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Abstract

Synthesis of tetrahydrofurofuran nucleosi@gdnd tetrahydrofurofuranolactone nucleositi@) from D-glucose is de-
scribed. Key steps involved oxidative cyclization of vinylglucofurandditeand thymidine derivativeld) to derive the
corresponding advanced intermedidtBgand17, respectively.
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1. Introduction

Current interest in the synthesis of bicyclic nucleoside analogues stems from the discovery of
antiviral drug 3-azido-3-deoxythymidine (AZT) potent against human immunodeficiency virus
(HIV).* Oligonucleosides containing bicyclic nucleosides have great affinity for complementary
RNA/DNA, since they stabilize duplex formation due to their restricted confornfatibas also

been suggested that a Ge8c-conformation of the bicyclic nucleosides is predictive of antiHIV
activity.? A series of efforts directed in this direction has earlier resulted in the preparation and
bioevaluation of bicyclic nucleoside analogues containing a fused methylenelgroxipane2*

or oxetane8® andtetrahydrofurofuran templates such ag-.>™*

The bicyclic framework in compoundsand5 has been derived from isosorbidé,from 3-
O-mesyl glucofuranosyl derivativ@,from the internal rearrangement of 3,®&rthoester glu-
cose derivative an@ from 5,6-cyclic sulphate sugar derivativé.

Due to our interest in the synthesis of nucleoside analogues with potent antiviral activity we
wish to describe the synthesis of novel bicytditahydrofurofuran nucleosides by application of
palladium(ll) chloride-mediated oxidative cyclization of vinylglucofuranosifi¥ge report now
the application of this methodology for the preparation of novel tetrahydrofurofuran nucleoside
(9) and tetrahydrofuranolactone nucleositl@) (starting from D-glucose that can be considered
analogous of compoundsS8 (Fig.1).

D-Glucose was transformed to the vinylglucofuranoside derivalit the procedure earlier
reported by ug’ Acid-catalysed hydrolysis dfL with IR-120 H resin in water at 8@ gave triol,
that was converted to a diastereomeric mixture of triacetyl deriviior reaction with AgD/py

"Dedicated to Prof. S. C. Bhattacharyya.
* Author for correspondence.
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(Scheme 1). Compourt? was characterized frofid NMR spectrum by the appearance of vi-
nylic protons betweed 5.12 and 5.90 (3H), anomeric proton HeZA) atd 6.06 (0.45H, s))
6.39 (0.55H, d) = 3 Hz) and acetyl protons appeared betwe2i04 and 2.18 integrating for nine
protons. Reaction df2 with bis-trimethylsilylthymine and Sn(IV)CI at room temperature gave
the vinylic nucleosidd3, m.p. 135C, in 78% yield, which was characterized'ByNMR spec-
trum from the appearance of H-16a6.02 (1H, dJ= 2.5 Hz), H-6 ab 7.28 (1H, s) and methyl
group protons ab 1.96 (3H, s). Compounii3 on reaction with a catalytic amount of sodium
methoxide in methanol at room temperature gave the hydroxy derildtibat was character-
ized from'H NMR spectrum by the absence of acetyl protons and appearance of 5198t
(1H, s). Oxidative cyclization df4with a catalytic amount of Pd(II)ClI/CuCl/RT in GBIH while
bubbling oxygen gave a diastereomeric mixture of bicyclic nucledSids a crystalline solid, m.
p. 120 C, which was characterized By NMR spectrum from the appearance of Hsb protons
betweeny1.64 and 2.14 (2H, m), methoxy proton® &.98, 3.06 (3H, 2s), H-6 at5.24 (0.7H,
d,J=6.2 Hz) and 5.38 (0.3 H, d= 5.5 Hz) and H-1 ai5.56 (0.3H, s) and 5.60 (0.7 H, s).
Compoundl5on reaction with CgNaH/Mel in dry THF at C gave the methyl xanthate deriva-
tive 16 that on reduction with B$nH in toluene containing a catalytic amount of AIBN at reflux
temperature gave the deoxy bicyclic nucleoSidie good yield, which was characterized'bly
NMR spectrum from the appearance of H-2 protons bet®@dd6 and 2.84 (2H, m). After
establishing a new route for the synthesis of bicyclic nucle@side investigated on the prepa-
ration of tetrahydrofuranolactone nucleositi®) by Pd(II)Cl-mediated oxidative cyclization meth-
odology. Accordingly, Pd(I)Cl-mediated oxidative cyclization1df was carried out imN,N-
dimethylformamide (DMF)/HO (4:1), while bubbling oxygen to obtain a diastereomeric mixture
of tetrahydrofurofuran derivativel7) in 77% yield (Scheme 2), which was characterized from
the appearance of lactal protons betweBm0 and 5.62 (1H), and H-5pBotons betweei1.92
and 2.40 (m, 2H). Oxidation of lactolq) with PDC in CHCI, at reflux temperature for
2 h gave the lactorE8, m.p. 73C, in 85% yield, which was characterized'syNMR from the
appearance of H-5,protons betwee2.60 and 2.80 (AB type doublet, 2H) and by the IR spec-
H
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(a) IR 120 H*, H,0, 80°C, 4 h; (b) Ac,0, py; (c) (TMS);thymine, Sn(IV)CI, rt, 16 h; (d) catalytic NaOH, MeOH;
(e) PA(INCI, CuCl, MeOH, O,, rt, 10 h; (f) NaH, CS,, Mel; (g) Bu3sSnH, AIBN, toluene, reflux, 4 h.

