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Abstract: The ozonation of 4-thiopyrimidine and 6-thiopurine nucleosides in presence of amines
afforded selectively and under mild experimental conditions several cytidine and adenosine nucleosides.

The same reaction carried out in presence of alcohols afforded o4 or 06-alkylated derivatives of the
nucleosides.

Several studies have been made on the reactions of nucleic acids with ozonel in connection with damage
to biological systems including chromosome aberrations in human cells2 and mutational changes of Esherichia
coli.3 Although thiopyrimidine and thiopurine nucleosides occur as components of transfer ribonucleic acids (t-
RNA),4 little is known about the function of these thioderivatives. Favred showed that the oxidative formation
of a covalent cross-link between 4-thiouridine-8 and cytidine-13 in many t-RNAs from Escherichia coli play an
important role in controlling the t-RNA conformation and in the bacterial growth inhibition.6 On the other hand,
one of the general method for the synthesis of cytidine nucleosides consists in the oxidative transformation of 4-
thiouracil nucleosides’in the presence of ammonia derivatives. However these procedures require severe
experimental conditions, and in some cases the ribose moiety and possibly other groups of the molecule, are
altered under these conditions.8 Thus, there is considerable interest in the study of the structural properties? and
oxidative modifications of thionucleosides, especially with regard to the selective oxidation of the thioamide
group. 10

Recently, in the course of our studies about the chemistry of nucleic acids components,11 we have
employed the oxidation of substituted thiouracils12 and pyrimidine-2-thionel3 with ozone in alcohols for site-
specific introduction of alkoxyl groups at C-2 uracil and pyrimidine residues, respectively. By these first results
we have observed that the behaviour of the thioamide moiety towards ozone is multifarious, depending on the
nature of the substrate as well as on the actual reaction conditions. As an extension of these studies, we clarifie
here the chemistry of thiopyrimidine and thiopurine nucleosides with ozone and we describe a new, selective and
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efficient method for the synthesis of several pyrimidine and purine nucleosides such as cytidine and adenosine
derivatives.

2, 3', 5-Tri-O-acetyl-4-thiouridine14 1 was allowed to react in CH2Cl3 at 0°C with an ozone-oxygen
stream introduced at a flow of 660 ml/min (27 mg of O3/min). Under these conditions a rapid decolorization of
the mixture was observed and the reaction was completed in only one minute to give 2', 3', 5'-tri-O-acetyl-
uridine 2 in good yield (Scheme 1, Table, Entry 1).13

Reaction

Entry Substrate  Method® Nucleophile Product(s) Tjme (min) Yield(%)
1 1 A 2 1 69
2 1 B 23 5 53 (36)
3 1 B 3 10 66
4 1 C MeOH 4a(2) 1 56 (28)
1 C EtOH 4b (2) 1 65 (18)
5 A 6 1 83
6 5 B 6 (7 5 44 (35)
7 5 C MeOH 8a (6) 2 47 29)°
5 C EtOH 8b (6) 2 39 35)°
8 1 D NH,* % 2 63
1 D MeNH, 9 2 58
1 D (E),NH g 2 69
1 D Pyrrolidine  9d 2 65
9 10 A 11 1 83
10 10 C MeOH 12a 1 66
10 C EtOH 12b 1 72
11 10 D NH, 13 5 92
12 14 D NH; 15 5 95

Table: Ozonation of thionucleosides. All ozonations were carried out using 1 mmol of substrate and an ozone-oxygen
stream introduced at a flow of 660 mL/min (27 mg of 03/min)." Method A: ozone, CHyCly, 0°C. Method B: ozone,
CH,Clp, 25°C. Method C: ozone,CH,Cly-alcohol (1:1 v/v), 0°C. Method D: ozone, CH,Cly, amine (1.8 equiv/mol),
o°c. b Compound 7 was recovered in 13% yield. € Compound 7 was recovered in 18% yield. d 2N methanol solution.

