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This application claims priority to U.S. Provisional
Application No. 60/432,766,  filed on December 12,
2002, and U.S. Provisional Application No. 60/466,194,
filed on  5 April 28, 2003. FIELD OF THE INVENTION
This invention is a process for preparing sugar
analogue compounds that have  protected oxygen
substituent groups, and in particular,
2,3,5-(independently optionally  protected
hydroxyl)-2-C-methyl-(3-D-ribofuranose and
2,3,5-(independently optionally 10 protected
hydroxyl)-2-C-methyl-D-ribonic-y-lactone. This
invention further includes a  process for preparing
nucleosides, and in particular, 3',5'-(independently
optionally  protected
hydroxyl)-2'-C-methyl-(3-D-cytidine, optionally using
the sugar prepared using  the processes set forth
herein, and specifically, the synthesis of prodrugs of
pharmaceutical compounds. More particularly, it
describes the synthesis of compounds 15 that serve as
prodrugs for the delivery of antiviral nucleosides and
nucleoside analogue  derivative compounds, and in
particular, the 3'-O-valinyl ester of
2'-C-methyl-(3-D- cytidine. BACKGROUND OF THE
INVENTION A key intermediate in the preparation of
sugar analogues used in the synthesis of  20
nucleosides and vitamins is
2-C-methyl-D-ribono-lactone.. As early as 1880,
Scheibler  described a process for preparing the
lactone (John Sowden, "The Saccharinic Acids" in  Adv.
Carbohydrate Chem. 12:43-46 (1957), citing C.
Scheibler, Berichte 13:2212  (1880)). Unfortunately,
product yields were only approximately 10% (Ld.). At
about the  same time, H. Kiliani synthesized
2-methyl-D-ribonolactone by treating D-fructose with
WO 2004/052899 PCT/US2003/039643  calcium hydroxide
(H. Kiliani, Berichte, 15:2953 (1882), as cited in
F.J. Lopez-Herrera  et al., J Carbohydrate Chemistry,
13(5):767-775 (1994)). However, the process  required
months to run to completion and product yield was only
10% (Id. at 768).  Kiliani's process, however, enabled
him to establish the positions of important functional
5 groups on the compound (John Sowden, "The
Saccharinic Acids" in Adv. Carbohydrate  



Chem. 12:43-46 (1957), citing H. Kiliani, Ann.,
213:361 (1883)). In the early 1960s, Whistler and
BeMiller attempted to improve upon Kiliani's
synthesis (Roy L. Whistler and J.N. BeMiller,
"a-D-Glucosaccharino-1,4-lactone" in  Methods in
Carbohydrate Chemistry, 2:484-485 (1963)). Whistler
and BeMiller added 10 boiling water and calcium
hydroxide to D-fructose, flushed the system with
nitrogen gas,  and repeated the same process. After 2
weeks; the mixture then was maintained for 6-8  weeks,
after which it was treated with CO2 and oxalic acid
dihydrate, and filtered under  pressure. The residue
was washed repeatedly to a syrup-like consistency, and
filtrates  combined; solvent evaporated under reduced
pressure and the resultant product allowed 15 to
crystallize under refrigeration (Id.). The final
product yield was still only about 10%  (Id. at 485).
In an attempt to improve product yields,
Lopez-Aparicio et al. reported the  synthesis of
2-C-methyl-D-ribono-1,4-lactone from
2,3-O-isopropylidene-D-glycer- aldehyde as an
alternative to the Kiliani synthesis (Lopez-Aparicio
et al., Carbohydrate 20 Res., 129:99 (1984), as cited
in F.J. Lopez-Herrera et al., J. Carbohydrate
Chemistry,  13(5):767-775 (1994) at 768-769). The
process of Lopez-Aparicio included condensing
2,3-O-isopropylidene-D-glyceraldehyde with
(1-methoxy-carbonyl- ethylidene)triphenylphosphorane
to produce methyl E-(S)-4,5-dihydroxy-4,5-0-
isopropylidene-2-methyl-2-pentenoate; hydrolyzing (in
HCl) and photochemically 25 isomerizing the
pentenoate; lactonizing the pentenoate product to
produce a butenolide;  tritylating the butenolide at
C-5 by reaction with trityl-chloride and pyridine,
followed by  cis-hydroxylation with potassium
permanganate and methylene chloride in the presence
of a crown ether. Final removal of the trityl
(triphenylmethyl) group was achieved by  reaction with
TFA (trifluoroacetic acid) (Id. at 768).
Lopez-Aparicio et al. reported 30 product yields of
ribonolactone at about 80%, but others were not able
to reproduce this  figure based on the gram mass
amounts of materials provided in the experimental
section  of their publication. Instead, calculations
indicated a percent yield of about 36%  2 WO
2004/052899 PCT/US2003/039643  ribonolactone. In
addition, the process of Lopez-Aparicio et al. was far
more complex  than the Kiliani synthesis, required the
use of toxic reagents such as potassium  



permanganate and specialized equipment for irradiation
to attain photochemical  isomerization, and had a
minimum of 60 hours reaction time (Id. at 768,
770-772). 5 Walton et al. described the synthesis of
2'-C-methyladenosine from 2-C-methyl- D-ribono-lactone
(Walton et al., J Am.Chem.Soc., 88(19):4524-5 (1966)).
In this case,  the lactone was converted into its
2,3,5-tri-O-benzoyl derivative, and then reduced with
bis(3-methyl-2-butyl)borane to provide an anomeric
mixture of 2,3,5-tri-O-benzoyl-2-C-
methyl-D-ribofuranose (Id.). Attempts at separating
the anomeric mixture both on acid 10 washed alumina
and on silica gel resulted in rearrangement to
1,3,5-tetra-O-benzoyl-2-C- methyl-a-D-ribofuranose
(Id). In order to avoid rearrangement, the additional
steps of  treating the mixed anomers with benzoyl
chloride in pyridine to obtain 1,2,3,5-tetra-O-
benzoyl-2-C-methyl-(a)/((3)-D-ribofuranose, and of
isolating the final product by  chromatography were
needed (Id.). Later Walton et al. described the
synthesis of 2'-C 15 methyl-5-fluorocytidine,
2'-C-methyl-5-fluorouridine, and 2'- and
3'-C-methylcytidine  via the Hilbert-Johnson reaction
(Walton et al., Antiviral Nucleosides 12:306-309
(1969)). However, unexpectedly large amounts of
0-glycoside formed when 2'-C- methylcytidine was
synthesized from N-acetylcytosine-mercury, and mercury
itself is a  toxic reagent whose avoidance is
desirable (Id.). In both synthetic procedures
described  20 by Walton et al., the final product
yield was only about 11%. In 1997 Harry-O'Kuru et al.
described a synthetic route for preparing 2'-C-
branched ribonucleosides (Harry-O'Kuru et al., J Org.
Chem., 62:1754-9 (1997)).  Commercially available
1,3,5-tri-O-benzoyl-a-D-ribofuranose was used as the
starting  material, which was prepared from D-ribose
or D-arabinose (D-arabinopyranose). The 25
1,3,5-tri-O-benzoyl-a-D-ribofuranose was oxidized at
the free 2-OH with Dess-Martin  periodinane reagent,
and produced 1,3,5-tri-O-benzoyl-2-keto-ribofuranose
as well as its  corresponding hydrate. The desired
product and hydrate were stirred with excess MgSO4
and permitted to stand overnight. The mixture was then
filtered and concentrated in order  to produce a
substantially pure ketone product. The resultant
2-ketosu-gar was treated 30 with MeMgBr/TiC14 (or
alternatively with McTiC13, CH2=CHMgBr/CeC13, or
TMSC=CLi/CeC13), which produced an anomeric mixture of
the desired 1,3,5-tri-O- benzoyl-2-substituted alkyl-,
alkenyl- or alkynyl- ribofuranoside and its
transesterified  3 



