
Total Synthesis of a Thymidine 2-Deoxypolyoxin C Analogue

Cécile Dehoux, Evelyne Fontaine, Jean-Marc Escudier, Michel Baltas,* and
Liliane Gorrichon*
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The synthesis of the thymidine 2-deoxypolyoxin C analogue 10 from a noncarbohydrate precursor
was achieved in 10 steps and 9% yield starting from a chiral γ,δ-epoxy-â-hydroxy ester 11 readily
available from cis-2-butene-1,4-diol. The main steps concern the stereo- and regioselective opening
of the epoxide ring by an azide anion, the stereoselective introduction of the thymine base, and the
transformation of the primary alcohol to the acid functionality of the final product. Two other
approaches have also been investigated.

Chitin (1), the â-1f4-linked polymer of N-acetylglu-
cosamine (GlcNAc), is one of the most common polysac-
charides and one of the major structural components of
the cell wall of most fungi.1 The enzyme chitin synthase
(EC 2.4.1.16)2 catalyses the production of this linear
macromolecule by polymerization of GlcNAc from the
activated precursor UDP-GlcNAc.

Chitin is not found in green plants or vertebrates,3 so
that chitin synthase and the cellular mechanisms that
regulate the activity of this enzyme can be considered
excellent targets for pharmaceutical and agricultural
pathogen management. Polyoxins form an important
class of peptidyl nucleosides isolated from the culture
broths of Streptomyces cacaoi var. asoensis4 and were
found to be potent inhibitors of chitin synthase.5 Poly-
oxin D is used as an agricultural antifungal agent to treat
rice sheath blight and pear black spot.6
Since the sugar component of the molecule is common

to all members of the polyoxins as well as to related
classes of compounds (nikkomycins),7 the development

of a general synthetic route to these N-glycosides and
their analogues is a matter of considerable significance.
These important amino acid nucleosides have been

obtained either by degradation of natural polyoxins8 or
by a variety of synthetic approaches. All but one of the
synthetic strategies developed have employed existing
optically active natural products especially carbohy-
drates,9 nucleosides10, and cyclitols.11 Vogel et al.12
reported the first total asymmetric synthesis of the
deoxypolyoxin C compound without using a starting
material from the chiral pool; the synthesis (eq 1) begins
with a Diels-Alder condensation of furan and 1-cyanovi-
nyl (1S′)-camphanate. The chiral auxiliary is recovered
during the third step of the reported synthesis.
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We now report an efficient de novo synthesis of theN-t-
Boc-2-deoxydeoxypolyoxin C derivative 10 by a strategy
(eq 2) that allows stereocontrolled construction of all
three contiguous asymmetric centers.

The methodology developed here is based on three key
reactions, i.e., (a) the Sharpless asymmetric epoxidation
of an allylic alcohol, (b) the stereocontrolled addition of
a lithium ester enolate to a optically active R,â-epoxy
aldehyde, and (c) the stereo- and regioselective opening
of an epoxide ring. The usefulness of this method, which
we have partly described for the synthesis of optically
active butyrolactones,13 modified nucleosides,14 or that
of the 2-deoxy-D-arabinoheptulosonic acid derivative,15
resides in its high versatility concerning the choice of the
absolute configuration of the stereocenters. In fact, the
C3, C4, and C5 carbon centers of the epoxy esters can be
controlled by (a) the aldolisation reaction (C3), (b) the
epoxidation reaction and the ring opening of the epoxide
(C4), and (c) the nature of the starting allylic alcohol, the
epoxidation reaction, and the ring opening of the epoxide
(C5).
Compound 10 was synthesized according to Scheme 1.

Synthesis of (3S,4S,5S)-tert-butyl 6-[(tert-butyldiphenyl-
silyl)oxy]-4,5-epoxy-3-hydroxyhexanoate (11) was achieved
as described previously by us.16 Compound 11 was
obtained in six steps starting from cis-2-butene-1,4-diol
(total yield 34%) as the major adduct of the aldol
condensation between the (2R,3S)-4-[(tert-butyldiphenyl-
silyl)oxy]-2,3-epoxybutan-1-al and the lithium enolate of
tert-butyl acetate.
The regio- and stereospecific introduction of the azido

functionality can be achieved in this step by nucleophilic
oxirane ring cleavage. During the past decade, two main
methods have been applied for the ring opening of
epoxides, i.e., under nonchelating and chelating condi-
tions. Results obtained by many groups, especially
Sharpless,17 Sinou,18 or Flippin et al.,19 showed a C3

selectivity in the ring opening of 2,3-epoxy-1-alkanol
derivatives under both procedures, with an increase in
regioselectivity in the presence of metal ions Li+, Mg2+,
Zn2+, or Ti(IV). Under chelating controlled conditions,
the presence of electron-withdrawing groups at the C3
position of the epoxy alcohol dramatically decreases the
C3 selectivity.20 In all cases, introduction of the azido
group takes place with inversion of configuration at the
carbon center. In our hands, when the anti aldol adduct
11 was allowed to react with Ti(O-i-Pr)2(N3)2 complex
formed according to the procedure published by Chouk-
roun and Gervais,21 in dry benzene at 70 °C, a great
number of degradation products were obtained. The
major one (20% yield) has been identified as the isopropyl
5-azido-3,4-dihydroxy-6-[(tert-butyldiphenylsilyl)oxy]hex-
anoate arising from a C5 ring opening of the epoxide ring
and a trans esterification reaction. When compound 11
reacted under nonchelating conditions in the presence
of 5 equiv of sodium azide and 2.5 equiv of NH4Cl in
MeOH/H2O (8/1), four compounds were identified (59%
total yield). Compounds 12, 13a, and 13b arise from a
C5 ring opening of the epoxide, while compound 14 is
obtained by a nucleophilic attack at C4 of the oxirane
ring. The observed regioselectivity of the reaction is 94/6
in favor of the C5 ring opening of the epoxide. The tert-
butyl and methyl esters 13a and 13b were quantitatively
transformed in the presence of trifluoroacetic acid to the
single azido lactone 12, which is one of our key chiral
synthons in the synthetic strategy. The same reaction
was also effected with an inseparable mixture of tert-
butyl esters 13a and 14, leading quantitatively to the
furanoazidolactone 12 and the pyranoazidolactone 15,
respectively.
Reduction of the azido lactone 12 with a 1 M hexane

solution of diisobutyl aluminum hydride at -78 °C
followed by acetylation (Ac2O/pyridine) led to a mixture
of the corresponding diacetyl R- and â-furanosides 17 in
95% yield (for the two steps) and an R/â ratio of 40/60.
Glycosidation of 2,4-bis[(trimethylsilyl)oxy]-5-methylpy-
rimidine with 17 under the conditions developed by
Vorbrüggen and co-workers22 gave a mixture of the
expected nucleosides 18 (76% yield) in a 20/80 R/â ratio.
It is noteworthy that although there is no control by a
C2-protected hydroxy group of the sugar moiety, the
synthesis of the nucleoside proceeds with fairly good
stereoselectivity. At this stage of synthesis, the two
5-azido-2,5-dideoxynucleoside anomers can be separated
by silica gel column chromatography.
Catalytic hydrogenolysis of the azide function (Pd/C,

EtOH, H2O) of a mixture of R,â-anomers afforded the
amino compound 19 in 80% yield. The two anomers were
also obtained in 80% yield (R/â ratio 20/80) when using
the PPh3/THF, H2O reaction conditions. The 5-amino-
2,5-dideoxynucleoside was converted into the Boc-pro-
tected derivative 20, which was then treated with 8 equiv
of HF/pyridine complex in THF/pyridine to afford the
monoalcohol 21 in 80% yield (two steps). The R,â-
anomers can be also readily separated by silica gel
column chromatography. The final two steps were car-
ried out under conditions different from those described
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previously by Guillerm10 and Ohrui.9 In fact, in our case,
we found better results when converting the primary
hydroxy function into the acid through a two-step pro-
cedure. Selective oxidation of the alcohol to the corre-
sponding aldehyde via the Doering procedure23 and then
oxidation of the crude product through a modified method
developed by Dalcanale and Montanori.24 By using
sodium chlorite and 2-methyl-2-butene as HOCl scaven-
ger,25 the pure â anomer 10 was obtained in 40% yield
after HPLC purification.
To improve the overall yield of our total synthesis we

explored two other routes, starting from the major aldol
adduct (anti) generated from an optically active cis R,â-
epoxy alcohol. The advantage over the previously de-
scribed method relies on two points: (a) the optically
active cis R,â-epoxy alcohol can be obtained from cis-2-
butene-1,4-diol in two steps instead of four for the trans
isomer, and (b) during the aldolization reaction with
lithium ester enolates the major anti aldol adduct can
be obtained in better yields when using a cis-R,â-epoxy
aldehyde. In fact, as we have already described,16 in the
case of cis-R,â-epoxy aldehyde, we obtain in 85% yield
the aldol adducts with a diastereoisomeric ratio of 94/6
in favor of the anti compound, while for trans-R,â-epoxy
aldehydes and under any of the experimental conditions
we tried the diastereoisomeric ratio is always anti/syn
75/25. The following two routes were thus investigated:

(a) (3S,4S,5R)-Methyl 6-[(p-Bromobenzyl)oxy]-4,5-epoxy-
3-hydroxyhexanoate (22) was silylated (t-BuPh2SiCl,
imidazole, DMF), leading to the fully protected compound
23 (Scheme 2). Catalytical hydrogenolysis gave a single
product in 85% yield that has been identified as the
bromohydroxy lactone 24. Apparently, cleavage of the
4-bromobenzyl protective group leads to the simultaneous
formation of hydrogen bromide that opens the oxirane
ring in a stereo- and regiospecific manner to give a bromo
derivative that lactonizes readily under the reaction
conditions leading to compound 24. Protection of the
primary hydroxy group (t-BuMe2SiCl, pyridine) and
reduction of the carbonyl function with a 1 M hexane
solution of diisobutyl aluminum hydride at -78 °C
followed by acetylation (Ac2O/pyridine) led to a mixture
of acetyl R- and â-furanosides 26 in 50% yield (three
steps). Glycosidation of compound 26 via the Vorbrüggen
methodology and simultaneous cleavage of the t-BuMe2-
Si protective group led to an easily separable mixture of
5′-bromo-6′-hydroxy nucleoside anomers 27 (R/â ratio 24/
76). After protection of the primary hydroxy function,
compound 28 was allowed to react with sodium azide (1.3
equiv) in DMF (60 °C, 12 h), yielding a mixture of
deprotected and protected talofuranoside 29, 32, and
dehydrohalogenated compounds 30 and 31. When com-
pound 28 (5′S configuration) was heated in DMF in the
presence of DBU, the dehydrohalogenated compound 31
was obtained in 70% yield, which upon deprotection
(APTS, MeOH) led to compound 30. During this reaction
we did not observe the 2,5′-O-cyclonucleoside 33. An
analogous cyclonucleoside was obtained by Guillerm10
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Scheme 1a

a Key: (a) 5 equiv of NaN3, 2.5 equiv of NH4Cl, MeOH/H2O 8/1, reflux 48 h; (b) TFA, 5 min; (c) 1.3 equiv of DibaH, PhCH3; (d) 8 equiv
of Ac2O, pyridine; (e) silylated thymine, 1.2 equiv of CF3SO3SiMe3, ClCH2CH2Cl/CH3CN 1/1, 0 °C; (f) H2, Pd/C 10%, EtOH/H2O 9/1, 16 h;
(g) 1.5 equiv of Boc2O, CH2Cl2, 5 h; (h) 8 equiv of HF/Pyr, THF/Pyr; (i) 5 equiv of Pyr-SO3, 5 equiv of Et3N, DMSO, CH2Cl2; (j) 3 equiv of
NaClO2, 6 equiv isoamylene, 1 equiv of K2HPO4, THF, H2O.
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when treating a (5′R)-mesylated nucleoside analogue
under the same experimental conditions.
On the other hand, Vogel et al.,12 when treating a (5′R)-

bromo-6′-carboxylic nucleoside analogue with sodium
azide in DMF, obtained a mixture of allo- and talo-azido
furanosides (allo:talo ratio 1:2). They do not observe the
corresponding 2,5′-O-cyclonucleoside, but they interpret
the epimerization at the C5′ position in terms of concur-
rent participation by the nucleophilic nucleoside22,26 to
the displacement by an azide anion.
It seems likely that in our case we also have nucleo-

philic participation of the nucleoside, but the C5′-epimeric
2,5′-O-cyclonucleoside 33 is transformed by proton ab-
straction to the ethylenic compound 30 (or 31).
(b) (3S,4S,5R)-Methyl 6-[(tert-butyldiphenylsilyl)oxy]-

4,5-epoxy-3-hydroxyhexanoate (34) was treated with
magnesium iodide in a toluene ether solution (-78 °C,
19 h) leading in 91% yield to the single product of reaction
35 issued from a C5 ring opening of the epoxide ring
(Scheme 3). The iodo diol ester was then disilylated
(HMDS, Me3SiCl, pyridine) in 86% yield, and compound
36 was allowed to react with sodium azide in DMF (60

°C, 20 h). The azido lactone 12 was obtained in 67%
yield; this important synthon can, therefore, now be
obtained in seven steps and 30% yield starting from the
cis-2-butene-1,4-diol, instead of eight steps and 20% yield
with the previous methodology. It can then be trans-
formed according to the same synthetic strategy de-
scribed previously (Scheme 1) to the corresponding
compound 10.

Conclusion
The synthesis of the 2-deoxypolyoxin C analogue 10

was achieved in 9% (or 8%) total yield starting from epoxy
hydroxy ester 11 (or 34). The yield (5.5%) from the
noncarbohydrate compound cis-2-butene-1,4-diol com-
pares with that of polyoxin C obtained by two groups9f,27
(4.4 and 5.6%, respectively) starting from D-ribose. Dif-
ferently 2-substituted polyoxins can also be envisioned
depending on the enolates retained in the aldolization
step.

Experimental Section
Commercially available reagents were used as supplied. All

solvents were distilled prior to use. Products were purified

(26) Moffatt, J. G. Nato Adv. Study Inst. Ser. 1979, A26, 71. (27) Barrett, A. G. M.; Lebold, S. A. J. Org. Chem. 1990, 55, 3853.

Scheme 2a

a Key: (a) 1 equiv of t-BuPh2SiCl, 6 equiv of imidazole, DMF; (b) H2, Pd/C 10%, EtOH; (c) 1.5 equiv of t-BuMe2SiCl pyridine; (d) 1.3
equiv of DibaH, PhCH3, -78 °C; (e) 8 equiv of Ac2O, pyridine; (f) 1.2 equiv of CF3SO3SiMe3 silylated thymine, ClCH2CH2Cl/CH3CN 1/1;
(g) 1.3 equiv of NaN3, DMF; (h) 1.5 equiv of DBU, DMF, reflux, 12 h.

Scheme 3a

a Key: (a) 1 equiv of MgI2, PhCH3, -78 °C, 19 h; (b) 2 equiv of HMDS, 2 equiv Me3SiCl, pyridine, 10 h; c 5 equiv of NaN3, 60 °C, DMF,
20 h.
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by medium-pressure liquid chromatography. NMR spectra
were recorded at 250 MHz for 1H and 62.9 MHz for 13C using
CDCl3 solutions with internal tetramethylsilane as reference
unless otherwise noted. Optical rotations were recorded on a
digital polarimeter at 589 nm. Mass spectra were obtained
at the inhouse facility of the Institute of Molecular Chemistry,
while elemental analyses were performed by analytical ser-
vices at the Ecole Nationale Supérieure de Chimie de Toulouse.
Compound (3S,4S,5S)-tert-butyl 6-[(tert-butyldiphenylsilyl)oxy]-
4,5-epoxy-3-hydroxyhexanoate and their precursors have been
previously reported.16
Ring Opening of the Epoxide 11 by Sodium Azide. To

a solution of (3S,4S,5S)-tert-butyl 6-[(tert-butyldiphenylsi-
lyl)oxy]-4,5-epoxy-3-hydroxyhexanoate (11) (0.61 g, 1.35 mmol)
in MeOH/H2O (8/1 vol, 10 mL) were added ammonium chloride
(0.18 g, 2.5 equiv) and sodium azide (0.439 g, 5 equiv). The
mixture was stirred under reflux for 24 h, and then MeOH
was evaporated. The residue was dissolved in ether, dried over
MgSO4, and filtered and solvent evaporated. The crude
product was purified by silica gel column chromatography
(eluent CCl4/CH3CN 9/1) to yield pure azido lactone 12 (72.5
mg) and tert-butyl ester 13a (91 mg) along with inseparable
mixtures of azidolactone and methyl ester 13b (98 mg) and
tert-butyl esters 13a and 14 (105 mg). Compound 13a and
both mixtures were treated separately with trifluoroacetic acid
(2 mL) for 5 min under stirring. Compound 13a and the
mixture containing methyl ester 13b, after evaporation of
excess trifluoroacetic acid, gave quantitatively the azido lac-
tone 12 (76.5 and 85 mg, respectively). The crude product
obtained from starting compounds 13a and 14 gave after
purification by silica gel column chromatography (eluent CH2-
Cl2/CH3CN 9.5/0.5) furanoazido lactone 12 (93.5 mg) and
pyranoazido lactone 15 (11.5 mg): total yield for azido lactone
12 (327.5 mg, 57%) and pyranoazido lactone 15 (11.5 mg, 2%).
(3S,4R,5R)-tert-Butyl [5-azido-6-[(tert-butyldiphenyl-

silyl)oxy]-3,4-dihydroxyhexanoate (13a): Rf ) 0.26 (eluent
CCl4/CH3CN 9/1); [R]D -21.8° (c 1.16, CHCl3); IR (film) ν cm-1

