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www.rsc.org/ An efficient and versatile strategy of general applicability towards apio and homologated apio pyrimidines has been
delineated. The methodology portrays tosylation followed by in situ cyclization and one pot oxidative cleavage and

acetylation by Pb(OAc), as the key steps. The methodology has been applied to p-ribose and p-mannose derivatives to

achieve asymmetric synthesis apio and homologated apio pyrimidine nucleosides.
A; adenosine receptor agonists.5
Introduction
) . ) . NH NHz
A variety of nucleoside analogues have been synthesized with 2 NH;
renewed exigency which enrich the antiviral and/or anticancer XN N N </N >N
spectrum and amend the pharmacological properties of the parent | /g </ , /’,\l , 4]
HO N
compounds.1 However, drug resistance, several side effects and HO o N (@) HO o) N N/ —G N
toxicity have resulted in the limitation of clinical use of these
agents. As a consequence, an incessant exploration and — N
. A N HO _ OH
development of structurally new, expedient and novel nucleoside HO 4 OH 3 5
derivatives with prodigious bioactivity profile has been enduring Cytidine ddA Aristeromycin
since past decades. This has ensued in tremendous progress in the
field of nucleosides with special prevalence in their asymmetric NH; NH, NH;
synthesis. Therefore, it is imperative that development of N N N N SN
pioneering methodologies for the synthesis of potent nucleoside | /& </ ] /"\‘ </ , //,
analogues is a prolific approach. Several structural modifications in o N (o) o N N/ N N
both the sugar ring as well as the nucleobase have been reported in /ﬁ
order to develop promising therapeutic agents.2 Apionucleoside is \ _/ Ho = =
one of such sugar ring modified nucleoside, in which the HO H(j 6H HO 4 HO 6 OH
hydroxymethyl side chain is shifted from the 4’ position to the 3’ 2
position (Figure 1). This class of nucleosides has enticed much Apio-cytidine Apio-ddA Apio-aristeromycin

attention owing to stabilization of the glycosyl bond under acidic
condition, metabolic resistance to adenosine deaminase and
influential  biological activity.3 For instance, apio 2/, 3'-
dideoxyadenosine (apio-ddA) 4 has been reported to show potent
anti-HIV activity comparable to that of the parent 2, 3'-
dideoxyadenosine (ddA) 3 and better stability against glycosidic
bond hydrolysis than that of dda.’* Similarly, apio-analogues of
neplanocin and aristeromycin have also been described as selective

% School of Basic Sciences

Indian Institute of Technology Bhubaneswar
Bhubaneswar, Orissa-751007, India

E-mail: spal@iitbbs.ac.in, Tel: +91-674-2576054
Fax: +91-674-2301983.

b cancer Biology Laboratory

National Centre for Cell Science

Ganeshkhind Road, Pune

Maharashtra- 411007, India
tElectronic Supplementary
DOI: 10.1039/x0xx00000x

Information (ESI) available: See

This journal is © The Royal Society of Chemistry 20xx

Fig. 1 Representative nucleosides and their apio analogues.

In homologated nucleosides, the incorporation of a single bond
between the nucleobase and the sugar helps the nucleoside for free
rotation, which may provide a better edifice to persuade maximum
favorable interactions in the binding sites. Hence, the synthesis of
homologated-apio nucleosides is of great interest which might
combine the properties of both apionucleosides and homologated
nucleosides. While a few number of synthetic routes for b-
apiofuranose and its derivatives have been published,6 most of
these procedures suffer from multistep synthesis with low overall
yield, lack of selectivity and less cost-effective etc.

Owing to the above intricacies and our continuing research
interest in development of novel synthetic methodologies towards
potent modified nucleoside templates, we thought to devise an
improved, efficient and stereoselective route to Dbp-apio and
homologated-apio nucleosides and wish to report our exploratory
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results here in. Our retrosynthetic strategy towards the target
nucleosides is as shown in figure 2. We contemplated that, both the
apio pyrimidine and homologated apio pyrimidine derivatives
would be obtained from a common diol intermediate 8. The p-apio
pyrimidine analogue was prophesied to be synthesized from b-
apiofuranoacetate 7 via Vorbriggen condensation’  and
deprotection. The key apioacetate 7 and homologated apio alcohol
11 were envisaged to be derived from the common diol
intermediate 8 via oxidative cleavage, acetylation and oxidative
cleavage, reduction respectively. Further, the diol 8 was predicted
to be synthesized from lactol 9 by tosylation and in situ
tetrahydrofuran formation followed by dihydroxylation sequentially
and the lactol 9 can be prepared from p-ribose 10 by the reported
procedure.8

O><O

/ﬁ»Pyrimidine /ﬁO»OHﬁ 8
= PO : -
o_ 0O
1

HOON
D-Ribose <: —
HO & ©
10

Fig. 2 Retrosynthetic strategy of target nucleosides.

Results and discussion

In order to execute the aforementioned retrosynthetic strategy
outlined in figure 2, a general and unified approach for the key apio
acetate 7 was commenced as shown in scheme 1. The lactol 11
which was readily prepared from b-ribose by the reported
procedure,8 underwent stereoselective hydroxymethylation using
37% aqueous formaldehyde in methanol to yield hydoxymethylated
compound 9 which established the apio frame work. The
hydroxymethylated compound 9 was subjected to selective primary
hydroxyl group protection by TBDPSCI to give tert-butyldiphenylsilyl
ether 12 in very good yield. The compound 12 upon reduction with
sodium borohydride in methanol formed the diol 13 and
subsequent exposure of the diol 13 to p-tolunesulfonylchloride in
dry pyridine at room temperature furnished the desired olefin 14 by
primary alcohol tosylation and in situ tetrahydrofuran formation.’
Dihydroxylation of olefin derivative 14 by OsO, and NMO exhibited
the diol 8 in good yield.10 The key acetate 7 was achieved from the
diol 8 by treatment of excess lead tetraacetate in EtOAc at room
temperature.

2| J. Name., 2012, 00, 1-3
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Reagents and conditions: (i) 37% aq. HCHO, K,COz;, MeOH, reflux, 36 h, 91%;
(iiTBDPSCI, EtsN, DMAP, CH,Cly, 15 h, 90%; (iii) NaBH,, MeOH, 0 °C-RT, 1 h, 95%;
(iv) TsCl, Py, rt, overnight, 87%; (v) OsO4, NMO, Acetone:H,0, 8 h, 91%,; (vi) Pb(OAC),,
EtOAc, rt, 20 h, 72%.