WO 2004/052899 PCT/US2003/039643  isomers, a- and
fl-2,3,5-tri-O-benzoyl-2-substituted alkyl, alkenyl or
alkynyl  ribofuranoside in a nearly 5:3 ratio of
desired product to isomeric forms (Id. at 1755).  The
2-alkylated ribofuranosides then were converted to a
single, desired product, 1,2,3,5-
tetrabenzoyl-2-alkylribofuranoside, by treatment with
benzoyl chloride, DMAP and 5 triethylamine in
approximately a 70% yield with a n/oc ratio of 4:1
(Id.). Beigelman et al. described the syntheses of
2'-C-methyl-nucleosides from D- glucose and D-ribose
(Beigelman et al., Carbohydrate Research, 166:219-232
(1987)).  Using D-glucose as a starting material,
1,2:5,6-di-O-isopropylidene-3-C-methyl-a-D-
allofuranose was prepared and converted by selective
incorporation of ap-methylbenzoyl 10 group via a
5,6-O-dibutylstannylidene derivative (Id.). This was
followed by treatment  with aqueous 90%
trifluoroacetic acid and periodate oxidation,
elimination of the formyl  group on the compound, and
acetylation (I4). Final product yield was about 77%
(Id.).  With D-ribose as a starting material, a
2,3-dimethyl-isopropylidene derivative with a
protected 5-position was subjected to aldol
condensation with formaldehyde, then treated 15 with
excess toluene-p-sulfonyl chloride in pyridine (I4).
The compounds were  subsequently used to form a
variety of products using conditions known in the art,
including, for example, Kuhn methylation, reduction
with LiAlH4 in THF, acid-catalyzed  hydrolysis, and
acetylation by boiling in excess Ac20 in pyridine
(I4). Average product  yield was approximately 75-80%,
but required costly materials and reagents (I. 20
Novak and Sorm detailed the preparation of crystalline
2-C-methyl-D-ribose and  derivative compounds from
2-C-methyl-D-ribonolactone via sodium borohydride
reduction (J.J.K. Novak & F. Sorm, Collection
Czechoslov. Chem. Commun., 34: 857- 866 (1969)). They
characterized the nature of the hydroxyl group at the
2-position of the  2-C-methyl-ribofuranoside,
particularly in comparison with the similarly situated
25 hydroxyl group on the corresponding lactone (IU.
While the hydroxy group on the  lactone was easily
acetylated under conditions known to those skilled in
the art to afford  2,3,5-tri-O-acetyl and
2,3,5-tri-O-benzoyl-2-C-methyl-D-ribonolactone,
analogous  conditions produced only 3,5-di-O-acetyl-
and 3,5-di-O-benzoyl-2-C-methyl-D- ribofuranosides
from 2-C-methyl-ribofuranosides (Id.). 30 Later, Novak
described chiro-optical properties of
2-C-methyl-1,4-lactones,  



which were prepared from D-lyxose and D-xylose via
hypoiodite oxidation, and which  had p-toluoyl
protecting groups at C3 and C5 on the lactone (J.J.K.
Novak, Collection  4 WO 2004/052899 PCT/US2003/039643
Czechoslov. Chem. Commun., 39: 869-882 (1974)). In
particular, a 2-CH3-ribono-1,4- lactone was
synthesized by hydrolysis from 3,5-p-toluoyl-2-Br,
2-CH3-ribono-1,4- lactone (td.). However, Novak
described difficulty in separating protected lactone
products from one another, and resulting syrup-like
products when deblocking of the 5 lactones by alkaline
alcoholysis was attempted (Id. at 871). Both Tokyo
Tanabe Co., Ltd. (JP 61-212592) and BASF
Aktiendgesellschaft  (EP 0 288 847) reported
epimerization processes for preparing unprotected
D-ribose  from D-arabinose, a common starting material
for ribose production. Tokyo Tanabe Co., Ltd., teaches
the epimerization of aqueous D-arabinose in an  10
organic solvent in the presence of a preferably
molybdic (VI) acid and a boric acid  compound,
collection and passage of the reaction liquid through
a 2- or 3-valent metal- type cation exchange material
(a polystyrenesulfonic acid-type strongly acidic ion
exchange resin converted to a Ca-type was preferred),
elution with water to separate the  unprotected
ribose, and collection of the ribose compound (JP
61-212592, Abstract). 15 BASF teaches a continuous
process in which an aqueous/alcoholic solution of D-
arabinose is heated in a solvent in the presence of a
basic anion exchanger loaded with a  molybdenum (VI)
compound. The eluate is ollected and dried, methanol
or ethanol  added to the dried eluate and the mixture
cooled to about 0 C to crystallize unconverted
D-arabinose which then is separated and recycled. The
remaining filtrate is concentrated 20 and purified
according to methods known to those skilled in the art
over a strongly acidic  ion exchanger in the Caa+
form, and any by product-free arabinose/ribose
recycled into  arabinose at the crystallization stage
(EP 0288847). Both the procedures of Tokyo Tanabe Co.,
Ltd. and BASF require sophisticated  and expensive
equipment and reagents, and the product compound has
yet to have  25 protecting groups added. Japan
Tobacco, Inc., prepared 3-DPA-lactone by protecting
the 5-OH group on a  gamma-ribonolactone, utilizing an
acid chloride or acid anhydride with a tertiary amine



to cause beta-elimination of the 3-OH and formation of
a double bond between carbons 2  and 3 while
simultaneously acylating the 2-OH group, and finally
catalytically 30 hydrogenating the double bond between
C-2 and C-3 and removing the protective group  5 WO
2004/052899 PCT/US2003/039643 to regenerate 5-OH. See
EP 0 526,655 Al, EP 0 553,358 Al, and EP 0 553,358 B1,
as  well as their US equivalents U.S. 5,322,955 and
U.S. 5,391,769. Other related work on syntheses of
ribonolactones and sugar analogues with  protected
substituents include the following. 5 Li et al.,
Organic Letters, 3(7):1025-28 (2001) synthesized
2'-C-0-trifluoromethyl  pyrimidine ribonucleoside from
1,3,5-tri-O-benzoyl-a-D-ribofuranose, and then
converted it to
3,5-di-O-benzoyl-2-C-0-trifluoromethyl-a-D-1-ribofuran
osyl bromide.  The latter bromide derivative compound
was found to be an effective reaction  intermediate in
the formation of nucleosides. 10 Beigelman et al.,
Bioorg. Khim.,12(10):1359-65 (1986), synthesized
2-C-methyl- D-ribose derivative compounds via
benzylation of 1,2:5,6-di-O-isopropylidene-3-C-
methyl-a-D-allofuranose to form a first intermediate;
hydrolyzed and selectively acylated  the first
intermediate to form
3-O-benzyl-1,2-O-isopropylidene-3-C-methyl-6-O-toluoyl
- a-D-allofuranose; and sequentially
deisopropylidenated, oxidized (with periodic acid), 15
deformylated, acetylated, debenzylated and acetylated
again to provide 1,2,3-tri-O-
acetyl-2-C-methyl-5-O-toluoyl-(3-D-ribofuranose as a
final product. Feast et al., Acta Chemica Scandinavica
19:1127-34 (1965), reported the  preparation of
a-D-glucosaccharinic acid, shown to be
2-C-methyl-D-ribo-pentonic acid,  by alkaline
treatment of D-fructose or 1-0-substituted D-fructose
via a 1,4-lactone  20 intermediate. Kohn et al.,
J.Am.Chem.Soc., 87(23):5475-80 (1965), described a
short route for  obtaining a furanose derivative of an
aldose, by reducing a tetraacyclohexono-gamma- lactone
to its corresponding tetraacylhexofuranose through use
of disiamylborane as a  reducing agent. The reaction
is particularly important for the formation of
intermediates  25 in the synthesis of C-1' furanosyl
nucleosides. Kempe et al., Nucleic Acids Res.,
10(21):6695-6714 (1982) reported the selective  



2'-benzoylation at the cis 2',3'-diols of protected
ribonucleosides and isomerization of  2'-benzoates to
3'-benzoates. These protected nucleosides were used to
synthesize  oligoribonucleotides on solid silica gel
supports, and subsequent deprotection resulted in  30
the advantage of minimal internal nucleotide cleavage.
6 WO 2004/052899 PCT/US2003/039643  U.S. 4,294,766 to
Schmidt et al. detailed the synthesis of pure
ribonolactone from a mixture of ribonolactone and
arabonolactone. Ribonolactone is an intermediate in
the  formation of riboflavin (vitamin B2). A mixture
of potassium arabonate and potassium  ribonate was
"lactonized", and the resulting lactone mixture, of
which about 70% was 5 ribonolactone, was separated by
fractional crystallization using dioxane or ethylene
glycol monomethyl ether. Lactonization was performed
by methods known in the art,  such as, for example, by
using ion exchangers, or by concentrating the lactone
in the  presence of H2S04 or K2S04 and filtering off
the precipitate. 10 Nucleoside Coupling Walton
described the synthesis of branched-chain nucleosides
prepared by  reacting 2,3,5-tri-O-acyl-2-(or
3)-C-alkylribofuranosyl halides with chloromercuric
purine or pyrimidine compounds (U.S. 3,480,613).
3-Lower alkyl-D-ribofuranosyl  halide intermediates
were prepared starting from
1,2-O-isopropylidene-5-O-acyl-a-D 15
erythro-pentofuran-3-ulose by reacting this compound
with a Grignard reagent to add a  lower alkyl group at
C3. Next, one of two pathways was followed: in the
first pathway,  the
5-O-acyl-1,2-O-isopropylidene-3-lower
alkyl-D-ribofuranose was subjected to acidic
alcoholysis to form an alkyl 5-O-acyl-3-lower-alkyl
D-ribofuranoside; the latter  compound was then
acylated to the alkyl 2,3,5-tri-O-acyl-3-lower alkyl-D
20 ribofuranoside; and the resulting ribofuranoside
could then be converted to a free sugar  by subjecting
it to a basic solvolysis and further hydrolysis in
strong acid in aqueous  medium, or converted to a
halogenose by a halogen replacement reaction in
appropriate  solvent. In the second pathway, the
5-O-acyl-1, 2-O-isopropylidene-3-lower alkyl-D-
ribofuranose was acylated under basic conditions
(pyridine) in inert solvent to form 3,5 25
di-O-acyl-1,2-O-isopropylidene-3-lower
alkyl-D-ribofuranose, which was then  hydrolyzed in
strong acid and further acylated to provide the
desired intermediates. 2- 