3474 (OH), 3073, 3038 (CH arom), 2934, 2861 (CH), 2103 (N3),
1710 (CdO), 1258 (CO), 1154 (CO + SiC), 1110 (SiO); 1H NMR
(250 MHz, CDCl3) δ 7.73-7.69 (m, 4H), 7.46-7.39 (m, 6H),
4.04 and 3.97 (AB part of an ABX system, 2H, J ) 3.2, 6.1,
10.9 Hz), 4.00 (m, 1H), 3.74 (m, 1H), 3.66 (d, 1H, J ) 3.65
Hz), 3.58 (ddd, 1H, J ) 3.2, 6.1, 6.0 Hz), 2.88 (d, 1H, J ) 4.83
Hz), 2.60 and 2.48 (AB part of an ABX system, 2H, J ) 2.9,
9.3, 16.8 Hz), 1.48 (s, 9 H), 1.09 (s, 9H); 13C NMR (62.9 MHz,
CDCl3) δ 172.9, 135.7, 135.6, 132.7, 132.6, 130.0, 127.9, 81.8,
73.1, 68.6, 64.4, 63.2, 37.2, 28.1, 26.8, 19.1; MS (DCI, NH3)
517 (66.57, M + 18), 500 (100, M + 1). Anal. Calcd for
C26H37N3O5Si: C, 62.50; H, 7.46; N, 8.41. Found: C, 62.99;
H, 7.52; N, 7.88.
(4S,5R,1′R)-5-[1′-Azido-2′-[(tert-butyldiphenylsilyl)oxy]-

ethyl]-4-hydroxy-2-oxo-1-oxacyclopentane (12): Rf ) 0.14
(eluent CCl4/CH3CN 9/1); [R]D -11.0° (c 1.6, CHCl3); IR (film)
ν cm-1 3452 (OH), 3073, 3037 (CH arom), 2935, 2861 (CH),
2108 (N3), 1787 (CdO), 1269 (CO), 1188 (CO + SiC), 1111
(SiO); 1H NMR (250 MHz, CDCl3) δ 7.71-7.66 (m, 4H), 7.48-
7.42 (m, 6H), 4.52 (ddd, 1H, J ) 3.7, 7.5, 4.9 Hz), 4.39 (dd,
1H, J ) 3.7, 5.1 Hz), 3.86 and 3.91 (AB part of an ABX system,
2H, J ) 4.8, 5.5, 10.8 Hz), 3.74 (ddd, 1H, J ) 5.1, 4., 5.5 Hz),
2.90 and 2.52 (AB part of an ABX system, 2H, J ) 4.9, 7.6,
18.0 Hz), 2.73 (br.s., 1H), 1.09 (s, 9H); 13C NMR (62.9 MHz,
CDCl3) δ 174.0, 135.6, 135.5, 132.3, 132.2, 130.2, 128.0, 85.0,
68.3, 63.9, 63.7, 37.4, 26.8, 19.2; MS (DCI, NH3) 443 (100, M
+ 18), 400 (4.93), 274 (13.19). Anal. Calcd for C22H27N3O4Si:
C, 62.09; H, 6.40; N, 9.87. Found: C, 62.52; H, 6.93; N, 8.95.
(4S,5R,6R)-5-Azido-6-[[(tert-butyldiphenylsilyl)oxy]-

methyl]-4-hydroxy-2-oxacyclohexane (15): Rf ) 0.32 (elu-
ent CH2Cl2/CH3CN 9.5/0.5); [R]D -18.1° (c 0.74, CHCl3); IR
(film) ν cm-1 3439 (OH), 3073 (CH arom), 2934, 2860 (CH),
2114 (N3), 1733 (CdO), 1249 (CO), 1150 (CO + SiC), 1110
(SiO); 1H NMR (250 MHz, CDCl3) δ 7.72-7.67 (m, 4H), 7.47-
7.38 (m, 6H), 3.93 (m, 5H), 3.04 and 2.64 (AB part of an ABX
system, 2H, J ) 5.1, 9.2, 17.7 Hz), 2.81 (m, 1H), 1.08 (s, 9H);
13C NMR (62.9 MHz, CDCl3) δ 168.1, 135.8, 135.6, 132.6, 132.1,
130.1, 127.9, 79.3, 67.6, 62.5, 61.6, 37.3, 26.8, 19.3; MS (DCI,

NH3) 443 (100, M + 18). Anal. Calcd for C22H27N3O4Si: C,
62.09; H, 6.40; N, 9.87. Found: C, 62.41; H, 6.84; N, 9.05.
(4S,5R,1′R)-5-[1′-Azido-2′-[(tert-butyldiphenylsilyl)oxy]-

ethyl]-2,4-dihydroxy-1-oxacyclopentane (16). To a solu-
tion of diisobutylaluminum hydride (1 M in hexane, 0.77 mL)
was added dropwise under N2 and at -78 °C a solution of
azidolactone 12 (0.250, 0.59 mmol) in toluene (2 mL). The
reaction mixture was stirred for 15 min and then hydrolyzed
with a 0.25 N aqueous HCl solution (3 mL) and diluted with
ether (8 mL). After 1 h of stirring, the aqueous phase was
extracted with ether; the organic phases were washed with
H2O and then dried over MgSO4 and evaporated. The crude
product was purified by silica gel column chromatography
(eluent petroleum ether/Et2O/EtOAc 1/1.2/0.3), yielding com-
pound 16 (0.245 g, 97% yield) as a mixture of anomers (R: â
27:73): Rf ) 0.33; [R]D +8.0° (c 1.2, CHCl3); IR (film) ν cm-1

3408 (OH), 3073 (CH arom.), 2935, 2861 (CH), 2103 (N3), 1272
(CO), 1110 (CO + SiO); 1H NMR (250 MHz, CDCl3) δ 7.71-
7.67 (m, 8H), 7.44-7.41 (m, 12H), 5.49 (m, 2H), 4.61 (m, 1H),
4.28 (m, 1H), 4.13 (dd, 1H, J ) 1.8, 6.1 Hz), 3.84 (m, 4H), 3.87
and 3.77 (AB part of an ABX system, 2H, J ) 7.4, 4.2, 10.7
Hz), 3.46 (m, 1H, J ) 7.4, 4.2, 6.7, 1.2 Hz), 3.30 (m, 1H), 2.72
(m, 2H), 2.43 (m, 1H), 2.13 (m, 4H), 1.09 (s, 18H); 13C NMR
(62.9 MHz, CDCl3) δ 135.8, 135.6, 132.8, 132.7, 130.0, 127.9,
99.2, 98.7, 86.0, 84.6, 72.8, 72.4, 65.7, 64.8, 64.7, 64.4, 41.8,
41.4, 26.8, 19.2; MS (DCI, NH3) 445 (100, M + 18), 428 (9.71,
M + 1), 427 (28.94, M). Anal. Calcd for C22H29N3O4Si: C,
61.80; H, 6.84; N, 9.83. Found: C, 61.42; H, 6.94; N, 9.54.
(4S,5R,1′R)-5-[1′-Azido-2′-[(tert-butyldiphenylsilyl)oxy]-

ethyl]-2,4-diacetoxy-1-oxacyclopentane (17). To a solution
of 16 (0.138 g, 0.32 mmol) in pyridine (0.5 mL) was added
acetic anhydride (0.24 mL, 2.56 mmol). The reaction mixture
was stirred at room temperature for 12 h. The pyridine was
evaporated, and the crude product was purified by silica gel
column chromatography (eluent petroleum ether/Et2O/EtOAc
5/4/1) to yield the desired compound (0.160 g, 98%) as a
mixture of anomers (R: â 40/60): Rf ) 0.40; [R]D +6.5° (c 1.7,
CHCl3); IR (film) ν cm-1 3074 (CH arom), 2935, 2860 (CH),
2105 (N3), 1745 (CdO), 1227 (CO), 1184 (CO + SiC), 1110
(SiO); 1H NMR (250 MHz, CDCl3) δ 6.37 (m, 2H), 5.39 (m, 1H,
J ) 3.4, 4.6, 6.9 Hz), 5.21 (m, 1H, J ) 2.7, 5.1 Hz), 4.37 (dd,
1H, J ) 2.7, 4.9 Hz), 4.20 (dd, 1H, J ) 3.4, 6.8 Hz), 3.78 and
3.86 (AB part of an ABX system, 2H, J ) 4.0, 6.6 Hz), 3.80 (d,
2H, J ) 5.6 Hz), 3.65 (m, 1H, J ) 5.6, 4.9 Hz), 3.56 (m, 1H, J
) 4.0, 6.6, 6.8 Hz), 2.52 (m, 2H), 2.29 (dd, 1H, J ) 4.6, 5.5
Hz), 2.23 (dd, 1H, J ) 5.1, 5.6 Hz), 2.12 (2s, 6H), 2.02 (2s, 6H),
1.05 (2s, 18H); 13C NMR (62.9 MHz, CDCl3) δ 170.2, 169.9,
135.6, 132.8, 132.7, 132.6, 129.9, 127.9, 98.1, 98.0, 83.8, 82.8,
74.2, 73.3, 64.8, 64.4, 64.0, 63.9, 38.9, 38.6, 26.7, 21.3, 21.1,
21.0, 20.9, 19.2; MS (DCI, NH3) 529 (100, M + 18). Anal. Calcd
for C26H33N3O6Si: C, 61.04; H, 6.50; N, 8.21. Found: C, 61.77;
H, 6.63; N, 8.10.
(3S,4R,5R)-1-[5-Azido-2,5-dideoxy-6-(O-tert-butyldi-