Scheme 1.
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(a) Pd(II)CI, CuCl, DMF, H,0, Oy; (b) PDC, CH,Cl,, reflux, 2 h; (c) IR 120 H*, AcOH, H,0, 100°C, 4 h;
(d) Acy0, py; (e) (TMS),thymine, Sn(IV)CI, 0°C,12 h; (f) NaOMe (catalytic), MeOH, rt.

Scheme 2.

trum the lactone absorption at 1780 trAcid-catalyzed hydrolysis af8 with 50% aqueous
acetic acid, IR-120 Hresin at 60C for 4 h gave a diastereomeric mixture of dig] that on
reaction with AgO/pyridine gave the diaceta in 87% yield. Coupling ofL9 with bis-
trimethylsilylthymine in CHCI, at rt by the use of Sn(IV)Cl as a catalyst gave the nucle@side
as a crystalline solid, m.p. 132 in 60% yield, which was characterized'ByNMR spectrum
from the appearance of methyl group of thymine dt92 (s, 3H), acetyl protons a2.19
(s, 3H), anomeric proton (H-) at$6.10 (d,J= 3.8 Hz) and H-5,5at 62.84-3.15 (dd, 2H,
J=6.5and 3.5Hz). Compou2d on deacetylation with a catalytic amount of NaOMe inGH
gave the tetrahydrofuranolactone nucleosid® és a crystalline solid, m. p. 182

In conclusion, a new family of bicyclic nucleoside analogues of dde and ddA have been pre-
pared from D-glucose using Pd(ll)Cl-mediated oxidative cyclization of vinylhydroxy furano-
glycosides as a key step.

2. Experimental

'H NMR spectra were measured with a Varian Gemini 200 MHz spectrometer with tetramethylsilane
as internal standard for solutions in deuteriochlorofdraalues are given in hertz. Optical rota-
tions were measured with a JASCO DIP-370 instrument@it/alues are in units of I@leg

cn? g% All melting points are uncorrected. IR spectra were recorded on a Perkin—-Elmer 1310
spectrometer. All organic solvents were freshly distilled prior to use. Air sensitive reactions were
generally performed under a positive pressure of nitrogen with the glassware flame-dried under
vacuum.