substituted, 6-substituted or 2,6-disubstituted purine
nucleosides having a branched- chain at the
2'-position or 3'-position on the sugar moiety were
then prepared by reacting
2,3,5-tri-O-acyl-D-ribofuranosyl halide with a
chloromercuric 2,6-disubstituted purine at 30
temperatures of 100 C to 140 C in a solvent such as
toluene or xylene. Nucleosides  having a desired
pyrimidinone base were derived from 2,3,5-tri-O-acyl-2
(or 3)-C-lower  alkyl-D-ribofuranosyl halide by
reaction with a 2,4-dialkoxy-pyrimidine to form 1- 7
WO 2004/052899 PCT/US2003/039643  (2,3,5-tri-O-acyl-2
(or 3)-C-lower
alkyl-D-ribofuranosyl)-4-alkoxy-2(1H)-pyrimidone,
which was then reacted with ammonia, or a primary or
secondary amine to afford  compounds having an amino
substituent at the C-4 on pyrimidinone, or hydrolyzed
under  acidic or basic conditions to afford a
pyrimidinone base having a hydroxy group at the C 5 4.
Unfortunately, Walton's syntheses involve multiple
steps, special conditions, and  numerous, toxic
reagents. As shown in Figure 5 the prior art teaches
the coupling of 1,2,3,5-tetra-O-
benzoyl-2-C-methyl-(3-D-ribofuranose () with
N4-benzoylcytosine using BSA in  acetonitrile. The
reaction mixture was heated to reflux for
approximately 30 minutes, 10 after which the Lewis
acid, SnC14, was added and the solution again heated
to reflux for  about 3.5 hours, to provide
4-NH-benzoyl-2', 3',
5'-tri-O-benzoyl-(3-D-2'-C-methyl- cytidine (La).
Compound (La) was obtained by dilution with ethyl
acetate and aqueous,  saturated sodium bicarbonate,
and extensive chromatographic purification. Removal of
the benzoyl protective groups was accomplished by
overnight treatment of (La) with a 15 solution of
methanol presaturated with ammonia to provide
(3-D-2'-C-methyl-cytidine  (. Prodrugs
Pharmaceutically active compounds are sometimes
administered in an esterified  20 prodrug form.
Carboxylic acid esters are used most commonly, while
phosphonate and phosphate esters are used less
frequently because they fail to hydrolyze in vivo and
may  produce toxic byproducts (see U.S. 6,312,662 to
Erion et al.). Acyloxyalkyl esters are  sometimes used
as prodrugs for phosphate and phosphonate compounds,
as are cyclic  phosphonate esters and aryl esters,
especially phenyl and benzyl esters (Farquhar et al.,
J. 



25 Pharm. Sci., (1983), 72(3):324; U.S. 6,312,662 to
Erion et al.). Like nucleosides,  phosphonic acids
such as, for example, phosphonoformic acid and PMEA
(Adefovir; 9- (2-phosphonylmethoxy-ethyl)adenine) show
antiviral activity as do carboxylic acid or  ether
lipid prodrugs-of nucleosides (U.S. 6,458,773 to-
Gosselin et al.). Historically, prodrug syntheses and
formulations have typically involved the 5'- 30
position of a nucleoside or nucleoside analogue.
Gosselin et al., supra, reported  nucleosides in which
the H of the 5'-OH group is replaced by any of the
following: an  8 WO 2004/052899 PCT/US2003/039643
acyl group including those in which the non-carbonyl
moiety of the ester group is  selected from straight,
branched, or cyclic C1-C20 alkyl, phenyl or benzyl; a
naturally- occurring or non-naturally-occurring amino
acid; a 5'-ether lipid or a 5'-phosphoether  lipid;
alkoxyalkyl including methoxymethyl; aralkyl including
benzyl; aryloxyalkyl such 5 as, for example,
phenoxymethyl; aryl including phenyl, optionally
substituted with  halogen, Cl- C4 alkyl or Cl- C4
alkoxy; a dicarboxylic acid such as, for example,
succinic  acid; a sulfonate ester such as, for
example, an alkyl or aralkyl sulphonyl including
methanesulfonyl; or a mono-, di-, or triphosphate
ester. Matulic-Adamic et al. (U.S. 6,248,878) reported
the synthesis of nucleoside  10 analogues that
comprise a ribofuranose ring with a
phosphorus-containing group  attached to the
3'-position via an oxygen atom and a substituted
pyrimidine base. The  phosphorus-containing group
includes dithioates or phosphoramidites, or may be
part of  an oligonucleotide. These compounds are
prodrugs because they are reacted further to  provide
final, desired nucleosides and nucleoside analogues.
The compounds are 15 synthesized in a multi-step
process that couples, as starting materials, a
ribofuranose  having an hydroxy or acetoxy group at
C-1 and benzoyl-protecting groups at C-2-, C-3  and
C-5, and a 4-OSiMe3 pyrimidine to produce an
t-(2,3,5-tri-O-benzoyl-ribo-
furanosyl)-pyrimidin-4-one; then adds ammonia in
methanol to the product of the first  reaction in
order to remove the benzoyl protecting groups; then
reacts DMT-Cl/Pyr 20 reacted with the unprotected
product compound, which results in the addition of DMT
to  the 5'-O position of ribofuranose; then reacts
TBDMS-Cl, AgNO3, and Pyr/THF with  the 5'-O-DMT
substituted ribofuranose; and finally performs
standard phosphitylation to  



produce the phosphorus-containing group located at the
3'-O. Each of the syntheses  presented include at
least 4 to 7 steps. 25 Chu et al. described prodrugs
that are azide derivative compounds and  compositions,
including nucleoside and phosphorylated nucleoside
analogues (U.S.  6,271,212). Such azide prodrugs have
as advantages their ability to cross the blood-brain
barrier, provide a longer half-life, and afford
greater bioavailabilty and increased stability  of the
active form of the drug than previously observed.
However, Chu et al. reported a  30 lengthy, multi-step
synthesis required for preparing their azide prodrugs.
Borretzen et al. described antiviral prodrugs that
were nucleosides and nucleoside  analogues. They
reported certain fatty acid esters of anti-viral
nucleosides and  9 WO 2004/052899 PCT/US2003/039643
nucleoside analogues where the fatty acid in a
mono-unsaturated C 18 or C20 fatty acid  was bonded to
the 5'-position of the nucleoside or nucleoside
analogue through an  acylation process (U.S.
6,153,594). The process was carried out in the
presence of a  catalyst, and was allowed to proceed
for 24-60 hours. Product isolation was 5 accomplished
by extraction with an organic solvent, and
purification by chromatography  and/or
recrystallization from an appropriate solvent. Percent
yield of the product varied  widely from 15-82%.
Borretzen et al., however, did not use the term
"prodrug". In 1999, McCormick et al. described the
carbonate formation at the 3'-OH of  guanosine, using
an unprotected ribose as a starting material
(McCormick et al., J Am.  10 Chem. Soc. 1999,
121(24):5661-5). McCormick was able to synthesize the
compound by a sequential, stepwise introduction of the
0- and N-glycosidic linkages, application of  certain
protecting groups, sulfonation and final deprotection.
As one step in their  process, McCormick et al.
reacted unprotected guanosine with BOC-anhydride,
DMAP,  Et3N, and DMSO at room temperature for 4 hours
to obtain directly a carbonate at the 3'- 15 OH of
guanosine. Also in 1999, Tang et al. disclosed a
process for preparing phosphoramidite  prodrugs of
2'-C-0-methyl-cytidine ribonucleosides (Tang et al., J
Ord-. Chem., 1999,  64:747-754). Like many of their
colleagues, Tang et al. reacted
1,2,3,5-tetra-O-benzoyl- 2-C-methyl-(3-D ribofuranose
with persilylated 4-N-benzoylcytosine in the presence
of  



20 the Lewis acid, SnCl4, as a first step in their
synthesis (Id. at 748, Scheme la). In 2000, Novirio
Pharmaceuticals (now Idenix) discovered that the
stability and  bioavailability of antiviral nucleoside
analogues is enhanced by the administration of  amino
acid ester forms of antiviral nucleosides (U.S. Serial
No. 09/864,078, pending;  U.S. Serial No. 10/261,327,
pending; WO 01/90121; and U.S. Provisional
Applications 25 60/377,983 and 60/392,351). Processes
used for preparing these amino acid esters of
nucleosides and nucleoside analogues began with
appropriately branched R-D or (3-L  nucleosides that
optionally could be protected by an appropriate
protecting group such  as, for example, a silyl group,
and subsequently deprotected, by methods known to
those  skilled in the art (Zhang et al., Tetrahedron
Letters, 1992, 33:1177-80; Greene et al., 30
Protective Groups in Organic Synthesis, John Wiley &
Sons, 2nd Edition (1991); Kerr et  al., J
Pharmaceutical Sciences, 1994, 83:582-6; Tang et al.,
J Org. Chem., 1999, 64(3):  747-754; and Cavelier et
al., Tetrahedron Letters, 1996, 37:5131-4). The
optionally  10 WO 2004/052899 PCT/US2003/039643
protected branched nucleoside was then coupled with a
suitable acyl donor, such as an  acyl chloride and/or
an acyl anhydride or an activated acid, in an
appropriate protic or  aprotic solvent and at a
suitable reaction temperature, to provide the 2' or 3'
prodrug of a  1', 2', 3' or 4' branched (3-D or (3-L
nucleoside, optionally in the presence of a suitable 5
coupling agent (see Synthetic Communications, 1978,
8(5): 327-33; J Am. Chem. Soc.,  1999, 12](24):5661-5;
Bryant et al., Antimicrob. Agents Chemother., 2001,
45, 229-235;  Standring et al., Antiviral Chem. &
Chemother., 2001, 12 (Suppl. 1), 119-129; Benzaria  et
al., Antiviral Res., 2001, 50, A79; Pierra et al.,
Antiviral Res., 2001, 50, A79; and  Cretton-Scott et
al., Antiviral Res., 2001, 50, A44). Possible coupling
reagents are any 10 reagents that enable compounds or
moieties to be linked to one another including, but
not  limited to, various carbodiimides, CDI, BOP and
carbonyldiimidazole. For example, for  a 3'-prodrug of
a 2'-branched nucleoside, the nucleoside preferably
was not protected,  but was coupled directly to an
alkanoic or amino acid residue via a carbodiimide-
coupling reagent. 15 The prior art process shown in
Figure 5 included the following reaction sequence  for
preparing a 3'-valinyl ester nucleoside prodrug of
cytidine: 1,2,3,5-tetra-O-benzoyl- 



