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Thiation of the 2’,5’-di-O-trityl-3’-O-acetyluridine or 3’,5-di-O-trityl-2’-O-acetyl-

- uridine with phosphorus pentasulfide in refluxing toluene containing 20—309% pyridine

afforded corresponding ‘‘4-thio’’ derivative in good yield. These ‘‘4-thio” derivatives

were converted to the cytidine counterparts by the reaction with methanolic ammonia.

2/,5-Di-O-trityl-3’-O-methanesulfonyluridine was also converted to cytidine derivative by

similar manner. In addition, phosphorylation and dinucleoside monophosphate synthesis
using titled compounds were described. :

The usefulness of 2',5"- or 3',6'-di-O-tritylated ribonucleoside has led to synthesis of
number of sugar modlﬁed derlvatlves including nucleotides.®

In an earlier paper,® we have described the thiation of 5'-O-trityl-2’,3'-di-O-acetyluridine
in good yield of the corresponding 4-thio derivative. _

In this paper we describe an extension of this work to di-tritylated uridine derivatives
and the use of these thiated compounds as intermediates in facile synthesis of 2’,5’-di-O-
tritylcytidine®~7 8',5’-di-O-tritylcytidine®~? and related compounds.

- We use 2',5'-di-O-trityluridine® (II) and 3’,6’-di-O-trityluridine® as starting materials.

Treatment of II with acetic anhydride in anhydrous pyridine gave the 8'-O-acetylated
derivative IV in almost quantitative yield (Chart 1), which was then refluxed with phosphorus
pentasulfide (P,S;) in dry toluene containing 20—309, pyridine to give the corresponding
‘4-thio derivative (V) in 77—839, yield. The yield of V depend on the ratio of toluene to
pyridine, as can be seen from Table I. Compound V was deacetylated with 0.5~ methanolic
sodium methoxide to afford 2’,5'-di-O-trityl-4-thiouridine (VI) in 85% yield. Compound
IV and resulting compound V were easily converted to 2/,5’-di-O-tritylcytidine (VII) by treat-
ment with methanolic ammonia at 95—100° for 10 hr. Detritylation of VII with 989, formic
acid at room temperature gave cytidine. The structure of the product VII is supported by

-the fact that by converting the treatment of VII with #-amyl nitrite in dimethyl sulfoxide
in the presence of acetic acid gave II. The total yield of VII from the starting material II
was around 60—659%,. '
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In the similar manner, 8',6'-di-O-tritylcytidine (XI) was prepared by thiation of 3',5-
di-O-trityl-2’-O-acetyluridine (VIII), followed by amination of the 4-thio derivative, IX,
as illustrated in Chart 1. While the product (XI) was reconverted to the starting material,
3',6’-di-O-trityluridine (III), by treatment with #-amyl nitrite, the treatment with 989,
formic acid at room temperature readily gave cytidine, confirming its identity as 3’,5'-di-O-
tritylcytidine (XTI).

It is noted that di-O-tritylated uridine easily undergoes the reaction with phosphorus
pentasulfide in refluxing toluene containing pyridine to give the 4-thio derivatives without
being detritylated. When toluene or pyridine alone was used as the solvent, the yield was
remarkably decreased as shown in Table I.

TaBre I. Thiation of 2/,5’-Di-O-trityl-3’-O-acetyluridine (IV)

Toluene Pyridine Yield of V

(%) (5 PaSs (%) v
100 0 2 equ, 23 +
90 10 2 equ. 49 +
80 20 2equ. 83 —
70 30 2equ. 77 -
60 40 2 equ. 56 +
50 50 2equ. 45 +
40 60 2 equ. 37 -+
30 70 2 equ. 21 -+
20 80 2 equ. 23 +
10 90 2 equ. 19 +
0 100 2 equ. . 20 +
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2',5’-Di-O-trityl-3’-O-methanesulfonyluridine® (XII) was also thiated in a similar manner
‘to the corresponding 4-thio derivative in good yield. This compound (XIII) was converted
to the cytidine derivative (XIV) by treatment with methanolic ammonia. The product
(XIV) was identical with 2',5’-di-O-trityl-8’-O-methanesulfonylcytidine obtained from the
reaction of VII with an equivalent amount of methanesulfonyl chloride, by mixed melting
point and infrared (IR) spectra. Compound XIII was converted to 1-(f-p-2',5'-di-O-tritylxylo-
furanosyl)cytosine® XV vig unstable 2,3-anhydro intermediate® by the treatment with
potassium ¢-butoxide in dimethylformamide.