2.1.Diastereomeric mixture of 5,6-dideoxy-5-eno-1,2,3-tri-O-acetyids -D-glucofuranosides
(12

To a heterogenous solution f (2.95 g, 15.05 mmol) in HOAc-® [(1:1), 7 ml] was added
IR-120 H' resin (1 ml) and heated to 2@for 4 h. After completion of the reaction, the reaction
mixture was concentrated to a residue and treated with pyridine (6 ml) sg@d3\ml) to obtain,
after work up, the title compouri® (1.85 g) in 90% yield as a syrup]{ 56.8 (c 1.0, CHC));

'H NMR (CDCL): 6 2.04, 2.08, 2.11, 2.14, 2.18 (9H, 55 QAc), 4.84 (1H, ddJ=6.0 Hz, and
4.0 Hz, H-4), 5.12-5.45 (4H, m, H-2, 3, 6),6.55-5.90 (1H, m, H-5), 6.06 (0.45H, s, B)1
6.39 (0.55H, dJ= 4.0 Hz, H-k). Anal. Calc. for GH,0;: C, 52.94; H, 5.92. Found: C, 52.78;
H, 5.79%.
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2.2.1-(5,6-Dideoxy-5-eno-2,3-di-O-acefib-glucofuranosyl)thyminel@)

To a solution of compountR (1 g, 3.6 mmol) and silylated thymine (1.19 g, 4.40 mmol) in dry
CH.CI, (30 ml) under Matmosphere at@ was added Sn(IV)CI (1.14 g, 0.51 ml) in dry CH

(20 ml). The reaction mixture was stirred at rt for 16 h. When TLC showed the formation of a
slower moving spot (hexane/MeOH, 1:1), the reaction mixture was diluted wiBl R0 ml),
neutralized with sat. ag. NaHG®olution (5 ml) and filtered on a bed of celite. The filtrate was
concentrated to obtain the title compour®i(0.96 g) as a white crystalline solid in 80% yield.
m.p. 138C; [a]p 38.2 (¢ 1.0, CHC)); *H NMR (CDCH): 6 1.95 (3H, s, @), 2.52-2.21 (6H,
2s, 2x OAc), 4.72 (1H, dd)=2.5 Hz,J=1.5 Hz, H-4), 5.14 (1H, s, H-2), 5.30 (1H J&5 Hz, H-

3), 5.34-5.58 (2H, m, H-6,6), 5.70-5.98 (1H, m,'H-6.02 (1H, dJ = 2.5Hz, H-1), 7.31 (1H, s,
H-6), 8.95 (1H, s, NH). Anal. Calc. for,gN,O;: C, 52.12; H, 8.28; N, 5.28. Found: C, 52.01;
H, 8.29; N, 5.22%.

2.3.1-(5,6-Dideoxy-5-en@-D-glucofuranosyl)thymineld)

To a solution 0.3 (2.0 g, 5.90 mmol) in C¥DH (10 ml) was added NaOMe (1 ml, 0.1M) and left

at rt for 10 h. After completion of the reaction, the reaction mixture was neutralized with
IR-120 H resin and filtered to remove the resin. Filtrate was separated and concentrated to obtain
the title compound4 (1.29 g) as a thick syrup in 86% yield]§ 9.8 (c 1.0, CHOH); *H NMR

(CDCL): 62.02 (3H, s, CH), 4.34 (1H, d,J = 4.4Hz, H-3), 4.45 (1H, s, H-3, 5.50-5.80

(38H, m, H-6, H-4), 5.98 (1H, s, H-}, 6.10-6.32 (1H, m, H-} 7.80 (1H, s, H-6); Anal. Calc. for
CuH1:NOs: C, 52.24; H, 11.14; N, 4.72. Found: C, 51.99; H, 11.07; N, 4.69%.