2-C-methyl-(3-D-ribofuranose (4) was added to a
mixture of BSA and N4- benzoylcytosine in acetonitrile
and heated to reflux for approximately 30 minutes,
after  which the Lewis acid, SnC14, was added and the
solution again heated to reflux for about 20 3.5
hours, to provide 4-NH-benzoyl-2', 3',
5'-tri-O-benzoyl-(3-D-2'-C-methyl-cytidine  (5a).
Compound (La) was obtained by dilution with ethyl
acetate and aqueous, saturated  sodium bicarbonate,
and extensive chromatographic purification. Removal of
the  benzoyl protective groups was accomplished by
overnight treatment of (La) with a  solution of
methanol presaturated with ammonia to provide
(3-D-2'-C-methyl-cytidine 25 6. Compound `) in DMF was
reacted with N,N-dimethylformamide dimethyl acetal at
room temperature for approximately 1.5 hours, to
provide cytidine having a protected  amino group at C
4,
N4-[(dimethylamino)methylene]-R-D-2'-C-methyl-cytidine
(2); a  solution of amino-protected cytidine (2) in
dry pyridine next was reacted with imidazole  and
TBDPSCI at room temperature for approximately 6 hours
to afford _cytidine whose 30 5'-O was silyl-protected
(8); N-Boc-L-Valine in the presence of DEC, DMAP, and
THF/DMF then were added to the 4- and 5'-protected,
(3-D-2'-C-methyl-cytidine () at  room temperature for
approximately 2 days to produce a 4- and 5'-protected,
3'-O-L-N- 11 WO 2004/052899 PCT/US2003/039643
BOC-valinyl ester of (3-D-2'-C-methyl-cytidine (2);
the 4- and 5'-protected, 3'-O-L-N- BOC-valinyl ester
of (3-D 2'-C-methyl-cytidine (2) was taken up in dry
methanol to  which was added ammonium fluoride and the
mixture brought to reflux in order to  remove the
5'-silyl and 4-amino protecting groups, producing
3'-O-L-N-(tert 5 butoxycarbonyl) valinyl ester of
(3-D-2'-C-methyl cytidine (10), which was purified by
column chromatography; and finally, to a solution of
3'-O-L-N-(tert-butoxycarbonyl)  valinyl ester of
(3-D-2'-C-methyl cytidine 10 in dry ethyl acetate was
added a 20%  solution of HCl/ethyl acetate and the
mixture stirred for about 2 hours to remove the
BOC-protecting group, thereby providing the
hydrochloride salt of 3'-O-valinyl ester of 10
(3-D-2'-C-methyl-cytidine as a final product 11 . The
prior art synthesis shown in  Figure 6 used uracil in
place of the benzoyl cytosine to prepare compound
(11), (3-D-2'- C-methyl-cytidine. In view of the
above, it would be advantageous to have an efficient
process for  



15 preparing a nucleoside or a nucleoside analog, such
as a 2'-methyl-nucleoside or a 2'-
methyl-3'-O-valinyl-nucleoside, their intermediates,
including the 2-C-methyl- ribonolactone and
2-C-methyl-D-ribofuranose, and their salts and/or
prodrugs thereof. It is another object of the present
invention to provide a process for the selective
addition of a group at the 3'-OH of a nucleoside that
would render the derivative  20 compound a prodrug. It
is yet another object of the present invention to have
an efficient process for  preparing protected sugar
analogue compounds that involves a minimal number of
steps,  and utilizes an inexpensive starting material.
It is yet another object of the present invention to
decrease significantly the time  25 required for
preparing protected sugar intermediates as compared to
other processes for  synthesizing similar products.
Further, it is another object of the invention to have
a process that runs to  completion in a matter of
hours and provides a final product high in both yield
and  purity. 12 WO 2004/052899 PCT/US2003/039643 It is
yet another object of the invention to have a process
that employs easy-to- use, non-toxic reagents, and
whose final product is easily isolated by techniques
commonly known in the art and easily scaleable. It is
still another object of the present invention to
obtain the final product  5 compound in high yields
and purity exceeding at least 90 or 95%. It is a
further object of the present invention to employ
non-toxic, easily  handleable reagents. SUMMARY OF THE
INVENTION The present invention discloses a novel,
improved process for preparing  10 nucleosides and
nucleoside analogs, such as (3-D and (3-L
2'-C-methyl-nucleosides and  2'-C-methyl-3'-O-ester
nucleosides, and their salts and/or prodrugs thereof,
by utilizing  one or more of less amounts of reagents
in less time with simpler purification steps and  with
greater product yields than found in the prior art. In
addition, the process of the  present invention is
advantageously scalable to satisfy the requirements of
industrial  



15 production. Embodiments of the present invention
specifically include processes that include  the steps
of (a) reacting a D-fructose with CaO to obtain a
2-C-methyl-D-ribonic-7- lactone; and/or (b) reacting
an optionally protected 2-C-methyl-D-ribonic-7-lactone
with  a suitable reducing agent, such as Red-Al,
optionally in a solvent, such as ethanol, to 20 obtain
an optionally protected 2-C-methyl-D-ribofurnanose;
and/or (c) coupling an  optionally protected
2-C-methyl-D-ribofurnanose with an unprotected base,
such as  cytosine, in the presence of an activating
agent, such as a silylating agent (e.g. BSA),
optionally in the presence of a Lewis acid, such as
SnC14, to obtain an optionally  protected
2'-C-methyl-nucleoside, for example a
2'-C-methyl-cytidine; and/or (d) 25 providing a
3'-ester of a 2'-C-methyl-nucleoside, such as
2'-C-methyl-cytidine, using  optimized reagents,
reaction conditions (solvents, reaction times, etc.),
and  extraction/purification techniques. In a
particular embodiment of the invention, the  processes
are exemplified in Figures 1 and 4. 13 WO 2004/052899
PCT/US2003/039643  Also provided are efficient,
scalable synthetic methods for preparing a nucleoside
prodrug in high yields that has a cleavable moiety at
the 3'-position of the nucleoside.  Further provided
are cost-effective processes that employ non-toxic
reagents for  preparing a nucleoside, nucleoside
analog, its salt or a prodrug thereof. A comparison of
5 Figure 4, a process of the present invention, with
Figure 5, a prior art process,  demonstrates the
increased economy of steps in the improved processes.
Also provided are efficient, scalable synthetic
methods for preparing a 2-C- methyl sugar
intermediate, such as independently
2,3,5-(independently optionally  protected) and
unprotected 2-C-methyl-D-ribonic-gamma-lactone (also
referred to as 2 10 C-methyl-ribonolactone) and
independently 1,2,3,5-(independently optionally
protected)  and unprotected 2-C-methyl-D-ribofuranose,
by utilizing one or more of inexpensive  reagents in
less time with simpler purification steps and with
greater product yields than  found in the prior art. A
novel aspect of the present invention resides in the
use of specific  15 combinations of reagents that
eliminate the need for separation, isolation and/or  



