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Abstract: l7re synthesis of [~~S]3H-1,2-benz~dithiole-3-one-l,1-~~& (I) and its use in tke preparation of 
site-specifically 3?Mabeled oligonucleotides is illustrated 

The use of 3H- 1.2~benzodithiole-3-one- 1, l-dioxide (1) BS a sulfurizing reagent.ta*h in conjunction with 

phosphoramidite chemistry,b*h is well established for the routine syntheses and manufacture of a variety of 

oligonucleoside phosphorothioates (PS-oligos). 3a-C Concurrently. for biological studies, 3?Glabeled PS- 

oligos are prepared using H-phosphonate chemistry.hu However, with H-phosphonate chemistry, it is 

difficult to achieve site-specific labeling of PS-oligos and to carry out preparation of 35S-labeled 

oligonucleoside phosphorothioate construct.@ such as those with (a) mixed PO-PS backbones (b) 

heterogeneous backbones eg.. phosphorothioate-methyl phosphonate (“chimeric oligos”) and (c) mixed 

ribonucleotide-deoxyribonucleotide population (“hybrid oligos”). In connection with our in vivo 

pharmacokiinetic studies of “antisense” PS oligos.5 we needed site-specifically 35S-labeled chimeric and 

hybrid PS oligos. Reported herein is the synthesis of [3%]3H- 1,2-benzoditbiole-3-one- 1.1~dioxide4c and its 

use in the preparation of a variety of 35S-labeled oligonucleotides. 

In order to access [35S]l, we needed 35S-labeled tbiolacetic acid whose preparation was attempted using a 

high temperatute (125 Oc) exchange reaction between thiolacetic acid and [3?S].e However the high volatility 

(b.p. 81 Oc) and vapor pressure (v.p.) of thiolacetic acid posed problems when using 35s with high specific 

activity (32 mCi/pmol). To circumvent thii diificulty, the commercially available thiobenzoic acid (4), a thiol 

acid with a higher b.p. and lower v.p. was chosen. We validated the use of 4 in the synthesis of 1, by 

preparing 2. the precursor to 1 (Scheme 2). Presumably, 2 is formed’ via the intermediate 3 and longer time 

(4h) was required for completion of the reaction .*a A crystallized sample of 2. thus synthesized, was 

identical in all respects (m.p., lH-NMR and *3C-NMR) with that obtained by the reported proceduteta-h 

Having demonstrated the feasibility of using 4 in the preparation of 2, [35S]4 was conveniently prepared 

(Scheme 1) in good radiochemical yields which was then converted to [35S]2 (Scheme 2). Upon careful 

oxidation with Hz@ in trifluoroacetic acid la-h* *h [35S]2 gave [35S]l as a white crystalline solid in ca. 30% 

chemical yield (based on 9)a (specific activity 91 pCi/pmol). For the oxidative sulfurization reaction in 

oligonucleotide synthesis, a solution of [35S]l(l% in anhydrous acetonitrile) was used (Scheme 3). 

To demonstrate the use of [%I1 in site-speciftc labelling. we prepared 35S-d[Tpsm on a 0.1 umol scale, in 

an automated DNA synthesizer (Biosearch) using phosphoramidite chemistry.2%h To incorporate the 35s 

label, the synthesis cycle was interrupted after the formation of the intemucleotidic pkospkite linkage, the 

CPG was removed from the column and treated with a stock solution of [%]l(vide infru) (15 pL, 30 min) 

followed by a solution of “cold” 1 (2% in acetonitrile, 100 i.tL, 10 min).k Following synthesis, the dimer 

was isolated by treatment of the CPG with aqueous NH40H (30%,2 h. 55 Oc). When examined by 
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Scheme 1: Preparation of ‘5S-Iaheled thiobenzoic acid (& 

cl s 
* denotes % label 

1 Scheme 2: Prepmtion of 934abeled sulfurizing reagent 11 

polyacrylamide gel el~trophoresis (PAGE, 20%), the autoradiographic image of the dimer was 

superimposable on its UIkbaUowed band [da& not shown). In reverse-phase J3PLCsd using UV detection 

interfaced with flow-scinlibti~n analysis, radioactivity profile of the diier was superimposable on its UV- 

absorbing peaks with rdtention times [3%]Rp-dlTpslJ (Rt 22.7 min) and [35S]Sp-d[TpsT] (Rt 24.0 

min)(R&,, 60:40) (Fig. ilj. We then prepared a vkiety of oliganucleotides 5-8 11 p mol scale) bearing a 

pfe-kermined site of in@orporalion of the 35S-label (Fig. 2) king procedures as described for the dimer. 

fire oxidativesulfurization was quantitative as detertiked by “trityl assays.” After standard deprotection. the 



9523 

crude oligonucleotide& 5-8 

and cxamintd by analytical 

! 

we= isolated by preparative PAGE (2&h dbsaltcdoh a Sephadex G-25 c&fin 

PAoEI20%) (Fig. 3)‘tid’fon-exchange v* (Fig. 4). The otigonuclobtides 

i-8 thus obtained had a sg&fE activity ca 23 - 25 mwol. 

AlI iatemuckotidic linkages are phosphorothioates 
except as shown i shows the 3%-label site. 

Fig. 2. Ofigaaudcotick sapemxs 5-S. Fig. 3. Auan-xM@IpIly of 0ligasNckotides 
5-7 @miMa). and 8 @-I&) subjectuj lo PAGE 

Typical experimental procedures: a) SyMhtsir of 13%Jz, In an eppendorf tube (1.5 mLJ WBS 

placed 4 (6.5 @, 55 wol) and @$I (SmCi, lC@ng atom in 100 w of tq@ene) and the contents heated at 

97 Oc for 5 h. The mlution was evaporated to dryness under argon, and thiosalicyiic acid (9) (S mg) and 

sulfuric acid (98%. 50 @I were added at 0 Oc. Afttr heating at 50 DC for 3h, the brown reaction mixture 

was cooled to -78 Oc and quenched with water (600 pL). The solution was warmed, transferred to a vial & 

diluted with 500 HL water. The solution was extracted with methylene chloride (4 X 3 mL) and the organic 



layer washed with Na2CQ (5%,2 X 2 mL). The organic layer wa ev~~#d to dryness and the re&ing 

solid was dissolved in warm hexane (2 mL) and the solutian was evqx-xated to dryness under agon to give a 

yellow solid (4 mg, 2.171&i, 44% yield). This mate&l was used as such in the next step or stored at -20 DC 

until ready to use. b) &z&&is ef fj-5;jL To 4 mg of 2 in an ,eppendorf tube, cooled to 0 W, was 
added hfhroaceti~ acid (25 @) tid 30% Hz@ (12 pL). The reacti mixture was kept at 42 aC far about 2 

h (as monitored by TLC, silica gel, chloroform),tb and then was’quenchcd with ice-cold water (300 @,,). 

Tl& muBing white. precipkraae was washed with watpt (2 X 300 #f$and dried in wcw to give [35S]l(2 mg, 

total activity of 915 pCj, specific activity 91 pCi@nol), A stock solution of [35S]I in anhydrous acetoniuile 

(2mg, 91 @i/v mol in 200 1.11, acelonitrile) could be stored t -20 Oc until ready to use for the oxidative 

sedition reaction. 

In view of the ready availability of [35Sll and its use in the maration of site-spcciflc&lly 3klabeled 

oligonucleotides, several btochemical and biomedical applications of [35S]l can be anticipated.9 
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