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ABSTRACT

Synthesis of bicyclic nucleoside 5 is described by coupling of
3 with bis(trimethylsilyl)thymine by use of Sn(IV)Cl as an
activator. Synthesis of bicyclic 20-deoxy analog 1 from 5 by
radical deoxygenation of methylxanthate ester 6 is reported.

Synthesis of strained unusual oligonucleotides containing bicyclic
nucleosides that form stable complexes with DNA and RNA gained enor-
mous interest as they have been shown to be potent, but non-selective
inhibitors of cyclic nucleotide phosphodiesterases.[1] Thus, 1,5-dioxabicyclo-
[3.3.0]-octane believed to act as mimetic of ribose phosphate in cyclic
nucleotides has been used as a template related to griseolic acid to design
therapeutically useful compounds.[2] Bicyclic oligonucleosides have greater
affinity for complementary RNA or DNA, C-30 exo conformation is predic-
tive of anti HIV activity.[3] Thus, bicyclic nucleoside analogues incorporating
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fused methylene group,[4] oxirane,[5] oxetane[6] have been shown to inhibit
HIV replication. Several bicyclic nucleosides have been earlier synthesised
and tested for in vitro inhibitory effects on the replication of HIV-I.[7,8]

Due to our research programme directed towards synthesis of bicyclic
nucleosides we have synthesised 1-(30,60-anhydro-20-deoxy-b-D-glucofurano-
syl)-thymine (1), as a potential antiviral compound (Scheme 1).

D-Glucose was transformed to 1,2-di-O-acetyl-3,6-anhydro-5-O-
benzyl-�/b-D-glucofuranose (3) by literature described methods via
1,2-O-isopropylidene�-D-glucofuranose-5,6-carbonate[9] (2).Couplingof 1,2-
di-O-acetyl-3,6-anhydro-5-O-benzyl-�/b-D-glucofuranose (3) with bis(tri-
methylsilyl)thymine was performed by use of Sn(IV)Cl as an activator at

Scheme 1.
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room temperature to obtain the bicyclic nucleoside 4 in 70% yield.[10] 4 was
characterised by 1HNMR spectrum from the appearance of H-10 at � 6.15
(d, J10,20 ¼ 5.0Hz) and 5-CH3 at � 1.80 as a singlet. 4 on reaction with
a catalytic amount of NaOMe in methanol at room temperature gave
1-(30,60-anhydro-50-O-benzyl-b-D-glucofuranosyl)-thymine (5) as a crystalline
solid (m.p.: 158�C). 5 was characterised by 1HNMR spectrum from the
appearance of H-10 at � 5.85 as a singlet. Reaction of 5 with
CS2/NaH/MeI in dry THF at 0�C resulted in the formation of methyl
xanthate ester 6 that on reduction with Bu3SnH in toluene containing a
catalytic amount of AIBN at reflux temperature gave 20-deoxy bicyclic
nucleoside 7 in good yield.[11] 7 was characterised from the 1HNMR spec-
trum by the appearance of H-20 protons at � 2.30 (dd, J20,2 0 0 ¼ 15.7Hz,
J10,20 ¼ 4.4Hz, H-20), 2.65 (ddd, J10,2 0 0 ¼ 6.75Hz, J2 0 0,30 ¼ 4.4Hz, H-200) and
H-10 at � 6.30 (dd, H-10) as a multiplet. 7 on reductive debenzylation with
5% Pd/C at 1 atm hydrogen pressure gave 1 in good yield. 1 was charac-
terised from 1HNMR spectrum from the appearance of 5-CH3 at � 1.92 (s)
and H-10 at � 6.45 (dd, J10,20 ¼ 3.33Hz, J10,2 0 0 ¼ 4.95Hz).

In conclusion, a general protocol for synthesis of novel bicyclic nucleo-
sides 1 and 7 has been developed via the key bicyclic sugar derivative 3.
Applicability of this route for the synthesis of various bicyclic analogs of
1 and 7 is in progress.

EXPERIMENTAL SECTION

General Methods

Flame dried glassware, commercially available solvents and reagents
were used without further purification unless otherwise stated. Melting
points were measured using capillary tubes and are uncorrected. 1HNMR
spectra were measured with a VarianGemini (200MHz) spectrometer,
with TMS as an internal standard using CDCl3, as solvent.

13CNMR spec-
tra were taken with a VarianGemini (50MHz) spectrometer with solutions
in deuterochloroform. Mass spectra were obtained on a VG 70-70H
instrument.