purification at steps intermediate in the synthesis.
Selection of specific reagents that  convert a
predominant amount of starting material into product,
that reduce racemization,  and that are easily
removable from the final product, provide a synthetic
process that is  more efficient than heretofore known.
The overall result is a decrease in time for final 20
prodrug product formation as well as an increased
percent yield of the desired product.  Moreover, the
need for less time and fewer reagents result in
greater overall cost  effectiveness and provide an
industrially scalable and safe process, if so desired.
In one embodiment, the process of the present
invention is directed to the  preparation of a
nucleoside that is disubstituted at the 2'-C, such as
a 2'-methyl- 25 nucleoside or a
2'-methyl-3'-O-valinyl-nucleoside, its intermediates,
such as 2,3,5 (independently optionally protected) and
unprotected 2-C-methyl-D-ribonic-gamma- lactone (also
referred to as 2-C-methyl-ribonolactone) and
1,2,3,5-(independently  optionally protected) and
unprotected 2-C-methyl-D-ribofuranose, and its salts
and/or  prodrugs thereof. In one preferred embodiment,
the present invention is used to prepare 30
2,3,5-(independently optionally protected) or
unprotected 2-C-methyl-D-ribonic-gamma- lactone. In
another preferred embodiment, the present invention is
used to prepare  1,2,3,5-(independently optionally
protected) or unprotected 2-C-methyl-D-ribofuranose.
14 WO 2004/052899 PCT/US2003/039643  In yet another
preferred embodiment, the present invention is used to
prepare (3-D-2'-C- methyl-cytidine
(4-amino-l-(3,4-dihydroxy-5-hydroxymethyl-3-C-methyl-t
etrahydro- furan-2-yl)-1H-pyrimidine-2-one). In
another preferred embodiment, the present  invention
is carried out to prepare the 3'-O-amino acid
(including but not limited to a 5 valyl ester) of
(3-D-2'-C-methyl-cytidine (2-amino-3-methyl-butyric
acid 5-(4-amino-2- oxo-2H-pyrimidin- l
-yl)-4-hydroxy-4-C-methyl-2-hydroxymethyl-tetrahydro-f
uran-3 -yl  ester) or its preferred hydrochloride salt
form. Nucleosides, nucleoside analogs, salts or  ester
prodrugs prepared by the present invention may be used
as intermediates in the  preparation of a wide variety
of other nucleoside analogues, or may be used directly
as  10 antiviral and/or antineoplastic agents. In one
embodiment, the improved process of the present
invention includes  reacting cytosine and an
activator, such as BSA, optionally in the presence of
a Lewis  



acid, for example as SnC14, with
1,2,3,5-(independently optionally protected) or
unprotected 2-C-methyl-(3-D-ribofuranose to form
4-amino-l-(3,4-(independently 15 optionally
protected-hydroxy)-5-O-protected-hydroxymethylene-3-me
thyl-tetrahydro- furan-2-yl)-IH-pyrimidin-2-one (see
Figure 4) NH2  NH2 N  N P10 N O  P10 H3C  OP4 H 0 O
CH3  P2'OP3 OP2 OP3  IV (Y) wherein each P1, P2, P3,
and P4 is independently hydrogen or a suitable oxygen
protecting  20 group, such as an acyl, and preferably
a benzoyl; and then optionally deprotecting the
4-amino-l-(3,4-(independently optionally protected-
hydroxy)-5-(optionally
O-protected-hydroxymethylene)-3-methyl-tetrahydrofuran
-2-yl)- 15 WO 2004/052899 PCT/US2003/039643
IH-pyrimidin-2-one of the previous step to form
4-amino-l-(3,4-dihydroxy-5-
hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-IH-pyrim
idin-2-one (6) if necessary. NH2 N H2  (tx0 Pl0 HO N O
O~ VO_  H3C H3C OPZ OP3 OH OH  5 For example, if P1,
P2 and P3 of intermediate (VO is benzoyl, then the
compound  



can be reacted with NaOMe/MeOH to provide
4-amino-l-(3,4-dihydroxy-5-
hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-1H-pyrim
idin-2-one (VI), also known  as
f3-D-2'-C-methyl-cytidine, which optionally can be
recrystallized, for example from 10 ethanol, to obtain
the (3-D-2'-C-methyl-cytidine in pure form. This
compound can if  desired be utilized as is as an
antiviral or can be further derivatized into a prodrug
for  delivery. The intermediate (VI) then can be
selectively optionally protected, esterified for
example at the 3'-position, and optionally deprotected
using any means known in the art  15 to obtain the
3'-ester prodrug of (3-D-2'-methyl-cytidine, such as
3'-O-valinyl ester of 0 D-2'-C-methyl-cytidine
(2-amino-3-methyl-butyric acid 5-(4-amino-2-oxo-2H-
pyrimidin-
1-yl)-4-hydroxy-4-C-methyl-2-hydroxymethyl-tetrahydro-
furan-3-yl ester) or  its preferred hydrochloride salt
form. As one nonlimiting example of the invention, if
the 3'-valinyl ester is preferred,  - 20 the
esterification process may include the steps depicted
in Figure 4, namely: reacting f 3-
D-2'-C-methyl-cytidine with Me2NCH(OMe)2 in DMF to
form (2), N-[1-(3,4-dihydroxy-
5-hydroxymethyl-3-methyl-tetrahhydro-furan-2-yl)-2-oxo
-1,2-dihydro-pyrimidin-4-yl]-
N,N-dimethyl-formamidine, which is the amino-protected
form of (VI); reacting () with 16 WO 2004/052899
PCT/US2003/039643  TBDPSCI and imidazole in DCM to
provide the 5'-silyl-protected form of (7) as N-{1-
[5-(tent-butyl-diphenyl-silanyloxymethyl)-3,4-dihydrox
y-3-methyl-tetrahydro-furan-2-
yl]-2-oxo-1,2-dihydro-pyrimidin-4-yl}-N,N-dimethyl-for
mamidine (8); reacting (~) with  N-Boc-L-valine, EDC,
and DMAP in DCM to form 2-tent-butoxycarbonylamino-3 5
methyl-butyric acid
2-(tent-butyl-diphenyl-silanyloxymethyl)-5-[4-(dimethy
lamino- methyleneamino)-2-oxo-2H-pyrimidin-1-yl]
-4-hydroxy-4-methyl-tetrahydro-furan-3 -yl  ester (2);
removing the silyl and amino-protecting groups by
reacting (2) with NH4F in  MeOH with the addition of
ethyl acetate (to prevent cleavage of the 3'-O-valinyl
ester by  liberated ammonia), and refluxing the
mixture to provide 2-tent-butoxycarbonylamino-3 10
methyl-butyric acid
5-(4-amino-2-oxo-2H-pyrimidin-1-yl)-4-hydroxy-2-hydrox
ymethyl- 4-methyl-tetrahydro-furan-3-yl ester (10),
which is purified by simple crystallization;  and
finally, reacting (LO) with HCl in EtOH to provide
2-amino-3-methyl-butyric acid 5- 



(4-amino-2-oxo-2H-pyrimidin-1-yl)-4-hydroxy-2-hydroxym
ethyl-4-methyl-tetrahydro- furan-3-yl ester,
dihydrochloride salt (11) as a final product. 15 The
use of cytosine rather than benzoyl cytosine or other
protected cytosine as  found in the prior art improves
the atom economy and simplifies purification
procedures.  The process of the present invention is
advantageous in that it utilizes up to approximately
50% less reagents than a similar process found in the
prior art. Even with  the use of fewer reagents, a
comparison with the closest prior art process reveals
an  20 increase in overall product yield, in one
example, from 12% to 38%. A further advantage is found
in the decreased cycle time required for completion of
the prodrug  synthesis. Compared to the prior art
synthesis shown, the improved process of the  present
invention cuts cycle time by about 80%. This is due
primarily to four factors: i)  an increase in loading
with a consequent decrease in the number of batches
required; ii) 25 an increase in percent yield; iii)
the use of easily handleable solvents and reagents;
and  iv) elimination of labor-intensive
chromatographic purification steps. A novel aspect of
the present invention resides in the use of specific
combinations of reagents that eliminate the need for
separation, isolation and/or  purification at steps
intermediate in the synthesis. Selection of specific
reagents that 30 convert a predominant amount of
starting material into product, that reduce
racemization,  and that are easily removable from the
final product, provide a synthetic process that is
more efficient than heretofore known. The overall
result is a decrease in time for final  17 WO
2004/052899 PCT/US2003/039643  prodrug product
formation as well as an increased percent yield of the
desired product.  Moreover, the need for less time and
fewer reagents result in greater overall cost
effectiveness and provide an industrially scalable and
safe process, if so desired. In an additional
embodiment of the present invention, the
1,2,3,5-(independently  5 optionally
protected)-2-C-methyl-(3-D-ribofuranose is obtained
from the 2,3,5- (independently optionally
protected)-2-C-methyl-D-ribonic lactone via reduction
with a  reducing agent, such as with sodium
bis(2-methoxyethoxy)aluminum hydride (Red-Al),
optionally in a solvent, such as ethanol; P10 P0  



O O O OH )NO fCH3 CH3 P 2 O OP P2~Op3  10 II III
wherein each P1, P2, and P3 is independently hydrogen
or a suitable oxygen protecting  group, such as an
acyl, and preferably a benzoyl; and then optionally
protecting (e.g. benzoylating) the ribofuranose
derivative compound of the  15 previous step to form
1,2,3,5-(independently optionally
protected)-2-C-methyl-(3-D- ribofuranose if necessary,
P10 p10  0 OH 0 OP4  Jim. CH3 CH3  P20 OP3  (RD
wherein P4 is independently hydrogen or a suitable
oxygen protecting group, such as an  20 acyl, and
preferably a benzoyl. 18 WO 2004/052899
PCT/US2003/039643  The use of Red-Al as a reducing
agent of the present invention unexpectedly affords
products having specific stereochemistry that allows
for their efficient separation.  This simplifies
isolation of the desired, final product. 5 In a
further embodiment of the present invention, the
2,3,5-(independently  optionally
protected)-2-C-methyl-D-ribonic lactone is obtained by
reacting D-fructose  with CaO; OH  O H O  O H O 0
HONOCH3  OH ' OH HO OH  