The ribose moiety of 1 may be degraded by ozone through a 1,3-dipolar insertion mechanism on the
acetal carbon-hydrogen bond, 16 even if more slowly than the base portion,lb but we did not detect any trace of
this degradation in our reaction mixture. Moreover, results of the ozonation of 1 appear to be dependent on
experimental parameters such as reaction time and temperature; other parameters such as the concentration of the
substrate appear to have little effect.

Thus, the ozonation of 1 performed in CH2Cl2 at 25°C with variable times gave a separable mixture of
2 and 2, 3', 5'-tri-O-acetyl-5-hydroxy-1-(B-D-ribosyl)hydantoin 3. The ratio of the products was dependent
on the reaction time, the latter S-hydroxyhydantoin derivative 3, probably formed by the ozonolysis of the C5 ¢-
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double bond of 2,17 being the main product after 10 minutes (Scheme 1, Table, Entries 2 and 3).18 The same
reaction carried out in CH2Cl2 at 0°C in presence of alcohols (methanol and ethanot) as nucleophiles12 gave the
corresponding O4-alkyluridine derivatives 4a-b as main products and 2 as by-product (Scheme 1, Table, Entry
4).19

A similar sequence of reactions was carried out with 3, 5'-di-O-acetyl-4-thiothymidine §. Compound 5
prepared starting from thymidine as described by Fox14 reacted under the previously described conditions with
ozone in CH2Cl2 at 0°C to give 2', 3'-di-O-acetyl-thymidine 6 as only recovered product for short reaction
times (one minute), and a mixture of 6 and 3', 5'-di-O-acetyl-5-hydroxy-5-methyl-1(B-D-ribosyl)hydantoin 7
in CH2Cl2 at 25 °C for extended reaction times (Scheme 1, Table, Entries 5 and 6). The ozonation of 5
performed in CH2Cl2 at 0 °C in presence of alcohols gave the expected O%-alkythymidine derivatives 8a-b, but
in lower yields than in the case of the previously described O4-alkyluridine derivatives; furthermore, we
observed the presence of compounds 6 and 7 as by-products even for short reaction times (Scheme 1, Table,
Entry 7). These data suggest that the electrophilic ozone attack on the C5,6-double bond of the uracil ring of 6
may be assisted, in the latter case, by the electron-releasing C-5 methyl group, in accord with the data reported
by Matsuil7 on the effect of C-5 substituents on the ozonolysis of substituted uracils.

R o H
"X I oI L
A, Ao RN
AcO AcO
AcO o 03 Cf o (o)
iori
OAcR, OAcR, OAc R,
1,5 2,6, 4a-b, 8a-b 3,7

a: R3=Me; b: R3=Et

1,3, 4a-b R;=H, R,=OAc. 2 R;=R;=H, Ry=0Ac
5, 7, 8a-b R1=Me, R2=H. 6 R1=MC, R2=R3=H

i: Ozone-oxygen flow of 660 mli/min (27 mg of Os/min), CH,Cly, O°C or 25°C. ii: Ozone-
oxygen flow of 660 ml/min, CH,Cl,-alcohol (1:1 v/v), O°C.

Scheme 1

Attention was next turned to the use of 2', 3', 5"-tri-O-acetyl-4-thiouridine 1 as starting material for
the synthesis of cytidine nucleosides. Amines are very reactive toward ozone,20 and in some cases they appear
to be more reactive2] than olefins to give amine oxides as major products,22 but to the best of our knowledge
there are no reports in literature dealing with the behaviour of thioamide containing compounds toward ozone in
presence of easily oxidable amines.

