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4,6-Bismethylthio-N-1-(2 ',3 ·-anhydro-j3-o-lyxofuranosyl), and 4,6-bismethylthio-N-2-( 2 ',3 '-an~y~ro-
j3-o-ribofuranosyl)-pyrazolo[3,4-djpyrimidines (10 and 17) have been synthesized by 2',3'-transehmma-
tion of the corresponding N-1(9)- and N-2(12)-j3-o-xylofuranosylpyrazolo[3,4-d]pyrimidines. The com-
pounds and their intermediates have been screened for their antivlral activities against ROY and EMCV 
exhibiting 10-100% activity. 

Recently the synthesis and biological evaluation of 
modified nucleosides, both with respect to base 
and sugar', particularly the sugar modified nucleo-
sides2·3 have been greatly emphasized. These com-
pounds are reported to interfere with the viral en-
coded enzymes Further, the anhydro-
nucleosides serve as very good synthons7 for the 
synthesis of nucleosides of trans-~-hydroxy func-
tionality deoxy and dideoxy nucleoside, a class of 
compounds for RT inhibitionx·9

• The pyrazolo[3,4-
d]pyrimidine nucleosides have shown potent-anti-
parasitic 111 and antiviral11. 12 activities. Keeping ~he 
above points in view, we undertook the synthesize 
2 ',3 ·-anhydro-nucleosides of pyrazolo[3,4-
d]pyrimidine as antiviral agents. 

Results and Discussion 
The fusion of 4,6-bismethylthiopyrazolo[3,4-

d]pyrimidine ( 1) and 1,2,3,5-tetra-acetyl-n-
xylofuranose (2) in the presence of p-toluenesul-
phonic acid gave a mixture of products, two of 
which were isolated by column chromatography 
over silica gel, and characterized as 4,6-bismethyl-
thio-N-2-( 2 ',3 ',5' -tri-O-acetyl- a-D-xylofuranosyl-
and N-1-(2',3'5' -tri-O-acetyl-~-D-xylofuranosyl)-
pyrozolo[3,4-d]pyrimidines (3 and 4) in 16 and 
45% yields, respectively. 

The structures of 3 a'.nd 4 were assigned on the 
basis of their mass (m/z 471, M+) and .1H NMR 
spectral data. In the 1H NMR spectrum of 3, the 
H-1 protons' appeared as a doublet at b 6.3 
(J,.2.=4.5 Hz) while in 4 it appeared as a singlet 
merged with the H-2' multiplet between b 5.9 and. 
6.2. Such findings have earlier been reported in 
xylofuranosvl nucleosides13. However, the position 

of glycosideration and anomeric configurations in 
the above nucleosides were further ascertained on 
the basis of 13C NMR and I H NMR data of the 
corresponding deblocked nucleosides, 4,6-bisme-
thylrhio-N-~-D- and N-2-a-o-xylofuranosyl-
pyrazolo[3,4-d]pyrimidines 6 and 5 obtained by 
the reaction of 4 and 3 with MeOH, NH3 at 0°C. 
In the 13C NMR spectra of 6 and 5, the C-3 ap-
peared at b 124.5 and i33.1 respectively, a 
characteristic of N-1 and N-2 substituted pyrazo-
lo[3,4-d]pyrimidines14. In the 1H NMR spectrum, 
the H-1 · proton appeared as a doublet at b 6.2 
(1=4 Hz) in 6 while in 5 it appeared as a doublet 
at b 6.0 (J= 3 Hz) confirming the structural as-
signments15. 

Reaction of 6 with acetone in the presence of 
io?ine at r.o~~ temperature gave 4,6-bismethyl-
thio-N- l -( 3 ,5 -1sopropylidene- ~-o-xylofuranosyl)-
pyrazolo[3,4-d]pyrimidine (7). Appearance of gem-
dimethyl in the 1H NMR spectrum at b 1.29 and 
1.3_1 ~longwith H-1' at b 6.0 as a singlet is charac-
tenstic of the structure. Reaction of 7 with me-
!hane~ulphonyl chloride afforded the correspond-
mg 2-<?-met?anesulphonyl derivative (8), which 
oo h~atmg wit~ -aqueous acetic acid at 100° gave 
4,6-bismethylthio- N-1-( 2' -O-methanesulphonyl-~-
o-xylofuranosyl )pyrazolo[ 3,4-d]pyrimidine ( 9) 
Reaction of 9 with NaOMe/NaOH at 0°c ga · 
4,6-bismethylthio-N-1- (2 ',3 '-anhydro-~-o-lyxo~r~ 
anosyl)pyrazolo[3,4-d]pyrimidine (10). The struc-
ture of 10 was supported by its mass (326 M+) 
and •H NMR _spectral data where H-1' prot~n a -
~eared as a smglet at 6 6.4 along with th p 
signals. e usual 

