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Abstract: Sulfonamide-linked thymidine dimers have been prepared and incovorated 
into o~igodeo~nucleotid~. clrigos containing up to four sulfonamide I&Rages have been tested 

for their abili~ to form dupt~es with complemental DhTA. 

Iu~du~on: In~bition of gene expression by the use of short oligonu~leotides known 

as ‘antisense’ oligonucl~tides has recently become a highly active and promising field of 

research.’ These agents may exert their effect via several different pathways. For example, 

oligonucleotides that form a duplex with a specific mRNA might trigger RNAseH degradation 

of the message, or block its interaction with ribosomes.* An antisense strategy for the inhibition 

of DNA transcription has also been reported? One of the potential problems with antisense 

technology is that nucleases may degrade the antisense oligonucleoti~ before it can reach its 

target.4 In addition, because olig~u~l~ti&s are charged, they must be actively transported 

across the cell membrane.’ 

A method for improving both the nuclease resistance and cellular uptake of oligomers is 

to neutralize the negatively charged phosphodiester backbone of an oligonucleotide. Uncharged 

analogs of DNA are relatively lipophilic and may therefore pass more efficiently through the cell 

rn~~e. The most widely used uncharged DNA analogue has a methyl phosphonate 

backbone.6 However, methyl phosphor&es are chit-al at phosphorus. Oligomers containing 

methyl phosphonates are actually complex diastereomeric mixtures, some of which may have 

reduced effectiveness as antisense agents.7 In addition, because of the added steric bulk of the 

methyl group, the methyl phosphonate may not be an accurate homologue of a phosphodiester. 

Recently, several oligonucleotides with sulfur instead of phosphorus in the backbone have been 

reported. For example, syntheses of sulfone”, sulf~a~8~d, sulfon~de,~ sulfamate*’ and 
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sulfide’“’ linked oligonucleotides have been achieved. These linkages have close structural 

homology to a phosphodiester, yet are uncharged and achiral. In this report we present a new 

synthesis of sulfonamide-linked dinucleosides, the incorporation of sulfonamide linkages into 

oligodeoxynucleotides and the physical properties of the resulting DNA. 

Synthesis: To prepare the sulfonamide dimer, 1, 3’-amino-3’-deoxy-S-O- 

DMT-thymidine, 2,9 was synthesized as shown (Scheme 2) from S-O-DMI-thymidine, 4. We 

then prepared the sulfonyl chloride 3 as previously reported.*“. lo The coupling of 2 and 3 was 

achieved in excellent yield by the use of EGN in CH,Cl, at low temperatures (Scheme 1). To 

insert the sulfonamide dimer into an oligonucleotide, the 3’-O-TBDMS group was removed and 

then the 3’-OH was phosphitylated” as shown to give the phosphoramidite, 7. 
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Physical Studies: To test the effect of the sulfonamide linkage on duplex stability, 

several oligonuclcotides of the sequence dGCT,CG (GCT-#, # denoting the position of 

sulfonamides, see Figure 1) containing O-4 sulfonamide linkages were synthesized using 

standard phosphoramidite chemistry and deprotection conditions. Using phosphoramidite 7 with 

a 5 min. coupling time, average coupling yields of >95% were routinely obtained. The 

complementary sequence dCG&GC (CGA, 8) was also synthesized. Oligonucleotides were 

purified by gel electrophoresis (PAGE) and desalted using a Sephadex@ G-25 column before 

physical studies were performed. Oligos that were synthesized are shown in Table 1. 

Figure 1. Oligodeoxynucleotide Sequence Used for Duplex Dissociation Studies. 

GCT 5ld(G C T T T T T T T T C Gj3’ 
Position # 11 10 9 8 7 6 5 4 3 2 1 

CGA(S) 3’d( c G A A A A A A A A G C) 5’ 

Figure 2. Migratory pattern of oligonucleotides amtainiag 
sulfonamide linkages. A phcsphcrimagc of a nondenaturing 
p+aclylamide gel (20%) of radiolabeued oligcnuclcctidcs 
containing 0_4sulhami&linkages. !kqmces indtcatcd 
are as described in the text. 