Compound 1 was then allowed to react with ozone in CH2Cl at 0°C in presence of a small excess (1.8
equiv./mol) of amine (ammonia, methylamine, diethylamine and pyrrolidine) to give the corresponding cytidine
derivatives 9a-d as main products in satisfactory yields (Scheme 2, Table, Entry 8). It is interesting to note that
the transformation of the thioamide group present in 1 was very selective. In fact, no hydantoin derivative 3 and
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only small amount of 2 were detected, showing that the possible desulfurization and/or the C5 6-double bond
ozonolysis were not competitive reactions under these experimental conditions.

s NR;R; o

(u\ N’k
N™ Ng o + o
AcO 0O; AcO o AcO
0 —_— o
i

OAcOAc OAcOAc OAcOAc

1 9a-d 2
9a R1=R2=H. 9b R1=H, R2=Me. 9¢ R1=R2=Et.
9d R1=R2= -CHZ'(CHz)z-CHz-

i: Ozone-oxygen flow of 660 mi/min (27 mg of O3/min), CH,Cl;, amine (1.8 equiv./mol) O °C.

Scheme 2

By the use of the same general approach, 2-acetamido-6-thio-9-(2', 3', 5'-tri-O-acetyl-B-D-
ribosyl)purine 10 was allowed to react with ozone to give N2-acetyl-2', 3', 5'-tri-O-acetyl-guanosine 11 in
CH2Cl3 at 0°C, O6-alkyl-2-acetamido-9-(2', 3', 5'-tri-O-acetyl-B-D-ribosyl)purine derivatives 12a-b in
CH2Cl2 at 0°C in presence of alcohols (methanol and ethanol), and 2-acetamido-9-(2', 3', 5'-tri-O-acetyl-B-D-
ribosyl)adenine 13 in CH2CI2 at 0°C in presence of ammonia (2N solution in methanol, 1.8 equiv./mol)
[Scheme 3, Table, Entries 9-11].

Y

R 1 AcO
AcO 1 AcO
© o O3 o} 0, O
iif i or ii
OAcOAc OAcOAc OAcOAc
13,15 10, 14 11, 12a-b

a: R,=Me, b: R,=Et
10, 11, 12a-b, 13 R;=NHAc. 14,15 R;=H
i: Ozone-oxygen flow of 660 ml/min (27 mg of Os/min), CH2Cly, O°C. ii: Ozone-oxygen flow of

660 ml/min, CH,Clz-alcohol (1:1 v/v), O°C. iii: Ozone-oxygen flow of 660 m)/min, ammonia
(1.8 equiv./mol; 2N MeOH solution), CH;Cl;, O°C.

Scheme 3
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In a similar way, 6-thio-9-(2', 3', 5'-tri-O-acetyl-B-D-ribosyl)purine 14 reacted with ozone and
ammonia (2N solution in methanol, 1.8 equiv./mol) in CH2C12 at 0°C to give 2, 3', 5'-tri-O-acetyl-adenosine
15 in satisfactory yield (Scheme 3, Table, Entry 12). The oxidative functionalization of the thioamide moiety
was very selective also in the ozonation of thiopurine nucleosides and in all experiments we did not detect any
trace of possible rearranged products, showed by Shapiro23 in the ozonation of caffeine, formed through initial
C5 6-double bond ozonolysis. These results demonstrate that the ozonation of thiopyrimidine and thiopurine
derivatives is a very efficient and selective procedure for the synthesis of several cytidine and adenosine
derivatives.

Work is in progress in our laboratories to study the use of this procedure for the site-specific
modifications of oligonucleotides containing thionucleosides.

Experimental

NMR spectra were recorded on a Varian Gemini 200 (200 MHz) spectrometer and are reported in § values.
Infrared spectra were recorded on a Perkin Elmer 298 spectrophotometer using NaCl plates. Microanalyses were
performed by C. Erba 1106 analyzer. Mass spectra were recorded on a VG 70/250S spectrometer with an
electron beam of 70 eV. Melting points were obtained on a Reichert Kofler apparatus and are uncorrected. All
solvents were ACS reagent grade and were redistilled and dried according to standard procedures.
Chromatographic purifications were performed on columns packed with Merck silica gel 60, 230-400 mesh for
flash technique. Thin-layer chromatography was carried out using Merck platten Kieselgel 60 F254.