R

Scheme 1 Synthesis of the key apio acetate from p- ribose

The versatility of the above mentioned methodology was
examined on p-mannose derived lactol 18 and the key acetate 7
was prepared with quantitative yield in relatively shorter steps than
that from p-ribose as shown in the scheme 2. Initially b-mannose 15
was converted to di-acetonide 16 by treating with molecular iodine
in acetone.! The hydroxymethylation was accomplished on
compound 16 with 37% HCHO aqueous solution in methanol to
afford compound 17 in a stereoselective manner.”? The selective
protection of the primary hydroxyl group of the compound 17 by
TBDPSCI delivered the tert-butyldiphenylsilyl ether derivative 18.
NaBH, reduction of compound 18 gave the diol 19 which on
tosylation and in situ cyclization furnished the desired lactol 20.
Deprotection of primary acetonide group in compound 20 was
accomplished selectively by 60% acetic acid to produce the diol 21
in good yield.13 The diol 21 upon treatment with excess Pb(OAc), in

ethyl acetate afforded the acetate 7 in good yield.
o]
e
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Reagents and conditions: () I,, acetone, rt, 24 h, 88%; (i) ag. HCHO, K,CO3, MeOH, reflux, 36 h, 86%;
(i) TBDPSCI, Et;N, DMAP, CH,Cl, 15 h, 90%; (iv) NaBH,, MeOH, rt, 1 h, 94%; (v) TsCl, Py, rt, overnight,
92%; (vi) 60% AcOH, rt, 6 h, 81%,; (vii) Pb(OAc),, EtOAc, rt, 24 h, 72%

Scheme 2 Synthesis of the key apio acetate from b- Mannose

The efficacy of the present methodology towards the
synthesis of the p-apiofuranose over the reported 6d-f procedure
was appraised by endeavoring the same sequence of reaction
conditions to the b-mannose derivative 18 (Scheme 3). The selective
hydrolysis of 5,6-acetonide of 18 in the presence of the 2,3-
acetonide was achieved with 60% acetic acid or 0.8% H,SO, in
MeOH to give the triol 22. On the contrary to the reported method,

This journal is © The Royal Society of Chemistry 20xx
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the NaBH, reduction of the triol 22 followed by oxidative cleavage
using sodium metaperiodate provided the compounds 24 and 25.
The formation of the major product 25 may be elucidated as it
endures the faster cleavage of one primary and one secondary
hydroxyl group than the cleavage of both secondary hydroxyl
groups to form 24. Therefore, by considering the above fact,
present methodology has been proven to be more dynamic and
proficient for the synthesis of p-apiofuranoacetate.

iy o OH i

OTBDPS SoTBDPS

0__0

18 22 23
HO O
N
“oTBDPS

o__0 ?><? OTBDPS

24 25

Reagents and Condition: (i) 60% AcOH, rt, 24 h, 84%; (i) NaBH4, MeOH, rt, 4 h,
91%; (iii) NalOg4, CHoClp, H2O, 0 °C to rt, 2 h, 36% for 24 and 49% for 26

Scheme 3 Synthesis of p-apiose 24 and 25

The direct formation of acetate from vicinal diol on furanose
sugar frameworks has not been explored yet. However, a few
reports are available on thio sugar derivatives'* where the oxidative
cleavage of diol to aldehyde, oxidation of the aldehyde to acid and
oxidative decarboxylation of acid were described as the presumable
mechanistic pathway. In general, the oxidation of aldehyde to
corresponding acid by Pb(OAc), is not accustomed, rather it can
produce acid by oxidative cleavage of a-hydroxycarbonyl
compounds.15 During the transformation of vicinal diol to
apioacetate using lead tetraacetate, the intermediate apioaldehyde
26 was isolated and characterized, and after a longer duration, it
was converted to the apioacetate directly without forming any
corresponding acid derivative.

bPb
o ~o =0
Pb OAC o.
(CA4 @OE —Pb(OAc)z ﬁ Pb(OAGC)4
TBDPSO
o / TBOPSO” 5 ){)

TBDPSO 6
26
OAc
ACO [ _oAc - oAc
o+ proN]
N —
YR, * H—=0 * Pb(OAC),
> TBOPSO” 4 o
TBDPSO 5 T
o
OAc
TBOPSO” 5 7

7
Scheme 4 Proposed mechanism for acetate formation

Hence the plausible mechanism for the conversion of
apioacetate from vicinal diol using Pb(OAc), has been explicated as
shown in scheme 4.

This journal is © The Royal Society of Chemistry 20xx
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The synthesized apio acetates were used for nucleobase
condensation under Vorbriggen condition.” Condensation of
glycosyl donor 7 with silylated pyrimidine bases (uracil, 5-F uracil,
trifluorothymine) in presence of TMSOTf afforded the
corresponding condensed products 27 to 29 as their (o & PB)
anomers. The TBDPS deprotection16 of 27 to 29 by tetrabutyl
ammonium fluoride (TBAF) followed by acetonide deprotection
using 3N HCI provided the nucleosides 30 to 32 respectively
(scheme 5).

o o)
Rfk R
NH
‘ fLNH
O\ mOAC | N/&o ) ‘ A
ﬁ i O. il ON (¢}
TBDPSO” I - /ﬁ
0,0 TBDPSO” & - —
X ) HO 5 %
HO OH
7 X

27:R=H (o = 36%, p = 30% ) 30:R=H (a=61%, p=60%)
28:R=F (o =33% p=41%) 31:R=F (o= 57%, p=63% )
29: R = CF; (o = 32%, o+ p = 20%) 2 R =CFs (.= 56%)
From the corresponding anomers
Reagents and conditions: (i) HMDS, (NH4),SOy4, nucleobase, DCE, TMSOTT; (i) (a) TBAF,
THF, rt, 1 h; (b) 3N HCI, rt.

Scheme 5 Synthesis of apio pyrimidine nucleosides

The major oo anomer of uracil derivative 30 was transformed to
the cytosine derivative 35 as shown in scheme 6.7 Treatment of 30
with acetic anhydride in pyridine gave the triacetate 33 which was
rehabilitated to the triazole adduct by treating with POCl; and 1,2,4-
triazole in the presence of triethylamine. Subsequently, the triazole
derivative was converted to the cytosine derivative 34 by treatment
of ammonium hydroxide in 1,4-dioxane. Removal of the acetate
groups by methanolic ammonia produced the final cytosine
derivative 35.

o o) NH NH,
NH NH SN =N
\ \ i \ P
N O I N I N N O
/@; —>/@; ’ _>/Ji7\ ’ ) /@;
HO & o i Ao " HO T
HO OH “Cacd OAc Cacld OAc HG  OH
30a 33 34 3
5

Reagents and conditions: (i) Ac,O, Py, rt, overnight; (i) POCl3,1,2,4-Triazole, EtzN, 24 h,
NH4OH, rt,15 h; (iii) methanolic NHg, rt, overnight, 50% for 3 steps.

Scheme 6 Conversion of uracil derivative 30a to cytosine derivative
35

All the synthesized compounds were thoroughly characterized
by '"H NMR, *C NMR, "°F NMR, HRMS, IR and UV spectroscopy and
the spectral data of compounds 30 and 35 were compared with the
reported literature.™®

The synthesis of homologated-apio pyrimidine by employing
this methodology was also successfully accomplished (Scheme 7).
The oxidative cleavage of the diol 8 by leadtetraacetate at O c
furnished the aldehyde 26, which upon reduction with sodium
borohydride produced the key alcohol 36."° The condensation of
alcohol 36 with N3-benzoyluracil under Mitsunobu condition
afforded the uracil derivative 37."7° Treatment of 37 with
methanolic ammonia followed by desilylation produced the

J. Name., 2013, 00, 1-3 | 3
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compound 38. The acetonide deprotection of compound 38 with 3N
HCl furnished the final uracil nucleoside 39.

OH — N—(
o i o]7%; oM o )
L il
TBDPSO & =2 TBDPSO & -  TBDPSO : : IS
o><o S 0><O TBDPSO” s
8 2 36 37

Reagents and conditions : (i) Pb(OAc)4, EtOAc, 0 °C, 10 min, 87%,; (i) NaBH4, MeOH, rt,1 h, 92%; (iii)

N3»benzoyluracil, DIAD, PPhg, THF, 16 h; (iv)TBAF, THF, rt, 1 h, 62% (for 2 steps); (v) (a) NHz/ MeOH, rt;

(b) 3N HCI, rt, overnight, 58%.
Scheme 7 Synthesis of homologated apio pyrimidine nucleoside

Anticancer activity study

Anticancer activity of the compound 30a, 31B, 35 and 39 were
tested in breast cancer cell line MCF7 using standard MTT cell
viability assay. MCF7 cells were treated with different concentration
of the compounds for 48 hours and measured the growth inhibition
effect. Results demonstrated that, these compounds do not have
anticancer activity as compared to the 5-fluoro-uracil (5-FU). For
example, 5-FU inhibits 50% growth of MCF (ICso) at 7.57 + 1.21 pM
whereas |Cs, for these compounds are >100 uM.

