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SYNTHESIS OF 2’-5’,3’-5’ LINKED TRIADENYLATES 
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Summay, : 2’-5’,3’-5’ Linked triadenylates have been synthesized by direct bisadenylylation of adenosine 2’ and 3’ 

hydroxyls with an adenosine 5’-phosphorochloridite followed by oxidation. 

Since the discovery of 2’-5’ linked oligoadenylates (2-5A) and related enzyme systems (2-5A system),’ numerous 

oligonucleotides containing a 2’-5’ phosphorodiester bond were synthesized2 and utilized as biochemical probes to clarify 

the molecular mechanism of the 2-5A system.3 In addition, intracellular existence of novel Z-5A related compounds was 

indicated in normal tissues’ and some interferon treated cells which had been infected by viruses like SV-40,5 Herpes 

simplex virus,6 and vaccinia virus. ’ The 2’-5’, 3’-5’ linked oligoadenylate structures, 1-3, were suggested* as possible 

candidates for such yet unsubstantiated 2-5A analogues from the circumstantial evidence obtained by the immuno- 

chemical study using polyclonaP and monoclonal10 antibodies for 225A. Recently, a similar 2’-5’, 3’-5’ linked structure 

was also discovered as a new form of RNA in course of the study on the RNA splicing mechanisms.” Expedient 

chemical synthesis of the 2’-5’,3’-5’ linked oligonucleotides, therefore, has become necessary for the structural elucida- 

tion and further exploration of the biological function of these novel nucleotides. In this communication we would like 

to describe the chemical synthesis of the branched triadenylate core 1 and its 5’-monophosphate 2 and 5’-triphosphate 
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The known methods for construction of the 2’-5’, 3’-5’ linked framework, I2 though effective, are not entirely 

appropriate for the synthesis of symmetrical compounds such as 1. Thus we opened a new, short way to such structural 

system. First, ally1 phosphorodichloridite was treated successively with one equiv of 2’, 3’-O-isopropylideneadenosine 

(5) (- 100 “C, 1.5 h) and 0.5 equiv of 5’- Om(fi,~‘-dimethoxytrityl)adenosine (6) (- 78 ‘C, 2 h), and the resulting phosphite 

was oxidized by aqueous iodine/pyridine (0 ‘C, 5 min). The consecutive operations, giving the protected triadenylate 7 

in 48% overall yield, were carried out in a single pot without isolation of the intermediates. Then removal of the 

protecting groups of 7 was effected by treatment with (1) CHCl,COOH in CHCl, (25 “C, 2 h) (detritylation), (2) 5 mol % 

Pd[P(GH,),I,, 60 mol % P(C,H,),, and 5 equiv of n-C,H,NH,-HCOOH (1 :l) in THF (25 “C, 10 min) (deallylation),‘3 and 

(3) 1.6 N aq HCl (25 “C, 18 h) (deacetonidation). Paper chromatography [a cone NH,OH-HHzO-tin-C,H,OH (10 :35 :55) 

mixture as eluent] of the crude product afforded the core 1 in 92% overall yield. The structure of 1 was confirmed by 

enzyme reactions. Digestion with snake venom phosphodiesterase in triethylammonium hydrogencarbonate buffer 

solution (pH 7.5, 37 ‘C, 17 h) gave a mixture of adenosine and 5’-AMP in 1.00 :2.15 ratio, whereas, as expected, no 

hydrolysis was observed by incubation with RNase P, (pH 6.5, ammonium acetate buffer), RNase T, (pH 4.5, ammonium 

acetate buffer), and RNase U, (PH 4.5, AcOH-AcOK buffer) at 37 ‘C. Treatment with aq KOH did not hydrolyze 1 at 

all, providing additional evidence for the 2’-5’3-5’ phosphorodiester linked structure. 

When 8, obtained by detritylation of 7, was subjected to 2,4,6-collidine promoted condensation with diallyl phosphoro- 

chloridite (- 78 ‘C, 1 h) followed by t-butyl hydroperoxide oxidation (0 ‘C, 10 min) in THF, “~L5 the protected trinucleotide 

9 was obtained in 92% yield. The deallylation using 5 mol % Pd[P(C,H,),],, 60 mol % P(C,H,),, and n-C,H,NH,- 

HCOOH (1 :4, excess) in THF (50 “C, 6 ,)I4 and acid hydrolysis furnished the 5’mmonophosphate 2 in 88% yield after 

the paper chromatographic purification. The gross structure was supported by enzyme digestion: snake venom 

phosphodiesterase in triethylammonium hydrogencarbonate buffer (pH 7.5) gave three molar equiv of 5’mAMP ; bacterial 
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alkaline phosphatase in Tris-HC1 buffer (pH 8.0) produced a mixture of one equiv each of meta phosphate and the core 

1. 

The 5’-monophosphate 2 was convertible to the corresponding triphosphate 3 via the phosphoromorpholidate 4. 

When 2 was treated with morpholine in the presence of dipyridyl disulfide and P(C,H,), in a 4 :l dimethylformamide 

(DMF)-dimethyl sulfoxide mixture (25 “c, 40 min), *0*16 the condensation proceeded to afford the phosphoromorpholidate 

4 in 97% yield. Coupling of 4 and tributylammonium pyrophosphate in DMF (25 “C, 3 days) followed by DEAE Sephadex 

A25 column chromatography [HCO,- form, linear gradient of 0.32 M to 0.6 M triethylammonium hydrogencarbonate 

buffer (pH 7.6) as eluent] gave the 5’-triphosphate 3 in 80% yield. Presence of the triphosphate residue at the 5’- 

terminus was confirmed by the 31P NMR spectrum showing the cy- and y-phosphate signals at -11.41 ppm and fi- 

phosphate signal at ~22.43 ppm as well as two internucletide phosphate signals at -1.06 and -1.33 ppm (0.85% H,PO, 

as an external standard). Regeneration of the core 1 from 3 by bacterial alkaline phosphatase digestion ensured that 

the main skeletal structure was well preserved during the conversion of the 5’-monophosphate 2 to the 5’-triphosphate 

3. 

Details of the study on the biological activities of the 2’-5’, 3’-5’ linked triadenylates l-3 will be published elsewhere. 
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