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In recent years much effort has been spent to develop oligonucleotide analogs as highly 
selective pharmaceutical agents to block expression of disease-associated proteins1-5, and 
these efforts have resulted in the approval of fomiversen sodium (vitraveneTM), the first 
antisense drug, by FDA in August 1998 for treatment of AIDS patients with 
cytomegalovirus(CMV)-induced retinitis6.  However, the great potential of antisense 
oligonucleotides as antiviral and anticancer agents is compromised by their nuclease 
susceptibility and low cell membrane permeability.  L-DNAs have enhanced resistance 
to nucleases but have been found to hybridize either weakly or not at all with natural 
RNA and DNA7-9.  However, preliminary studies suggest that chimeric D/L-oligomers 
have adequate duplex-forming capability and excellent enzymatic stability, so they 
should serve as valuable tools for studying and controlling gene expression in living 
cells10-11.  In order to get more insights to the structural features of chimeric 
D/L-oligonucleotides, we synthesized D-thymidylyl 3’→5’)L-thymidine (D/L-TpT) and 
studied its properties through CD spectrum and 2DNMR spectroscopy.  In this 
communication, we wish to report our preliminary results. 

D/L-TpT was synthesized using the β-cyanoethylphosphoramidite method12 without 
any problems as shown in Scheme 1.  Condensation of 5’-DMTr-thymidine 
phosphoramidite 1 with 3’-O-benzoyl thymidine 2 in the presence of 1H-tetrazole13 

resulted in the formation of an intermediate phosphite triester, which was then oxidized 
in situ to the phosphotriester 3 with t-BuOOH14.  Acidic hydrolysis of the DMTr group 
from 3 with 1% trifluoacetic acid15 in CH2Cl2 and subsequent removal of the 
β-cyanoethyl and benzoyl groups by amminolysis (ammonium hydroxide)16 at ambient 
temperature for 20 h afforded, after purification (Sephadex LH-20),  the desired 
dinucleoside phosphate 4 in 43% overall yield as a white solid.  The identity and 
homogeneity of 4 was unambiguously ascertained by 31P- and 1H-NMR spectroscopy17. 
We also synthesized d (TpT) as a control by a similar procedure to that described above. 
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Scheme 1 

The CD spectra of D/L-TpT and d (TpT) were showed in Figure 1.  D/L-TpT 
dispalyed flat CD spectrum while d (TpT) showed sharp CD spectrum.  D/L-TpT had a 
maximum at 252 nm and a minimum at 278 nm, while d (TpT) had two mixima at 221 
nm and 278 nm and a minimum at 248 nm.  However, to our surprise, the whole CD 
curve of D/L-TpT demonstrated the characteristics of L-nucleoside, which suggested that 
the 3’-residue(L-T) in D/L-TpT had a significant effect on the conformation of the 
dinucleoside phosphate.   

The ultraviolet spectral properties of D/L-TpT and d (TpT) were measured at pH7 
and room temperature.  The results indicated that D/L-TpT and d (TpT) had the same 
λmax at 268 nm. 

 
Figure 1 

 
We then investigated the solution conformation of D/L-TpT using DQF-COSY, 

NOESY and TOCSY experiments attempting to understand the effect of introduction of 
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L-nucleoside on the conformation of the dinucleoside phosphate.  We reached those 
conclusions as below from our studies: 

(1) Each base in D/L-TpT adopted the anti conformer since the NOE effect of 
H6/H2’is much larger than that of H6/H1’18-19. 

(2) Two sugars in D/L-TpT adopted predominantly an S-type conformation because 
its NOESY spectra showed strong H6 to H2’cross-peaks and its COSY spectra also 
showed strong H1’to H2’ and H1’to H2’’ cross-peaks ( data not shown)20-21. 

 
Table 1. The selected NOE data of D/L-TpT 

 
 D-T ring L-T ring 

HX-HY 1’-6 2’-6 1’-6 2’-6 
NOE value 49.565 112.96 57.402 130.92 

 
In summary, we synthesized the chimeric dinucleoside phosphate D/L-TpT and 

investigated its properties comparing with the natural dimer d (TpT).  Detailed 
structural investigations of chimeric D/L-oligonucleotides with various base sequences 
are underway and will be reported in due course. 
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