Conclusions

In summary, an efficient, general and effective synthetic route to
apio and homologated apio pyrimidine nucleosides has been
described. The methodology involves tosylation followed by in situ
cyclization and one pot oxidative cleavage and acetylation by
Pb(OAc), as the key steps. To the best of our knowledge, apio and
homologated apio nucleosides synthesized here are the first
example accomplishing lead tetraacetate mediated one pot
oxidative cleavage and in situ acetylation on p-furanose templates.
The pyrimidine nucleoside derivatives have been synthesized
successfully starting from both p-ribose and p-mannose. However,
compounds 30a, 31, 35 and 39 did not show significant anticancer
activity. The present methodology has been found to be more
competent for the synthesis of p-apiofuranose frameworks and also
offers ample opportunity for the synthesis of several apio,
homologated and truncated nucleoside analogues for therapeutic
profiling.

Experimental Section

General Information

4| J. Name., 2012, 00, 1-3

All reagents and solvents were purchased from commercial
suppliers and used without purification, unless otherwise stated. All
moisture and air-sensitive reactions were performed under argon
atmosphere with dry and freshly distilled solvents at anhydrous
condition. Reactions were monitored by analytical thin-layer
chromatography (TLC) on aluminum precoated Merck silica gel
plates (EM-60-F254) and spots visualized by exposure to UV lamp
and/or charring solution (p-anisaldehyde) followed by heating.
Solvents were removed in a rotary evaporator under reduced
pressure. Column chromatography was generally performed on
silica gel (100-200 mesh) and the elution was done with hexane &
ethyl acetate and dichloromethane & methanol mixtures. The
reported yields are for the isolated compounds. Melting points
were recorded in Buchi M-560 instrument and are uncorrected.'H
NMR (400 MHz), proton decoupled 3¢ NMR (100 MHz) and proton
decoupled F NMR (376.5 MHz) were recorded on a Bruker Avance
400 spectrometer. Samples were generally prepared in CDCl; and
chemical shifts are expressed in parts per million (6) scale using
tetramethylsilane (Me,Si) as internal standard (for 1HNMR) and the
central line of CDCl; (for 3¢ NMR). Coupling constants (J), whenever
discernible, have been reported in hertz (Hz). The standard
abbreviations s, d, t, g, m, br s refer to singlet, doublet, triplet,
quartet, multiplet and broad singlet respectively. High resolution
mass spectra (HRMS) were recorded on +ESI mode with Q-TOF
Micromass spectrometer. UV spectra were recorded on a Perkin
Elmer Lambda-35 UV/vis spectrometer IR spectra were recorded in
a range 4000-600 cm™ with Bruker Tensor 27 (FT-IR) spectrometer
on NaCl plates or in KBr.

(15)-1-((5S)-5-(((tert-butyldiphenylsilyl)oxy)methyl)-5-
(hydroxymethyl)-2,2-dimethyl-1,3-dioxolan-4-yl)prop-2-en-1-ol
(13). To a cooled (0 #C) stirred solution of 12 (4.6 g, 10.12 mmol) in
methanol (50 ml) was added portion wise NaBH, (0.77 g, 20.22
mmol) and the resulting reaction mixture was allowed to stir at
room temperature for 1 hour. The reaction mixture was neutralized
with acetic acid and evaporated under reduced pressure. The
residue was partitioned by EtOAc (80 ml) and water (60 ml), the
aqueous layer was extracted using EtOAc (3 x 100 ml). The
combined organic extracts were washed with brine and dried over
anhydrous Na,SO,. After evaporation of solvent, the crud residue
was purified through a silica gel column chromatography [Hexane/
EtOAc (10:1)] to afford the diol 13 (4.4 g, 95%) as a colorless solid:
Rs 0.48 [hexanes/EtOAc (4:1)]; H NMR (400 MHz, CDCl5) 6 (ppm)
1.08 (s, 9H), 1.31 (s, 3H), 1.43 (s, 3H), 2.43 (br s, 1H), 3.61 (brs, 1H),
3.79 (s, 2H), 3.83 to 3.87 (m, 3H), 4.33 to 4.36 (m, 1H), 5.23 (td, 1H,
J=1.6 Hz, 10.4 Hz), 5.42 (td, 1H, J = 1.2 Hz, 17.2 Hz), 5.93-6.01 (m,
1H), 7.37-7.44 (m, 6H), 7.69-7.73 (m, 4H); >*C NMR (100 MHz, CDCl3)
5 (ppm) 19.4, 26.5, 27.1, 28.6, 62.2, 66.5, 70.1, 81.7, 84.7, 108.5,
116.3, 128.0, 128.1, 130.1, 132.7, 133.0, 135.8, 136.1, 137.8; HRMS
(ESI-TOF) m/z: [M + Nal" calcd for Cp H36OsSiNa 479.2230; found
479.2227.

tert-butyl(((3a$,6a$)-2,2-dimethyl-6-vinyldihydrofuro[3,4-

d][1,3]dioxol-3a(4H)-yl)methoxy) diphenylsilane (14). To a stirred
solution of compound 13 (4.4 g, 9.64 mmol) in pyridine (30 ml) at
0 'C was added p-tolune sulfonyl chloride (4.6 g, 24.1 mmol). Then
the reaction mixture was stirred at room temperature for
overnight. Pyridine was co-evaporated with toluene (2 x 15 ml) and
the residue was diluted with water (50 ml) and ethyl acetate (70
ml). The aqueous phase was extracted using ethyl acetate (3 x 80
ml). The combined organic phases were washed with brine and
dried over anhydrous Na,SO,. Removal of solvent followed by

This journal is © The Royal Society of Chemistry 20xx
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column chromatography [Hexane/ EtOAc (25:1)] of the crud
product on silica gel yielded the compound 14 (3.7 g, 87 %) as a
colorless liquid: Ry 0.55 [hexanes/EtOAc (9:1)]; 'H NMR (400 MHz,
CDCls) 6 (ppm) 1.06 (s, 9H), 1.37 (s, 3H), 1.54 (s, 3H), 3.66 (d, 1H, J =
10.8 Hz) 3.78 (d, 1H, J = 10.8 Hz), 3.90 (g, 2H, J = 10 Hz, 17.6 Hz),
4.49 (d, 1H, J = 1.2 Hz), 4.57-4.59 (m, 1H), 5.16 (td, 1H, J = 1.6 Hz,
10.8 Hz), 5.30 (td, 1H, J = 1.6 Hz, 17.2 Hz), 5.74-5.83 (m, 1H), 7.36-
7.43 (m, 6H), 7.65-7.78 (m, 4H); *C NMR (100 MHz, CDCls) & (ppm)
19.5, 27.0, 28.1, 65.3, 74.6, 86.0, 87.0, 93.3, 113.7, 116.7, 128.0,
130.0, 130.1, 133.0, 133.2, 135.8, 135.9 ; HRMS (ESI-TOF) m/z: [M +
Na]® calcd for CyeH3,0,SiNa 461.2124; found 461.2122.