Phosphorylation of VII and XI was carried out by Tener’s method.'® After the removal
of the protecting groups, the resulting phosphate ester was analysed by Dowex 1 column
chromatography, which indicated less than 5%, of phosphate migration in each case.

A selective N-acetylation of VII with an equivalent acetic anhydride in refluxing
pyridine™ gave 2',5’-di-O-trityl-N4-acetylcytidine.® (XVI) Then, XVI was allowed to
react with 2',3’-di-O-acetyluridine 5'-phosphate'® using triisopropyl benzenesulfonyl chloride
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as a condensing agent. After successive treatments of the resulting blocked dinucleoside
monophosphate with formic acid and with methanolic ammonia, cytidylyl (3'—5’) uridine
(XVII) was obtained in 509, yield. It was characterized by degradation to cytidine 8’-phos-
phate and uridine (1: 1) with pancreatic ribonuclease and also with $nake venom phosphodi-
esterase to cytidine and uridine 5’-phosphate (1:1). From these results, di-O-tritylcytidines
and di-O-trityl-4-thiouridine derivatives, such as V, VI, VII, IX, X and XI may be used as
the key intermediates for synthesis of other 4-substituted di-O-trityl pyrimidine r1bonucleo-
sides, sugar-modified nucleosides and oligonucleotides.

Experimental

- 2/,5"-Di-0-trityl-3’~0-acetyluridine (III)——To a solution of 13 g of 2/,5"-di-O-trityluridine (II) in 120 ml
of anhydrous pyridine, 26 ml of freshly distilled acetic anhydride was added. The clear mixture was stored
at room temperature in the dark for 24 hr under protection from moisture. The solvent and excess acetic
anhydride were removed under reduced pressure and the residual gum was heated in 60 ml of refluxing meth-
anol for 15 min. After removal of solvent, the acid-free gum was crystallized from benzene-cyclohexane
to give fine white crystals mp 148—150° (13 g, 97%). UV iz%f nm: 218, 261. Anal. Calcd. for C4H,;O;N,:
C, 76.36; H, 5.45; N, 3.63. Found: C, 76.42; H, 5.41; N, 3.59.

2',5'-Di-O-trity1-3’-O-acetyl-4-th10ur1d1ne V) Five grams of IV and 4.8 gof freshly ground phospho-
rus pentasulfide was refluxed in a mixture of anhydrous toluene (70 ml) and pyridine (30 ml) for 3 hr. The
reaction mixture was allowed to cool to room temperature, the dark yellow supernatant liquid was decanted
and the residue was washed with hot benzene (10 mlx 3). The supernatant and washings were combined
and concentrated to dryness. The residual gum was dissolved in 40 ml of a mixture of chloroform and water
(1: 1) and was vigorously shaken for 30 min. The chloroform layer was dried over magnesium sulfate and
concentrated to a small volume (ca. 5 ml). This was chromatographed on silica gel (3 cm X 40 cm) column
by using chloroform as an eluent. Crystallization from benzene-cyclohexane gave 3.9 g (78%) of yellow
fine prisms. mp 158—160°. UV A3 nm: 244, 329. Awnal: Caled. for CuH,O6N;S: C, 74.80; H, 5.34;
N, 3.56. Found: C, 74.75; H, 5.30; N, 3.53.

2’ 5’-D1-0-tntyl-4-thmur1dme (VI) A solution of 300 mg of V was refluxed in 35 ml of 0.5N sodium
methoxide in dry methanol for 8 hr., After evaporation of the solvent, the residue was dissolved in 30 ml
of chloroform and washed with water. The organic layer separated and dried over MgSO,. - After removal
of the solvent under reduced pressure, the residual gum was crystallized from benzene-cyclohexane to give
248 mg (85%) of yellow micro-needles. mp 223—225°. UV A2 nm: 245, 330. Awnal. Caled. for C,,H,o-
O;N,S: C, 75.80; H, 5.38; N, 3.76. Found: C, 75.87; H, 5.33; N, 3.81.