D-fructose (I)  10 and then, optionally protecting the
lactone, for example with benzoyl chloride (or another
suitable  acyl chloride), to form 2,3,5-(independently
optionally protected)-2-C-methyl-D-ribonic  lactone,
if necessary; HO P O 0 O 0 CH3 CH3  %  HO OH P O OP 15
(I) II  wherein each P', P2, and P3 is independently
hydrogen or a suitable oxygen protecting  group, such
as an acyl, and preferably a benzoyl. In addition, to
isolate a pure, single anomer product (i.e., in
substantially pure  20 form, which refers to at least
95%), purification step(s) may be added as needed. 19
WO 2004/052899 PCT/US2003/039643  The process of the
present invention utilizes inexpensive D-fructose as a
starting material, thereby providing significant cost
savings for the producer. This is especially
important where scale-up for industrial applications
is required or envisioned. In addition to the
significant economic advantage of using D-fructose as
a  5 starting material, the present invention enjoys
the novel aspect of using calcium oxide  (CaO) as a
reagent in the first step of the process. CaO is added
to D-fructose in water to  prepare
2-C-methyl-D-ribonic-gamma-lactone. This step alone
runs to completion faster  and accounts for increases
in yield of 30-40% over similar processes in the prior
art.  Moreover, CaO is non-toxic, easy to use and
mixes well with fructose and water. 10 A precipitant
is used to remove calcium from the solution. In one
embodiment,  CO2 and an acid that is stronger than
ribonic acid, and in a preferred embodiment, an
organic acid, is added to the reaction mixture to form
calcium carbonate. Suitable  organic acids include,
but are not limited to: oxalic acid, malonic acid,
succinic acid,  glutaric acid, adipic acid, suberic
acid, sebacic acid, azelaic acid, maleic acid, acetic
acid, 15 propionic acid, isobutyric acid, acrylic
acid, methacrylic acid, butyric acid, pentanoic  



acid, hexanoic acid or hexanoic acid. Moreover, the
overall process provided by combining Figures 1 and 4
is  advantageous in that it utilizes up to 50% less
reagents than a similar process found in  the prior
art. Even with the use of fewer reagents, a comparison
with the closest prior art 20 process reveals an
increase in overall product yield from, for example,
12% to 38%. A  further advantage is found in the
decreased cycle time required for completion of the
prodrug synthesis. Compared to the prior art synthesis
shown, the improved process of  the present invention
cuts cycle time by about 80%. This is due primarily to
four factors:  i) an increase in loading with a
consequent decrease in the number of batches required;
25 ii) an increase in percent yield; iii) the use of
easily handleable solvents and reagents;  and iv)
elimination of labor-intensive chromatographic
purification steps. 20 WO 2004/052899
PCT/US2003/039643  Therefore, in one embodiment of the
invention, a process for the preparation of
2'-C-methyl-D-cytidine from D-fructose is provided,
comprising the steps of: (a) reacting D-fructose with
CaO to obtain a 2-C-methyl-D-ribonic-y-lactone;  OH O
HO  OH O O  HO~"CHs OH %  OH HO OH  5 D-fructose (b)
optionally protecting the lactone, for example with
benzoyl chloride (or another  suitable acyl chloride),
to form 2,3,5-(independently optionally
protected)-2-C- methyl-D-ribonic lactone, if
necessary; HO P I O CO  O O H3  fCCH3 H S O H P20 'OPs
10 T II  



wherein each P1, P2, and P3 is independently hydrogen
or a suitable oxygen  protecting group, such as an
acyl, and preferably a benzoyl; 21 WO 2004/052899
PCT/US2003/039643  (c) reacting the
2,3,5-(independently optionally
protected)-2-C-methyl-D-ribonic lactone with a
reducing agent, such as with sodium bis-(2-
methoxyethoxy)aluminum hydride (Red-Al), optionally in
a solvent, such as  ethanol; P1O P1O  O OH  O CH3 CH3
5 P20~ OP3 P20~ OP3 II ()  wherein each P1, P2, and P3
is independently hydrogen or a suitable oxygen
protecting group, such as an acyl, and preferably a
benzoyl; (d) optionally protecting (e.g. benzoylating)
the ribofuranose derivative compound of  10 the
previous step to form 1,2,3,5-(independently
optionally protected)-2-C- methyl-(3-D-ribofuranose if
necessary, P10 P10  0 OH 0 OP4  :CCH3 CH3  2 P OP 3
P20~ OP3 III IV  wherein P4 is independently hydrogen
or a suitable oxygen protecting group, such  15 as an
acyl, and preferably a benzoyl, 22 WO 2004/052899
PCT/US2003/039643  (e) reacting the
1,2,3,5-(independently optionally
protected)-2-C-methyl-(3-D ribofuranose with cytosine
and an activator, such as BSA, optionally in the  



presence of a Lewis acid, such as SnC14, to form
4-amino-l-(3,4-(independently
optionally-protected-hydroxy)-5-O-protected-hydroxy-me
thylene-3 -methyl 5
tetrahydrofuran-2-yl)-IH-pyrimidin-2-one NH2 NH2 N N
P10 N O  P0 O H3C  H O CH3  P2(f 'NOP 3 OP2 OP 3
wherein each P', P2, P3, and P4 is independently
hydrogen or a suitable oxygen  protecting group, such
as an acyl, and preferably a benzoyl; 10 and then 23
WO 2004/052899 PCT/US2003/039643  (f) optionally
deprotecting the 4-amino-l-(3,4-(independently
optionally protected
hydroxy)-5-O-protected-hydroxymethylene-3-methyl-tetra
hydro-furan-2-yl)-IH- pyrimidin-2-one of the previous
step to form 4-amino-l-(3,4-dihydroxy-5-
hydroxymethyl-3-methyl-tetrahydro-furan-2-y1)-IH-pyrim
idin-2-one VI if  5 necessary, NH2 NH2  N N  I I N O N
O  P1 O H3C HO H3C  OP2 OP3 OH OH  (~) (g) optionally
protecting/deprotecting and then esterifying the
3'-positions of the 4- 



amino- l
-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-fu
ran-2-yl)-IH- 10 pyrimidin-2-one (3j), for example
with L-valine, to obtain the 3'-ester prodrug of
(3-D-2'-methyl-cytidine, for example the 3'-O-valinyl
ester of (3-D-2'-C- methyl-cytidine
(2-amino-3-methyl-butyric acid 5-(4-amino-2-oxo-2H-
pyrimidin-l-yl)-4-hydroxy-4-C-methyl-2-hydroxymethyl-t
etrahydro-furan-3-yl  ester), optionally in salt form,
if desired. 15 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic of a preferred process for
preparing 1,2,3,5-tetra-O-
benzoyl-2-C-methyl-(3-D-ribofuranose and
2,3,5-tri-O-protected-2-C-methyl-D-ribonic- y=
actorie. Figure 2 is a schematic of a alternative
process for preparing 2-C-methyl-(3-D- 20
ribonolactone. 24 WO 2004/052899 PCT/US2003/039643
Figure 3 is a schematic of a alternative process for
preparing 1,2,3,5-tetra-O-
benzoyl-2-C-methyl-(3-D-ribofuranose. Figure 4 is a
schematic of a preferred process of the present
invention for  preparing a nucleoside, nucleoside
analog, or a salt or prodrug thereof. 5 Figure 5 is a
schematic of a alternative process for preparing a
pharmaceutically  acceptable salt of the 3'-O-valinyl
ester of (3-D-2'-C-methyl-cytidine. Figure 6
illustrates an alternative pathway known in the prior
art for preparing j3- D-2'-C methyl-cytidine. DETAILED
DESCRIPTION OF THE INVENTION 10 Processes are provided
for preparing nucleosides and nucleoside analogs, such
as  2'-C-methyl-nucleosides and
2'-C-methyl-3'-O-valinyl nucleosides, and their salts
and/or prodrugs thereof, in all its stereochemical and
tautomeric forms, by utilizing  fewer reagents in less
time and with greater product yields than found in the
prior art.  Furthermore, it eliminates the need for
time-consuming and labor-intensive 15 chromatographic
purification steps, and keeps undesired racemization
at acceptable  levels. The improved process includes
the formation of the nucleoside of interest as an
intermediate in the prodrug synthesis, and
advantageously may be scaled to meet the  