2.4. Diastereomeric mixture of 1-(3,6-anhydro-5-deoxy-6R/S-metfieRyglucofura-
nosyl)thymine 15)

To a solution of compount# (0.50 g, 1.96 mmol) in C}H (7 ml) was added Pd(I1)Cl (13 mg)

and Cu(l)Cl (0.32 g, 2.3 mmol) and oxygen was bubbled for 10 h at rt. After completion of the
reaction, the reaction mixture was concentrated to a residue which was dissolved jr{XOHCI
ml) and filtered through a bed of silica gel (§i60-120 mesh) to obtain the title compoudsad

(0.27 g) as an amorphous solid in 51% yield. m.p?C2Qu], 15.6 (¢ 1.0, CHOH); *H NMR
(CDCly): 01.64-2.12 (2H, m, H-5, 2.96-3.06 (3H, s, C} 3.61-4.90 (3H, m, H-B ,4), 5.25
(0.7H, d,J= 6.2 Hz, H-6), 5.35 (0.3H, dJ= 5.5 Hz, H-6), 5.50, 5.60 (1H, 2s, H}. 7.2 (1H, s,

H-6). Anal. Calc. for @GH;¢N,Og: C, 50.70; H, 5.67; N, 9.86. Found: C, 50.58; H, 5.69; N, 9.79%.

2.5.Diastereomeric mixture of 1-[(3,6-anhydro-5-deoxy-2-O-methylthiocarbonyl)-6R/S-methoxy-
B-D-glucofuranosyl]thyminel()

To a solution of compound5 (0.40 g, 1.4 mmol) in THF (4 ml) a®Q was added NaH

(0.09 g, 3.60 mmol), followed by G8.167 ml, 2.80 mmol) and iodomethane (0.4 g, 2.80 mmol).

The reaction mixture was warmed to rt gradually and stirred for an additional 2 h. After
completion of the reaction, it was diluted with chilled water (50 ml) and extracted into EtOAc
(100 ml). The organic phase was separated, dried and concentrated to a syrupy residue that was
filtered on silica gel [Si©@60-120 mesh, eluted with hexane:EtOAc (3:7)] to obtain the title
compoundL6 (440 mg) as syrup in 86.4% yield]}, 15.8 (c 1.0, CHOH); *H NMR (CDClk):

61.98 (3H, s, Ch), 2.06-2.50 (2H, H-5, 2.60 (3H, s, SCH), 3.40, 3.523H, 2s, OMe), 4.68
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(1H, d,J = 2.5 Hz, H-4), 4.88 (1H, dJ= 4.5 Hz, H-3), 5.20, 5.28 (1H, 2 d= 7.5Hz, H-6), 5.92,
5.96 (1H, 2 dJ = 2.5 Hz, H-2), 6.24 and 6.28 (1H, 2s, H)17.24, 7.59 (1H, 2s, H-6), 8.76, 8.82
(1H, 2s, NH). Anal. Calc. for GH:gN,OsS: C, 44.79; H, 4.72; N, 7.41. Found: C, 44.67; H, 4.69;
N, 7.39%.

2.6. Diastereomeric mixture of 1-(3,6-anhydro-2,5-dideoxy-6R/S-mefh@glucofuranosyl)
thymine 9)

To a solution of compount$ (0.46 g, 1.66 mmol) in toluene (4 ml), f8nH (0.70 g, 2.44 mmol)

and a catalytic amount of AIBN were added and refluxed ungdatri\ for 4 h. The progress of

the reaction was monitored by TLC from the appearance of a slower moving spot [hexane:ethyl
acetate (7:1)] to obtain the title compouh (230 mg) in 65% vyield as a syrupt]f 6.2 (c 1.0,
CH,0H); *H NMR (CDCL): 6 1.92 (3H, s, Ch), 2.06-2.84 (4H, m, H-52), 3.36, 3.42 (3H, 2s,
OCH;), 4.64 (1H, dJ= 7.5 Hz, H-4), 4.72-4.86 (1H, m, H-§ 5.09, 5.19 (1H, d] = 7.5 Hz, H-

6), 6.09-6.30 (1H, m, H-), 7.32 and 7.72 (1H, 2 s, H-6), 9.46 (1H, s, NH). Anal. Calc. for
Ci:H1gN,Os: C, 53.72; H, 6.01; N, 10.44. Found: C, 53.59; H, 6.22; N, 10.48%.