(15)-1-((3aS,6aS)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)ethane-1,2-diol (8).
To a suspension of 14 (4 g, 9.12 mmol) in 100 ml acetone/water
(3:1) was added N-methylmorpholine N-oxide (1.6 g, 13.7 mmol)
and 0sO, (2.5 % in ‘BUOH, 4 ml) successfully. The reaction mixture
was stirred at room temperature for 8 h. The mixture was treated
with 40% aqueous NaHSO; (10 ml) and the resulting solution was
stirred for another 30 min. Acidified with saturated NH,Cl aqueous
solution and extracted with EtOAc (4 x 80 ml). The combined
organic extracts were dried over anhydrous NaSO, and solvent was
evaporated. The residue was purified by silica gel column
chromatography [Hexane/ EtOAc (3:1)] to afford the diol 8 (3.95 g,
91 %) as a colour less fluid: Ry 0.4 [hexanes/EtOAc (1.5:1)]; "H NMR
(400 MHz, CDCl5) 6 (ppm) 1.07 (s, 9H), 1.36 (d, 3H, J = 7.6 Hz), 1.51
(d, 3H, J = 3.6), 3.00 (br d, 2H), 3.63-3.75 (m, 4H), 3.82-3.88 (m,
2H), 3.92-4.00 (m, 2H), 4.66 (dd, 1H, J = 1.6 Hz, 2.4 Hz), 7.36-7.43
(m, 6H), 7.67-7.70 (m, 4H); *C NMR (100 MHz, CDCls) & (ppm) 19.4,
27.0, 27.9, 28.0, 28.2, 28.3, 63.7, 63.9, 65.1, 65.3, 70.3, 71.0, 75.0,
75.4,84.4, 85.9, 86.6, 92.9, 93.3, 114.1, 114.3, 127.9, 130.0, 130.1,
132.9, 135.8, 135.9; HRMS (ESI-TOF) m/z: [M + Na]® calcd for
Cp6H3506SiNa 495.2179; found 495.2181.

(3aR,6aS$)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl acetate (7). To an
ice-cooled solution of 8 (1 g, 2.12 mmol) in EtOAc (40 mL) was
added excess of Pb(OAc), (4.95 g, 11.2 mmol) at 0 C and the
reaction mixture was stirred for overnight at rt. The reaction
mixture was filtered with celite and the filtrate was diluted with
EtOAc (50 ml). The filtrate was washed with saturated aqueous
NaHCO; solution (20 ml), aqueous layer was extracted using EtOAc
(3 x 50 ml), dried over anhydrous NaSO,, and evaporated. The
residue was purified by silica gel column chromatography
[hexane/ethyl acetate, (12:1)] to give 7 (0.72 g, 72 %) as colour less
thick liquid: Ry 0.6 [hexanes/EtOAc (4:1)]; IR (film, vya in cmfl)
3071, 3050, 2991, 2934, 2891, 2859, 1739, 1468, 1428, 1219; 'H
NMR (400 MHz, CDCl;) 6 (ppm) 1.09 (s, 9H), 1.34 (s, 3H), 1.48 (s,
3H), 2.02 (s, 3H), 3.80 (q, 2H, J = 10.4 Hz), 4.03 (d, 1H, J = 10 Hz),
4.16 (d, 1H, J = 10 Hz), 4.63 (s, 1H), 6.19 (s, 1H), 7.38-7.46 (m, 6H),
7.66-7.69 (m, 4H); C NMR (100 MHz, CDCl3) 6 (ppm) 19.5, 21.3,
27.0, 27.9, 28.1, 64.6, 75.7, 86.9, 92.2, 102.3, 114.1, 128.0, 128.1,
130.2, 132.9, 135.8, 135.9, 169.9; ; HRMS (ESI-TOF) m/z: [M + Na]"
calcd for Cy6H3,06SiNa 493.2022; found 493.2025.

tert-butyl(((3a$,6a$)-6-(2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-3a-
yl)methoxy)diphenylsilane (20). To a cooled (0 °C) and stirred
solution of 19 (10 g, 18.8 mmol) in pyridine (70 mL) was added p-
toluenesulfonyl chloride (10.8 g, 56.6 mmol). Stirring was continued
overnight at ambient temperature. The solvent was co-evaporated
with tolune (2 x 30 ml), and the residue was dissolved ethyl acetate

This journal is © The Royal Society of Chemistry 20xx

(100 ml) and washed with water (150 ml). The aqueous layer was
extracted using EtOAc (2 x 180 ml), combined organic layer was
dried over anhydrous Na,SO, and solvent was removed under
reduced pressure. The residue was purified by silica gel column
chromatography using hexane and ethyl acetate as eluents
[hexane/ethyl acetate, (25:1)] to give the compound 20 (8.9 g,
92 %) as colourless liquid. Rs 0.5 [hexanes/EtOAc (9:1)]; '"H NMR
(400 MHz, CDCl;) 6 (ppm) 1.07 (s, 9H), 1.28 (s, 3H), 1.39 (s, 3H), 1.45
(d, 6H, J = 5.6 Hz), 3.61 (dd, 1H, J = 3.2 Hz, 8 Hz), 3.77 (d, 2H, J = 4.4
Hz), 3.83 (d, 1H, J = 10 Hz), 3.90 (d, 1H, J = 10 Hz), 4.06-4.13 (m, 2H),
4.39-4.44 (m, 1H), 4.64 (d, 1H, J = 3.2 Hz), 7.37-7.46 (m, 6H), 7.64-
7.67 (m, 4H); *C NMR (100 MHz, CDCl5) & (ppm) 19.4, 25.5, 26.9,
27.1, 27.4, 27.5, 65.2, 67.1, 73.5, 75.6, 83.9, 92.7, 109.3, 113.3,
128.0, 128.1, 130.2, 132.9, 135.7, 135.8 ; HRMS (ESI-TOF) m/z: [M
+Na]" calcd for C,oH,006 SiNa 535.2492; found 535.2466.

1-((3a$,6aS)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)ethane-1,2-diol
(21). To a solution of 20 (8.9 g, 17.4 mmol) in 60 % aqueous AcOH
(80 ml) was stirred at room temperature for 6 h. The reaction
mixture was evaporated under reduced pressure, and the resulting
residue was purified by silica gel column chromatography
[hexane/EtOAc, (2.5:1)] to give the diol 21 (6.7 g, 81%) as a thick
liquid. Ry 0.35 [hexanes/EtOAc (1:1)]; '"H NMR (400 MHz, CDCl5) 6
(ppm) 1.07 (s, 9H), 1.30 (s, 3H), 1.48 (s, 3H), 2.17 (br s, 1H), 2.77 (br
s, 1H), 3.61 (dd, 1H, J = 3.2 Hz, 7.6 Hz), 3.74-3.81 (m, 4H), 3.86 (dd,
1H, J=3.2 Hz, 11.2 Hz), 3.92 (d, 1H, J =10 Hz), 4.07 (s, 1H), 4.66 (d,
1H, J = 3.2 Hz), 7.37-7.46 (m, 6H), 7.64-7.67 (m, 4H); *C NMR (100
MHz, CDCl;) 6 (ppm) 19.4, 26.9, 27.1, 27.6, 64.9, 65.2, 70.5, 75.4,
83.1, 84.3, 92.8, 113.5, 128.0, 128.1, 130.2, 132.9, 135.7, 135.8,
135.9; HRMS (ESI-TOF) m/z: [M + Na]® calcd for CygHs¢O¢ SiNa
495.2179; found 495.2138.