requirements of industrial production. Also provided
are efficient, scalable synthetic methods for
preparing a 2-C- 20 methyl sugar intermediate, such as
2,3,5-(independently optionally protected) and
unprotected 2-C-methyl-D-ribonic-gamma-lactone (also
referred to as 2-C-methyl- ribonolactone) and
1,2,3,5-(independently optionally protected) and
unprotected 2-C- methyl-D-ribofuranose, by utilizing
inexpensive reagents, such as D-fructose, in less
time with simpler purification steps and with greater
product yields than found in the  25 prior art. In one
embodiment, the process of the present invention is
directed to the  preparation of a nucleoside that is
disubstituted at the 2'-C position, such as a
2'-methyl- nucleoside or a
2'-methyl-3'-O-valinyl-nucleoside, its intermediates,
such as 2,3,5- 25 WO 2004/052899 PCT/US2003/039643
(independently optionally protected) and unprotected
2-C-methyl-D-ribonic-gamma- lactone (also referred to
as 2-C-methyl-ribonolactone) and
1,2,3,5-(independently  optionally protected) and
unprotected 2-C-methyl-D-ribofuranose, and its salts
and/or  prodrugs thereof. In one preferred embodiment,
the invention is used to prepare 2,3,5 5
(independently optionally protected) or unprotected
2-C-methyl-D-ribonic-gamma- lactone. In another
preferred embodiment, the invention is used to prepare
1,2,3,5- (independently optionally protected) or
unprotected 2-C-methyl-D-ribofuranose. In yet  another
preferred embodiment, the present invention is used to
prepare (3-D-2'-C-methyl- cytidine
(4-amino-l-(3,4-dihydroxy-5-hydroxymethyl-3-C-methyl-t
etrahydro-furan-2 10 yl)-IH-pyrimidine-2-one). In
another embodiment, the present invention is carried
out to  prepare 3'-O-valinyl ester of
(3-D-2'-C-methyl-cytidine (2-amino-3-methyl-butyric
acid  5-(4-amino-2-oxo-2H-pyrimidin- l
-yl)-4-hydroxy-4-C-methyl-2-hydroxymethyl-
tetrahydro-furan-3-yl ester) or its preferred
hydrochloride salt form. Nucleosides,  nucleoside
analogs, salts or ester prodrugs prepared by the
present invention may be used 15 as intermediates in
the preparation of a wide variety of other nucleoside
analogues, or  may be used directly as antiviral
and/or antineoplastic agents. In a first embodiment,
the process of the present invention utilizes
D-fructose as a  starting material in a short
synthesis to prepare 1,2,3,5-(independently optionally



protected)-2-C-methyl-(3-D-ribofuranose. 20 In a
second embodiment, the process of the present
invention is directed to the  preparation of a
nucleoside, nucleoside analog, or a salt or prodrug
thereof, that is  disubstituted at the 2'-C position.
In a third embodiment, the present invention is used
to prepare (3-D-2'-C-methyl- cytidine
(4-amino-l-(3,4-dihydroxy-5-hydroxymethyl-3-C-methyl-t
etrahydrofuran-2-yl)- 25 1H-pyrimidin-2-one). In a
fourth embodiment, the present invention is carried
out to prepare 3'-O- valinyl ester of
(3-D-2'-C-methyl-cytidine (2-amino-3-methyl-butyric
acid 5-(4-amino-2-
oxo-2H-pyrimidin-1-yl)-4-hydroxy-4-C-methyl-2-hydr-oxy
methyl-tetrahydrofuran-3 -yl  ester) or its preferred
hydrochloride salt form. 30 Nucleosides, nucleoside
analogues, salts or ester prodrugs prepared by the
present invention may be used as intermediates in the
preparation of a wide variety of  26 WO 2004/052899
PCT/US2003/039643  other nucleoside analogues, or may
be used directly as antiviral and/or antineoplastic
agents. The process of the present invention is
advantageous in that it utilizes less than  50% of the
quantities of reagents than a similar process found in
the closest prior art.  5 Even so, a comparison with
the prior art reveals an increase in overall product
yield from 12% to 38%. A further advantage of the
present invention is an approximate 80%  decrease in
the cycle time of the prodrug synthesis. Yet another
advantage lies in the  safety and easy scalability of
this novel process to meet the requirements of
production at  industrial levels. 10 One novel aspect
of the present invention resides in the use of
specific  combinations of reagents that eliminate the
need for separation, isolation and/or  purification of
intermediates in the synthesis. Selection of certain
reagents that convert a  predominant amount of
starting material into the final product, that reduce
racemization  of the amino acid prodrug moiety, and
that are easily separated and removed from the 15
final product, provide greater process efficiency than
heretofore known. The overall  result is a decrease in
preparation time for the final product and an increase
in its percent  



yield. Moreover, because less time and fewer reagents
are needed, there is an overall  benefit in terms of
cost savings. Advantages found in the improved process
of the present invention include, in  20 Figure 1, the
use of D-fructose as an inexpensive starting material
and CaO, which  decreased the reaction time and
increased the percent yield of lactone production;
reduction with Red-Al/ethanol that provided a
regioselective mix of anomeric product  compounds from
which the final
1,2,3,5-tetra-O-benzoyl-2-C-methyl-(3-D-ribofuranose
can easily be separated by methods known to one of
skill in the art; in Figure 4, the use 25 of cytosine
as a starting material rather than benzoyl-cytosine
(Figure 5) or uracil  (Figure 6) as found in the prior
art which improves the "atom economy" of the process
by employing a less complex and less expensive
compound of lower molecular weight;  the requirement
of fewer equivalents of cytosine, SnC14 and BSA in the
present invention  compared to similar steps in the
prior art processes; the combination of reactants and
30 reagents in lesser equivalent amounts than used
heretofore that produces the dual  benefits of a
reaction that runs to completion within 3 to 4 hours
and the production of  27 WO 2004/052899
PCT/US2003/039643  intermediate (2) in Figure 4 of
such purity that additional chromatographic isolation
and  purification steps are rendered unnecessary.
Figure 1 is a schematic of one embodiment of the
present invention. In this  improved process, the time
required to form the ribonolactone (compound 1) from
D- 5 fructose is approximately 40 hours or less than 2
days, and results in about a 13.6% product yield,
which is 30-40% greater than found in the closest
prior art. By  comparison, the ribonolactone syntheses
of Kiliani and Scheibler each took 2 or more  months
to complete and resulted in an approximate 10% product
yield (Lopez-Herrera et  al., J Carbohydrate Chemistry
1994,13(5):767-775 at 768). 10 It was discovered
unexpectedly that calcium oxide (CaO) and water can be
reacted with the inexpensive starting material,
D-fructose, to prepare 1,2,3,5-tetra-O-
protected-2-C-methyl-o-D-ribofuranose in yields 30-40%
greater than previously  obtained. This process allows
for the preparation of large quantities of
2-C-methyl-(3-D- ribofuranose having protected hydroxy
groups, an important intermediate in the synthesis 



15 of biologically active nucleosides and certain
vitamin compounds. An advantage  ancillary to this
discovery is meaningful cost-savings in making the
product, an  especially important consideration where
large-scale, industrial synthesis is anticipated.  For
example,
1,2,3,5-tetra-O-benzoyl-2-C-methyl-(3-D-ribofuranose
is commonly  prepared from D-ribose by using
D-arabinose as a starting material. The synthesis from
20 D-arabinose requires at least 5 steps and
chromatographic purification. In addition, the  cost
per kilogram of D-arabinose is approximately 250 times
that of D-fructose! By  using the improved process of
the present invention, only 4 steps and inexpensive
reagents are needed to prepare 2-C-methyl-ribose with
protecting groups at positions 1,  2, 3, and 5. Thus,
the desired product is made efficiently and cost
effectively without the  25 need for chromatographic
purifications. Also surprising was the finding that
CaO, when used as the initial reagent in the  process,
significantly decreased the time required for
formation of the 2-C-methyl-(3-D- ribonolactone. This
significantly lessened the overall time required for
synthesis as  compared to the earlier work of Kilian
and Scheibler in which Ca(OH)2 was used as a  30
reagent. 28 WO 2004/052899 PCT/US2003/039643 It also
was discovered that Red-Al, optionally in ethanol, as
a reducing agent,  produced
2,3,5-tri-O-benzoyl-l-hydroxy-2-C-methyl-(3-D-ribofura
nose that, when  acylated, gave substantially a single
anomer product, resulting a more efficient
separation. This simplifies isolation of the desired,
final product. 5 Aspects of the advantages of the
present invention include the following: the
selection of D-fructose as an inexpensive starting
material is economically favorable for  preparing the
final, protected sugar analogue; the use of CaO
results in increased product  yield and decreased
reaction time for lactone production; and reduction
with Red-Al  provides a regioselective mix of anomeric
product compounds from which the final 10 product is
easily isolated by ordinary methods and equipment.
Other advantages include  the use of inexpensive
reagents in addition to the economical starting
reagent, a minimal  number of steps for handling
intermediary compounds in the overall process, and the
requirement for only ordinary methods and equipment
well known to those skilled in the  



art rather than complicated steps and expensive
apparatus. 15 Figure 4 is a schematic of another
embodiment of the present invention.  Advantages found
in this improved process include the following. The
use of cytosine as  a starting material rather than
benzoyl-cytosine (Figure 5) or uracil (Figure 6) as
found  in the prior art improves the "atom economy" of
the process by employing a less  complex and less
expensive compound of lower molecular weight. In
addition, the 20 present invention requires the use of
fewer equivalents of cytosine, SnC14 and BSA  compared
to similar steps in the prior art processes. This
combination of reactants and  reagents in lesser
equivalent amounts than used heretofore produces the
dual benefits of  a reaction that runs to completion
within 3 to 4 hours, and the production of
intermediate  (2) of such purity that additional
chromatographic isolation and purification steps are
25 rendered unnecessary. It was surprisingly found
that the use of NaOMe in McOH in the deprotection
step of the present invention (Figure 4, (5) -(),
removal of benzoyl-protecting groups)  offers the
advantages of being less expensive, safer, and easier
to use in an industrially  scalable synthesis compared
to the use of ammonia in the prior art process (Figure
5, 30 Sa -(6)). An added benefit results from a faster
reaction time: the reaction using  sodium methoxide
runs to completion in about 1 hour compared to 1-2
days for the same  reaction using ammonia. Moreover, a
simple methanol or ethanol, preferably ethanol,  29 WO
2004/052899 PCT/US2003/039643  treatment provides (6)
in high purity in the present invention, thereby
eliminating a  laborious and time-consuming
chromatographic purification step that is essential to
the  prior art process (see Figure 5, (La) 4 (J).
Despite the greater simplicity, lesser amounts and
cost, and increased safety of  5 the reactants and
reagents used, the first two steps in the process of
the present invention  have a combined 85% product
yield compared to a 24% product yield observed in the
prior art process shown in Figure 5. The product yield
was maintained at about 80+ %  even while reaction
loading was increased from about 5% in the prior art
to about 13% in  the present invention for the
sensitive formamidine-protection step that provides
(7)  10 (Figure 4, (6) 4 (7)). 