2.7.Diastereomeric mixture of [3aR, 4aR, 7aS, 7bR]2,2-dimethyl perhydrofuro[2,3:4,5]furo[2,3-
d][1,3]dioxol-6(R/S)-ol L7)

To a solution of vinyl furanosidd () (5.9 g, 31.6 mmol) in DMF-D [30 ml, (4:1)] was added
Pd(INCI (50 mg), Cu()CI (3.8 g, 39.5 mmol) and oxygen was bubbled for 12 h at rt. After comple-
tion of the reaction, the reaction mixture was diluted with water and extracted in€l,CH
(50 mix 2). The organic phase was separated, driegS@gand concentrated to obtain the title
compoundl? (4.90 g) in 76% yield as a syrum]p 25.93 (¢ 1.8, CHCJ); '"H NMR (CDCL): 6

1.30& 1.48 (6H, 2s, X CH,), 1.92—-2.40 (2H, m, H-5), 4.72 (1H,3 1.2 Hz, H-7b), 4.90 (1H,

m, H-7a), 5.40 (0.6H, d, H-3a), 5.62 (0.4H, t, H-3a), 5.98 (1B=d.5 Hz, H-6). Anal. Calc. for
CoH140s: C, 53.32; H, 6.85. Found: C, 53.19; H, 6.77%.

2.8.[3aR, 4aR, 7aS, 7bR]-2,2-Dimethyl perhydrofuro[2,3:4,5]furo[2,3-d][1,3]dioxol-6-drg (

A solution of lactol17 (3.50 g, 17.0 mmol) in dry Ci&l, (20 ml) containing pyridinium dichro-

mate (9.71 g, 25.8 mmol) was heated to reflux for 2 h undatriosphere. After the completion

of the reaction, the reaction mixture was filtered, concentrated to a residue and chromatographed
[SiO,, 60—-120 mesh, by eluting with hexane/ethyl acetate (1:1)] to obtain the title comi@und
(2.94 g) in 85% yield as a glassy solid. m. p=72C; [a]p +36.7C (c 1.2, CHG)); ‘*H NMR

(CDCly): 61.32 and 1.50 (6H, 2 s,2CH;), 2.60-2.80 (2H, AB-type coupling, H-5,5), 4.80 (2H,

m, H-4a,7b), 4.96 (1H, m, H-7a), 5.92 (1H, ;% 3.40 Hz, H-3a). Anal. Calc. for,8,,0s: C,

53.79; H, 5.82. Found: C, 53.68; H, 5.77%.

2.9.Diastereomeric mixture of [3aR, 5R/S, 6R, 6aS]-5,6-dihydroxy perhydrofuro[3,2-bJfuran-2-
one (19)

To a heterogenous solution of lactal®(0.68 g, 3.40 mmol) in HOAc-® [(1:1), 7 ml] was

added IR-120 Hresin (1 ml) and heated to P@for 4 h. After the completion of the reaction,

the reaction mixture was filtered to remove the resin and the filtrate was neutralized with saturated
ag. NaHCQ and extracted into ethyl acetate (50x2). The organic phase was separated, con-
centrated, dried (N&80,) and chromatographed [SiG50-120 mesh eluted with hexane—ethyl



458 HARI BABU MEREYALA et al.

acetate (1:1)] to obtain the title compour{0.37 g) in 68% yield as a syrupt]f —0.22 (c 0.9,
CHCL); *H NMR (CDCk): 2.40-2.88 (2H, m, H-3,3), 4.00-4.17 (1H, m, H-6), 4.74-5.00 (2H,
m, H-3a, 6a), 5.20 (0.45H, s, H-5), 5.32 (0.55H, d, B53.3 Hz). Anal. Calc. for £s0s: C,
44.70; H, 4.94. Found: C, 44.67; H, 4.88%.