1-((3aS$,6aS)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-6-hydroxy
2,2dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)ethane-1,2-diol
(22). A solution of 18 (7.5 g, 14.2 mmol) in 60% aqueous AcOH (60
ml) was stirred at room temperature for 24 h and the reaction
mixture was evaporated. The resulting residue was purified by silica
gel column chromatography [hexane/ethyl acetate (2:1)] to give the
triol 22 (5.8 g, 84%) as diastereomeric mixtures as colourless liquid.
Rf 0.45 [hexane/EtOAc (1:1)]; HRMS (ESI-TOF) m/z: [M + Na]” calcd
for CygH350,SiNa 511.2128; found 511.2131.

(1R)-1-((4S,5S)-5-(((tert-butyldiphenylsilyl)oxy)methyl)-5-
(hydroxymethyl)-2,2-dimethyl-1,3-dioxolan-4-yl)propane-1,2,3-
triol (23). To a stirred solution of triol 22 (4.5 g, 9.2 mmol) in MeOH
(50 ml) was added, cautiously in several portions, excess of sodium
borohydride (1.58 g, 41.8 mmol) at 0 'C and the reaction mixture
was stirred at room temperature for 4 h. It was neutralized with
acetic acid and evaporated to dryness. The mixture was partitioned
between EtOAc (60 ml) and water (50 ml) and the organic layer was
extracted by EtOAc (4 X 60 ml), dried over anhydrous Na,SO, and
evaporated. The resulting residue was purified by silica gel column
chromatography [hexane:EtOAc, (1.5:1)] to give 23 (4.1 g, 91%) as a
color less syrup: Rf0.56 [hexane/EtOAc (1:2)]; '"H NMR (400 MHz,
CDCl3) 6 (ppm) 1.06 (s, 9H), 1.35 (s, 3H), 1.49 (s, 3H), 3.02 (br's, 3H,
exchanged with D,0), 3.67-3.82 (m, 8H), 3.94 (d, 1H, J = 6.8 Hz),
4.42 (s, 1H), 7.38-7.44 (m, 6H), 7.66-7.68 (m, 4H); °C NMR (100
MHz, CDCl3) & (ppm) 19.4, 26.7, 27.0, 28.0, 63.4, 64.1, 66.8, 69.9,
73.0, 83.9, 108.5, 128.0, 130.1, 130.2, 132.7, 135.8, 135.9; HRMS
(ESI-TOF) m/z: [M + Na]™ calcd for C,gH350,SiNa 513.2285; found
513.2280.
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(3aR,6aS$)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-

dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-ol (24) and
(3as$,7S,7a8)-3a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydro-4H-[1,3]dioxolo[4,5-c]pyran-6,7-diol (25) To

the stirred suspension of 23 (3 g, 6.1 mmol) in methylene chloride
(30 ml), an aqueous solution of of NalO, (3.27 g, 15.3 mmol) was
added dropwise at 0 "C and the reaction was stirred for 2 hours at
rt. After addition of water (40 ml), the aqueous phase was extracted
with methylene chloride (3 x 50 ml). The combine organic layer was
dried over anhydrous Na,SO, and evaporated under reduced
pressure to give the crud product. It was then purified by silica gel
column chromatography using hexane and ethyl acetate as eluent
to give the lactols 24 and 25.

Data for Compound (24): Colourless oil, (0.94 g, 36%); R 0.6
[hexane/EtOAc (3:1)] "H NMR (400 MHz, CDCl3) 6 (ppm) 1.08 (s, 9H),
1.29 (s, 3H), 1.47 (s, 3H), 3.13 (d, 1H, J = 6.4 Hz), 3.80 (d, 2H,/=1.6
Hz), 3.96 (d, 1H, J = 10 Hz), 4.16 (d, 1H, J = 10 Hz), 4.43 (s, 1H), 5.39
(d, 1H, J = 6.4 Hz), 7.38-7.45 (m, 6H), 7.66-7.69 (m, 4H); **C NMR
(100 MHz, CDCl5) & (ppm) 19.4, 27.0, 27.1, 27.4, 27.8, 65.0, 65.7,
70.6, 74.3, 81.8, 87.6, 91.5, 91.7, 98.4, 102.0, 113.5, 114.5, 127.9,
128.1, 130.2, 132.6, 135.7, 135.8, 135.9, 136.0; HRMS (ESI-TOF)
m/z: [M + Na]" calcd for C,4H3,05SiNa 451.1917; found 451.1915.

Data for Compound (25): Colourless oil, (1.37 g, 49%); R 0.5
[hexane/EtOAc (2:1)]; '"H NMR (400 MHz, CDCl3) 6 (ppm) 1.08 (s,
9H), 1.32 (s, 3H), 1.46 (s, 3H), 3.60 (d, 1H, J = 12.4 Hz), 3.66-3.74 (m,
3H), 3.84 (d, 1H, J = 12.4Hz), 3.98 (td, 1H, J = 2.4 Hz, 8.4 Hz), 4.06
(d, 1H, J = 10 Hz), 4.40 (d, 1H, J = 2.8 Hz), 4.97 (dd,1H, J = 2.0 Hz, 10
Hz), 7.37-7.47 (m, 6H), 7.67-7.73 (m, 4H); BCNMR (100 MHz, CDCls)
& (ppm) 19.3, 26.7, 26.8, 27.0, 28.0, 28.3, 62.5, 66.5, 68.1, 68.2,
78.7, 78.9, 92.0, 94.4, 109.9, 128.1, 130.3, 132.1, 132.4, 135.38,
136.1; HRMS (ESI-TOF) m/z: [M + Na]® caled for C,sH3,06SiNa
481.2022; found 481.2022.

General method for pyrimidine nucleobase condensation to apio
acetate: (27-29) Corresponding nucleobase (2 equiv.), ammonium
sulfate (0.5 equiv.) and HMDS (50 ml) were refluxed at 160 "C under
inert and dry conditions for overnight. The solvent was evaporated
under high vacuum. The resulting solid was re-dissolved in 1,2-
dichloroethane (30 ml), cooled to 0 ‘C and stirred at inert condition.
To the stirring mixture, was added a solution of apio acetate 7 (1
equiv.) in 1,2- dichloroethane (20 ml) and TMSOTf (2 equiv.)
dropwise. The Mixture was stirred for 30 minutes at 0 aC, for 1 h at
rt, and then heated 80 'Cfor 8 h. After completion (TLC) the mixture
was cooled, diluted with CH,Cl, and washed with saturated NaHCO3
solution. The organic layer was dried with Na,SO, and evaporated
under reduced pressure. The crud product was subjected to silica
gel column chromatography (hexane/ EtOAc) to give corresponding
pure pyrimidine nucleoside derivatives.