phenylsilyl)hexofuranosyl]-5-methyluracil (18). Tri-
methylsilyl trifluoromethanesulfonate (3.0 mL, 1.2 equiv) was
added to a stirred solution of 17 (660 mg, 1.2 mmol) and freshly
distilled 2,4-bis[(trimethylsilyl)oxy]-5-methylpyrimidine (0.680
mL) in ClCH2CH2Cl/CH3CN 1/1 (20 mL) under N2 atmosphere.
After being stirred at room temperature for 3 h, the mixture
was hydrolyzed with a saturated aqueous solution of NaHCO3.
The organic extract was washed with water and dried over
MgSO4. After concentration, 750 mg (100%) was obtained. A
total of 120 mg of anomers was separated by column chroma-
tography on silica gel (eluent 2-propanol/petroleum ether 1/9)
to give 85 mg of anomer R and 17 mg of anomer â along with
16 mg of a mixture of R and â anomers.
Anomer â: [R]Hg +5.7 (c 0.5, CHCl3); IR (CHCl3) ν cm-1 3395

(NH), 2997 (CH), 2401 (N3), 1740 (CH3CdO), 1696 (CdO
thym), 1288 (CO), 1119 (SiO); 1H NMR (250 MHz, CDCl3) δ
8.71 (bs, 1H, NH), 7.70-7.64 (m, 4H), 7.49-7.36 (m, 6H), 7.31
(s, 1H), 6.30 (dd, 1H, J ) 6.0, 8.6 Hz), 5.21 (td, 1H, J ) 2.6,
6.0 Hz), 4.05 (t, 1H, J ) 2.6 Hz), 3.88 (m, 3H), 2.28 (m, 2H,
CH2CH anom), 2.01 (s, 3H), 1.94 (s, 3H), 1.09 (s, 9H); 13C NMR
(62.9 MHz, CDCl3) δ 169.9, 163.3, 150.3, 135.5, 134.7, 132.6,
132.5, 130.0, 127.9, 111.8, 84.0, 82.5, 73.3, 65.1, 64.0, 35.7, 26.7,
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20.9, 19.1, 12.8; MS (DCI, NH3) 595 (MNH4
+, 100), 578 (MH+,

13). Anal. Calcd for C29H35N5O6Si: C, 60.29; H, 6.11; N, 12.12.
Found: C, 59.67; H, 6.03; N, 11.56.
Mixture of R and â anomers: R/â ) 20/80; IR (CHCl3) ν cm-1

3395 (NH), 3076-3032 (CH arom), 2935-2862 (CH), 2108 (N3),
1740 (CH3CdO), 1695 (CdO thym), 1271 (CO), 1111 (SiO). 1H
NMR (250 MHz, CDCl3) δ 8.96 (s, 1H), 8.93 (s, 1H), 7.70-
7.65 (m, 4H), 7.26-7.47 (m, 12H), 7.32 (2s, 2H), 6.31 (dd, 1H,
J ) 6.1, 8.5 Hz), 6.21 (dd, 1H, J ) 2.3, 7.5 Hz), 5.29 (ddd, 1H,
J ) 1.3, 2.8, 5.2 Hz), 5.22 (ddd, 1H, J ) 2.1, 2.3, 5.8 Hz), 4.38
(dd, 1H, J ) 1.3, 5.0 Hz), 4.05 (t, 1H, J ) 2.3 Hz), 3.87 (m,
5H), 3.54 (m, 1H, J ) 5.0, 6.4, 7.6 Hz), 2.29 (m, 4H), 2.02 (s,
3H), 1.99 (s, 3H), 1.95 (s, 6H), 1.08 (s, 18H); 13C NMR (62.9
MHz, CDCl3) δ 170.0, 163.4, 150.4, 135.5, 134.8, 132.6, 132.5,
130.1, 127.9, 111.9, 110.3, 84.0, 82.5, 73.9, 73.4, 65.1, 64.4, 64.1,
37.5, 26.7, 20.9, 19.1, 12.8; MS (DCI, NH3) 595 (MNH4

+, 100),
578 (M + 1, 14). Anal. Calcd for C29H35N5O6Si: C, 60.29; H,
6.11; N, 12.12. Found: C, 60.41; H, 6.45; N, 11.21.
(3S,4R,5R)-1-[5-Amino-2,5-dideoxy-6-(O-tert-butyldiphe-

nylsilyl)hexofuranosyl]-5-methyluracil (19). Amixture of
18 (380 mg, 0.7 mmol), EtOH (16.6 mL), and 10% Pd/C (75
mg) was degassed and then pressurized with H2. After being
shaken at 20 °C for 6 h, the mixture was filtered on Celite
and then concentrated in vacuo. The residue was purified by
column chromatography on silica gel (eluent Et2O/EtOAc 3/2,
Rf ) 0.17) to yield 215 mg (60%) of the desired compound.
Anomer â: [R]Hg +5.7 (c 0.5, CHCl3); IR (CHCl3) ν cm-1 3392

(NH2 + NH), 2933 (CH), 1693 (CdO thym), 1265 (CO), 1112
(SiO); 1H NMR (250 MHz, CDCl3) δ 7.66-7.64 (m, 4H), 7.46-
7.26 (m, 8H), 6.26 (dd, 1H, J ) 5.8, 8.5 Hz), 5.40 (ddd, 1H, J
) 6.0, 2.1, 2.6 Hz), 4.00 (dd, 1H, J ) 2.6, 5.7 Hz), 3.74 and
3.72 (AB part of an ABX system, 2H, J ) 4.6, 5.9, 10.2), 3.10
(ddd, 1H, J ) 4.6, 5.7, 5.9 Hz), 2.35-2.16 (m, 2H), 2.05 (s, 3H),
1.87 (s, 3H), 1.06 (s, 9H); 13C NMR (62.9 MHz, CDCl3) δ ppm
170.2, 163.5, 150.4, 135.6, 135.5, 135.2, 133.1, 133.0, 129.9,
127.8, 111.5, 84.9, 84.0, 78.8, 65.6, 54.7, 37.6, 26.8, 21.0, 19.3,
12.6; MS (DCI, NH3) 553 (MH+, 100).
Mixture of R and â anomers: mixture ) 20/80; IR (CHCl3)

ν cm-1 3394 (NH2 + NH), 3030 (CH arom), 2935-2862 (CH),
1740 (CH3CdO), 1686 (CdO thym), 1247 (CO), 1202-1110
(SiO); 1H NMR (250 MHz, CDCl3) δ 7.67-7.64 (8H, m), 7.43-
7.34 (14H, m), 6.27 (dd, 1H, J ) 5.8, 8.0 Hz), 6.11 (1H, dd, J
) 1.4, 7.2 Hz), 5.52 (m, 1H), 5.40 (m, 1H), 4.26 (t, 1H, J ) 2.8
Hz), 4.01 (dd, 1H, J ) 2.6, 5.7 Hz), 3.67 and 3.74 (AB part of
an ABX system, 2H, J ) 4.8, 5.8, 10.3 Hz), 3.71 (m, 2H), 3.11
(m, 1H, J ) 4.8, 5.8, 5.7 Hz), 2.82 (m, 1H), 2.21 and 2.33 (AB
part of an ABX(Y) system, 2H, J ) 1.7, 5.8, 8.0, 14.2 Hz), 2.23
(2H, m), 2.06 (3H, s), 2.02 (s, 3H), 1.90 (s, 3H), 1.87 (s, 3H),
1.06 (s, 18H); 13C NMR (62.9 MHz, CDCl3) δ ppm 170.4, 163.9,
150.7, 135.6, 135.3, 133.1, 133.0, 129.9, 127.6, 111.6, 84.9, 84.0,
73.8, 73.8, 65.6, 54.7, 37.6, 26.7, 21.1, 19.3, 12.7; MS (DCI,
NH3) 552 (MH+, 100). Anal. Calcd for C29H37N3O6Si: C, 63.13;
H, 6.76; N, 7.62. Found: C, 61.78; H, 6.83; N, 7.11.
(3S,4R,5R)-1-[5-[N-(tert-Butyloxycarbonyl)amino]-2,5-

dideoxy-6-(O-tert-butyldiphenylsilyl)hexofuranosyl]-5-
methyluracil (20). A mixture of 19 (56 mg, 0.10 mmol) and
Boc2O (33 mg, 1.5 equiv) in CH2Cl2 (1.0 mL) was stirred for
12 h. The reaction mixture was diluted with CH2Cl2 and
washed with a saturated aqueous solution of NaHCO3 and
then with brine. After drying over MgSO4 and concentration,
the crude product was purified by column chromatography on
silica gel (eluent Et2O/EtOAc 3/2, Rf ) 0.48) leading to 51 mg
(80%) of compound 20.
Anomer â: [R]Hg -9.1 (c 0.4, CHCl3). IR (CHCl3) ν cm-1