2’,5’-Di-0-tritylcytidine (VII)——Method A: A solution of 1g-of V in 50 ml of methanol saturated
with ammonia was allowed to stand at 0° in a sealed tube and then heated at 100° for 10 hr; The reaction
mixture was concentrated to dryness under reduced pressure. A gummy material was crystallized from
ethanol to give white leaflets. 790 mg (85%); mp 181—182° (lit. 178—180°,% 180—182°,% 179°M), UV
AE0E nm: 270 (6=8100). Anal. Caled. for C,;H,,O,N;: C, 77.54; H, 5.68; N, 5.75.  Found: C, 77.49; H, 5.59;
N, 5.71..

Method B: In a similar VI as a starting material gave same product which was identical with 2’, 5’
di-O-tritylcytidine in 879, yield.

Conversion of VII to 2’,5’-Di-O-trityluridine (II) by the Treatment with n-Amyl Nitrite- Compound
VII (50 mg) was dissolved in a mixture of 3 ml of dimethyl sulfoxide and 0.5 ml of aceti¢c acid. One -ml of
n-amyl nitrite was added dropwise under vigorous stirring at 0°. After continuous stirring for 2.5 hr, the
reaction mixture was poured into a mixture of 30 ml of ice-water and 30 ml of ether. . After shaking the mix-
ture for 10 min, precipitates were collected by filtration. It was washed with ether, and was dried. Cry-
stallization from benzene—ether gave microneedles, 32 mg (656%); mp 225—226°. The product was identical
with authentic 2/,56’-di-O-trityluridine by measurement of the mixed melting point, ultraviolet (UV) and
infrared.(IR) spectra, and chromatographic behavior on silica gel.

Defritylation of VII with Formic Acid to Cytidine——Compound VII (50 mg) was suspended in 50 ml
of 989% formic acid and stirred at room temperature for 30 min. The suspersion became ¢lear and then white
precipitates of trityl alcohol appeared. After stirring for 1.5 hr, the precipitates were removed by filtration
and washed with.509%, formic acid (3 ml). The filtrate and washings were combined and evaporated under
reduced pressure at room temperature. Theresidue was dissolved in 3 ml of, distilled water and then
lyophilized. This sample was identical with cytidine according to paper chromatographic mobilities in
several solvent systems and UV and IR spectrophotometric measurements.

.. 3/,57-Di-0-trityl-2’-0-acetyluridine (VIII) To, a solution of IIT (5 g) in 60 ml of anhydrous pyridine
10 ml of freshly distilled acetic anhydride was added. It was allowed to stand at.room temperature for
24 hr. After evaporation of solvent, the product was crystallized from methanol to give 5 g (97%) of VIIL.
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mp 108—110°. - Anal. Caled. for C,0H,,O,N,: C, 76.36; H, 5.45; N, 3.63." Found: C, 76.44; H, 5.49; N, 3.66.

.37,5/-Di-0-trityl-2’-0-acetyl-4-thiouridine (IX)——A mixture of VIII (5g) and phosphorus pentasulfide
(4.6 g) in toluene (150 ml) containing dry pyridine (50 ml) was refluxed for 4 hr, Compound IX was isolated
by using silica gel column (1.5 X 50 cm) chromatography eluted. It was crystallized from benzene-cyclohex-
ane to afford yellow crystals. Yield: 4.6 g (92%). mp 117—119°, UV 25 nm: 245, 331. Anal. Calcd.
for CypH 06N,S: C, 74.80; H, 5.34; N, 3.56. Found: C, 74.75; H, 5.31; N, 3.52.

. 3’,5”-Di-0-trityl-4~thiouridine (X) A solution of IX (200 mg) in 50 ml of 0.5N methanolic sodium
methoxide was gently refluxed for 3 hr., After evaporation of the solvent, the residue was dissolved in 30 ml
of chloroform and washed with water. The organic layer separated and dried over MgSO,. After removal
of solvent under reduced pressure, crystallization from benzene—cyclohexane gave X. Yield: 155 mg (80%).
mp 176—177°. Anal. Calcd. for C,,H,,O,N,S: C, 75.80; H, 5.38; N, 3.76. Found: C, 75.76; H, 5.40; N,
3.69.