1 - ( 2
0-O-Acetyl-30,60-anhydro-50-O-benzyl-b-D-glucofuranosyl)-thymine

(4): To a solution of 1,2-di-O-acetyl-3,6-anhydro-5-O-benzyl-�/b-D-glucofur-
anose (3) (0.5 g, 1.50mmol) in dry CH2Cl2 (5mL) was added bis(trimethyl-
silyl) thymine (0.5 g, 1.8mmol) and SnCl4 (0.1mL) in CH2Cl2 (3mL) under
N2 atmosphere. The reaction mixture was stirred at room temperature for
16 h. After completion of the reaction, the reaction mixture was diluted with
CH2Cl2 (20mL), neutralised with saturated aqueous NaHCO3 solution

1-(30,60-ANHYDRO-20-DEOXY-b-D-GLUCOFURANOSYL)-THYMINE 2455
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(5mL) and filtered on a bed of celite. The filtrate was separated, added water
(25mL) and extracted the compound into CH2Cl2 (2� 25mL). The com-
bined organic phase was dried (Na2SO4) and concentrated to obtain 4

(0.4 g, 69.5%) as a thick syrup. [�]Dþ 97.2�(c 1.0, CHCl3);
1HNMR

(CDCl3): � 1.80 (s, 3H, CH3), 2.12 (s, 3H, OCOCH3), 3.85–4.10 (m, 2H,
H-6,600), 4.21 (dt, 1H, J40,50 ¼ J50,60 ¼ 4.8Hz, J50,60 0 ¼ 4.5Hz, H-50), 4.48
(dd, 1H, J20,30 ¼ 1.5Hz, J30,40 ¼ 4.0Hz, H-30), 4.55 (d, 1H, J¼ 12.5Hz,
OCH2Ph), 4.70 (d, 1H, OCH2Ph), 4.75 (d, 1H, H-40), 5.20 (dd, 1H,
J10,20 ¼ 4.0Hz, H-20), 6.18 (d, 1H, H-10), 7.30–7.45 (s, 5H, ArH), 7.50 (s, 1H,
H-6), 8.50 (s, 1H, NH); FAB-MS: m/z 403 (Mþ 1)þ, 425 (Mþ 23)þ; Anal.
Calcd. for C20H22O7N2 (402): C, 59.69; H, 5.51; N, 6.96%. Found: C, 59.52;
H, 5.43; N, 6.87%.

1-(3
0
,6

0
-Anhydro-5

0-O-benzyl-b-D-glucofuranosyl)-thymine (5):To a solu-
tion of 4 (0.4 g, 1mmol) in CH3OH (5mL) was added NaOMe 1N (1.5mL)
and left the reaction mixture at room temperature for 2 h. The reaction
mixture was neutralised with IR 120 Hþ, filtered and washed with methanol.
The filtrate was concentrated to obtain 5 (0.3 g, 86%) as a white crystalline
solid (m.p.: 158�C); [�]Dþ 136� (c 1.0, CHCl3);

1HNMR (CDCl3): � 1.75
(s, 1H, CH3), 3.80 (dd, 1H, J60,60 0 ¼ 11.4Hz, J50,60 ¼ 4.2Hz, H-60), 3.98 (dd,
1H, J50,60 0 ¼ 8.5Hz, H-600), 4.40 (d, 1H, J30,40 ¼ 2.8Hz, H-30), 4.45 (s, 1H, H-20),
4.48 (dd, 1H, J40,50 ¼ 4.2Hz, H-40), 4.55, 4.68 (dd, 2H, J¼ 11.4Hz,
2�OCH2Ph), 5.06 (ddd, 1H, H-50), 5.85 (s, 1H, H-10), 7.29–7.41 (m, 5H,
ArH), 8.02 (s, 1H, H-6), 10.08 (s, 1H, NH). 13CNMR (CDCl3): � 17.2 (C-
5), 72.2, 7.26 (C-60, CH2Ph), 79.6, 79.8, 82.2, 88.0 (C-2

0,30,40,50), 96.0 (C-10),
110.0 (C-5), 127.8, 128.2, 136.4, 136.8 (Ar, C-6), 151.6 (C-2), 162.4 (C-4).
Anal. Calcd. for C18H20O6N2. C, 59.99; H, 5.59; N, 7.77%. Found: C,
59.81; H, 5.48; N, 7.62%.