3449, 3394 (NH), 2936, 2861 (CH), 1696 (CdO), 1499 (CdC),
1112 (SiO); 1H NMR (250 MHz, CDCl3) δ 7.65-7.61 (m, 4H),
7.44-7.33 (m, 4H), 7.03 (s, 1H), 6.31 (m, 1H, J ) 5.5-8.8 Hz),
5.42 (ddd, 1H, J ) 1.2, 1.8, 5.8 Hz), 5.14 (d, 1H, J ) 8.9 Hz),
4.11 (dd, 1H, J ) 1.8, 8.6 Hz), 3.83 (m, 3H), 2.20 (m, 2H), 2.10
(s, 3H), 1.84 (s, 3H), 1.46 (s, 9H), 1.07 (s, 9H); 13C NMR (62.9
MHz, CDCl3) δ 170.1, 163.5, 155.8, 150.4, 111.7, 84.5, 82.7,
74.7, 62.9, 53.7, 36.6, 28.4, 26.9, 21.1, 19.3, 12.6; MS (DCI,
NH3); 652 (MH+, 100), 669 (MNH4

+, 21).
Mixture of R and â anomers: mixture ) 22/78; IR (CHCl3)

ν cm-1 3454, 3397 (NH), 3009 (CH arom), 2936, 2862 (CH),

1740 (CdO Boc), 1734 (CH3CdO), 1694 (CdO thym), 1198,
1169 (CO + SiC), 1110 (CO + SiC); 1H NMR (400 MHz, CDCl3)
δ 9.17 (m, 1H), 7.62-7.59 (m, 4H), 7.38-7.32 (m, 6H), 7.00
(m, 1H), 6.31 (m, 1H), 6.10 (m, 1H), 5.40 (m, 1H), 5.00 (m,
1H), 4.10 (m, 1H), 3.75 (m, 3H), 2.35 et 2.25 (m, 2H), 2.07 (m,
3H), 1.82 (m, 3H), 1.43 (m, 9H), 1.09 (m, 9H); 13C NMR (62.9
MHz, CDCl3) δ 170.1, 163.5, 156.0, 150.5, 135.6, 134.5, 132.9-
132.6, 129.9, 127.9, 127.8, 111.8, 84.5, 82.8, 80.2, 74.7, 62.9,
53.6, 36.5, 28.3, 26.9, 21.1, 19.3, 12.7; MS (DCI, NH3) 652
(MH+, 100). Anal. Calcd for C34H45N3O8Si: C, 62.65; H, 6.96;
N, 6.45. Found: C, 62.41; H, 7.15; N, 5.79.
(3S,4R,5R)-1-[5-[N-(tert-Butyloxycarbonyl)amino]-2,5-

dideoxy-6-hydroxy)hexofuranosyl]-5-methyluracil (21).
To a mixture of 20 (84 mg, 0.13 mmol) in THF (1.2 mL) and
pyridine (0.64 mL) was added HF/pyridine 70% (0.133 mL).
After being stirred for 1 h 30 min, the reaction mixture was
diluted with ethyl acetate and then hydrolyzed with a satu-
rated aqueous solution of NaHCO3. The organic extract was
washed with water and dried over MgSO4. The solvents were
evaporated, and the product was purified by column chroma-
tography on silica gel (eluent Et2O/EtOAc 3/2, Rf(â) ) 0.26,
Rf(R) ) 0.20) to give 31 mg of â anomer and 4 mg of a â,R
mixture (global yield: 70%).
Anomer â: [R]Hg +38.9 (c 0.5, CHCl3); IR (CHCl3) ν cm-1

3628 (OH), 3440-3396 (NH), 2979 (CH), 1740 (CH3CdO), 1697
(CdO thym), 1166 (CO); 1H NMR (250 MHz, CDCl3) δ 9.05
(bs, 1H), 7.28 (s, 1H), 6.24 (dd, 1H, J ) 5.3, 9.1 Hz), 5.38 (m,
1H), 4.04 (dd, 1H, J ) 1.8, 6.7 Hz), 3.85 (m, 3H), 2.96 (m, 1H),
2.35 and 2.20 (m, 2H), 2.10 (s, 3H), 1.92 (s, 1H), 1.44 (s, 9H);
13C NMR (62.9 MHz, CDCl3) δ 170.9, 163.9, 156.2, 150.6, 135.3,
111.7, 85.0, 84.1, 80.3, 74.9, 62.0, 53.6, 36.3, 28.3, 21.1, 12.5;
MS (DCI, NH3) 431 (MNH4

+, 86), 414 (MH+, 100).
Mixture of R and â anomers: mixture ) 20/80; IR (CHCl3)

ν cm-1 3640 (OH), 3446, 3396 (NH), 3030 (CH arom), 2932
(CH), 1740 (CH3CdO), 1691 (CdO thym), 1200 (CO), 1666 (CO
+ SiO); 1H NMR (400 MHz, CDCl3) δ 9.10 (m, 1H), 7.33 (m,
1H), 7.26 (1H, m), 6.21 (m, 1H), 5.40 (m, 1H), 5.33 (m, 1H),
4.02 (m, 1H), 3.80 (m, 2H), 3.72 (m, 1H), 3.00 (m, 1H), 2.20
and 2.38 (m, 2H), 2.08 (s, 3H), 1.89 (s, 3H), 1.42 (s, 9H); 13C
NMR (62.9 MHz, CDCl3) δ ppm 171.0, 163.7, 156.2, 150.5,
135.2, 111.7, 84.9, 84.3, 80.3, 75.0, 62.2, 53.6, 36.4, 28.3, 21.1,
12.6; MS (DCI, NH3) 431 (MNH4

+, 100), 414 (MH+, 97).
(3S,4R,5R)-1-[5-[N-(tert-Butyloxycarbonyl)amino]-2,5-

dideoxy-6-(O-tert-butyldiphenylsilyl)uronic acid]-5-meth-
yluracil (10). A mixture of 21 (37 mg, 0.09 mmol), DMSO
(0.180 mL), Et3N (0.063 mL, 5 equiv), and pyr/SO3 (71 mg, 5
equiv) in CH2Cl2 was stirred for 25 min. After dilution with
CH2Cl2, the organic layer was washed with water and brine.
After drying and concentration, 34 mg was obtained and then
dissolved with THF (0.222 mL), KH2PO4 (8 mg, 1 equiv) in
H2O (0.09 mL), 2-methyl-2-butene (0.041 mL), t-BuOH (0.390
mL), and NaClO2 (6 mg) in 0.180 mL. After being stirred for
2 h 15 min, the reaction mixture was acidified with HCl (1 N)
and extracted with EtOAc. The product was dried and concen-
trated: [R]Hg +20.1 (c 0.5, CHCl3); IR (CH3CN) ν cm-1 3283-
3075 (OH acid), 3470, 3419 (NH), 1741 (CdO Boc), 1710 (CdO
acid), 1698 (CdO thym), 1355 (CO acid), 1169 (CO); 1H NMR
(250 MHz, CD3OD) δ 7.70 (s, 1H), 6.17 (dd, 1H, J ) 6.6 Hz),
5.54 (m, 1H), 4.34 (1H, bd, J ) 4.7 Hz), 4.28 (m, 1H), 2.60 (m,
2H), 2.09 (s, 3H), 1.90 (s, 3H), 1.44 (s, 9H); 13C NMR (62.9
MHz, CD3OD) δ 173.9, 172.1, 157.8, 152.4, 137.9, 111.9, 86.7,
86.0, 80.8, 76.0, 58.6, 37.9, 28.8, 30.8, 12.6; MS (DCI, NH3)
445 (MNH4