Starting Compounds

Commercially available 2-acetamido-6-thio-9~(2',3',5,-tri-O-acetyl-B-D-ribosyl)purine 10 (Aldrich, Co.) was
used without further purification. 2',3',5'-tri-O-acetyl-4-thiouridine 1 and 3',5'-di-O-acetyl-4-thiothimidine §
were synthesized according to the procedure reported by Fox;l4 6-thio-9-(2',3',5'-tri-O-acetyl-B-D-
ribosyl)purine 14 was synthesized according to the procedure reported by Lewis24.

Ozonation of thiopyrimidine and thiopurine nucleosides 1, 5, 10 and 14. General procedure.

2 mmol of substrate were dissolved in 15 ml of the appropriate solvent and placed in a 100 ml, three-necked
flask equipped with a magnetic stirrer, a gas inlet tube, and a bubble flow meter. The substrate, dissolved in 5
ml of the appropriate solvent [CH2Cl2 or CH2Cl2-alcohol (1:1 v/v)], and when necessary in the presence of
amines (1.8 equiv./mol), was allowed to react with an ozone-oxygen stream introduced at a flow of 660 ml/min
(27 mg of O3/min) until its disappearance in the solution (TLC, CHC13/CH30H=9.0:1.0 as eluent). The
resulting mixture was purged with nitrogen for 30 min, transferred to a round bottomed flask and concentrated
in vacuo. When necessary, the residue was purified by flash-chromatography using chloroform/methanol as
cluent.
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2', 3", 5-Tri-O-acetyl-uridine 2- (510 mg, 69%), m. p. 127-129 °C [lit.25, 128-129 °C]. LR. (CHCI3) vmax:
3385 (NH), 1750 (C=0), 1680 (C=0) and 1636 cm-1 (C=C). 8¢ [CDCl3, 200 MHz] 2.10 (9H, s, CH3),
4.35 (3H, m, H-4', 5, 5"), 5.30 (2H, m, H-2', 3, 5.75 (1H, d, J 5.0 Hz, H-5), 6.05 (1H, m, H-1, 7.35
(1H, d, J 5.0 Hz, H-6); m/z 370 (M, 12%).

2, 3', 5"tri-O-Acetyl-5-hydroxy-1-(B-D-ribosyDhydantoin 3- (494 mg, 66%), oil. LR. (CHCI3) vmax: 1760
(C=0) and 1680 cm-1 (C=0). 5y [CDCI3, 200 MHz] 2.19 (%4, s, CH3), 4.10 (3H, m, H-4', §', 5"), 5.25
(2H, m, B- 2', 3, 5.60 (2H, m, H-1', 5); 8¢ [CDCI3, 200 MHz] 22.57 (CH3), 22.82 (CH3), 22.94 (CH3),
66.25 (CH2), 73.69 (CH), 76.93 (CH), 81.74 (CH), 85.85 (CH), 156.90 (CH), 166.51 (C), 167.64 (C),
175.74 (C), 175.86 (C), 176.92 (C); m/z 374 (M, 12%).

4-Methoxy-1-(2', 3', 5'-tri-O-acetyl-B-D-ribosyl)uracil 4a- (430 mg, 56%), oil. LR. (CHCI3) vmax: 1760
(C=0), 1680 (C=0), and 1630 cm~1 (C=C). 8y [CDCI3, 200 MHz] 2.09 (9H, s, CH3), 3.93 (3H, s, CH3),
4.34 (3H, m, H-4, 5, 5"), 5.31 (2H, m, H-2', 3", 5.90 (1H, d, J 7.5 Hz, H-5), 6.14 (1H, d, J 4.2 Hz, H-
1), 7.64 (1H, d, J 7.5 Hz, H-6); m/z 384 (M, 12%).

4-Ethoxy-1-(2', 3', 5'-tri-O-acetyl-B-D-ribosyl)uracil 4b- (517 mg, 65%), oil. LR. (CHCI3) vmax: 1760
(C=0), 1680 (C=0), and 1630 cm"1 (C=C). 54 [CDCI3, 200 MHz] 1.32 (3H, m, CH3), 2.09 (9H, s, CH3),
4.37 (5H, m, CH2, H-4, §', 5"), 5.32 (2H, m, H-2', 3), 5.90 (1H, d, J 7.2 Hz, H-5), 6.18 (1H, d, J 3.2
Hz, H-19, 7.65 (1H, d, J 7.2 Hz, H-6) ; m/z 398 (M*, 18%).