1-((3aR,6aS)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)pyrimidine-
2,4(1H,3H)-dione (27a). Colourless liquid, (0.35 g, 36%); R; 0.6
[hexane/EtOAc (1:1)] "H NMR (400 MHz, CDCl3) 6 (ppm) 1.10 (s, 9H),
1.18 (s, 3H), 1.46 (s, 3H), 3.79 (s, 2H), 3.97 (d, 1H, J = 10 Hz), 4.05
(d, 1H, J =10.4 Hz), 4.63 (d, 1H, J = 2.8 Hz), 5.70 (dd, 1H, J = 2.4 Hz,
8.4 Hz), 5.85 (d, 1H, J = 2.8 Hz), 7.40-7.47 (m, 6H), 7.61-7.69 (m, 5H),
8.43 (br s, 1H); *C NMR (100 MHz, CDCls) & (ppm) 19.4, 26.6, 27.1,
27.4, 65.0, 73.7, 81.5, 85.9, 91.4, 101.0, 114.1, 128.1, 128.2, 130.3,
130.4, 132.6, 135.9, 141.8, 150.0, 163.1.
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1-((3aR,6aS)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)pyrimidine-
2,4(1H,3H)-dione (27B). Colourless liquid, (0.29 g, 30%); R 0.5
[hexane/EtOAc (1:1)] YH NMR (400 MHz, CDCl5) 6 (ppm) 1.02 (s,
9H), 1.36 (s, 3H), 1.54 (s, 3H), 3.78 (g, 2H, J = 10.8 Hz), 4.17 (d, 1H, J
=10 Hz), 4.24 (d, 1H, J = 10.4Hz), 4.88 (d, 1H, J = 0.8 Hz), 5.58 (dd,
1H, J = 2.4 Hz, 8 Hz), 5.76 (d, 1H, J = 1.2 Hz), 7.30(d, 1H, J = 8.4Hz),
7.36-7.46 (m, 7H), 7.59-7.61 (m, 4H), 8.22 (br s, 1H).

1-((3aR,6aS)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-5-
fluoropyrimidine-2,4(1H,3H)-dione (28a). Colourless liquid, (0.15 g,
33%); Ry 0.65 [hexane/EtOAc (1.5:1)] 'H NMR (400 MHz, CDCl;) 6
(ppm) 1.10 (s, 9H), 1.18 (s, 3H), 1.48 (s, 3H), 3.79 (s, 2H), 3.97 (d,
1H, J = 10 Hz), 4.06 (d, 1H, J = 10 Hz), 4.61 (d, 1H, J = 2.8 Hz), 5.84
(dd, 1H, J = 2 Hz, 8 Hz), 7.39-7.47 (m, 6H), 7.64-7.71 (m, 5H), 9.23 (d,
1H, J = 4 Hz); *C NMR (100 MHz, CDCl;) & (ppm) 19.4, 26.6, 27.1,
27.4, 64.9, 73.8, 81.4, 85.8, 91.3, 114.2, 126.3, 126.6, 128.1, 128.2,
130.3, 130.4, 132.5, 135.8, 138.7, 141.0, 148.8, 156.9, 157.2; 9
NMR (376 MHz, CDCls) 6 (ppm) -167.1(s).

1-((3aR,6aS)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-5-
fluoropyrimidine-2,4(1H,3H)-dione (28B). Colourless liquid, (0.19 g,
41%); Ry 0.55 [hexane/EtOAc (1.5:1)]' H NMR (400 MHz, CDCl3) &
(ppm) 1.01 (s, 9H), 1.35 (s, 3H), 1.53 (s, 3H), 3.76 (q, 2H, J = 10.4 Hz),
4.19 (s, 1H), 4.89 (d, 1H, J = 0.8 Hz), 5.70 (s, 1H), 7.36-7.42 (m, 8H),
7.58-7.60 (m, 4H), 8.45 (d, 1H, J = 3.6 Hz); *C NMR (100 MHz, CDCl5)
6 (ppm) 19.3, 26.9, 27.1, 28.1, 28.3, 64.0, 88.0, 91.9, 95.2, 114.9,
123.8, 124.1, 128.2, 130.4, 132.4, 135.7, 135.9, 148.7, 156.7; g
NMR (376 MHz, CDCl;) & (ppm) -165.1(s); HRMS (ESI-TOF) m/z: [M +
Na]” calcd for C,gH;3FN,0SiNa 563.1990; found 563.1989.

1-((3aR,6aS)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-5-
(trifluoromethyl)pyrimidine-2,4(1H,3H)-dione  (29a). Colorless
liquid, (0.16 g, 32%); R 0.45 [hexane/EtOAc (2:1)]1 H NMR (400
MHz, CDCl;) 6 (ppm) 1.10 (s, 9H), 1.17 (s, 3H), 1.45 (s, 3H), 3.79 (s,
2H), 4.01 (d, 1H, J = 10 Hz), 4.10 (d, 1H, J = 10 Hz), 4.59 (d, 1H, J =
3.2 Hz), 5.89 (d, 1H, J = 2.8 Hz), 7.40-7.48 (m, 6H), 7.63-7.69 (m,
4H), 8.11 (d, 1H, J = 0.4 Hz) 8.25 (br s, 1H) BCNMR (100 MHz, CDCl3)
6 (ppm) 19.4, 26.6, 27.1, 64.8, 73.8, 81.2, 85.9, 91.5, 114.4, 128.2,
130.4, 130.5, 132.5, 135.8, 143.2, 148.8, 158.1; %F NMR (376 MHz,
CDCl;) & (ppm) -63.6(s); HRMS (ESI-TOF) m/z: [M + Na]” calcd for
Cy9H33F3N,06SiNa 613.1958; found 613.1957.

General procedure for synthesis of 30-32

To a solution of nucleoside derivatives (27-29) in THF was added
TBAF solution (1.3 equiv.) at 0 °C and the reaction was allowed to
stir at room temperature for 1 h. Solvent was removed, the residue
was dissolved in EtOAc and washed with water and the aqueous
layer was extracted using EtOAc dried and evaporated under
reduced pressure to give the crud desilylated products. To the crud
residue was added 3 N hydrochloric acid (8 ml) and the mixture
stirred at room temperature for overnight. The mixture was
neutralized with aqueous NH; solution, and then carefully
evaporated under reduced pressure. The mixture was subjected to
silica gel column chromatography (CH,Cl,/ MeOH) to afford the final
nucleoside derivatives 30-32 respectively.
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1-((3R,4R)-3,4-dihydroxy-4-(hydroxymethyl)tetrahydrofuran-2-
yl)pyrimidine-2,4(1H,3H)-dione (30ca). Colorless liquid, (0.05 g,
61%) R;0.5 [CH,Cl,/ MeOH (4:1)]; UV (MeOH) Ay, 260 nm; *H NMR
(400 MHz,CD50D) & (ppm) 3.58 (s, 2H), 3.91 (d, 1H, J = 9.6 Hz), 3.99
(d, 1H, J = 9.6 Hz) 4.31 (d, 1H, J = 6.0 Hz), 5.64 (d, 1H, J = 8 Hz), 6.11
(d, 1H, J = 6.0 Hz), 7.83 (d, 1H, J = 8.4 Hz); *C NMR (100 MHz,
CD;0D) & (ppm) 65.0, 72.6, 74.8, 79.9, 87.7, 101.1, 144.9, 152.7,
166.7; HRMS (ESI-TOF) m/z: [M + Na]" caled for CoHy,N,0¢Na
267.0593; found 267.0594.

1-((3R,4R)-3,4-dihydroxy-4-(hydroxymethyl)tetrahydrofuran-2-
yl)pyrimidine-2,4(1H,3H)-dione (30pB).Colorless solid, (0.04 g, 60%)
R¢0.45 [CH,Cl,/ MeOH (4:1)]; mp 193-195 'C; UV (MeOH) Ay, 261
nm; '"H NMR (400 MHz,CD;0D) 6 (ppm) 3.58 (g, 2H, J = 11.2 Hz),
3.88 (d, 1H, J = 10Hz), 4.31 (t, 2H, J = 9.6 Hz, 8 Hz), 5.75(d, 1H, /=8
Hz), 5.92 (d, 1H, J = 7.2 Hz), 7.66 (d, 1H, J = 8Hz); >C NMR (100 MHz,
CD;0D) & (ppm) 64.3, 72.6, 76.5, 79.7, 91.8, 103.4, 143.2, 152.8,
166.2; HRMS (ESI-TOF) m/z: [M + Na]’ caled for CoH; N,O¢Na
267.0593; found 267.0594.