+, 4), 428 (MH+, 3).
(3S,4S,5R)-Methyl [6-(p-Bromobenzyloxy)-4,5-epoxy-3-

hydroxy]hexanoate (22). The aldolization reaction was
performed as previously described.16 Starting from (2R,3R)-
4-[(p-bromobenzyl)oxy]-2,3-epoxybutan-1-al (1 g, 3.69 mmol),
we obtained after purification by silica gel column chroma-
tography (eluent petroleum ether/CH2Cl2/EtOAc 1/3.2/0.8) the
desired compound 22 (895 mg, 70% yield): Rf ) 0.25; [R]D
-23.2° (c 0.4, CHCl3); IR (CHCl3) ν cm-1 3625 and 3471 (OH),
3007 (dCH), 1731 (CdO), 1047 (CO); 1H NMR (250 MHz,
CDCl3) δ 7.50-7.45 (m, 2H), 7.23-7.20 (m, 2H), 4.56 and 4.51
(AB system, 2H, J ) 12 Hz), 3.86 (td, 1H, J ) 3.5, 8.3 Hz),
3.78 and 3.70 (AB part of an ABX(Y), 2H, J ) 4.8, 5.9, 10.8
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Hz), 3.73 (s, 3H), 3.28 (ddd, 1H, J ) 4.6, 4.8, 5.9 Hz), 3.18 (m,
1H), 3.02 (dd, 1H, J ) 4.6, 8.1 Hz), 2.74 and 2.63 (A′B′ part of
an A′B′X′(Y) system, 2H, J ) 3.6, 8.5, 16.3 Hz); 13C NMR (63
MHz, CDCl3) δ 172.3, 136.4, 131.7, 129.5, 121.9, 72.7, 68.3,
66.5, 57.1, 55.1, 52.0, 38.9. Anal. Calcd for C14H17BrO5: C,
48.71; H, 4.96. Found: C, 48.75; H, 4.93.
(3S,4R,5R)-Methyl [6-[(p-Bromobenzyl)oxy]-3-[(tert-

butyldiphenylsilyl)oxy]-4,5-epoxy]hexanoate (23). To a
solution of epoxy ester 22 (516 mg, 1.5 mmol) in anhydrous
DMF (6 mL) were added imidazole (637 mg, 10 mmol) and
then tert-butyldiphenylsilyl chloride (0.582 mL, 2.25 mmol).
The mixture was stirred at room temperature for 12 h and
then hydrolyzed with an aqueous saturated NH4Cl solution
(3 mL) and extracted with ether (3 × 10 mL). The organic
phases were washed with an aqueous saturated NaCl solution
and then dried over MgSO4 and solvent evaporated. The crude
product was purified by silica gel column chromatography
(eluent petroleum ether/Et2O 8/2) to yield compound 23 (811
mg, 93%): Rf ) 0.16; [R]D +7.4° (c 0.6, CHCl3); IR (CHCl3) ν
cm-1 3029 (dCH), 1736 (CdO), 1593 (CdC), 1109 (CO); 1H
NMR (250 MHz, C6D6) δ 7.74-7.68 (m, 4H), 7.24 and 6.77
(A2B2 system, 4H, J ) 8.4 Hz), 7.17-7.14 (m, 6H), 4.18 (m,
1H), 3.98 and 3.86 (AB system, 2H, J ) 12 Hz), 3.29 (s, 3H),
2.95 (m, 2H), 2.84 (m, 1H), 2.78-2.70 (m, 3H), 1.09 (s, 9H);
13C NMR (63 MHz, C6D6) δ 170.8, 137.6, 136.3, 136.2, 133.7,
133.4, 131.6, 130.3, 129.4, 128.0, 72.0, 68.4, 68.1, 57.8, 57.2,
51.3, 41.3, 26.9, 19.5. Anal. Calcd for C30H35BrO5Si: C, 61.74;
H, 6.04. Found: C, 61.88; H, 6.03.
(4S,5S,1′S)-5-(1′-Bromo-2′-hydroxyethyl)-4-[(tert-butyl-

diphenylsilyl)oxy]-2-oxo-1-oxacyclopentane (24). A mix-
ture of 23 (2.6 g, 3.2 mmol), EtOH (25 mL), and 10% Pd/C
(200 mg) was degassed and then pressurized with H2. After
being shaken at 20 °C for 3 h, the mixture was filtered on
Celite and then concentrated in vacuo. The residue was
purified by column chromatography on silica gel (eluent
petroleum ether/CH2Cl2/EtOAc 5/4/1) to give 1.7 g (85%) of the
desired compound: Rf ) 0.33; [R]Hg +40.16° (c 1.0, CHCl3); IR
(CHCl3) ν cm-1 3615 (OH), 3074 (CH arom.), 2934 (CH), 1786
(CdO), 1590, 1471 (CHd arom), 1111 (SiO); 1H NMR (250
MHz, CDCl3) δ 7.68-7.59 (m, 4H), 7.50-7.40 (m, 6H), 4.55
(dd, 1H, J ) 1.8, 2.2 Hz), 4.43 (ddd, 1H, J ) 2.2, 3.3, 7.5 Hz),
3.69 (m, 2H), 3.32 (td, 1H, J ) 1.8, 7.0 Hz), 2.55 and 2.85 (AB
part of an ABX system, 2H, J ) 3.3, 7.5, 18.4 Hz), 1.08 (s,
9H); 13C NMR (62.9 MHz, CDCl3) δ: 174.9, 135.7-135.6, 132.7,
132.3, 130.5, 130.4, 128.2, 128.1, 85.4, 72.3, 63.8, 54.5, 38.4,
26.8, 18.9; MS (DCI, NH3) 480 (MNH4

+, 93). Anal. Calcd for
C22H27BrO4Si: C, 57.02; H, 5.87. Found: C, 56.96; H, 6.21.
(4S,5S,1′S)-5-[1′-Bromo-2′-[(tert-butyldimethylsilyl)oxy]-

ethyl]-4-[(tert-butyldiphenylsilyl)oxy]-2-oxo-1-oxacyclo-
pentane (25). A mixture of 24 (446 mg, 0.96 mmol) and tert-
butyldimethylsilyl chloride (220 mg, 1.5 equiv) in anhydrous
pyridine (6 mL) was stirred for 22 h. After dilution with ethyl
acetate, the mixture was washed with a saturated aqueous
solution of NH4Cl and with brine and dried over MgSO4. After
concentration in vacuo and filtration on silica gel (eluent
petroleum ether/CH2Cl2/EtOAc 5/4/1), 580 mg (100%) was
obtained: IR (CHCl3) ν cm-1 3072 (CH arom), 2956-2932
(CH), 1796 (CdO), 1590, 1471 (CHd arom), 1112 (SiO); [R]Hg
+28.1° (c 1.3, CHCl3); 1H NMR (250 MHz, CDCl3) δ 7.65-7.58
(m, 4H), 7.48-7.39 (m, 6H), 4.73 (dd, 1H, J ) 1.5, 2.0 Hz),
4.40 (ddd, 1H, J ) 2.0, 3.3, 7.7 Hz), 3.69 (m, 2H), 3.33 (ddd,
1H, J ) 1.5, 6.1, 8.8 Hz), 2.55 and 2.87 (AB part of an ABX
system, 2H, J ) 3.3, 7.7, 18.3 Hz), 1.07 (s, 9H), 0.88 (s, 9H),
0.05 (s, 6H); 13C NMR (62.9 MHz, CDCl3) δ 174.9, 135.7, 135.6,
132.6, 130.4, 130.3, 127.7, 127.6, 84.6, 72.2, 63.6, 52.8, 38.6,
26.8, 25.7, 18.9, 18.1, -5.4; MS (DCI, NH3) 594 (MNH4

+, 89).
Anal. Calcd for C28H41BrO4Si2: C, 58.21; H, 7.15. Found: C,
57.71; H, 7.15.
(4S,5S,1′S)-5-[1′-Bromo-2′-[(tert-butyldimethylsilyl)oxy]-

ethyl]-4-[(tert-butyldiphenylsilyl)oxy]-2-acetoxy-1-oxa-
cyclopentane (26). Diisobutylaluminum hydride (1.8 mL, 1.2
equiv) was added dropwise to a solution of 25 (800 mg, 1.4
mmol) in toluene (3.6 mL) at -78 °C under N2 atmosphere.
The mixture was stirred for 1 h and then hydrolyzed with HCl
(0.25 M). The mixture was extracted with Et2O, washed with

water, and dried over MgSO4. The solvents were evaporated.
The crude product obtained (772 mg) was dissolved in pyridine
(1.8 mL). Acetic anhydride (620 mL, 4.5 equiv) was added.
After the mixture was stirred for 12 h at 20 °C, pyridine was
evaporated. The residue was purified by column chromatog-
raphy on silica gel (eluent petroleum ether/CH2Cl2/EtOAc 2/4/
1) to yield 720 mg (80%). R/â: 48/52; Rf ) 0.33; IR (film) ν
cm-1 3072 (CH arom), 2932, 2858 (CH), 1755 (CdO), 1590-
1471 (CH arom), 1111 (SiO); 1H NMR (250 MHz, CDCl3) δ
7.76-7.64 (m, 4H), 7.46-7.26 (m, 6H), 6.33 (bd, 1H, J ) 5.0
Hz), 6.22 (dd, 1H, J ) 1.4, 5.5 Hz), 4.60 (ddd, 1H, J ) 6.0, 8.0,
14.0 Hz), 4.42 (dd, 1H, J ) 1.8, 2.8 Hz), 4.34 (ddd, 1H, J )
2.0, 2.8, 7.0 Hz), 4.20 (bd, 1H, J ) 6.0 Hz), 3,66 (m, 5H), 3.36
(ddd, 1H, J ) 1.8, 6.0, 8.5 Hz), 2.38-2.02 (m, 4H), 2.10 (s, 6H),
1.07 (s, 18H), 0.88 (s, 18H), 0.03 (s, 12H); 13C NMR (62.9 MHz,
CDCl3) δ: 170.4, 170.2, 135.8, 135.7, 133.4, 133.0, 130.1, 130.0,
127.9, 127.8, 99.1, 96.9, 85.7, 84.1, 75.2, 73.3, 54.2, 54.0, 41.4,
40.5, 26.9, 26.8, 25.8, 25.7, 21.4, 21.2, 19.1, 19.0, 18.2, -5.4,
-5.3; MS (DCI, NH3) 638 (MNH4

