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Considerable attention has been recently focussed on methods for 

specific synthesis of polyribonucleotides containing the 3'+5* interribo- 

nuclectide bonds, especially of dinuclactides and bi.ochemically important l-4 

trinucleotides. Generally applicable methods havs been developed, making it 

possible to prsnsro all the dinurlcoside monophos:)h.ates or trinucleoside 

diphosphates, derived from the four principal ribonucleotiPes5. 

These several-step synthetic processes require a temporary protecting 

of prsselzcted pooitione of the reacting nucleotide 01‘ di.nucleotide and 

nuc1eosi:l.e for achieving the specific 3'+5' ?nternxleotide bond. Their 

application to the preparation of l&belled dinucleotides and trinucleotides 

of high specific activity for biochemical ret earth involves ,veat dif- 

ficulties. The amounts of starting radioactive nucleosides or nucleotides 

that are usually available are mostly hclow 10 ~01. 

For this reason, we studied in our earlier work the formation of 

dinucleoside monophosphates during the very simple thermal phosphorylation of 

unprotected nucleosides by inorganic phosphato. We succeeded then in 

isoleting among other compounds uridylyl-(3'+5')-uridine and 6-azauridylyl- 

-!3'+5')-6-azauridina. 

In selecting the procedure to be applied to the breparation of oligo- 

nuclcotides by the thermal phoephorylation method of nuclecsides we proceeded 
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from the following mt’5: 
1. The thermal phosphorylation of nucleosides 

a high thermal stability of nucleotides 6S7 as 

the conditions used (16O'C). 

2. Of the six theoretically possible types of 

the 3!+ 5' and 2'-5' bonds are formed during 

inorganic phosphate 6 . 

by inorganic phosphate revealed 

well as dinucleotides 6 under 

internuclootide bonds, only 

thermal phosphorylation by 

3. "he pK values of nucleoside monophosphates are close to the pR values of 

inorganic phosphate8 and it cnn be assumed that under th? conditions of 

thermal phosphorylation a reaction between a nucleotide and a nuclaoside can 

take piece giving rise to internl.lcleotide bonds. 

On the basis of these premises we thought it feasible to investigate 

the possibilities of a simple preparation of oligonucleotides by a thermal 

reaction of unprotected nuclcstides and nucleosides. 

Roating a mixture of dry uridine :' (3')-phosphate and uridine-'14C(C) 

(molar ratio 5:1) to 16C'C fo_ r 5 min in vacua of an oil pump yielded a 

mixture of products, the resolution of which by repe%ted chromatcpaphy on 

!Vhstman X0. 3 in isopropyl alcohol:smmonia:water (7:1:2) i3 shown in Fig. 1. 

r urd 

IL__.--- -- 
Fig. 1: Distribution of Radioactivity on a Chromatogram of a Reaction Nixture 

Obtained by Heating Uridylic Acid and Uridina- %(G) 

s - start, 'JMP - uridine ?'!3')-phosphate, UpU - uridylyluridine, 

?',3'-cycl.UMP - *uridine-2',3' cyclic phosphate, lfrd - uridine. 

A comparison of the chromatographic end electrsphoratic mobilities of the 

ir.dividua.l fractions with a*lthentic samples oernittod us to identify, in 
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addition to nonreacted uridine and uridine-2'(3')-phosphate, also uridine- 

-2',3' cyclic phosphate snd uridylyluridine. 

The fraction of lower chromatographic robility tha? that of L?MP (Fig. 1 

was completely split by snake venom enzymes. Hence it contains only ?'+j' 

and/or 3k-5' internucleqtide bonds, no terrinal phosphates being present. 

An exact icentification of compcunds present in this fraction, 09cf Of th?m 

having the same chromato,caphic and electrnahoretic mobility as authentic 

UpUpU, is under way. 

Cleavage of uridylyluridine with snake venom enzymes and bovine 

pancreatic ribonuclease, and electrophoresis in berate buffer showed (i.n 

common with tbe therral reaction of uridine with inorganic phosphate6) that 

we are dealing here with a mixture of uridylylk:!5$uridine 41-13 uridyl,yl- 

#j&5'/-uridine in a ratio close to 1:l. The uridine 4nd uridylic acid formed 

by cleavage with bovine pancreatic rihonuclease were labelled, the moler 

specific radioactivity of uridine being almost twice higher. The yield of 

uridylyluridine (17% with respect to the original uridine) obtained bg this 

procedure is more than twice higher than during thermal phosphorylation with 

inorganic ohosphate G . A cleavage of selected fractions after chromstogrs>hic 

separation by snske venom phosphodicstersse or by 1PJ XaOH permits to obtein 

uridins 5'-phosphate-L4 C or another fraction (a total of 40b of radioactivity 

used) of uridine 2'(3')-ehosphate- % . 

The formation of radioactive uridine 2' (3'1-phosphate (Fig. 1) and the 

detection of radioactivity in both uridine moieties of the uridylyluridine 

molncule prepared 43 described above indicates ttst the overall reaction is 

not a simple esterification of the type of Up + U +iJpU.,We are a?pare::tly 

dealing here with a more co~pplex set of reac+,ions, involving probably a 

transient formation of .?'(3') -_, 2':3') internucleotidic b,onds or an ir.ter- 

molecular shift of the phosphate residue. For an explsn?tjon of the resction 

mechsnism further experimental data are required. 

The thermal reaction of luridylic acid with uridine is specific in th? 

sense thst the primer27 phosphate of the nucleotide successfully attacks onl!y 

the 5'-hydroxyl of the sugar residue of the molecule with which it resets. 
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Preliminary evidence was obtained that the above described procedure 

can be epplied to the preparation of homogeneous as well as mixed oligo- 

nucleotidic compounds, derived from other natural, as well as anomalous 

nnclcosides ond nucleotides of the pyrimidine type. Uridylyluridine was also 

obtained by heating a mixture of -uridine-2'(3')-phosphate and uridine in 

dimethylformamide. The main reaction product here is 2',3‘ cyclic phosphate. 

The application of these findings to a simple cyclization of nucleoside- 

2'(3')-phosphetes or to an increase of the yield of dinucleoside phosphates 

by syitebly masking position 2' of the nucleoti_de will be studied in the 

future. 
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