1-((3R,4R)-3,4-dihydroxy-4-(hydroxymethyl)tetrahydrofuran-2-yl)-
5-fluoropyrimidine-2,4(1H,3H)-dione (31a). Colourless floppy solid,
(0.05 g, 57%) R;0.55 [CH,Cl,/ MeOH (4:1)]; UV (MeOH) Ay, 268 nm;
'H NMR (400 MHz, CD;0D) & (ppm) 3.57 (s, 2H), 3.89 (d, 1H,J=9.6
Hz), 4.01 (d, 1H, J = 9.6 Hz) 4.34 (d, 1H, J = 6.0 Hz), 6.10 (dd, 1H, J =
1.6 Hz, 6.4 Hz), 8.00 (d, 1H, J = 7.2 Hz); HRMS (ESI-TOF) m/z: [M +
Na]® calcd for CoHy; FN,O¢Na 285.0499; found 285.0500.

1-((3R,4R)-3,4-dihydroxy-4-(hydroxymethyl)tetrahydrofuran-2-yl)-
5-fluoropyrimidine-2,4(1H,3H)-dione (31B). Hygroscopic white
solid, (0.05 g, 63%) R¢0.5 [CH,Cl,/ MeOH (4:1)]; UV (MeOH) A,y 268
nm; 'H NMR (400 MHz,CD;0D) & (ppm) 3.56 (q, 2H, J = 11.2 Hz),
3.87 (d, 1H, J = 9.6 Hz), 4.21 (d, 1H, J = 7.2 Hz), 4.31(d, 1H, J= 9.6
Hz), 5.93 (dd, 1H, J= 1.2 Hz, 7.6 Hz), 7.88 (d, 1H, J = 6.8 Hz) BCNMR
(100 MHz, CD;0D) & (ppm) 64.3, 75.7, 76.4, 79.6, 91.5, 126.5, 126.9,
145.5; HRMS (ESI-TOF) m/z: [M + Na]® calcd for CyHy;FN,O¢ Na
285.0499; found 285.0500.

1-((3R,4R)-3,4-dihydroxy-4-(hydroxymethyl)tetrahydrofuran-2-yl)-
5 (trifluoromethyl)pyrimidine-2,4(1H,3H)-dione (32). Colourless
thick liquid, (0.03 g, 56%) Ry 0.5 [CH,Cl,/ MeOH (5:1)]; UV (MeOH)
Amax 261 nm; *H NMR (400 MHz, DMSO-dg) & (ppm) 3.85 (q, 2H, J =
9.6 Hz), 4.28 (t, 1H, J = 6.0 Hz), 5.02 (br s, 1 H), 5.11 (s, H), 5.72 (d,
1H, J = 6 Hz), 6.06 (d, 1H, J = 6.4 Hz), 8.44 ( s, 1H); B¢ NMR (100
MHz, DMSO-d¢) & (ppm) 62.3, 70.2, 73.6, 78.1, 85.3, 101.5(q),
115.7, 144.9, 149.9,159.0;HRMS (ESI-TOF) m/z: [M + Na]+ calcd for
CyoH11FsN,06 Na 335.0467; found 335.0464.

4-amino-1-((3R,4R)-3,4-dihydroxy-4-
(hydroxymethyl)tetrahydrofuran-2-yl)pyrimidin-2(1H)-one  (35).
Compound 30a (0.17 g, 0.7 mmol) was dissolved in pyridine (10 ml)
followed by dropwise addition of acetic anhydride (5 ml, excess)
and the mixture was stirred at room temperature for overnight
under N, atmosphere. The mixture was quenched by saturated
sodium bicarbonate solution and extracted with ethyl acetate. The
organic layer was dried over NaSO,, filtered, and evaporated. The
residue was purified with silica gel column chromatography
[hexane:EtOAc, (2:8)] to give the triacetate 33 as a thick liquid.

To a suspension of 1,2,4-triazole (0.4 g, 5.8 mmol) in anhydrous
CH;CN (20 ml) was added POCI; (0.6 ml) slowly at 0 C and the
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mixture was stirred at room temperature for 5 min. Etz;N (1.35 ml)
and a solution of the triacetate 33 in CH;CN (10 ml) was added to
the above mixture slowly at 0 'C and the mixture was stirred at rt
for 24 h. After completion of reaction, more Et;N (3.5 ml) was
added followed by quenching with addition of little amount of
water and the mixture was stirred for 10 min. After the mixture was
evaporated, the residue was used for the next step without further
purification. The triazole derivative was dissolved in dioxane (10 ml)
and excess aqueous ammonia (10 ml) and the mixture was stirred
at rt for 15 h in a closed condition. After completion of reaction, the
mixture was evaporated. The residue was dissolved in methanolic
ammonia (10 ml) and the mixture was stirred at room temperature
for another overnight. The solvent was evaporated and the residue
was purified by silica gel column chromatography [CH,Cl,: MeOH,
(8:2)] to give the thick liquid, which was triturated to give 35 (0.086
g, 50 %) as a white solid: R;0.5 [CH,Cl,/ MeOH (2:1)]; mp 206-208
C; UV (MeOH) Apay 274 nm; ‘H NMR (400 MHz,CD;0D) & (ppm)
3.60 (s, 2H), 3.94 (d, 1H, J=9.6 Hz), 4.02 (d, 1H, J = 9.6 Hz) 4.32 (d,
1H, J = 5.6 Hz), 5.95 (d, 1H, J = 7.2 Hz), 6.14 (d, 1H, J = 5.6 Hz), 7.87
(d, 1H, J = 7.6Hz); *C NMR (100 MHz, CD30D) 6 (ppm) 65.0, 72.6,
74.9, 80.1, 88.6, 145.9 ; HRMS (ESI-TOF) m/z: [M + Na]" calcd for
CyH13N305266.0753 found 266.0757.

(3a$,6aS)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxole-4-carbaldehyde (26).To
an ice-cooled (0 aC) solution of 8 (1 g, 2.12 mmol) in ethyl acetate
(25 ml) was added Pb(OAc), (1.12 g, 12.3 mmol) and the reaction
mixture was stirred for 10 min at same temperature. The reaction
mixture was filtered, the filtrate was diluted with EtOAc (30 ml),
and the organic layer was washed with saturated aqueous NaHCO;
solution (2 x 50 ml), dried over anhydrous NaSO,, and evaporated.
The residue was purified by silica gel flash column chromatography
(hexane/ethyl acetate, 9:1) to give the aldehyde 26 (0.81 g, 87%) as
a colourless liquid: Ry 0.55 [hexanes/EtOAc (2:1)]; IR (film, viay in
cm™) 2987, 2934, 2860, 1727, 1467, 1428, 1376, 1247, 1214;'H
NMR (400 MHz, CDCl;) 6 (ppm) 1.03 (s, 9H), 1.33 (s, 3H), 1.51 (s,
3H), 3.63 (d, 1H, J = 10.4 Hz), 3.71(d, 1H, J = 10.4 Hz), 3.98 (d, 1H, J
=10 Hz), 4.05 (d, 1H, J = 10.4 Hz), 4.46 (s, 1H), 4.89 (d, 1H, J = 0.8
Hz), 7.37-7.44 (m, 7H), 7.61-7.64 (m, 3H); *C NMR (100 MHz, CDCl3)
& (ppm) 19.3, 27.0, 27.1, 27.8, 28.0, 64.6, 75.8, 84.0, 90.1, 92.6,
114.2,128.0,130.2, 132.7,132.8, 135.8, 135.7, 201.2.