1-(3
0
,6

0
-Anhydro-5

0-O-benzyl-20-O-methylthiocarbonyloxy-b-D-glucofu-
ranosyl)-thymine (6): To a solution of 5 (0.2 g, 0.6mmol) in THF (5mL) was
added NaH (0.04 g, 1.7mmol) and CS2 (1mL) at 0

�C and stirred for 15min.
followed by addition of MeI (1mL) at 0�C and stirred the reaction mixture at
room temperature for 20min. After completion of the reaction, chilled water
(25mL) was added and extracted the compound into EtOAc (2� 25mL).
Combined organic layers were dried (Na2SO4) and concentrated to obtain
a thick syrup which was filtered on a bed of SiO2 (60–120 mesh) by eluting
with EtOAc : hexane (1 : 1) to obtain the compound 6 (0.24 g, 91%) as a thick
syrup. [�]Dþ 70.3� (c 1.0, CHCl3);

1HNMR (CDCl3): � 1.84 (s, 3H, CH3), 2.62
(s, 3H, SMe), 3.94 (dd, 1H, J60,60 0 ¼ 10Hz, J50,60 ¼ 5.0Hz, H-60), 4.06 (dd, 1H,
J50,60 0 ¼ 7.0Hz, H-600), 4.30 (dt, 1H, J40,50 ¼ 5.0Hz, H-50), 4.54 (d, 1H,
J¼ 12Hz, OCH2Ph), 4.62 (d, 1H, J30,40 ¼ 4.0Hz,H-30), 4.74 (d, 1H,OCH2Ph),
4.82 (dd, 1H, H-40), 5.96 (d, 1H, J10,20 ¼ 3.0Hz, H-20), 6.31 (d, 1H, H-10), 7.30–
7.40 (s, 5H, ArH), 7.52 (s, 1H, H-6), 9.16 (s, 1H, NH). FABMS : m/z 451
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(Mþ 1)þ; Anal. Calcd. for C20H22O6N2S2: C, 53.33; H, 4.92; N, 6.22%.
Found: C, 53.11; H, 4.79; N, 6.11%.

1-(3
0
,6

0
-Anhydro-5

0-O-benzyl-20-deoxy-b-D-glucofuranosyl)-thymine (7):

To a solution of 6 (0.2 g, 0.04mmol) in distilled toluene (5mL) was added
Bu3SnH (0.3 g, 1.2mmol), a catalytic amount of AIBN and refluxed for 5 h
under N2 atmosphere. After completion of the reaction toluene was concen-
trated and the syrupy residue was chromatographed (SiO2, 60–120 mesh)
eluted with EtOAc : hexane (1 : 1) to obtain the title compound 7 (0.13 g,
72.0%) as a thick syrup. [�]Dþ 108.4� (c 1.0, CHCl3);

1HNMR (CDCl3):
� 1.78 (s, 3H, CH3), 2.30 (dd, 1H, J20,20 0 ¼15.7Hz, J10,20 ¼ 4.4Hz, H-20), 2.65
(ddd, 1H, J10,20 0 ¼ 6.75Hz, J20 0,30 ¼ 4.4Hz, H-200), 3.80–4.00 (m, 2H, H-60,600),
4.28 (dt, 1H, J40,50 ¼ J50,60 0 ¼ 6.75Hz, J50,60 ¼ 9.0Hz, H-50), 4.52 (d, 1H,
J¼ 11Hz, OCH2Ph), 4.62 (2dd, 2H, J30,40 ¼ 4.4Hz, H-30,40), 4.72 (d, 1H,
OCH2Ph), 6.30 (dd, 1H, H-10), 7.30–7.40 (m, 5H, ArH), 7.82 (s, 1H, H-6),
8.45 (s, 1H,NH). FABMS:m/z 345 (Mþ 1)þ, 367 (Mþ 23)þ. Anal. Calcd. for
C18H20O5N2:C, 62.78;H, 5.85;N, 8.14%.Found:C, 62.54;H, 5.76;N, 8.02%.

1-(3
0
,6

0
-Anhydro-2

0
-deoxy-b-D-glucofuranosyl)-thymine (1): To a solu-

tion of 7 (0.1 g, 0.2mmol) in CH3OH (10mL) was added 5% Pd/C (5mg)
and hydrogenated (1 atm) for 16 h. After completion of the reaction the
catalyst was filtered and washed with methanol. The filtrate was concentrated
to obtain the title compound 1 (0.06 g, 83%) as a syrup. [�]Dþ 22.80�(c 1.0,
CHCl3);

1HNMR (CDCl3): � 1.92 (s, 1H, CH3), 2.26 (dd, 1H, J20,20 0 ¼ 15.5Hz,
J10,20 ¼ 4.95Hz, H-20), 2.50–2.70 (m, 1H, H-200), 3.85 (dd, 1H, J60,60 0 ¼ 9.9Hz,
J50,60 ¼ 4.40Hz, H-60), 4.00 (dd, 1H, J50,60 0 ¼ 5.5Hz, H-600), 4.35–4.80 (m, 3H,
H-30,40,50), 6.45 (dd, 1H, J10,20 0 ¼ 3.33Hz, H-10), 7.70 (s, 1H, H-6), 9.56 (s, 1H,
NH); Anal. Calcd. for C11H14O5N2: C, 51.96; H, 5.55; N, 11.02%. Found: C,
51.71; H, 5.43; N, 10.93%.
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