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1. Introduction

Recenily it was shown that the RNA chain of the
RNA bacteriophages {1—4]and T, messenger RNA
[5] start at the 5’ terminus with a 5-triphosphate
group. This being in contrast to the free 5-hydroxy!
group of TMVY RNA {6] or the morophosphorylated
5’-hydroxyl group of all ribosomal {5, 7] and irans-
fer RNA 81 examined so far. After base hydrolysis
the 5’ terminal nucleotide of the former RNA mole-

cules will be released as ribonucleoside 2'(3"}-mono-,
5"-triphosphate (pppNp).

In order o rapidly identify the terminal nucleotide
in a hydrolysate of labelledd RNA, it is necessary to
have the four authentic nucleoside tetraphosphates
which have not previously been synthesized, We pre-
parzd them in a 75% yield oui of the nacleoside
2'(3"),5’-diphosphates (pNp). The different steps are
represented in fig, 1.
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Fig. 1.

Abbreviations used: N = mucleoside, Np = nucleoside 2'(3')—

py:ophosphme, pN = nucleoside 5'-phnsphate, PpN = nucleo- -

side § -pymphosphatf, PppN = auclzoside 5 -triphosphate,
Np! = nucleoside 2’ 3'-cyclic phosphate, ﬂ-prT = nucleo-
side 2°3"cyclic phosp‘xate 5 —phosphoromorphohdate,
PpNp? = nucleoside 2" 3 -cyclic phosphate 5”.pyrophosohate
and ppNp = 2 (3 "»nuclecsidephosphate 5-pyrophosphate.

326

The syntheses of the nucleoside 2°(3"),5"-diphosphates
are rather well documented [9, 10, 12].

We synthesized the purine diphosphates by phos-
phorylation of nucieoside with f~cyanoethylphosphate
[9). The pyrimidine diphosphates were prepared by
phosphorylation with polyphosphoric acid [10}. The
{ina} purification of each pNp was carried ont on a
Dowex-2 column using an ammonium formate gra-

dient 0.1—1.0 N {-1.5N for pGp) at pH 3.8.

Moffatt and Khorana [11, 12] prepared adenosine
2' 3" cyelic phosphate 5'-phosphoromorpholidate
directly from pAp in 95% yield. We proceeded as in-
dicated by these authors and we obiained the corre-
sponding derivatives of all four nucleosides in 95%
yield.

The cendensation with pyrophosphate is complete
in one day at 37° when performed under sufficiently
anhydrous conditicns and with dimethyi sulfoxide
{(DMSO0) as solvent {13]. Longer treatment results in
some ppNp! and pNp!.

The latter compounds and some polyphosphate
derivatives, which were not further investigated, are
also formed when after the compietion of the reac-
tion the mixture is concentrated instoad of directly
loaded to a DEAE-Sephadex columm. The decycliza-
tion of the 2’,3"cyclic ester at 55° is complete in 15
min by adding the same volume 0.8 ® XOH to the
reaction mixture, although treatment up to several
hours does not effect any breakdowr: of the desired

compounds. Alternatively the pppNp! may be de-
cyclisized after the column separation but then 3 hr

of the same base treatment are reguired because of the
absence of DMSO.
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Table 3 : .
Relative rales of the difiereni nucizolide compounids in solvent A; Iscbutyric sc26: I M NHgOH (5:3,v¥)ind Bicthanol: 1 4
ammonium acetate pH 5.0 (5:2, v/¥).

- =3

N Np Np! pNp pNp! O NopNp! ppNp  ppNp! ppphip popip!

U 44 39 34 40 (49)a8 23 26 i H 19
48 br solvenl A C 39 30 39 47 (56)d 28 31 23 23
100 =¥Front A 66 83 43 32 53u 32 35 = 28

G 3 52 23 30 and 18 20 15 16

U 178 28 57 102 @) 20 62 1 25
A5hrsoivent® € 145 261 30 84 @) 15 45 6 19
100=Gn A 124 248 38 83 () 15 43 7 19

G 1006 220 24 63 (d) i2 30 5 s

Abbrevietions used: d = decomposed U =ridine C=cytidine A =adencsine G = guenosine

2. Experiizental

As an example we describe the synthesis of pppGp,
the synthesis of the three other tetraphosphates is
analogous except where indicated.