((3as,6a8)-6a-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methanol (36). To a
stirred solution of aldehyde 26 (0.8 g, 1.81mmol) in MeOH (15 ml)
was carefully added sodium borohydride (0.137 g, 3.62 mmol) in
several portions at 0 °C, and the reaction mixture was stirred for 1 h
at room temperature and neutralized with glacial AcOH. After the
removal of the solvent, the mixture was partitioned between EtOAc
(60 ml) and brine (50 ml). The organic layer was dried over
anhydrous Na,SO,, filtered, and evaporated. The resulting residue
was  purified by silica gel column  chromatography
[hexane/ethylacetate, (3.5:1)] to give 36 as colourless liquid (0.74 g,
92%): Ry 0.5 [hexane/EtOAc (2:1)]; IR (film, Vi in cm™) 3458, 2986,
2934, 2861, 1468, 1428, 1375, 1247, 1214, '"H NMR (400 MHz,
CDCl3) 8 (ppm) 1.07 (s, 9H), 1.37 (s, 3H), 1.53 (s, 3H), 3.62 (d, 2H, J =
5.6 Hz), 3.68 (d, 1H, J = 10 Hz), 3.96 (d, 1H, J = 10Hz), 4.15 (dt, 1H, J
=2 Hz, 5.6 Hz), 4.49 (d, 1H, J = 2 Hz), 7.36-7.45 (m, 6H), 7.66-7.69
(m, 4H); *C NMR (100 MHz, CDCl5) & (ppm) 19.4, 27.0, 28.0, 28.2,
61.8, 65.0, 74.5, 84.0, 86.1, 93.0, 114.2, 128.0, 130.1, 132.9, 135.8,
135.9; HRMS (ESI-TOF) m/z: [M + Na]® calcd for C,sH3,0sSiNa
465.2073; found 465.2073.
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3-benzoyl-1-(((6aR)-6a-(hydroxymethyl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)pyrimidine-
2,4(1H,3H)-dione (38). A solution of DIAD (0.8 ml, 4.06 mmol) in dry
THF (10 ml) was added slowly to the suspension of 36 (0.8 g, 1.8
mmol), PPh; (1.12 g, 4.27 mmol), and N - benzoyluracil (0.72 g, 3.3
mmol) in anhydrous THF (8 ml) at 0 °C and the reaction mixture was
stirred at the same temperature for 30 min and then at room
temperature for 16 h. The solvent was removed under the reduced
pressure, and the residue was purified by silica gel column
chromatography [(hexane: EtOAc, (4:1)] to afford 37 (0.91 g) as
yellowish liquid. To the compound 37 in THF was added TBAF
solution (2.1 ml, 1M in THF) at 0 °C and the reaction was allowed to
stir at room temperature for 1 h. Solvent was removed, the residue
was purified by silica gel column chromatography [(hexane: EtOAc,
(1:1)] to give 38 (0.45 g, 62% for two steps) as colourless liquid: R¢
0.55 (EtOAc); "H NMR (400 MHz, CDCl3) & (ppm) 1.40 (s, 3H), 1.53 (s,
3H), 2.09 (s, 1H), 3.66 (d, 1H, J = 11.6 Hz), 3.78 (d, 1H, J = 11.6 Hz),
3.85-3.93 (m, 4H), 4.34-4.37 (m, 1H), 4.49 (d, 1H, J = 1.6 Hz), 5.83
(d, 1H, J=8.0 Hz), 7.30 (d, 1H, J = 8 Hz), 7.51 (t, 2H, J = 7.6 Hz), 7.65-
7.69 (m, 1H), 7.95 (dd, 2H, J = 0.8 Hz, 8 Hz); *C NMR (100 MHz,
CDCl3) & (ppm) 19.8, 35.6, 46.5, 55.5, 56.7, 64.5, 74.5, 86.3, 101.3,
107.4, 116.7, 122.3, 134.4, 140.8.

1-(((4R)-3,4-dihydroxy-4-(hydroxymethyl)tetrahydrofuran-2-
yl)methyl)pyrimidine-2,4(1H,3H)-dione (39). The compound 38
(0.23 g, 0.57 mmol) in saturated methanoilc ammonia (7 ml) was
stirred at room temperature for 4 h. The solvent was evaporated
and the residue was purified by silica gel column chromatography
[(hexane/EtOAc, (3:7)] to give the debenzoylated compound (0.16
g) as a thick liquid. To the debenzoylated compound was added 3 N
hydrochloric acid (10 ml) and the mixture stirred at room
temperature for overnight. The mixture was neutralized with
aqueous NH;3 solution, and then carefully evaporated under
reduced pressure. The residue was subjected to silica gel column
chromatography [(CH,Cl,: MeOH, (7:1)] to afford the final
nucleoside derivative 39 (0.085 g, 58%) as floppy solid: R; 0.5
[(CH,Cl,: MeOH, (2:1)]; "H NMR (400 MHz, DMSO-dg) & (ppm) 3.23-
3.30 (m, 2H), 3.50 (d, 1H, J = 9.6 Hz), 3.62 (q, 2H, J = 8.0.Hz), 3.78
(dt, 1H, J = 3.2 Hz, 8.0 Hz), 3.87( d, 1H, J = 9.2 Hz), 4.04( dd, 1H, J =
3.2 Hz, 14 Hz), 451 (s, 1H), 4.87 (t, 1H, J= 5.6 Hz), 5.04 (d, 1H, J =
6.8Hz), 5.50(d, 1H, J = 8.0 Hz), 7.39 (br s, 2H), 7.53 (d, 1H, J = 8.0
Hz), *C NMR (100 MHz, DMSO- dg) & (ppm) 49.6, 62.5, 72.9, 73.9,
78.4,78.9,79.5, 100.3, 146.5, 150.9, 163.7; HRMS (ESI-TOF) m/z: [M
+Na)]" caled for C;oH14N,0SiNa 281.0750 found 281.0750.

Effect of the compounds (30a, 318, 35, 39) in growth of breast
cancer cell line

The in vitro cytotoxic effects of the compounds were measured in
human breast cancer cell line MCF7 using standard 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
Cells were cultured in DMEM media containing 10% fetal bovine
serum according to the American Type Culture Collection
instructions. Cells were maintained at 37 C and 5% CO;, in a
humidified incubator. MCF7 cells (5x103/per well of 96 well plate)
were seeded one day prior and then were treated with these
compounds (0-100 puM) for 48 hours. DMSO (0.05% v/v) treated
cells were considered as a control. At the end of incubation, 850 uM
of MTT was added in each well and incubated further for 4 hours in
the CO, incubator. Then, MTT containing medium was replaced
with 150 pl of MTT solvent (4 mM HCI, 0.1% NP-40 in isopropanol)
and further incubated for 15 minutes at room temperature. Finally

8| J. Name., 2012, 00, 1-3

the absorbance at 595 nm were measured in Elisa plate reader
(Thermo Fisher Multiskan 80). The data were acquired from three
independent cell passages and the ICs, values were calculated from
the plot of cell viability vs concentration of complexes.
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