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A Facile Synthesis of Cyclic Phosphodiesters
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In principle, the reaction of an appropriate diol with phos-
phory! chloride appears to be the most straightforward syn-
thesis of cyclic phosphodiesters. Although this approach has
been successfully used for diols with favourably constrained
geometry', the reaction of diols with phosphoryl chloride
cannot be applied as a general synthesis of cyclic phospho-
diesters?.

Therefore, for the preparation of cyclic phosphodiesters a
number of synthetic methods have been developed; e. g. cy-
clization of acyclic phosphomono-*, phosphodi-> or phos-
photriesters® and, more recently, the phosphorylation of
diols by means of phenyl phosphodichloridate® or cyclic
znediol phosph()inlida2(>le7. All these methods, however, re-
quire many reaction steps and the overall yield based on a
starting diol is usually rather low. Moreover, some of these
methods may be inconvenient on a large scale prepara-
tion*°.

In search of a simple and general method for the synthesis of
cyclic phosphodiesters 3 form diols 1, we have investigated
phosphoryl tris-triazole (2)® as a potential reagent for this
conversion.

To obtain cyclic phosphotriesters 3a—g, a solution of reagent
2 in dioxan is added to the corresponding diols 1a—g dis-
solved in dioxan or pyridine. After a few minutes the mixture
is decomposed with water or an aqueous solution of a base.
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3C-N.M.R. analysis reveals that all diols 1a—g yield the
corresponding ester 3 as single or at least main product. The
cyclic phosphodiesters 3 are isolated either as free acids or as
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By reaction with phosphoryl tris-triazole (2) even aliphatic
diols, which usually tend to yield polymers? or mono- and
diphosphates® under conventional phosphorylation proce-

salts (Table). dures are transformed into cyclic phosphodiesters 3. Fur-
thermore, S'-protected ribonucleosides 4 react smoothly
with reagent 2. Quantitative yields of 5'-O-dimethoxytrityl-
R uridine 2',3"-cyclic phosphate (5a) and 5'-O-dimethoxytrityl-
CIH—OH — — N-benzoylcytidine 2',3"-cyclic phosphate (5b), respectively,
Y . FN\N _ QP andlor NQA and the experimental simplicity indicate that reaction with 2
\ Nt P=0 N can be the method of choice for the preparation of nucleoside
H=0H "2 NN 2,3'-cyclic phosphates. However, attempts to extend this
R2 method to the preparation of nucleoside 3,5 -cyclic phos-
1 2 phates failed. Instead of the desired products nucleoside di-
phosphates are formed.
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The advantages of this methods are: N d o
~ phosphorylation and cyclisation are performed in one step 2503 B OCH,3 /:P<
under mild conditions giving high yields of cyclic phos- s N coon 07 0° w2
phodiesters 3; Y shs 5

- 0o additional deprotection steps for the removal of phos-
phate protective groups are required;
~ easy work-up of the reaction mixture.

As can be seen from the Table, only in the case of 3f is the
yield of isolated product lower than 50 %. This is mainly due
to difficulties in obtaining 3f in a crystalline form.

In conclusion, despite some limitations, the method de-
scribed in this paper is at present the most general way for the
synthesis of cyclic phosphodiesters 3 and 5. In terms of simp-
licity and yield it is superior to other recently proposed
methods for the same purpose™”.

Table. Phosphorylation of Diols 1 with Phosphoryl Tris-triazole )