2', 3-Di-O-acetyl-thymidine 6- (541 mg, 83%), m. p. 126-128 °C [1it.26, m. p. 126-128 °C]; LR. (CHCI3)
vmax: 3380 (NH), 1730 (C=0), 1680 (C=0) and 1630 cm"! (C=C). 84 [CDCI3, 200 MHz] 192 (3H, s,
CH3), 2.09 (6H, s, CH3), 2.44 (2H, m, H-2', 2"), 4.33 (3H, m, H-4', §', 5"), 5.19 (1H, m, H-3"), 6.25
(1H, m, H-1%), 7.24 (1H, s, H-6); m/z 326 (M, 12%).

3', 5-Di-O-acetyl-5-hydroxy-5-methyl-1(B-D-ribosylhydantoin 7- (231 mg, 35%), oil; LR. (CHCI3) Vmax:
1760 (C=0) and 1680 cm-1 (C=0). 8y [CDCI3, 200 MHz) 1.60 (3H, d, J 2 Hz, CH3), 2.09 (6H, s, CH3),
3.10 (2H, m, H-2', 2"), 4.20 (3H, m, H-4', 5, 5"), 5.20 (1H, m, H-3", 5.55 (1H, q, J1', 2' 6 Hz, J1*, 2
8.5 Hz, H-1); 8¢ [CDCI3, 200 MHz] 13.90 (CH3), 20.69 (CH3), 20.77 (CH3), 22.59 (CH2), 62.97 (CHy),
63.74 (CH), 74.56 (CH), 81.74 (CH), 86.08 (CH), 128.97 (C), 131.03 (C), 160.03 (C), 170.78 (C), 171.81
(C); m/z330 (M, 18%).

4-Methoxy-1-(2-deoxy-3', 5'-di-O-acetyl-B-D-ribosyl)thymine 8a- (320 mg, 47%), oil; LR. (CHCI3) vmax:
1760 (C=0), 1680 (C=0), and 1630 cm"1 (C=C). 8y [CDCl3, 200 MHz] 1.92 (3H, s, CH3), 2.08 (6H, s,
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CH3), 2.20 (2H, m, H-2', 2"), 4.33 (3H, m, H-4', 5, 5"), 5.17 (1H, m, H-3"), 6.31 (1H, q, J1'2' 8.13
Hz, J1'2" 5.64 Hz, H-1"), 7.49 (1H, s, H-6); m/z 340 (M*, 55%).

4-Ethoxy-1-(2'-deoxy-3', 5'-di-O-acetyl-p-D-ribosyl)thymine 8b- (276 mg, 39%), oil; LR. (CHCI3) vmax:
1760 (C=0), 1680 (C=0), and 1630 cm-! (C=C). 3y [CDCI3, 200 MHz] 1.39 (3H, t, J 7 Hz, CH3) 1.93
(3H, s, CH3), 2.11 (6H, s, CH3), 2.68 (2H, m, H-2', 2"), 4.30 (3H, m, H-4', 5', 5"), 4.45 (2H, m, CH)),
5.20 (1H, m, H-3"), 6.45 (1H, q, J1', 2' 8.09 Hz, J1’, 2" 5.58 Hz, H-1), 7.51 (1H, s, H-6); m/z 354 (M™,
21%).

