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Abstract: A serf complementary o@nieoxynucleotide dodecamer containing an achiml bridged 
3’-phosphoramidate linkage 3’-NH-P-O-S’ bar been pqnared using the solid phave phosphor- 
amidite procedum Cleavage of the P-N bond can be accomplished selective& by mild acido&is. 

The synthesis of oligo(deoxy)nucleotides (ODNs) containing modified intemucleotide phosphates 

has received considerable attention owing to their applicability for various biochemical purposes and 
because of their potential use as antiviral drugs!” A wide range of promising candidates has already 

been described in the literature. Analogs where one of the two bridging oxygen atoms in the phospho- 
diester linkage is replaced by sulfur or nitrogen are particularly attractive, but have received only little 
attention in the last decade.‘“’ These compounds are of interest for several reasons: (i) they are achiral 

at phosphorus and thus no diastereomers are created during their synthesis; (ii) they are electronically 
and sterically similar to the natural congener; (iii) they enable us to study the cleavage properties of the 
modified linkage by endo- and exonucleases; and (iv) these compounds are susceptible to specific 
cleavage exclusively at the point of modification under mild chemical conditions. 

In analogy to OU~‘~~” and othei” work on the synthesis of ODNs containing bridging 5’-phosphor- 

amidate or 5’ (3’)-phosphorothioate linkages, we expected that also 3’-phosphoramidates are of interest. 
In this paper we wish to report the synthesis and selective cleavage of an ODN containing a 

3’-NH-P-O-S linkage. 
The synthesis of the 3’-phosphoramidate analog of TpdA lla-d useful for the synthesis of ODNs 

containing phosphoramidute linkages is outlined in FIGURE 1 and 2. One of the key intermediates, 
5’-0-dimethoxytrityl-3’-axido-3’-deoxythymidine 4 (FIGURE l), in the synthesis of 9a,b is available from 
thymidine via a four-step reaction sequence in 70% overall yield!**‘9”0 

The second building block for the synthesis of the fully protected phosphoramidate dimer 9a,b is 
the phosphite triester 8. The preparation of 8 was started from N6-benxoyl-2’-deoxyadenosine 5!* This 

compound was transiently protected at the 5’-hydroxyl function by the dimethoxytrityl group in 82 % 
yield. After this regioselective reaction, this compound was allowed to react with 2 equivalents of tert.- 
butyldimethylsilylchloride (TBDMSCl) in the presence of imidazole at room temperature for 20 hours. 
The 5’-0-dimethoxytrityl group of 6 was removed with 80 % acetic acid at ambient temperature in 30 
minutes to give 7 in 72 % yield. The phosphite triester 8 was then prepared in quantitative yield by 
treating the 3’-0-silylated nucleoside 7 with 1,l equivalents of bis-methoxy-N,N-diisopropylamino- 
phosphane in the presence of tetraxole (r. t., 2 h) and used without further purification!5~t6 
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FIGURE 1: i, dimethoxytritylchloride, pyridine; ii, mesylchloride, pyridine; iii, potassium phthalimide, dimethyl- 
fonnamide; iv. LiN,, dimethylfonnamide; v, dimethoxytritylchloride, pyridine; vi, TBDMSCI, pyridine; vii, 80 % 
acetic acid; viii, N,Ndiisopropylamino-bis-methoxyphosphane and tetmzole in CH,Cl,/CH,CN, 1:l 
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FIGURE 2: i, LiCl, pyridine; ii, tetrabutylammoniumfluoride, te.tmhydrofUran; iii, N,N-diisopropylethylamine and 
rac-2-cyanoethoxy-N,N-diisopropylaminochlorophosphane in CH,ClJ CH,CN, 1: 1 

The formation of the internucleotide phosphoramidute linkage 3’-NH-P-O-S between the phos- 
phite triester 8 and the 3’-azido nucleoside unit 4 to afford the dimer 9a,b is illustrated in FIGURE 2. 
Therefore, the in situ prepared phosphite triester 8 (1,s equivalents) in pyridine was treated with 1 
equivalent 4 in the presence of 5 equivalents IX1 at ambient temperature for 16 hours. The initial 

phosphite imine in this Staudinger reaction is formed by the visible evolution of nitrogen, followed by 
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the conversion to the phosphoramidate by a Michaelis-Arbuzov type transformation which is enhanced 
by LiC1.2’-*’ The reaction requires no further coupling or activating reagents. After flash 

chromatography and precipitation into cold n-pentane the desired dimer 9a,b was obtained as a color- 
less amorphous solid in 79 % yield. The purity of this compound was checked by reverse phase HPLC 
and “P-NMR spectroscopy. The “P-NMR spectrum of 9a,b shows two well resolved signals at 143 and 

10,5 ppm in a ratio of nearly 1:l. This indicates that the reaction proceeds without diastereoselectivity. 
The constitution of the fully protected dinucleoside phosphoramidate 9a,b was cmfirmecl by means of 

homonuclear chemical shift correlation spectroscopy. 
The desilylation was attempted with an excess of tetrabutyiammoniumfluoride in tetrahydrofuran. 