2.10. Diastereomeric mixture of [3R,3aS,6aR]3-methylcarbonyloxy-5-oxo-perhydrofuro[3,2-
b]furan-2-yl acetateZ0)

To a solution of dioll9 (1.20 g, 7.70 mmol) in dry Ci&l, (10 ml) was added pyridine (0.93 ml,

11.50 mmol) and acetic anhydride (0.72 ml, 9.25 mmol) and stirred at rt for 4 h. After completion

of the reaction, the reaction mixture was diluted with water (100 ml), washed and extracted into
CH.CI, (50 ml). The organic phase was separated, concentrated to a residue and chromatographed
[SiO,, 60-120 mesh, hexane—ethyl acetate (1:1)] to obtain the title com@O(AB3 g) in 87%

yield. m.p. 8890’ C; [a], +0.6° (¢ 1.0, CHCJ); *"H NMR (CDCL): $2.10-2.20 (6H, 2s,2OAc),
2.75-2.95 (2H, m, H-5,5), 4.95-5.30 (3H, m, H-2,3 and 4), 6.50 (2H, d,J&-3,6 Hz). Anal.

Calc. for GH.,0;: C, 49.18; H, 4.95. Found: C, 49.01; H, 4.82%.

2.11 [2R,3R,3aS,6aR]-2-[5-Methyl-1H,3H-2,4-dioxo-1-pyrimidinyl]-5-oxo-perhydrofuro[3,2-
blfuran-3-yl acetateZ1)

To a solution of compoung0 (1.28 g, 5.27 mmol) anblistrimethylsilylthymine (1.56 g, 5.8
mmol) in dry CHCI, (15 ml) under N atmosphere at'@ was added Sn(IV)CI (0.74 ml, 6.30
mmol) in dry CHCI, (10 ml) and stirred at rt for 12 h. After the completion of the reaction, the
reaction mixture was neutralized with sat. aq. Naki€&ution, and filtered on a bed of celite.
The filtrate was concentrated to a residue and chromatographegl §8i20 mesh, hexane
ethyl acetate (1:1)] to obtain the title compo@1d1.10 g) in 67% yield. m. p. 14G; [a]p 9.9

(c 0.52, CHOH); *H NMR (CDCk): 81.9 (3H, s, Ch), 2.19 (s, 3H, OAc), 2.84-3.15 (2H, m, H-
6,6), 4.90-5.14 (2H, m, H-3a, 6a), 5.35 (1H,dd,3.75 Hz J= 3.0 Hz, H-3), 6.10 (1H, d, H-2),
7.32 (1H, s, H-§, 11.20 (s, NH). Anal. Calc. for;¢H,,N,O;: C, 50.32; H, 4.55; N, 9.03. Found:

C, 50.17; H, 4.49; N, 9.07%.

2.12.1-[2R,3R,3aS,6aR]-3-Hydroxy-5-oxo-perhydrofuro[3,2-b]furan-2-yl)-5-methyl-1H,3H-
pyrimidine-2,4-dioneX0)

To a solution 021 (0.11 g, 0.35 mmol) in C¥DH (2 ml) was added two drops of NaOMe (1 M

solution) and stirred at rt for 4 h. After the completion of the reaction, the reaction mixture was
neutralized with IR-120Hresin (20 mg) and filtered. The filtrate was concentrated to obtain the
titte compoundL0(59 mg) in 63% yield as a white solid. m. p. 162[a], 5.5 (c 0.47, DMSO);

H NMR (CDC}): 8 1.90 (3H, s, Ch), 2.60-2.90 (2H, m, H-} 4.55-4.61 (1H, ddl= 2.5 and
1.5Hz, H-3a), 4.80-4.90 (1H, m, H-6a), 4.94 (1HJ &,5.2 Hz, H-3), 6.10 (1H, d, HR 7.34

(1H, s, H-6), 9.24 (1H, s, NH). Anal. Calc. for;8,,N,Os: C, 49.25; H, 4.50; N, 10.45. Found: C,
49.12; H, 4.52; N, 10.47%.
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