2', 3', 5'-Tri-O-acetyl-cytidine 9a- (465 mg, 63%), m.p. 165-167 °C (from CH30H); LR. (CHCI3) vmax
3400 (NH), 1740 (C=0) and 1650 cm-! (C=C); 8y [CDCI3, 200 MHz] 2.05 (6H, s, CH3), 2.07 (3H, s,
CH3), 4.27 (3H, m, H-4', 5, 5"), 5.39 (2H, m, H-2', 3", 5.84 (1H, d, J 3.7 Hz, H-1"), 593 (1H, d, J 7.6
Hz, H-5), 7.35 (1H, d, J 7.6 Hz, H-6); 8¢ [CDCI3, 200 MHz] 20.26 (CH3), 2048 (CH3), 20.53 (CH3),
62.97 (CH2), 69.95 (CH), 73.40 (CH), 79.10 (CH), 89.97 (CH), 96.12 (CH), 141.15 (CH), 155.88 (C),
166.39 (C), 169.80 (C), 169.92 (C), 170.64 (C); m/z 369 (M, 27%).

2', 3', 5'-Tri-O-acetyl-N4-methyl-cytidine 9b- (444 mg, 58%), oil; LR. (CHCI3) vmax 3400 (NH), 1740
(C=0) and 1645 cm-! (C=C); 84 [CDCI3, 200 MHz] 2.13 (6H, s, CH3), 2.15 (3H, s, CH3), 2.64 (3H, s,
NCH3), 436 3H, m, H-4, 5, 5), 5.34 (2H, m, H-2, 3", 5.80 (1H, d, J 8.10 Hz, H-5), 6.04 (1H, d,J
2.4 Hz, H-1"), 7.40 (1H, d, J 8.10 Hz, H-6); 8¢ [CDCI3, 200 MHz] 20.05 (CH3), 20.08 (CH3), 20.12
(CH3), 26.0 (NCH3), 62.87 (CH2), 69.80 (CH), 73.7 (CH), 79.90 (CH), 88.80 (CH), 99.90 (CH), 141.60
(CH), 155.88 (C), 169.70 (C), 169.80 (C), 169.92 (C), 170.10 (C); m/z 383 (M*, 13%).

2', 3", 5-Tri-O-acetyl-N4 N4.di-ethyl-cytidine 9¢- (587 mg, 69%), oil; LR. (CHCI3) vimax 3400 (NH), 1750
(C=0) and 1650 cm"! (C=C); 8y [CDCI3, 200 MHz] 1.35 (6H, m, CH3), 2.07 (6H, s, CH3), 2.11 (3H, s,
CH3), 3.0 (4H, m, CH2), 4.34 GH, m, H-4', 5, 5"), 5.32 (2H, m, H-2, 3), 5.91 (1H, d, J 7.3 Hz, H-5),
6.14 (1H, d, J 4.6 Hz, H-1), 7.65 (1H, d, J 7.3 Hz, H-6); 8¢ [CDCI3, 200 MHz] 10.49 (CH3), 20.0 (CH3),
20.15 (CH3), 20.31 (CH3), 41.81 (CH2), 54.38 (CH2), 62.71 (CH), 69.73 (CH), 73.45 (CH), 79.58 (CH),
88.95 (CH), 96.75 (CH), 115.38 (C), 142.25 (C), 170.01 (C), 169.86 (C), 170.15 (C), 170.26 (C); m/z 425
M+, 67%).

2', 3', 5'-Tri-O-acetyl-4-(1-Pyrrolidinyl)cytidine 9d- (550 mg, 65%), oil; LR. (CHCI3) vmax 1750 (C=0) and
1630 cm-1 (C=C); 8H [CDCI3, 200 MHz] 1.80 (4H, m, CH2), 2.04 (9H, s, CH3), 3.45 (4H, m, CH3), 4.0
(3H, m, H-4, §', 5"), 4.35 (2H, m, H-2', 3, 5.65 (1H, d, J 6.8 Hz, H-5), 5.80 (1H, d, J 3.5 Hz, H-1"),
7.65 (1H, d, J 6.8 Hz, H-6); 8¢ [CDCI13, 200 MHz] 18.80 (CH3), 20.80 (CH2), 24.48 (CH3), 25.27 (CH3),
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28.52 (CH3), 46.88 (CH2), 46.95 (CH?), 61.83 (CH2), 63.66 (CH), 70.83 (CH), 82.41 (CH), 92.10 (CH),
92.95 (CH), 112.33 (CH), 136.12 (C), 139.58 (C), 156.72 (C), 156.89 (C), 157.0 (C); m/z 423 (M, 57%).