3’,5’-Di-O-tritylcytidine (XI) from IX A solution of IX (50 mg) in 5 ml of dry methanol saturated
with ammonia at 0°, which was heated in a sealed tube at 100° for 10 hr. The reaction mixture was concen-
trated to dryness under reduced pressure. Crystallization of the residue from ethanol gave 3’,5’-di-O-trityl-
cytidine (XI). Yield: 35 mg (75%). mp 222—224° (1it.® 225-—226°). UV A¥%¥ nm: 270 (¢=8600). Anal.
Caled. for C,;Hy;O4N;: C, 77.54; H, 5.68; N, 5.78. Found: C, 77.49; H, 5.62; N, 5.77.

Conversion of XI to III Compound XI (15 mg) was treated with #-amyl nitrite (0.5 ml) in 1.5 ml
of dimethylsulfoxide in the presence of acetic acid (0.1 ml) to give III. 12 mg (829%). This was identical
with III prepared earlier® according to mixed melting point test and measurement of IR spectra.

2/,5’-Di-0-~trityl-3’-O-methanesulfonyl-4~thiouridine (XIII) To a solution of 2/,5’-di-O-trityl-3’-O-
methanesulfonyluridine® (XII) (3 g) in a mixture of 70 ml of toluene and 30 ml of pyridine was added 3.5 g
of freshly ground phosphorus pentasulfide. The mixture was refluxed for 3 hr. After removal of solvent,
the residue was dissolved in 10 ml of 509, aqueous ethanol and it was concentrated. This process of addition
and evaporation of ethanol repeated until the odor of pyridine and hydrogen sulfide was no longer evident.
The gummy solid was dissolved in small amount of chloroform (ca. 3 ml) and applied to the column of silica
gel (3 x40 cm), Elution was performed with a mixture of chloroform and ethyl acetate (9: 1). Light yellow
crystalline was obtained. Recrystallization from a mixture of chloroform and cyclohexane gave fine yellow
needles. Yield: 3g (94%). mp 206—208°. UV A= nm: 245, 331. IR »%%: 1170 cm~! (sulfonate).

2/,5'-Di-0-trityl-3"-0O-methanesulfonylcytidine (XIV) Method A: To a solution of 200 mg of VII
in 10 ml of anhydrous pyridine cooled in an ice-bath, 1.2 equivalents of freshly distilled methanesulfonyl
chloride was added dropwise. The mixture was allowed to stand at 0° overnight. After addition of 0.5 ml
of water, the mixture was stored in an ice-box for 1 hr. Then it was poured into 30 ml of ice-water with
vigorous stirring. The granular product was collected by filtration and washed with water and dried in air.
Recrystallization from ethanol gave white fine needles, 200 mg (909%,). mp 185—187° (lit. 180—183°9.
UV A3%F nm: 270. IR »53i: 1172 cm~? (sulfonate). Awnal. Caled. for C,sH,3;O,N,S: C, 71.55; H, 5.34; N,
5.34. Found: C, 71.70; H, 5.26; N, 5.47.

Method B: 2/,5’-Di-O-trityl-3’-O-methanesulfonyl-4-thiouridine (1 g) in 30 ml of methanol saturated
with ammonia was sealed in a pyrex tube and the mixture was heated at 100—110° for 10 hr. The volatiles
were removed under reduced pressure and the residue was crystallized from etha.nol to give white needles,
890 mg. This was identical to a sample prepared by “Method A.”

Selective N-Acetylation of VII Acetic anhydride (44 mg) was added to a solution of VII (360 mg)
in dry pyridine (30 ml) and the mixture was refluxed for 3 hr. After cooling, the solvent was removed under
reduced pressure. The residue was treated with 10 ml of 509, aqueous ethanol and then the solvent was
évaporated. This was repeated three times. The resulting gum was crystallized from ethanol to give
needles. 325 mg (85%). Recrystallization from ethanol, mp 175—179° (lit. 168—170°,% lit. 170—180°9).
UV 22 nm: 305, 250 (shoulder). IR »X3i: 1710 cm~=t, Awnal. Caled. for CuH,,O0N,: C, 76.43; H, 5.63;
N, 5.46. Found: C, 76.15; H, 5.43; N, 5.38. :