Further, condensation of l,2-di-O-acetyl-3-0-
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methanesulphonyl- 5-O-ethoxycarbonyl-o-xylofur- the correspooding deacetylated products. In 4,6-
anose ( 11) with 1 in refluxing nitromethane in the bisrriethyfthio- N-2-{5'-ethoxycarbonyl-3'-O-meth-
presence of BF

3
·OEt2 gave a mixture of products. anesulphonyl-~-o-xylofuranosyl) pyrazolo[3,4-d]-

The main products isolated were characterised pyrimidine ( 14) and 4,6-bismethylthio~N-1-( 5' -O-
as 4,6-bismethylthio-N-2-( 2 '-O-acetyl-3' -O-meth- ethoxycarbonyl-3' -O-methanesulphonyl-a-o-xylo-
anesulphonyl-5 '-O-ethoxycarbonyl-~-o-xylofurano- furanosyl)pyrazolo[3,4-d]pyrimidine ( 15), C-3 car-
syl)pyrazolo[3,4-d]pyrimidine (12) and 4,6-bisme- bons appeared at b 126 and 133 respectively indi-
thylthio-N-1-( 2' - O-acetyl-3'-O-methanesulphonyl- eating the correct assignmen_ts of the site of glyco-
5 '-0-ethoxycarbonyl-a-o-xylofuranosyl) pyrazolo- sidation. In the 1 H NMR spectrum of 14, H-1' proton 
[3,4-d]pyrimidine (13). The structures of 12 and appeared as a singlet at b 5.9, and in 15 it appeared 
13 were assigned on the basis of their mass (536 as a doublet at b 6J (J= 5 Hi), characteristic of 
M+) and 1H NMR spectral data. In the 1H NMR ~- and a -xylofuranosyl nucleosides. Treatment of 
spectrum of 13, H-1 ' proton appeared as a doub- 12 with 1 N NaOH in aqueous methanol at 0°C for 
let at b 6.4 (J= 4 Hz) while in 12 it appeared as a 30 min gave a mixture of three products which 
singlet at b 6.1. The position of glycosidation and were separated by column chromatography and 
the anomeric ,configurations were further ascer- characterised as 4,6-bismethylthio-N-
tained on the basis of 13C and 1H NMR spectra of 2-(5'-ethoxycarbonyl- 3'-O-methanesulphonyl-~-D-
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xylofuranosyl)pyrazolo[ 3,4-djpyrimidine ( 14 ), 4,6· 
bismethylthio-N-2-(5'- ethoxycarbonyl-2 ',3 '-anhy-
_dro-~-o-ribofuranosyl)pyrazolo (3,4-d]pyrimidine 
( 16) and 4,6-bismethylthio-N-2-(2 ',3 '.-anhydro-J3-
o-ribofuranosyl)pyrazolo[3,4-d]pyrimidine (17) in 
10, 15 and 25% yields respectively. Compound 17 
was the only major product when the reaction was 
carried out for 6 hr. The structure of these com-
pounds were confirmed on the basis of their spec-
tral data and elemental analysis. 

The antiviral activities of nucleosides and their 
intermediates against RDV and EMCV were de-
termined at concentration, and the results are 
given in Table I. 

Table I-Biological activity of the 
synthesize(i 

various 

Compd % Inhibition against 

RDV EMCV 
3 30 
4 15 

' 50 30 
10 80 90 
12 40 20 
13 60 30 
14 60 50 
IS 62 40 
16 40 30 
17 40 100 

compounds 

Experimental Section 
4,6-Bismethylthio-N- l-(3' ,5' -isopropylidene-~~ 

xylofuranosylpyrazolo(3,4-t4pyrimidine · (7). Iodine 
(0.5 g, 3.94 mmoles) was dissol~ed anhydrous 
acetone {150 mL) and the solution stirred at· 35-
400C. To this was added 4,6-bismethylthio-N-1-~-
o-xylofuronosylpyraz0lo[ 3,4-djpyrimidine ( 6; 1.0 · g, 
2.9 mmoles) and stirring continued for 12 hr at the 
same temperature. Excess of iodine was quenched 

