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Phosphorothioate analogues are mgauki as the first genemtk of antknse oligonucleotide aukgues which 

have been succcsstklly tested in vitro and in vbu ~19 inhibitors of gene cxprcssion.1-5 Phosphorothioate 

oligonucleotides are isoelectronic auabgxa of natural m&otides in which one of the non-bridging 

intemucleotkk oxygen atoms is replaced by a sulfur-atmn. The solid phase syn&sis of phosphorothicate 

oligonucleotidcs has been achieved using the H-pbosphonate approach6, where only one sulfhr transihr step is 

rquued afler assembling the desired sequence to convert all the iutemuclmtide huhages to phoqhomtltioates, 

orthephospbo~~~7,~astep~sulfivization~ofiodineaxidatioastepinan 

otherwise standam syuktic cycle is nquired. The phosphommidite chemktq, due to its superior coupling 

efficiency and its suitability to synth&z designed mixbues of phosphorothioate and phosphodiester 

internucleotide linlqes in an oligonucleatide, appears to be the method ofchoiceg13. 

Althoughbothapp~requiretheuseofasulfivaansferreagenfitisofcrucial~~thatan 

efficient sulfiu-transfer reagent is used for the synthesis of phosphorothioate oligonu&oti&s via the 

phosphoramklite approach. Elammtal sulfur(g), which was inibally used for this purpose, was not efficient due 

to its poor solubility properties and its slow sulkktiott reaction. In order to akviate these problems, recently 

more suitable sulfiir-ttansik reagents were recammeadad, viz., di-(phenylacctyl)disulSdelo~ 

teuaethylthiuram disulflde11C2J, 3H-1,2-benz&&ole-3-onel,ldioxideg@), dibenzoy Mtasuwel2(p) and 

bis(O,O-diisopropoxy phosphinothioyl) dim16de(13)@), for the symthesis of phcephorothioate oligonuckotides 

via the phosphoramidite approach. Of these, only 3H-1,2-benzodithiole-3-ooc l,ldioxi&g(3J appears to 

transfer sulfur very rapidly, however its synthesis and stability are not particularly suitable for kge-xale use. 

In addition, the co-product formed during its sulfurizstion ofintemucleotide plwphite Ii&ages can pote&aUy 

transferoxylpenandthusurnresultinundesircdphosphodicstalinkagesundercertaincooditionsg. 

In this communication we wish to repott another sulk- teagel& benzyltriethyl-ammonium 

tctrathiomolybdate [B’ITM] 14(Q), wbicb has been tbund to be particularly cfkient. Fwthcrmorc, BTTM (t3J is 

readily prepared (Scheme) in 80% yield in a one step reactiOn15 from wmmer&lly available ammonium 

tetrathiomolybdate@) and benzyltrietbylammonium ehlorideQ). BTTM @) is isolated as a stable, deep red 

coloured crystalline solid which is readily soluble in acetonitrilel l. 
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Scheme: I-I20 
INH412 MoS4 + FWH8N(CH3CH2)3CI w 

-of 
Sulfur-tram&s 

O.ZM of@) CH3CN 

O.lMof(8J CH3CN 

0.05M of (8) CH$N-Hz0 (99: I) 

0.05M of (8J CH3CN-H20 (%:4) 

0.075M of@.) CH$N-H20 (96:4) 

0 lMof(8) CH3CN-H20 (96:4) 

O.lMof@) CH3CN-H20 (96:4) 

0.5M of (2) CH3CN 

0.5M of (2) CH3CN 

0.2M of @) CH3CN 

0.2M of (3) CH3CN 

(I) 

Durathof 
solution 
@aYS) 

1 

1 

1 

1 

1 

1 

7 

1 

7 

1 

7 

Delivuy Reactiul 
Time Time 

i&E!!!& (scooads) 

15 60 

15 60 

15 60 

15 60 

15 60 

15 60 

15 60 

15 900 

15 900 

15 30 

15 30 

% 

TZE)T 

99.47 

99.40 

96.50 

99.01 

99.17 

99.95 

99.28 

98.86 

98.30 

98.76 

97.30 

Table: S~lfi~riaation of S-0DMTdinucleoside (3’-5’)-o_P-Cyanoet.hyl phosphite, bound via 3’-temiual 

succiaate to LCAA-CPG 

In order to evaluate the efEeaey of BTTM (8) for the synthesis of phosphorothioate oligonucleotides and also to 

optiuuse the sulfwizing couditious, dinucleoside phosphorothioates d(Tp(s)T) were synthesized on l.Optuol 

scale using diffbrent umemtrations of(H) in amtoGGle for 60 seconds to eflbct sulfwizatiou instead of iodine 

oxidation step, but before the capping step. in au otkwise standard syuthetic cyclel6. At&r deproteetion, the 

unpurified dimers were aualysed by HPLC and found to contain greater than 99% of d(rp(s)T). In additioq the 

efficacy of BTTM (8) as a sulfwtransfer reagent was cornpared with that of (2) and 12) under appropriate 

conditrons, on day 1 and 7, in the solid phase synthesis ofdinucleoside phosphorothioates d(Tp[s]T), (see table). 
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Figure 1: 3lP-Nh4R Spectra (101.3 ~JHz, 40) of- ~~KSP- 28-mm. 

Figure 2. LC profiles (on an ODS, 5p cobmu, clutcd with O.lM tiet.hyWium Mle) of 
phospborotbioate 28-mer: [a] unpurified aud [b] purified. 

To kther evahmic the usefulaess of Bl-l-lU (8) as an etllcieat sulfiviziae a8e~& 811 oti~bcnncleoside 

phosphomthioate SB[TCG TCG CTG TCT CCG C-iT Cl-f CCT GCC A], 28-n=, complanentary to the 

mRNA of the HIV-1 mv gem was _ .* ’ 1 on l.Opmol scale using a O.lM solution of BTTM in 

acetcmitrile-water (96:4) fur 60 semmds to effact sulfurization in each syntlHic cycl~‘~.Tbe unpurified Z~-IIXX 

was analysed by 3lP-NMR w afWammcmolyticreksefiumtbesolidsuPportaIlddeacylzUion; 

Figure 1. The ratio ofthe integrals ofthe signals at 8ca 56.2 (a~- to pm-oate pboaphorus) and at 

&a - 0.3 (z&gned to pImphate phosphorus) is estimated to be 99.46~0.54. Figure 2a and 2b sbmvs the reverse 

phase liquid chromatogram of unpkfkd aud purifkd plmsphorotbioate 28-n1cr, mpectively. Finally 

Ohgodeoxyribonucleatide treated with a 0.M solutim of BTTM (8) in acetonitrile at r.t. for 24 hours did not 

show any debztable modification of the nucleosidic bases17. 

In summary, it has been demonstrated that BTTM (8). due to ita C(UIC of prepamtion, solubility in desirable 

solvents, its highly ef%cient and rapid sulfukation reaction, is use&l fir the solid phase synthesis of 

phosphorothioatc oligonuclcotidcs via the phosphoramiditc approach. 
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