A mixiure of pyricinium S-cyanoethyl phosphate
{10 mmole) and guancsine (1 mmole) was rendered
anhydrous by cogvaporations with pyrigine ang re-
dissolved in 10 mi pyridine. DCC (20 mmole) was
added and the sealed mixture was sheken at 37 for
twoe days. Pyridine was removed by several coevapo-
rations with water. The tesidue was heated for two
hours in 0.5 N Ythium hydroxide {40 m1). The in-
soluble dicyclokexyl urea {DCU) was removed by
filtration. The total filtzate was applied to 2 2.6X 25
<m column of Dowex 2 (formate). The elution was
with a 61 gradient of 0.2 M—1.5 M ammoniuvm for-

mate at pll 3.8. The diphosphate peak eluied at 0.8
M (vield 75%). 1t was rendered sait free by several

lyophilizations at 40° and 10~ mm Hg (mercury
diffusion pump) and was bronght in 1the morpho-

finium form with Dowex 50. After being dissolved
in a mixtare of water (9 ml), -buiyl alcohol (35 ml)

and morpholine {6 mmole), the pNp solution was re-
fluxed and 15 mmole DCC, dissolved in 15 ml 7-butyl
alcohol was added dropwise over a period of 6 hr {12]
and refluxing was continued for a further 6 hr. The =~
butyi aicohol was removed by coevaporation with
water. The residue was taken up in 30 ml of water and
extracted with petrolenm ether, DCU was removed by
filtration, and the fillrate was twice more extracied
with etlier before drying ender high vacuum. The

bis-{4-mcrpholine NN -dicyclohexylcarboxammidi-
nium szlt of guanosine 2°,3"cyclic phosphate 5-phos-
phomorphoiidate was rentdered anhiydrons by coeva-
porations consecutively with pyridine {five times),
benzene (five times), DMSO (tvsice). and finally dis-
solved in 20 mi DMS0. To this was added 3.75 mmole
{5 =q.) anhydrous pyrophosphkate suspended in 7.5

mi DMSO (two mrmole iributylamine was added to
one mmoie pyrophosphortic acid suspended in 75%
aqueous pyridine; the mixture was evaporated to dry-
ness, codisliliated several times consecutively w:th
pyridine, benzens and DMB0, and finally sir.pended
in a known volum: DMSQO). The sealed mixture was
shaken 24 nr at 37°.

After dilntion with water (1:1), it was in.mediaicly
applied to a 2 X 2% cm cohunn of DEAE-Sephadex
(fermate). The elution was performasd with a &1 pra-
dient of 0.1 ¥—1.0 M ammoeniwm formzte at phh 3.8.
The ppGp! was eivted at 0.65 M, and pppGp! was
eluted 2t 0.835M.

The nucleoside phosphates of ths three cther bases
came out 5% —10% earlier than the zanine series.

The pooled tetiaphosphate fractions were ivophs-
lized several times »t 4C° and 10~5 mm Hg. The resi-
due was disselved in 0.5 N KOH (2° ml) and incu-
bated duzing three hr at 55°. The reaction mixture
was siowndy adjusted to pH 7.0 with 4 N HU10,.

For analyticat purposes, the rucleotidc was pre-
cipitateé as the basium sait. Chyomatogruphic con-
trols shoved no brezkdown during thess manipaia-
tions. ‘ -

The yield of guznosine tetrzptosphate (pppGp)
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was 75% and the ratio guanosine : phosphorus [14]
was found 20 be 1:3.92 (calculaled ratio, 1:4). The
ultraviolet spectzum {pH 7.0) showed Ay 252 my
and Jyypin 223 mp O.D.280/0.D.260 = - 50 OD. 250/
O.D.pp = 2.10.

The nucleoside totraphosphates of the thiee other
bases give the expected analytical results and wltraviolet

speciia,
Chromatographic data of the different phosphates

are given in table 1.

For the enzymatic identifications the pppNp was
incubated with bacierial alkaline phosphatase {4 ug per
100.Da,, uniis, 0.5 N 1irs buffer p*i 8.5) and the
progpects fomled as a funclion of time were identified

by paper chromatography.

ppNp was formed first, afterwards appeared rather
sirnultaneously, ppN, pNp and pN. Prolonged incuba-
on always resnlted in compleie breakdown to the cor-
responding nucleoside. In a paraliel run, pppN was di-
gested with this phosphaiase. The time eourse for the
appearance of ppN, pN and M was very similar to the
breakdown of pppNp. :

3. Discassion

By using standard technignes we were able to syn-
thesize the four nucleoside 2'(3")-phosphate 5-triphos-
phates in 75% yield. These compounds, used as carrjers,
are of great help in ihe identification of the 5" termi-
na] of labelled natural RNA’s {15] and in the determi-
nation of the number of 5" terminals in the phage RNA
replicative structures {16].
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