&-!-o~ O@ 

I d 
L ( vii ) * 

--------+_-_-_-_-___J (>95 %) 

‘;’ 
pMe I)- 

t O-P-Of 
( viii ) 

- to-P-O+ 
(ix) 

- -)-0-P-0-(- 

b 1: I! 

Scheme I : DMT :dimethoxytrityl: TBDMS :tert-butyldimethylsilyl: 
i :(CH3)3CCOCl: ii : separation of diastereoisomers: iii : S in 

pyridine-CS2 (l:l,v/v): iv :Bu4NF in THF: v : 80% AcOH: vi :82-chloro- 

-4H-1,3,2-benzodioxaphosphorin-4-one: vii : 3% DCA in CH2C12~chain 

elongation ; viii : 
Et3N(l:l:l,V/V/V). 

CC14-Et3N-CH30H(9:1:l,v/v); ix : thiophenol-dioxane- 
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