. with aqueous sodium thiosulphate {l0°lo) till the 
disappearance of colour. The solution was extract-
ed with ethyl acetate, dried (Na2S04) and evapo-
rated in vacuo to give a white solid mass which 
was chromatographed .over silica gel column. Elu-
tion of the column with MeOH-CHCl3 (3:97) gave 
7 as a colourless powder (0.77 g, 70%), m.p. 181° 
UV (MeOH): 248, 285; IR (KBr): 2920, 3350 
cm- 1 (OH); MS: mfz 384 (M+); ,1H NMR 
(CDC13): b 7~ (s, lH, H-3), 6.0 (s, lH, H-1'), 4.8 
(m, lH, H-2'), 4.2;_3.2 (m, 2H, H-3', H-4'), 3.1 (m, 
2H, H-5'), 2.6 (s, 3H, SCH3), 2.5 (s, . 3H, SCH3), 
1.3 (s, 6H, 2 x CH3); 13C NMR (CDCl3}: b _168.7 
and 164,5 (C-4 and C-6)~ 151.3 (C-7a}, 131.8 (C-
3), 108.4 (C-3a), 88.9 (C-1'}, 84.8 {C-4'}, 82.6 (C-
2'), 79.6 (C-3'}, 76.7 [(CH3}iC~ ], 59.9 (C-5') 27.2 
and 26.8 [:::: C( Ol3}i}1 14.8 and 13.2 (2 x SOl3) 

(Found: C, 46.2; H, 4.9; N, 14.2. C15H 2oN .. o .. s2 
requires C, 46.8; H, 5~1; N, 14.6%}. 

.C,6•Bismethyldlio-N-l-(3'5'-isopropy1Wme 2-0-
methylsulphonyl-ll-o-xylofunnosyl}pyruolo(3,4-'4-
pyrWiae (I). Compound 7 (0.8 g, 2.07 mm~) 
was dissolved in anhydrous pyridine ( 5 mL) and 
the solution stirred at 0°C. Methanesulphonyl 
chloride ( 1.2 mL) was added· to it dropwiSe and 
stirring continued for 2 hr at 0"C and at room 
temperature for 24 hr. The reaction mixture was 
poured over crushed ice and extracted with 
CH03• The extract was washed with aq. NaH-
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C:03, dried (Na2SO4 ) and evaporated in vacuo to 
give the crude product which was purified by co-
hmm chromatography to give 8 as a pale yellow 
foam (0.86 g, 90%); IR (KBr): 1200, 1380 cm- 1 

(S02Cli3); MS: m/z 464 (M+); 1H NMR (CDC13): 
b 7.9 (s, lH, H-3), 6.3 (d, lH, l= 2.5 Hz, H-1'), 
5.9 (m, lH, H-2'), 4.5 (m, lH, H-3'), 4.2-3.9 (m, 
3H, H-4' and H-5'), 2.8 (s, 3H, - SO2 - CH3), 2.6 
(s, 3H, SCH3), 2.5 (s, 3H, SCH3), 1.4 (s, 6H, 
2 x CH3) (Found: C, 41.27; H, 4.62; ~. 12.67. 
C 16H 22N4O6S3 requires C, 41.55; H, 4.76; N, 
12.12% . 

. 4,6-Bismethylthio-N-1-(2-O-methanesulphon-
yl-P-n-xytofuranosyl)pyrazolo[3,4-'4pyrimidine (9). 
Compound 8 (0.7 g, 1.5 mmoles) was dissolved in 
aq. glacial acetic acid (80%, 20 ml) and the solu-
tion heated at l00°C for 6 hr. The excess of sol-
vent was evaporated and the residue purified over 
SiO2 column. Elution of the column with MeOH-
CHC13 (2:98) afforded 9 as an amorphous powder 
(0.42 g, 65%), m.p. 103°C; IR (KBr): 1185, 1290 
cm- 1

; MS:- m/z 422 (M+): 1H NMR (CDC13}: b 
8.0 (s, lH, H-3), 6.5 (d, lH, l= 3Hz, H-1'}, 6.1 
(m, lH, H-l'}; 5.6 (m, lH, H-3'}; 4.6-4.3 (m, 3H, 
H-5' and H-4'), 3.2 (s, 3H, SO2CH3), 2.6 (s, 3H, 
SCH3}, 2.5 (s, 3H, SCH3} (Found: C, 36.35; H, 
4.33; N, 12.85. C13H18N4O6S3 requires C, 36.96; 
H, 4.26; N, 13.27%}. 

4,6-Bismethylthio-N-1-(2 ',3 '-anhydro-P-o-lyxo-
furanosyl)pyrazolo[3,4-'4pyrimidine (10). Com-
pound 9 (0.49, 0.5 mmoles) was dissolved in an-
hydrous methanol ( 10 mL) and the solution stirred 
at 0°C. To this a solution of -sodium methoxide 
(Na in anhydrous methanol} _ was added and the 
stirrihg continued for 8 hr. Excess of solvent was 
evaporated and the residue dissolved in CHC13 and washed with water. The organic layer was 
separated, dried (Na2SO4}, evaporated in vaccuo 
and the residue crystallized from methanol as co-
lourless needles (0.23 g, 75%), m.p. 180; MS: m/z 
326 (M+); 1H NMR (CDC13): b 7.9 (s, lH, H-3}, 
6.4 (s, lH, H-1'}, 4.2-3.8 (m, 5H, H-2', H-3', H-4' 
and H-5'), 2.6 (s, 3H, SCH3}, 2.5 (s, 3H, SCH3) 
(Found: C, 43.50; H, 4.25; N, 17.40. 
C12H14N4O3S2 requires 44.17; H, 4.29; N, 17.17%. 