+, 83). Anal. Calcd for
C30H45BrO5Si2: C, 57.95; H, 7.30. Found: C, 57.67; H, 7.38.
(3S,4S,5S)-1-[5-Bromo-2,5-dideoxy-3-O-(tert-butyldi-

phenylsilyl)hexofurasonyl]-5-methyluracil (27). Tri-
methylsilyl trifluoromethanesulfonate (4.6 mL, 1.2 equiv) was
added to a stirred solution of 26 (1.2 g, 1.9 mmol) and freshly
distilled 2,4-bis[(trimethylsilyl)oxy]-5-methylpyrimidine (1.1
mL) in ClCH2CH2Cl/CH3CN 1/1 (30 mL) under N2 atmosphere.
After being stirred at 0 °C for 2 h, the mixture was hydrolyzed
with a saturated aqueous solution of NaHCO3. The organic
extract was washed with water and dried over MgSO4. After
concentration, the residue was purified by column chroma-
tography on silica gel (eluent petroleum ether/CH2Cl2/EtOAc
15/28/7, Rf(â) ) 0.31, Rf(R) ) 0.25). The isomer â weighed 750
mg (70%). [R]Hg +43.2 (c 0.6, CHCl3); IR (KBr) ν cm-1 3429
(OH), 2932 (CH arom), 1693 (CdO thym), 1471 (CHd arom),
1111 (SiO); 1H NMR (250 MHz, CDCl3) δ: 8.75 (bs, 1H), 7.69-
7.39 (11H, m), 6.45 (dd, 1H, J ) 5.8, 8.5 Hz), 4.37 (ddd, 1H, J
) 2.4, 2.8, 7.0 Hz), 4.02 (dd, 1H, J ) 1.9, 2.8 Hz), 3.69 (m,
2H), 3.36 (td, 1H, J ) 1.9, 6.4 Hz), 2.30 (ddd, 1H, J ) 2.4, 5.8,
13.6 Hz), 2.10 (m, 1H), 2.02 (ddd, 1H, J ) 7.0, 8.5, 13.6 Hz),
1.74 (s, 3H), 1.09 (s, 9H); 13C NMR (62.9 MHz, CDCl3) δ: 163.7,
150.4, 135.8, 135.7, 135.4, 133.0, 132.7, 130.4, 130.3, 128.1,
128.0, 111.5, 85.2, 83.7, 75.3, 64.8, 56.5, 40.1, 26.9, 19.0, 12.7;
MS (DCI, NH3) 590 (MNH4

+, 90), 573 (MH+, 12).
The isomer R weighed 218 mg (20%): [R]Hg +19.5 (c 0.3,

CHCl3); IR (KBr) ν cm-1 3430 (OH), 2932 (CH), 1687 (CdO
thym), 1471 (CH arom), 1112 (SiO); 1H NMR (250MHz, CDCl3)
δ 9.05 (s, 1H), 7.68-7.38 (m, 11H), 6.39 (dd, 1H, J ) 2.6, 7.8
Hz), 4.50 (dd, 1H, J ) 1.8, 2.3 Hz), 4.38 (td, 1H, J ) 6.8, 1.8
Hz), 4.63 (m, 2H), 3.20 (td, 1H, J ) 2.3, 6.5 Hz), 2.20 (m, 2H),
1.97 (s, 3H), 1.09 (s, 9H); 13C NMR (62.9 MHz, CDCl3) δ 164.3,
150.6, 136.3, 135.8, 135.6, 132.6, 132.1, 130.5, 130.4, 128.2-
128.1, 110.8, 88.7, 87.6, 76.5, 64.2, 55.4, 41.5, 26.9, 19.0, 12.7;
MS (DCI, NH3) 590 (MNH4

+, 97), 573 (MH+, 17).
(3S,4S,5S)-1-[5-Bromo-2,5-dideoxy-6-O-(tert-butyldi-

methylsilyl)-3-O-(tert-butyldiphenylsilyl)hexofurasonyl]-
5-methyluracil (28). A mixture of 27 (400 mg, 0.96 mmol)
and tert-butyldimethylsilyl chloride (161 mg, 1.5 equiv) in
anhydrous pyridine (4 mL) was stirred for 20 h under N2

atmosphere. After dilution with ethyl acetate, the organic
extract was washed with a saturated aqueous solution of NH4-
Cl and with brine and dried over MgSO4. After concentration
in vacuo, the crude product was purified by column chroma-
tography on silica gel (eluent petroleum ether/Et2O/EtOAc 5/4/
1). We obtained 285 mg (80%) of 28 along with 90 mg of
starting product: [R]Hg +49.0 (c 0.6, CHCl3); IR (CHCl3) ν cm-1

3392 (NH), 2984-2957 (CH), 1691 (CdO), 1111 (SiO); 1H NMR
(250 MHz, CDCl3) δ 8.72 (bs, 1H), 7.67-7.38 (m, 11H), 7.45
(dd, 1H, J ) 5.7, 8.4 Hz), 4.33 (ddd, 1H, J ) 2.4, 3.2, 7.2 Hz),
4.16 (dd, 1H, J ) 1.5, 3.2 Hz), 3.71 (m, 2H), 3.43 (ddd, 1H, J
) 1.5, 6.2, 8.0 Hz), 2.32 (ddd, 1H, J ) 2.4, 5.7, 13.6 Hz), 1.94
(ddd, 1H, J ) 7.2, 8.4, 13.6 Hz), 1.87 (s, 3H), 1.09 (s, 9H), 0.90
(s, 9H), 0.05 (s, 6H); 13C NMR (62.9 MHz, CDCl3) δ 163.9,
150.5, 135.8, 135.7, 135.6, 133.0, 132.9, 130.2, 130.1, 128.0,
127.9, 111.3, 83.8, 83.5, 75.1, 64.3, 55.0, 40.6, 26.9, 25.8, 19.0,
18.2, 12.7, -5.37, - 5.44; MS (DCI, NH3) 704 (MNH4

+, 85),
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687 (MH+, 15). Anal. Calcd for C33H47BrO5Si: C, 57.63; H,
6.89; N, 4.07. Found: C, 57.64; H, 7.05; N, 4.05.
Synthesis of 29-32. Reaction of Compound 28 with

Sodium Azide. Amixture of 28 (145 mg, 0.21 mmol) in DMF
(2 mL) and NaN3 (18 mg, 1.3 equiv) was stirred at 60 °C under
N2. After 24 h, the reaction was not complete. NaN3 (15 mg)
was added. The mixture was stirred for 12 h. DMF was
evaporated, and the crude product was diluted with water and
washed with a saturated aqueous solution of NaCl. After
drying and concentration, the residue was purified by column
chromatography on C18 silica gel (eluent CH3CN/H2O 3/2) to
give 27 mg of 30 (26%), 29 mg of 29 (26%), and 26 mg of a 31
and 32 mixture (3 and 17%, respectively).
(3S,4R,5S)-1-[5-Azido-2,5-dideoxy-6-hydroxy-4-O-(tert-

butyldiphenylsilyl)hexofuranosyl)-5-methyluracil (29):
[R]Hg +20.8 (c 0.8, CHCl3); IR (CHCl3) ν cm-1 3694 (OH), 3390
(NH), 3074 (CH arom), 2971, 2962, 2933 (CH), 1693 (CdO),
1590, 1507 (CdC), 1113 (SiO), 1043 (CO); 1H NMR (250 MHz,
CDCl3) δ 8.91 (bs, 1H), 7.69-7.62 (m, 4H), 7.51-7.31 (m, 6H),
7.13 (d, 1H, J ) 1.2 Hz), 6.26 (dd, 1H, J ) 5.7, 8.6 Hz), 4.42
(ddd, 1H, J ) 2.2, 2.3, 6.0 Hz), 4.02 (dd, 1H, J ) 2.3, 4.4 Hz),
3.70-3.55 (m, 2H), 3.40 (m, 1H), 2.20 and 2.24 (AB part of an
ABXY system + bs, 3H, J ) 2.2, 5.7, 6.0, 8.6, 13.4 Hz), 1.88
(s, 3H, J ) 1.2), 1.08 (s, 9H); 13C NMR (62.9 MHz, CDCl3) δ
163.5, 150.4, 135.9, 135.8, 135.7, 132.9, 132.7, 130.3, 130.2,
111.5, 86.2, 85.9, 73.3, 64.5, 62.3, 39.4, 26.9, 19.1, 12.5; MS
(DCI, NH3) 553 (MNH4

