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It is well recognized that ribonucleoside 5°’-phosphoromorpholidates are of considerable im-
partance as intermediates in the synthesis of ribonucleoside di- and tri-phosphates?]
The only draw-back associated with the above method is that the synthesis of the morpholidates
requires an easy availability or accessibility of the corresponding ribonucleoside 5°-phos-

phates. This limitationa)

We now wish to report that phosphorylation of some modified ribonucleosides of adenosine

will certainly be trus for modified ribonucleotides.

(IIa,b,clwith 2,2,2-tribromeethyl phosphoromorpholinochloridate I affords the phosphotriesters
of ribonucleosides IIIa,b,c (R = _CHZCBrB)’ which after the selective removal of the 2,2,2-
tribromoethyl protecting group, with Cu/Zn couple, give directly the ribonuclsoside 5°- phos-
phoromorpholidates IIIa,b,c (R = H) in excellent yields.

The monofunctional reagent I can be easily prapared4 from the reaction of 2,2,2-tribromo-
athyl phosphorodichloridateS] and morpholine in dry ether. Work-up of the reaction product
and recrystallization from cyclohexane/n-pentane gave the crystalline productsl, m.p. 78°,
yield 80%.

The phosphotriester derivatives IIla,b,c (R = -CHZCBrBJ were prepared by allowing the modified
nucleosides IIa,b,c ( 1 mmole) and I [ 2 mmole) to react together in anhydrous pyridine
solution at 20°. Work-up of the products after 48 hr. and fractionation by Short Celumn
Chromatography7] gave IIIa,b,c which were isclated as homogeneous (t.l.c.) colourless solids
in 75-80% yields,

N.m.r. spectroscopy of IIIa,b,c in dry DMSOdS showed, inter alia, two doublets in the ratio

1 : 1; howsver, addition of D,0 led to the complete disappearance of these two doublets. These

findings are indicative for tie presence of the two hydroxyl protons of the cis-diol system.
Furthermore, treatment of nucleotides IIla,b,c with Cu/Zn couple8 in dry DMF during 10 min

at 20° and filtration of the excess Cu/Zn gave the nucleoside phosphoromorpholidates IIla,b,

¢ ( R = H), which after acidic deblocking (pH = 2, 0.01 N HCL) during 2 hr. at 20° f£ollowed
by neutralization with aqueous ammonia (pH = 9) and purification by Sephadex G-25, afforded
the nucleotides Iva,b,c in nearly quantitative yields.

The homogenelty and identity of these compounds was established by t.l.c. (MN-celluloss), high

pressure liquid chromatography (HPLC) and n.m.r. spectroscopy.
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The above results clearly show that the monofunctional phosphorylating agent I, apart from
being an effective phosphorylating agent, has the added advantage of being a selective phos-
phorylating agent.

The availability of the phosphoromorpholidates IIIa,b,c allowed the synthesis of ribonucleo-
side di- and tri-phosphates to be undertaken.

As expected, the morpholidates were, without isolation, smoothly converted into the corres-
ponding di- (Va,b,c) and tri-phosphates (VIa,b,c) by treatment with the mono- and bis(tri-
n-butylammonium) salts of phosphoric and pyrophosphoric acid, respectively.

For example, NB—[Az—isopentenyl]adenosine 5’-triphosphate (VIa) was obtained when the mor-
pholidate IIIa ( 0.1 mmole) in dry OMF ( 2 ml) was treated with bis(tri-n-butylammonium) py-
rophosphate ( 0.5 mmole) in dry DMF ( 2 ml) at 20% for 3 hr. under the exclusion of moisture.
The reaction product was concentrated under reduced pressure and, after treatment with Dowex
50 ( ammonium form), purified by chromatography on DEAE cellulose ( 25 x 2 cm, column) using
linear gradient elution { 0.0 - 0.3 M) with EtaNHCU3 solution. The appropriate fractions
were pooled and iPATP (VIa) was obtained in 82% yield.

NE-Methyl- and NB,NS-dimethyladenosine 5’-triphosphates (VIb,c) were obtained similarly in
84% and Bl1% yields, respectively.

In the above experiments, when mono(tri-n-butylammonium)phosphate salt { 0.6 mmole) in dry
pyridine ( 4 ml) was used instead of the pyrophosphate in dry DMF, the corresponding modi-
fied nucleoside diphosphates (Va,b,c) could be easily isolated in 70%, 72% and 75% yields,
respsctively.

The purity and structure of the nucleoside di- and tri-phosphates were confirmed by t.l.c.
{MN-cellulose), high-pressure liquid chromatography (HPLC), u.v. spectroscopy, lH- and 31P
n.m.r. spectroscopy.

Another noteworthy feature aof the phosphotriester derivatives IIla,b,c was found in the pos-
sibility to convert them dirsctly into the nucleoside diphosphates Va,b,c by treatment with
Zn-dust in pyridine sclution containing mono(tri-n-butylammonium)phosphates.

In a typical experiment; phosphotriester IITb ( 1 mmole) was added to a stirred solution of
dry pyridine (15 ml) containing finely devided Zn ( 0.1,g.) and mono(tri-n-butylammonium)-
phosphate ( 12 mmole), under the exclusion of moisture. After 2 days at 200. the reaction
mixture was centrifugated,, the supernatant was co-evaporated several times with water {3 x
15 ml) and finally purified by DEAE cellulose. Pure Vb was obtained in 68% yield.

In the same way the diphosphates Va and Vb were prepared in 65% and 70% yields, respectively.
In conclusion, the present work amply demonstrates that monofunctional phosphorylating agent
T meets the following criteria: (a) stable and crystalline compound, (b) easy available, (c)
effective phosphorylating agent, (d) selective for the primary hydroxyl in the presence of
unprotected secondary hydroxyls, (e) nature of its protective groups opens the possibility
for the synthesis of mono-, di- and tri-phosphates from only one intermediate, (f) protective
groups are stable under mild basic and acidic conditions.gl

The scope of the reaction is presently under investigation and a full report will be publish-
ed shortly.
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