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AMINOPHOSPHORDICHLORIDITE : A NEW PHOSPHORYLATING REAGENT FOR ONE-POT SYNTHESIS OF 

3'-5'- OR 2'-5'-LINKED DIRIBONUCLEOTIDE HAVING DEFINED SEQUENCE 
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SUMMARY : 3'-5'- or 2'-5'-linked diribonucleotides having definite sequences have been 
synthesized by an one-flask procedure utilizing the cyclic phosphorylation of the 
cis-glycol in the ribonucleosides with aminophosphordichloridites. 

The phosphorylation of a nucleoside hydroxyl group is the key step in the synthesis 

of oligonucleotides. Much efforts have been directed toward the developments of the 

highly reactive phosphorylating reagents. 

chloridites,' phosphorazolides,2 

Many active phosphites, e.g. phosphor- 

and phosphoramidites3 have been shown to be very 

effective in the preparation of oligonucleotide chains. On the contrary, we have 

recently developed the new sort of phosphorylating reagents such as phosphorus tris- 

azoles, including tri-(imidazol-1-yl)phosphine, having the potential reactivity and 

selectivity in the reaction with the cis-glycol of ribonucleosides.4 The utility of 

these reagents have been demonstrated in the synthesis of 3'-5'- or 2'-5'-linked homo- 

oligoribonucleotides by polymerization of unprotected ribonucleosides. 
5 

The next object of our research is to synthesize defined sequence oligoribo- 

nucleotides utilizing the selective phosphorylation to the cis-glycol of ribonucleosides. 

We have tried to join the two different nucleosides with the inter-ribonucleotidic 

linkage using tri-(imidazol-1-yl)phosphine. The phosphorylation of the cis-glycol in 

a 5'-protected ribonucleoside with an equivalent of tri-(imidazol-1-yl)phopshine gave 

almost quantitatively the cyclic phosphorimidazolide derivative. In its reaction with 

a ribonucleoside, however, the coupling product was obtained in a moderate yield. To 

overcome this problem, we have adopted the 5'-protected ribonucleoside 2',3'-cyclic 

phosphoramidite in place of the imidazolide, because of its stability and availability to 

produce the phosphite linkage with the other ribonucleoside.3 A new sort of phosphory- 

lating reagents, aminophosphordichloridites, have been developed for the formation of 

the cyclic phosphoramidite.6 We describe herein an effective cyclic phosphorylation of 

the cis-glycol in iibonucleosides and its application to one-pot synthesis of 

diribonucleotides having definite sequences. 

Aminophosphordichloridites( I a-d ) were prepared by the reaction of phosphorus 

trichloride with dialkylamine. A solution of dialkylamine( 1.0 mol ) in 200 ml of 

dry ether was added dropwise at -10°C over 2 h to a vigorously stirred solution of 

phosphorus trichloride( 0.5 mol ) in 200 ml of dry ether. After the standing for 1 h, 
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procedure for the synthesis of difinite sequence oligoribonucleotides involves the cylcic 

phosphorylation of a 5'-protected ribonucleoside( II ) with I, the coupling reaction of 

the resulting cyclic phosphoramidite( III ) with a 5'-OH of a ribonucleoside( IV ) as a 

second component, the oxidation employed iodine and water, and the final deprotection of 

the protecting group in V to produce the 3'-5'- or 2'-5'-linked diribonucleotide( VI ), 

which are carried out in one-flask. Typically, 5'-0-monomethoxytrityluridine( 141.3 mg, 

0.28 mm01 ) was allowed to react at 0°C for 5 min in THF with diphenylaminophosphor- 

dichloridite, Ia,( 60 pl, 0.28 mmol ) in the presence of 2,6-lutidine( 70 pl, 0.56 mmol ). 

To the mixture, a solution of N6+enzoyladenosine( 97.1 mg, 0.28 mmol ) and tetrazole( 

196 mg, 2.8 mmol ) in 1.0 ml of DMF was added and stirred for 15 min. After the usual 

oxidation with iodine and water, 5 the solution was treated with aq. NaHS03( 5 % ). The 

solvent was removed in vacua and then the residue was treated with cont. NH3 in 
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Figure 2. H.p.l.c.(Partisil 10 SAX column5) of the reaction 
mixture obtained from the reaction of 5'-O-monomethoxytrityl- 
uridine and N6-benzoyladenosine with diphenylaminophosphor- 
dichloridite( Panel A ) and reverse phase h.p.l.c.(Nucleosil 
7 Cl8 column5) of the obtained UpA from the ion exchange 
column chromatography( Panel 8 ). 
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aq. pyridine followed by 80 % acetic acid. H.~.l.c.~( ion exchange ) of the product is 

shown in Figure 2( Panel A ). Diribonucleotide, UpA, was obtained in a yield of over 

80 %. The obtained UpA was subjected on a reverse phase h.p.1.c. As shown in Panel 6 

in Figure 2, U3'p5'A was easily separated from U2'p5'A (molar ratio of the 3'-5'- to the 

2'-5'- = 53:47), and there exists no trace amount of the 5'-5'- and 3'-3'-linked UpA, 

since separated portions were completely hydrolyzed by alkaline and snake venom. 

It is obviously indicated that the 5'-protected ribonucleoside 2',3'-cyclic phosphor- 

amidite( IlI ) is coupled only with the 5'-OH of the second component( IV ). Accordingly, 

the present approach does not require any protection of the hydroxyl groups in the second 

component. Similar experiment was performed using morpholinophosphordichloridite( Ib ). 

The product, UpA, was obtained in yield of over 75 %. In this case, U3'p5'A( 27.3 % ) 

and U2'p5'A( 42.5 % ) together with small amount of 5'-5'- or 3'-3'-linked UpA was 

observed in the reverse phase h.p.1.c. 

The present approach worked equally with all common ribonucleosides and gave definite 

sequence diribonucleotides in satisfactory yields. The products contains both 3'-5'- 

and 2'-5'-linkages which can be separated by a reverse phase column chromatography. 

We anticipate that the procedure described here can be used by repeating the synthetic 

cycle for the synthesis of longer oligoribonucleotides having defined sequences. 

Although the separation of the linkage isomers becomes a serious problem, our present 

approach has appreciable merits in the preparation of short-chain defined sequence 

oligoribonucleotides. 
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