N2-Acetyl- 2', 3', 5"-tri-O-acetyl-guanosine 11- (749 mg, 83%), oil. LR. (CHCI3) Vmax: 1750 (C=0), 1680
(C=0), and 1630 cm-1(C=C). 6y [CDCI3, 200 MHz] 2.05 (3H, s, CH3), 2.15 (6H, s, CH3), 2.50 (3H, s,
CH3), 4.45 (3H, m, H-4', 5, 5"), 5.70 (1H, m, H-3"), 5.95 (2H, m, H-1', 2", 7.70 (1H, s, H-8), 9.35 (1H,
broad singlet, NH); m/z 451 (M, 45%).

2-Acetamido-6-methoxy-9-(2', 3', 5'-tri-O-acetyl-B-D-ribosyl)purine 12a- (614 mg, 66%), oil. LR. (CHCI3)
Vmax: 1760 (C=0), 1680 (C=0), and 1630 cm™1(C=C). 8H [CDCI3, 200 MHz] 2.06 (9H, s, CH3), 2.52 (3H,
s, CH3), 4.11 (3H, s, CH3), 4.42 (34, m, H-4', 5, 5"), 5.68 (1H, m, H-3"), 5.90 (1H, m, H-2"), 6.05 (1H,
d, J 4.5 Hz, H-1", 7.90 (1H, s, H-8), 8.03 (1H, broad singlet, NH); m/z 465 M+, 33%).

2-Acetamido-6-ethoxy-9-(2', 3, 5'-tri-O-acetyl-B-D-ribosyl)purine 12b- (690 mg, 72%), oil. LR. (CHCI3)
vmax: 1760 (C=0), 1680 (C=0), and 1630 cm'l(C=C). dH [CDCI3, 200 MHz] 1.47 (3H, t, J 7 Hz, CH3),
2.07 (6H, s, CH3), 2.15 (3H, s, CH3), 2.51 (3H, s, CH3), 4.20 (3H, m, H-4', 5', 5"), 4.57 2H, q, J 7 Hz,
CH3), 5.65 (1H, m, H-3"), 5.89 (1H, m, H-2'), 6.04 (1H, d, J 4.53 Hz, H-1"), 7.95 (1H, s, H-8), 8.03 (1H,
broad singlet, NH); m/z 479 (M, 57%).

2-Acetamido-9-(2', 3', 5'-tri-O-acetyl-B-D-ribosyl)adenine 13- (828 mg, 92%), 148-150 °C (from EtOH); LR.
(CHCI3) viax 3200 (NH) and 1750 cm! (C=0); 84 [CDCl3, 200 MHz] 1.95 (3H, s, CH3), 2.10 (3H, s,
CH3), 2.15 (3H, s, CH3), 2.35 (3H, s, CH3), 4.50 3H, m, H-4', 5, 5"), 5.95 (3H, m, H-1', 2', 3", 6.65
(2H, b.s., NHp), 7.75 (1H, s, H-8), 9.70 (1H, b.s., NH); m/z 450 (M*+, 22%).

2, 3', 5"-Tri-O-acetyl-adenosine 15- (747 mg, 95%), m.p. 173-174 °C (from EtOH) [1it.27, m.p. 174 °CJ. LR.
(CHCI3) vinax 3200 (NH) and 1730 cm-! (C=0); 8y [CDCI3, 200 MHz] 2.01 (6H, s, CH3), 2.10 (3H, s,
CH3), 4.45 (3H, m, H-4', 5, 5", 5.70 (1H, m, H-2", 5.95 (1H, m, H-3", 6.31 (1H, d, J 4.5 Hz, H-1",
8.80 (1H, s, H-2), 8.98 ; m/z 393 (M, 22%).
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