Product Yield* m.p. Molecular formula® BC-NM.R*

[%] °C] or Lit. m.p. ['C} o [ppm]
3a 93¢ 159°¢ 168°° (D,0)%: 66.1 (d, /=195 Hz, P—OCH,—); 51.2, 31.2, 25.1, 24.6 (sig-
nals due to the cyclohexylammonium ion).
3b 91¢ - CgH,404P,Ba (D,0): 77.7 (s, P—O—CH ); 15.7 (d, J = 4.88 Hz. —CH,;)
3¢ 818 102103 101-103<7 (D,0) 692 (d. J=6.84 Hz, P—OCH,—); 26.8 (d. J= 5.86 Hz.
' —CH,—)
3d 95t 159-160°" 160-161°3 (D,0) 78.1 (d. J=5.86Hz, P—O—CH ); 68.7 (d. J = 586 Hz.
P—0-—CH,), 33.64 (d, J = 5.86 Hz, —CH,—); 22.3 (d, J = 8.79 Hz.
—CH;)
3e 76# 128-129" 127-129°3 (2,0): 68.0 (d, J = 5.86 Hz, P—O—CH,—); 29.8 (s, —CH )
3f 47# 79--80° 79-80°7 (CDCLy): 687 (d, J=586Hz, (P—0—CH,—), 29.0 (s,
’ ‘\ P—0~—CH,—CH,—); 23.7 (s, —CH,—)
3g 60 142-143° C,Hy0,P (DD,0): 68.5 (d, J = 6.80 Hz, P—O—CH ,—); 71.7 (s. —CH,—)
: Yields of i‘solated products. " Taken from the barium salt of 3f.
’ Correct microanalysis obtained: C, £0.06; H, +0.06. * Isolated as free acid.
; Measured at 22..5 MHz. " Isolated as benzylammonium salt; the free acid is obtained as an
) Isolated as barium salt; the free acid decomposes. oil.
¢ Taken from the cyclohexylammonium salt of 3a prepared from ' m.p. of the benzylammonium salt.

the barium salt. ¥ B3C-N.M.R. taken from the free acid 3d.
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Reaction of Diols 1 and Nucleosides 4 with Phosphoryl Tris-triazole
(2); General Procedure:

Phosphoryl tris-triazole (2; Smmol) - prepared from equimolar
amounts of phosphoryl chloride, 1,2 4-triazole, and triethylamine in
dioxan as described previously® - is added dropwise during 10 min to
a stirred solution of the diol 1 or the nucleoside 4 (4.5 mmol) in
pyridine (40 ml; Tc—g, 4a, b) or dioxan (40 ml; 1a, b). After stirring
for 10 min the mixture is decomposed and worked-up as described
below.

Isolation of the Cyclic Phosphodiesters 3a, b:

The mixture is brought to pH 8 by addition of aqueous barium
hydroxide and evaporated to dryness. The residue is dissolved in
water/ethanol (1/1) and insoluble material is removed. Addition of
an excess of anhydrous ethanol precipitates the barium salt of 3a or
3b. Precipitation is repeated twice and then the precipitate is washed
with ethanol, diethyl ether, and dried under vacuum.

Isolation of the Cyclic Phosphodiesters 3¢—g:

After the addition of water (1 ml), the mixture is evaporated to an oil
under reduced pressure. The residue is dissolved in water (S ml) and
passed through a column of Dowex S0W x 8/H®/resin (~ 5mi).
The column is washed with methanol and the effluent is controlled
with pH paper. The methanolic solution is evaporated to an oil and
the residue triturated with dichloromethane (4 x 30 ml) to extract
the phosphodiesters 3¢~g. The solvent is removed by evaporation
under reduced pressure. To obtain the phosphodiesters in crystalline
form, the residue is dissolved in dichloromethane (~ 20 ml); 3e
crystallises from this solvent and 3¢, f, gafter addition of anhydrous
diethvlether. Compound 3d is obtained as an oil. The corresponding
benzylammonium salt can be recrystallised from methanol/diethyl
cther.

Isolation of 5'-0-Dimethoxytritylnucleoside 2',3'-Cyclic Phosphodi-
esters S5a, b:

Water (1 ml) is added and the mixiure left to stand for 1 h. The
solvent is removed by evaporation under reduced pressure and the
residue dissolved in n-butanol/ethyl acctate (1/2) and washed several
times with water. The organic layer is evaporated and products S are
converted into their ammonium salts by evaporation with 5%
aqueous ammonia (2 ml) and pyridine (15 ml). Then the residue is
evaporated twice with anhydrous pytidine (15 ml). The residue is
dissolved again in pyridine (2 ml) and mixed with anhydrous dicthyl
cther (300 ml) under vigorous stirring. The precipitateis centrifuged.
washed with diethyl ethr and dried under vacuum. Chromatographi-
callv pure 5'-O-dimethoxytrityluridine 2',3'-cyclic phosphate (Sa)
and §'-O-dimethoxytrityl-N-benzoyicytidine 2,3 -cyclic phosphate
(5h). respectively, are obtained in mere than 95 % yield. The identity
with authentic samples prepared independently'® has been proved
by microanalysis. U. V. spectra, chromatographic mobilities on cel-
lulose plates in isopropanol/concentrated ammonia/water (7/1/2
v/v) and ethanol/1 molar ammonium acctate (7/3 v;v) and enzyma-
tic hydrolysis with pancreatic ribonuclease.
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