+, 100), 536 (MH+, 38).
(3S)-1-[4-(2-Hydroxyethylidene)-3-O-(tert-butyldi-

phenylsilyl)-2,5-dideoxyhexofuranosyl]-5-methyluracil
(30): [R]Hg +13.5 (c 2.8, CHCl3); IR (CHCl3) ν cm-1 3612 (OH),
3390 (NH), 2997, 2961, 2934, 2893 (CH), 1695 (CdO thym),
1429 (CdC), 1111 (SiO), 1086, 1046 (CO); 1H NMR (250 MHz,
CDCl3) δ 8.95 (bs, 1H), 7.70-7.65 (m, 4H), 7.46-7.37 (m, 6H),
6.84 (d, 1H, J ) 1.2 Hz), 6.67 (dd, 1H, J ) 6.0, 7.4 Hz), 4.68
(dd, 1H, J ) 2.3, 5.6 Hz), 4.47 (t, 1H, J ) 6.9 Hz), 4.09 (m,
2H), 2.44 and 1.95 (AB part of an ABXY system, 2H, J ) 2.3,
5.6, 6.0, 7.4, 13.5 Hz), 1.86 (d, 3H, J ) 1.2 Hz), 1.06 (s, 9H);
13C NMR (62.9 MHz, CDCl3) δ: 163.4, 156.3, 150.1, 135.9,
135.8, 134.4, 133.0, 132.8, 130.2, 130.1, 128.0, 127.7, 112.0,
101.4, 86.1, 71.9, 56.9, 39.9, 26.8, 19.1, 12.6; MS (DCI, NH3)
510 (MNH4

+, 100), 492 (MH+, 6).
(3S)-1-[4-[2-[(tert-Butyldiphenylsilyl)oxy]ethylidene]-

3-O-(tert-butyldiphenylsilyl)-2,5-dideoxy-hexofuranosyl]-
5-methyluracil (31). A solution of 28 (60 mg, 0.096 mmol)
and diazabicycloundecene (15 µL, 1.1 equiv) in anhydrous
DMF (1 mL) was stirred for 12 h at 60 °C. The temperature
was raised to room temperature. Then, a saturated Na2SO3

solution was added. After extraction with EtOAc, the organic
layer was washed with water, dried over MgSO4, and concen-
trated. The crude product was purified on silica gel (eluent
petroleum ether/Et2O/EtOAc 5/4/1) to give 37 mg (67%) of the
compound 31: Rf ) 0.28; [R]Hg +14.2 (c 1.6, CHCl3); IR (CHCl3)
ν cm-1 3393 (NH), 2958, 2859 (CH), 1694 (CdO thym), 1110
(O-Si); 1H NMR (250 MHz, CDCl3) δ 8.63 (bs, 1H), 7.69-7.64
(m, 4H), 7.45-7.36 (m, 6H), 6.84 (d, 1H), 6.70 (dd, 1H, J )
5.9, 7.4 Hz), 4.66 (dd, 1H, J ) 2.1, 5.5 Hz), 4.46 (dd, 1H, J )
5.5, 7.6 Hz), 4.28 and 4.25 (AB part of an ABX system, 2H, J
) 5.5, 7.6, 12.5 Hz), 2.37 (m, 1H), 1.86 (m, 1H), 1.86 (d, 3H),
1.07 (s, 9H), 0.88 (s, 9H), 0.05 (s, 6H); 13C NMR (62.9 MHz,
CDCl3) δ 163.3, 154.6, 150.0, 135.9-135.8, 134.1, 133.0-132.9,
130.1-130.0, 127.9-127.7, 111.9, 102.6, 85.5, 71.8, 57.6, 40.2,
26.8, 25.6, 19.1, 18.4, 12.5, 5.2, 5.1; MS (DCI, NH3) 624
(MNH4

+, 100), 607 (MH+, 2.2).

(3S,4S,5R)-Methyl [6-[(tert-butyldiphenylsilyl)oxy]-4,5-
epoxy-3-hydroxy]hexanoate (34). The aldolization reaction
was performed as previously described.16 Starting from
(2R,3R)-4-[(tert-butyldiphenylsilyl)oxy]-2,3-epoxybutan-1-al (1
g, 2.94 mmol), we obtained after purification by silica gel
column chromatography (eluent petroleum ether/CH2Cl2/
EtOAc 5/4/1) the desired compound 34 (960 mg, 79% yield):
Rf ) 0.27; [R]D -6.3° (c 0.7, CHCl3); IR (CHCl3) ν cm-1 3599
(OH), 3007 (dCH), 1732 (CdO), 1200, 1110 (CO); 1H NMR (250
MHz, C6D6) δ 7.78-7.72 (m, 4H), 7.24-7.20 (m, 6H), 3.90 and
3.84 (AB part of an ABX(Y) system, 2H, J ) 4.9, 6.2, 12 Hz),
3.80 (m, 1H), 3.22 (s, 3H), 3.07 (ddd, 1H, J ) 4.2, 4.9, 6.2 Hz),
2.95 (d, 1H, J ) 4 Hz), 2.79 (dd, 1H, J ) 4.2, 7.9 Hz), 2.46 and
2.38 (A′B′ part of an A′B′X′(Y) system, 2H, J ) 4, 8.1, 16.1
Hz), 1.13 (s, 9H); 13C NMR (63 MHz, C6D6) δ 172.0, 136.0,
133.5, 130.1, 128.3, 66.6, 62.9, 57.5, 57.0, 51.3, 39.3, 27.0, 19.4;
MS (DCI, NH3) 560 (MNH4

+, 100). Anal. Calcd for C23H30O5-
Si: C, 66.63; H, 7.29. Found: C, 66.62; H, 7.39.
(3S,4S,5S)-Methyl [5-Iodo-6-(tert-butyldiphenylsilyl)-

oxy]hexanoate (35). A solution of 34 (2.1 g, 5.3 mmol) in
toluene (50 mL) was added at -78 °C to a suspension of MgI2
(1.4 g, 1 equiv) in Et2O. After being stirred for 19 h at -78
°C, a saturated aqueous solution of Na2SO3 was added. The
resulting mixture was extracted with Et2O. The organic layers
were washed with water and brine and dried over MgSO4.
After concentration, column chromatography on silica gel
(petroleum ether/Et2O/EtOAc 15/6/4, Rf ) 0.31) gave 2.2 g
(80%) of the desired compound: [R]Hg -12.4 (c 0.7, CHCl3); IR
(KBr) ν cm-1 3472 (OH), 3071 (CH arom), 2931, 2858 (CH),
1725 (CdO), 1173 (CO), 1110 (SiO); 1H NMR (250MHz, CDCl3)
δ 7.73-7.64 (m, 4H), 7.46-7.37 (m, 6H), 4.74 (td, 1H, J ) 1.3-
5.0 Hz), 4.05 (d, 2H), 3.85 (dddd, 1H, J ) 2.8, 5.6, 8.7 Hz),
3.72 (s, 3H), 3.29 (d, 1H, J ) 5 Hz), 2.94 and 2.57 (AB part of
an ABX(Y) system, 2H, J ) 2.8, 8.7, 16.9 Hz), 2.86 (ddd, 1H,
J ) 1.3, 5.0, 8.7 Hz), 2.74 (d, 1H, J ) 5.6 Hz), 1.08 (s, 9H); 13C
NMR (62.9 MHz, C6D6) δ 173.7, 135.7, 135.5, 132.6, 132.2,
130.0, 127.9, 73.8, 71.6, 68.6, 51.8, 40.7, 37.0, 26.8, 19.2; MS
(DCI, NH3) 560 (MNH4

+, 100).
(3S,4S,5S)-Methyl [5-Iodo-6-[(tert-butyldiphenylsilyl)-

oxy]-3,4-bis[(trimethylsilyl)oxy]hexanoate (36). To a so-
lution of 35 (500 mg, 0.92 mmol) in pyridine (5 mL) at -78 °C
under N2 atmosphere were added distilled hexamethyldisila-
zane (0.430 mL) and trimethylsilyl chloride (0.260 mL). The
mixture was stirred for 12 h. A saturated aqueous solution
NH4Cl was added. The aqueous layer was extracted with
Et2O. The organic extract was washed with water and brine
and dried over MgSO4. After concentration, 620 mg (98%) of
the desired compound was obtained: [R]Hg -2.7 (c 0.7, CHCl3);
IR (KBr) ν cm-1 3078 (CH arom), 2955, 2859 (CH), 1744 (CdO),
1253 (CO + SiO), 1113 (COSi); 1H NMR (250 MHz, CDCl3) δ
7.66-7.62 (m, 4H), 7.47-7.34 (m, 6H), 4.38 (ddd, 1H, J ) 1.6,
6.5, 8.5 Hz), 4.04 (td, 1H, J ) 3.6, 7.2 Hz), 3.88-3.85 (m, 2H),
3.69 (s, 3H), 3.35 (dd, 1H, J ) 1.6, 7.2 Hz), 2.70 and 2.51 (AB
part of an ABX(Y) system, 2H, J ) 3.6, 7.2, 14.9 Hz), 1.07 (s,
9H), 0.16-0.14 (9H, s); 13C NMR (62.9 MHz, CDCl3) δ: 172.0,
135.8, 135.7, 133.4, 133.2, 130.2, 130.1, 128.1, 128.0, 73.6, 72.9,
66.7, 51.6, 41.5, 39.3, 27.1, 19.4, 1.0-0.8; MS (DCI, NH3) 704
(MNH4

+, 100).
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