The reaction proceeds only with 32 % yield. During the deprotection no observable degradation was 

observed by analytical TLC and after 45 minutes the reaction was complete. But after the usual work> up 
with aqueous 5 % NaHCQ a number of degradation products were detectable. The crude product 

lOa,b was purified by flash chromatography yielding a colorless powder after precipitation into cold 
n-pentane (” P-NMR: 10,9 and 11,3 ppm). Subsequent phosphitylation of the 3’-hydroxyl dimer unit with 

rac-2-cyanoethoxy-N,N-diisopropylamino-chlorophosphane afforded the desired 3’-phosphoramidite 
building block lla-d. After flash chromatography and precipitation into cold n-pentane the compound 
could be isolated as a colorless powder in 88 % yield. Due to the introduction of a new chiral center by 
phosphitylation of the diastereomeric mixture lOa,b the reaction could lead to 2 * = 4 possible 
diastereoisomers. To analyze this complex mixture and to prove the purity we recorded a “P-NMR 

spectrum in the proton decoupled mode. Theoretically one can observe two resonances for each of the 
four diastereoisomers. This could lead to 2 x 4 = 8 possible 3’ P-NMR signals, four resonances located at 

the phosphoramidate region around 10 ppm and four resonances for the phosphite moiety around 150 
ppm. The spectrum of the phosphitylated dimer lla-d shows a multiplet at 145 ppm and four singlets 

located at 149,66,149,72, 149.78 and 149,95 ppm in a ratio of nearly 1:l:l:l. The spectrum makes the 
above assumption evident and confirms the structure of lla-d. 

FIGURE 3: HPLC chromatograms: A) If; B) 12 + 80% CH,COOH, 5h, tt.; C) 1: 1 mixture of A end B; 
Conditions: Nucleosil RP-Cl8 column (Spm, 4 x 250 mm), 5 I> 30% CH,CN in hiethylammonium acetate buffet @H 
7) in 30 min., 0.8 mumin., 260nm 

To study the usefulness of the new dimer phosphite unit lla-d the synthesis of dodecamer 12 was 
carried out using the dimer building block mentioned above (12: d[A G A G A TNHpA T C T C T’l). 

The synthesis was performed with a tenfold excess of lla-d in acetonitrile (1 pm01 scale) which was 
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employed in the fifth reaction cycle instead of a monomeric phosphoramidite!6’2 The mod&d building 

block 11sd was utilized under standard conditions except that the coupling time was increased from 30 
to 240 s. The coupling efficiency of the intemucleotide bond formation with this modified dimer 
building block was 96 %, the average coupling yield 97 % and the overall yield 72 % as determined by 
dimethoxytrityl color quantitation at 498 nm. These results are iu agreement with those found for the 
incorporation of a dimer unit containing a 5’-phosporamidute linkage by us”j and others!’ 

Treatment with cont. ammonia removed the protected oligomer from the solid support and the 
protecting groups were removed at 55 “C during 24 hours. After evaporation to dryness the crude ODN 
was purified by preparative polyacrylamide gel electrophoresis. 
To confirm the incorporation of the phosphoramidute bond into the synthesized ODN 12 we treated 0,s 
A Mo units of the oligomer with 100 ~1 of 80 % acetic acid for 5 hours at room temperature. After this 

time the solution was evaporated to dryness, redissolved and analyzed by RP-HPIC (FIGURE 3). Whe- 
reas the naturally linked ODN was not susceptible to 80 % acetic acid the modified DNA fragment 32 
was cleaved completely at the phosphoramidate linkage under these conditions. The distinct pattern 

shows that the acid hydrolysis occurs selectively and does not harm the natural diester linkages. 
The above procedure produces a S-phosphate and a 3’-amino oligomer analogous to the cleavage 

of ODNs containing a bridged 3’-phosphorothioate linkage as described by Cosstick et al!‘~” Further- 
more the method is complementary to that described by US’~ and othen?“‘” for the incorporation of a 

3’-O-P-NH-9 linkage. The incorporation of a P-N linkage into a specific position of an ODN (primer) 
and the subsequent chemical cleavage can be applied for the nicking and manipulation of DNA, e. g. in 
a DNA probe based affinity assay? 
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