The incorporation of the sulfonamide linkage and purity of the oligonucleotides was 

determined by gel electrophoresis. Several oligonucleotides were 5’ end-labelled using Y-~*P 

ATP and T4 polynucleotide kinase. Figure 2 shows the phosphorimage of a gel of oligomers 

containing O-4 sulfonamide linkages. As expected, incorporation of sulfonamide linkages into 

an oligonuclectide results in a decrease in its mobility as the charge to mass ratio is decreased. 

Melting curves of the oligonucleotide duplexes were measured in a 10 mM PIPES 

solution (pH 7.0) containing 1 mM EDTA and the desired NaCl concentration. The strand 
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dissociation temperatures (Tm’s) of the oligonucleotides were determined from the first 

derivative of the melting curves. Table 1 summarizes the melting data. 

A marked decrease in the Tm of the duplexes occurs when 1 or more sulfonamide 

linkages are present. The effect on the Tm is greatest when the sulfonamide linkage is located 

within the center of the helix (compare GCT-3 and GCT-6). We had anticipated that the 

introduction of neutral sulfonamide linkages might stabilize a duplex by lessening charge-charge 

repulsions along the helix axis. 

Table 1: Thermal Dissociation (“C) of Duplexes Containing Oligonucleotides with Sulfonamides* 

ma’1 

5mM 30 mM 200 mM 1000 mM 

Normal Oliga 

GCT-Norm 24.6 31.8 42.9 48.1 

Sulfonamide ougos 

GCT-3 23.4 28 4 39.0 441 

GCT-6 20 2 27 1 366 41.5 

Gcr-3,9 15.9 212 30 5 37.7 

GCT48 lb.3 21.7 30.7 35 I 

GCT-5.7 14.5 210 29.2 34.6 

GCT-3,6,9 99 15.1 23.4 28.2 

GCT-4,6,8 10.1 153 22.5 26.3 

GCT-3,5,7,9 4.2 10.1 15.0 18 8 

* in 10 mM PIPES, 1 mM EDTA, pH 7.0, total DNA cont. 2~10~ M (I:1 ratlo GCT CGA) 

Figure 3 shows that the Tm of the oligomers is linearly dependent on the number of 

sulfonamides present. At lower salt concentrations, approximately 5 “C in Tm is lost per 

sulfonamide. At higher salt concentrations this increases to about 7 “C per sulfonamide. As 

expected, the ability of salt to stabilize a duplex is reduced as more sulfonamides are 

incorporated into the oligomer. (Although this tendency seems to vary somewhat as the position 

of the sulfonamide linkage(s) is changed). The general trend is shown in Table 2. 
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Table 2: Effect on Sulfonamide Substitution on the 
Salt Dependence of the Tm l 

Oligo Slope 

1075 

Flgure 3: Tm Dependence an 
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GCT-3,5,7,9 6.0 

The sulfonamide linkage as a replacement for the phosphodiester has several attractive 

features such as the achiral nature of the sulfonamide, the lack of charge and its stability towards 

nucleases.9d ‘* However, our experiments indicate that sulfonamide-linked oligodeoxy- 

nucleotides do not form stable duplexes with complementary DNA. Though the incorporation 

of a sulfonamide linkage has a relatively modest effect on the stability of a duplex, the 

incorporation of the number of sulfonamide linkages necessary to impart nuclease resistance 

gives an oligonucleotide that hybridizes very poorly. While this result is discouraging, it does 

not mean that sulfonamide-linked oligonucleotides will necessarily be poor antisense agents, 

because the in viva target is likely to be RNA not DNA. Tm studies of the corresponding 

RNA-DNA hybrids are ongoing. 

This research was funded by a grant from the National Institutes of Health (ROl 

CiM45572-02). We are also indebted to Drs. John Richardson and Keith Iams for helpful 

discussions. 
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