4,6-Bismethylthio-N-2-a- and ,S-(2 · -0-acetyl-5 · -
ethoxycarbonyl-3 · -methanesulphonyl-o-xylofurano-
syl)pyrazolo[3,4-'4pyrimidine (13 and 12).4,6-
Bismethylthio-pyrazolo( 3,4-djpyrimidine ( 1 ). ( 2.59, 
10 mmoles} and 1,2-di-O-acetyl-5-ethoxycarbonyl.;. 
3-0-methanesulphonyl-o-xylofuranose ( 11) ( 11 g, 
31.25 mmoles) were refluxed in anhydrous ni-
tromethane (150 mL). After 30 min, the tempera-
ture was lowered to 80°. To this was added 
BF3•0Et2 (10 mL) and the reaction allowed to run 

at the same temperature for 1 hr and then ex_cess 
of solvent removed in vacuo. The gummy res1d_ue 
was dissolved in ethyl acetate, washed with 
NaHCO3 and water. The organic layer w~ sepa-
rated and evaporated to give a number of isomers 
which were separated by column chromatography. 

Compound 13: It was obtained as a colourless 
oil (16% yield); IR (Neat): 2900, 1750, 1270, 1190 
cm- 1, MS: m/z 536 (M+·), 537 (M+_+ 1); 'H 
NMR (CDC13}: b 8.0 (s, lH, H-3), 6.4 (d, 1=4 
Hz, lH, H-1 '), 6.2 (dd, l= 2 Hz, lH, H-2 '), 4.5 
(m, 3H, H-5' and H-4'}, 4.1 (q, 1=7 Hz, 2H 
-0- CH2CH3), 3.2 (s, 3H, SO2CH3), 2.6 (s, 3H, 
SCH3), 2.5 (s, 3H, SCH3), 2.1 (s, 3H, COCH3), 1.2 
(t, l= 7 Hz, 3H. -0-: CH2CH3). 

Further elution of the column gave 12 as a co-
lourless oil (46%); IR (Neat): 2900, 1750, 1190 
cm- 1, MS: m/z 536 (M+); 1H NMR (CDC13): b 
8.3 (s, lH, H-3 ), 6.1 (s, lH, H-1 '), 5.8 (m, lH, 
H-2'), 5.1 (m, 2H, H-3', H-4'), 4.1-4.5 (m, 4H, 
- OCH2 - , H-5 '}, 2.9 (s, 3H, SO2CH3), 2.6 (s, 
3H, SCH3}, 2.5 (s, 3H, SCH3),_ 2.1 (s, 3H, 
COCH3), 1.2 (t, l= 7 Hz, 3H, - O-CH2 - CH3). 

4,6-Bismethylthio-N-2-(2 '3 ·- anhydro-P-o-ribo-
furanosylpyrazolo[3,4-a1pyrimidine (17). A solu-
tion of 12 (3 g, 5.59 mmoles) in a mixture of 
methanol (140 mL) and water (25 mL) was stirred 
in an ice-bath. To this was added IN NaOH (aq 7 
mL) dropwise, and stirring continued for 6 hr at 
room temperature. The solvent was reduced to 1 / 
4 of its volume in vacuo. The resulting solution 
was neutralized with cold aq. acetic acid carefully 
to the neutral pH when a · gummy mass separated 
out. It was dissolved in CHC13 (200 mL) and 
washed with water (2 x 50 mL). The organic layer 
was dried (Na2SO4) and concentrated in •vacuo to 
give a crude solid which was purified by column , 
chromatography. Elution of the colum with 
CHCl3-MeOH (97:3) afforded 17 as an amor- : 
phous solid, yield 70%, m.p. 170°; [a]J5 + 71.5°; 
UV: 243, 263, 281 nm; IR(KBr): 1594, 3200 ; 
cm- 1

; MS: m/z 326 (M+); 1H NMR (CDC13):· b 
8.1 (s, lH, H-3), 6.0 (s, lH, H-1 '); 4.4 (m, lH, 
H-2'), 4.1 (m, 2H, H-3' and H-4 '), 3.9 (m, 2H, 
H-5 '}, 2.6 (s, 6H, 2 x SCH3) (Found: C, 40.4; H, 
4.36; N, 15.93. C12H 14N4O3S2 requires C, 44.17; 
H, 4.29; N, 17.17%). 
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