Phosphorylation of 2°,5'- and 3’,5'-Di-O-tritylcytidines——To a solution of pyridinium f-cyanoethyl-
phosphate (1 mmole) in 30 ml of anhydrous pyridine, 850 mg (4 mmole) of dicyclohexylcarbodiimide was
added at once and then 0.5 mmole of 27,5~ or 3/,5’-di-O-tritylcytidine was added. The reaction flask was
stoppered and allowed to stand at room temperature for 48 hr. The mixture was treated with 3 ml of water
and kept an additional hour at room temperature. After removal of the precipitate by filtration, the solvent
was evaporated. The solid residue was suspended in 5 ml of 1~ lithium hydroxide and it was heated in a
boiling water-bath for 15 min. The reaction mixture was neutralized with Dowex-50 (H+ form) resin and
the resin was filtered. The filter cake was extracted with 5 portions of hot ethanol (30 ml). Evaporation
of the extract gave a gum. This was dissolved in 10 ml of 98%, formic acid and it was stirred at room tem-
perature for 2 hr, Precipitate appeared and was removed by filtration and the filtrate was lyophilized.
Paper chromatography showed only one spot (Rf=0.47) in the solvent system of isobutylic acid~0.5N ammo-
nium hydroxide (5: 3, v/v, pH 3.8). Then ca. 50 O.D. A,,; units of the product was applied to Dowex 1
{(formate form) column using 0.05N formic acid as an eluting solvent, The elution prophile showed that
only small amount (ca. 5%) of phosphate migration had taken place in each case.
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1-(2’,5'-Di-0-trityl-g-p-xylofuranosyl)-cytosine (xvy 2’,5’-Di-O-trityl-3’-methanesulfonylcytidine
(100 mg) was treated with potassium ¢-butoxide (1.5 equivalent) in 30 ml of dry dimethylformamide at 100°
for 3 hr. The reaction mixture was poured into ice-water and precipitates were collected, washed with water
and dried. Recrystallization from ethanol gave fine crystal (75 mg) which melted at 175—179°, resolidified
and remelted at 235—240° (1it.® 178—180° and 250°). UV AEZ nm: 267.5. No sulfonate signal on IR
spectrum,

Synthesis of Cytidylyl-(3’—+5")-uridine (XVII) A mixture of XVI (1 mmole) and pyridinium 2’,3"-
di-O-acetyluridine 5’-phosphate'® (1.1 mmole) was treated with 2,4,6-triisopropylbenzenesulfonyl chloride
(450 mg, 1.5 mmole) in 50 ml of anhydrous pyridine. The resulting solution was kept in a tightly stoppered
flask in the dark at room temperature for 15 hr. The reaction mixture was then treated with 10 ml of water
and kept at room temperature for 3 hr. After removal of solvent under reduced pressure, the residue was
dissolved in 50 ml of formic acid. The solution was stirred at room temperature for 3 hr. Precipitate
was removed by filtration. The filtrate was concentrated and the residue was extracted with ether (10 ml x 5).
The residue was treated with methanolic ammonia (50 ml) and it was allowed to stand at room temperature
for 18 hr. The solvent was removed under reduced pressure. The residue was dissolved. in 5 ml of water.
On paper chromatogram three spots were detected, namely, cytidine (Rf=0.75), cytidylyluridine (Rf=0.38)
and uridine 5’-phosphate (Rf=0.20). The product was applied to the column of DEAE-cellulose (bicar-
bonate form) (2 x 40 cm) and eluted by gradient elution with 0.1u triethylammonium bicarbonate (pH 7.8)
(500 m1) and 500 ml of water in the mixing chamber. The fractions of second peak were combined and
concentrated. The product was homogeneous on paper chromatogram (Rf=0.38), 0.5 mmole (50%).

Digestion of Cytidylyluridine with Pancreatic Ribonuclease and Snake Venom Phosphodiesterase The
structure of the cytidylyl-(3’-5’-)-uridine prepared in the above experiment was determined by enzymatic
digestion in the presence of pancreatic RNase or snake venom phosphodiesterase. The degradation products
were separated by paper chromatography. Paper chromatography was performed using Whatman No. 3MM
paper. Solvent system used was isobutylic acid-0.5N ammonium hydroxide (5: 3 v/v, pH 3.8). Estimation
of the compounds from the individual spots was carried out spectrophotometrically after elution from paper
with 0.01x hydrochloric acid. The results of the enzymatic degradation are summarized as follows.

Substrate Enzyme Digestion Ratio of product
y yield
cytidine 3’-phosphate
CpU pancreatic RNase 959% 0.97
: uridine 1
ol snake venom 1000 ) ,d?Ytlg}ﬁehl hat
P phosphodiesterase % s un 1ne1 O—SP osphate
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