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Abs#naclz Two 3’-~xy-5-methyluridine-3’atoxy-5-mcthy dimezs intemnez& by 2’.5’ kwmace tal3 and thiofonnxetal 
4 were syntkized and inwn-porated into oligonucleohles. The 2’3’ lhioformace tal derivative resukd in substantial destabilization 
of duplex formation with ssRNA and SSDNA, the 2’3 formaxtal ODN resulted in only modest &s@bilization of ssDNA and 
ssRNA as compared to the control 3’3 phoqbdiester. 

The 3’,5’ phosphodiester linkage in DNA and RNA serves as the basic scaffold for nucleic acid 
recogniti0n.l Structural and evolutionary questions have resuked in the synthesis of 3’-deoxyoligonucleotides 

(ODN) bearing 2’,5’-phosphodiester linkages and characterization of their hybridization properties with single 
stranded DNA.2 Such hybrids have been shown to possess greatly diminished stability relative to unmodified 
DNA duplex. The 2’S phosphodiester linkage in the context of oligonucleotides {ON) bearing 3’ hydroxyls 
has been shown to confer selective hybridization properties to RNA over DNA, however, the RNA affinities are 

poorer than Ihe native 3’S’ connection.3 The 2’5 connection in the realm of achiral phosphodiester 
replacements has not been explored. 

Molecular modeling of A and B form helices suggest a shorter, smaller 2’,5’ linkage relative to a 
phosphodiester would result in favorable helix formation. 4 The synthesis and binding properties of the 3’,5’ 

formacetal,sy6 a small neutral achiral3’,5’ phosphate replacement 1 and its longer thio analog, the 3’ 
tbioformacetal 2 have been previously reported.6 We now wish to report the synthesis of ODNs containing the 

formacetal3 and the thiofotmacetal4 as a 2’5’ connection and their corresponding in vim binding properties to 
single stranded RNA and si@e stranded DNA. 

T = thymine 

The modified backbones were synthesized within S-methyluridine-S-methyluridine dimers (T’C) which 
were in turn incorporated into ODNs as alternating liiges with phosphodiester. Scheme 1 shows the 
synthesis of the 2’,5’ formacetal T-T dimer. The 3’-deoxy sugar was synthesized according to a literature 
report& to furnish compound 5 which was then condensed with thymine under Vorbruggen-type glycosylation 
conditions7 to furnish the 3’-deoxy nucleoside 6. Compound 6 was selectively deprotected at the Z-position 
with sodium methoxide to furnish compound 7 which was treated with benzoyl peroxide/methyl sulfide8 to 
form the rnethylthiomethyl ether 8. 8 was then condensed6 with 3’-t-butyldimethylsilyl-thymidjne and the 
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4-methyl-benmyl group was removed with mthanolic NH3 to yield the TT dimer 9.9 Substitution with a 
dimethoxytrityl ether (DMT) followed by desilylation of the 3’-TBS group with tetrabutylammonium fluoride 
(TE3AF) and reaction with 2-chloro-4H- 1,2,3+enzodioxaphosphorin4oneIO provided compound 11 which 
was suitably protected for ODN synthesis via the H-phosphonate metb0d.l 1 

The 2’S’ thioformacetal synthesis is detailed in Scheme 2. 5’-DhlT-5-methyluridine 12 was treated 
according to literature precedent 12 to afford the 3’-deoxy-ara-T compound 13. Substitution of the T-hydroxyl 

group was effected with methanesulfonyl chloride followed by reaction with potassium thioacetate (A&K) in 
DMF to yield compound 14. The S-acetyl group was then removed with methanolic NH3 and condensed with 

the chloromethyl ether 156 to yield the T*T dimer 16. 1 3 The 3’4sobutyryl group was removed and treated 

with 10 to furnish the T*T timer 17. 
The dimers were incorporated into an ODN of the sequence 5’ TC*TC*TC*TC*TC*TATTATT where 

C*=5-methyl-2’-deoxycytidine and TAT=2’,5’ or 3’,5’ modified thymidine dimers. 3’,5’ formacetal and 3’5’ 
thioformacetal dime& were synthesized as previously described and incorporated into the above sequence 

allowing for comparison in the hybridization experiments. All ODNs were characterized by digestion with 
nuclease and phosphatase enzymesI followed by HPK analysis of the monomers and dimers and provided the 
expected nucleoside and dimer ratios. The binding to single stranded RNA and single stranded DNA was 
ascertained by thermal denaturation studies15 (Tm) on the duplexes formed between the ODN and the 

complementary RNA or DNA (Table 1). 

Table 1: 
ODN ssRNA(ATm)* ssDNA(ATm)* ATm RNA-DNA 

*T,,, values f 03°C 

The 2’.5’ connection has previously been explored as a phosphodiester in an ODN and resulted in poor 
hybridization properties to complementary DNA.* The poor binding previously observed Is confirmed in this 
study with a ATm of -8°C for only two 2’,5’ phosphodiester linkages. The interaction with a complementary 
RNA tells a different story with the destabilization being a modest -2°C. This “selectivity” for RNA is consistent 

with the previous observation in the 3’ hydroxy series. 3~ 16 The thioformacetal series shows a similar trend to 
the phosphodiester with the 2’,5’ connection resulting in particularly poor hybridization properties with a single 
strand DNA target (-7S”C) and resulted in only a modest destabilization with RNA (-2S”C). The 2’ connection 
as compared to the 3’ connection in both phosphodiester and the thioformacetal series results in destabilization 
of helices with the DNA helix being severely effected. 

The 2’,5’ formacetal ODN results in comparable hybridization properties with DNA and RNA as 
compared to the 3’,5’ formacetal connection. The DNA binding properties show only modest destabilization 
relative to a 3’,5’ phosphodiester in both cases (-1 .O”C for the 3’,5’ formacetal and -2°C for the 2’,5’ 
derivative). The RNA binding properties are nearly comparable to the 3’,5’ phosphodiester control with the 

3’S’ formacetal (-O.S’C) and 2’,5’ forJnaceta1 (-l.O’C) being almost identical. These results support the 
modeling hypothesis that the smaller formacetal linkage as a 2’,5’ connection results in favorable helix formation 

relative to the larger, longer 2’,5’ phosphodiester or 2’,5’ thioformaceta1 phosphodiester mimic,49 J7 

The 2’.5’ formacetal may be of interest in ODN analogs designed to inhibit gene expression in a sequence 
specific manner (antisense RNA).J8 The presence of an electronegative 2’ oxygen on the ribose sugar would be 
expected to stabilize the glycoside connection to heterocycles such as adenine.19 Additionally, the 2’,5 
fxormacetal is synthesized directly from xylose, a very inexpensive sugar. Xylose has a 3’ hydroxyl which 
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currently is deoxygenati to produce the 3’ deoxyribose. 2a The 3’ hydroxy offers unexplored opportunities for 
modification toward the gti of enhanced biological tivity. 

Adcaowhtdgments: Dr. Ruiming Zou for synthesis of 2’,5’ phosphodiester controls, Terry Terhorst for 
ODN synthesis, Shalini Wadwani and Theresa Huang for Tm measurements. 
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