A single improvement over the prior art positively
affects the next two process  steps,
silylation-protection and BOC-ester coupling, that
provide, for example, (8) and  (9). First, the more
expensive and difficult to remove pyridine that was
used as the  reaction solvent in the prior art (Figure
5, (D - (a)) is replaced by dichloromethane 15 (Figure
4, (7) -) (8)). Silylation in dichloromethane produces
less undesired 3',5'- disilyl derivative, thereby
allowing for greater control over disilyl by-product
formation  and the conversion of more than 99% of (7)
into (a). And because dichloromethane also  is used as
the solvent for coupling with BOC-Val-OH, there is no
need for isolation of  (8) prior to its coupling with
BOC-Val-OH to provide (2). A simple extraction 20
procedure allows for the collection of () before it is
coupled with BOC-Val-OH  (compare Figure 4, (8) -3 ()
with the same step in the prior art Figure 5).
Further, the prior art process employed
N,N-dimethylformamide and acetonitrile  as the
BOC-Val-OH coupling reaction solvents (Figure 5, () -
(2a)). Both these  reagents are expensive, provide a
low loading ratio of about 3% in this reaction, and 25
NN-dimethylformamide in particular is difficult to
remove from the reaction mixture  due to its high
boiling point. Moreover, approximately 2 days and
excess amounts of  BOC-Val-OH, EDC and
dimethylaminopyridine (DMAP) are required for the
reaction to  run to completion. These excess reagents
are needed to drive the reaction to completion,  but
their presence complicates product purification in
later steps of the process. In 30 addition, the use of
excess DMAP triggers racemization of the amino acid
moiety of the  L-valine derivative. 30 WO 2004/052899
PCT/US2003/039643  In contrast to the prior art
processes, the use of dichloromethane as a solvent for
the coupling reaction in the present invention (Figure
4, (8) - (2)) allows for a loading  ratio of
approximately 11 % while utilizing approximately half
the amount of reagents as  employed in the prior art
and producing a reaction that runs to completion in
about 4-6 5 hours. The decrease in reaction time and
controlled amount of DMAP used in the  present
invention reduces racemization of the amino acid
moiety of the L-valine  derivative to less than 0.2%
compared to about 6% racemization found in the prior
art.  Such low racemic levels as 0.2% are within a
more pharmaceutically acceptable range  



for drugs, because they are associated with the
greater activity associated with one  10 enantiomer as
compared to its counterpart. The subsequent
deprotection of the esterified
(3-D-2'-C-methyl-cytidine can  utilize ammonium
fluoride (NH4F) in methanol. Ammonium fluoride (NH4F)
in  methanol is the reagent of choice for compound
deprotection (i.e., removal of the silyl  and
dimethylformamidine groups) in the reaction of (2) to
form (LO) (Figure 4). The 15 prior art process (Figure
5, 9a 10) employs the same reagents, but uses 10
equivalents of ammonium fluoride, an approximate 3%
loading ratio, and requires  chromatographic
separation to obtain 10 as compared to the use of 4
equivalents of  ammonium fluoride, an approximate 10%
loading ratio, and no chromatographic  separation
needed in the present invention. One benefit using
less ammonium fluoride 20 with approximately 10 mole
equivalents of ethyl acetate in this step of the
improved  process is that hydrolysis of the BOC-ester
(10) to (3-D-2'-C-methyl-cytidine, also  identified as
4-amino-l-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetr
ahydrofuran-2- yl)-1H-pyrimidin-2-one (6), is held to
a minimum. Thus, the process of the present  invention
is advantageous in its efficient use of reagents and
increased loading ratios. 25 Moreover, 10 is purified
using a simple EtOAc/TBME/H2O treatment, again
eliminating the need for chromatographic separation
and purification, and thereby  eliminating yet another
labor-intensive and time-consuming chromatographic
purification step. The percent yield of pure 10
following the three steps of silylation,  coupling and
deprotection, is approximately 60%-99%. 30 In the
final step of the improved process (Figure 4, 10 4 11
), ethyl alcohol is  used as a solvent for
deprotecting the 3'-valinyl ester derivative of
13-D-2'-C-methyl- cytidine by removal of the
BOC-protective group, and the loading ratio is
increased from  31 WO 2004/052899 PCT/US2003/039643
2% in the prior art to 12% in the present process.
Ethyl alcohol in the improved process  replaces ethyl
acetate used in the prior art as the solvent of choice
(Figure 5, 10 - 11 ), and this change results in the
observed increase in loading. Selection of ethyl
alcohol as a solvent and increased loading ratios
result in an increased reaction yield 5 from about 80%
in the prior art process to about 95% in the present
invention, and in  



avoidance of contamination due to generation of acetic
acid from ethyl acetate. The final  product, (L I), is
obtained in >98% pure form, and L-valine racemization
is held to less  than 0.2%. Thus, the overall improved
synthesis of the present invention for preparing a  10
prototype compound 3'-O-valinyl ester of
fi-D-2'-C-methyl-cytidine (2-amino-3-methyl- butyric
acid
5-(4-amino-2-oxo-2H-pyrimidin-1-yl)-4-hydroxy-2-hydrox
ymethyl-4- methyl-tetrahydro-furan-3-yl ester), or a
dihydrochloride salt thereof, results in an overall
improvement in percent yield of about 26% and a
decrease in cycle time of about 80%.  The decrease in
cycle time is due mainly to the elimination of
labor-intensive, time 15 consuming and costly
chromatographic separation and purification
procedures. Other  important factors include an
increase in loading that results in the need to run
fewer  batches, and the use of easily handleable
solvents and reagents. Use of solvents and  reagents
that are safer and less costly afford additional
benefits for using the present  process. However,
these benefits might be overlooked if the percent
yield of product 20 was less than provided by the
prior art process. That the process of the present
invention  affords an approximate 26% increase in
yield provides the culminating rationale for its  use.
Definitions and Alternative Reagents As used herein,
the term "substantially free of enantiomer" or
"substantially in  25 the absence of enantiomer"
refers to a nucleoside composition that includes at
least 95%  to 98% by weight, and even more preferably
99% to 100% by weight, of the designated  enantiomer _
of that nucleoside. In a preferred, .embodiment, in
the methods and  compounds of this invention, the
compounds are substantially free of enantiomers.
Similarly, the term "isolated" refers to a nucleoside
composition that includes at  30 least 85% or 90% by
weight, preferably 95% to 98% by weight, and even more
32 WO 2004/052899 PCT/US2003/039643  preferably 99% to
100% by weight, of the nucleoside, the remainder
comprising other  chemical species or enantiomers. The
terms "ribonic-gamma-lactone" and "ribonolactone" are
used  interchangeably throughout, and refer to the
compound designated as compound 1 in  



5 Figure 1, or an oxygen- protected derivative
thereof. The term "protected", as used herein and
unless specified otherwise, refers to a  group that is
added to an oxygen, nitrogen or phosphorus atom to
prevent its further  reaction or for other purposes. A
wide variety of oxygen, nitrogen and phosphorus
protecting groups are known to those skilled in the
art of organic synthesis. 10 Examples of suitable
protecting groups include, but not limited to,
benzoyl;  substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups,  substituted
or unsubstituted silyl groups; substituted or
unsubstituted aromatic or  aliphatic esters, such as,
for example, aromatic groups like benzoyl, toluoyls
(e.g. p- toluoyl), nitrobenzoyl, chlorobenzoyl; ether
groups such as, for example, -C-O-aralkyl,  15
C-O-alkyl, or -C-O-aryl; and aliphatic groups like
acyl or acetyl groups, including any  substituted or
unsubstituted aromatic or aliphatic acyl,
-(C=O)-aralkyl, -(C=O)-alkyl, or - (C=O)-aryl; wherein
the aromatic or aliphatic moiety of the acyl group can
be straight- chained or branched; all of which may be
further optionally substituted by groups not  affected
by the reactions comprising the improved synthesis
(see Greene et al., Protective 20 Groups in Organic
Synthesis, John Wiley and Sons, 2nd Edition (1991)).
For example, in  one embodiment of the invention, the
protecting groups are substituted by groups not
affected by the reducing agent of choice, preferably
Red-Al. For the use of ethers as  protective groups,
attention is directed to U.S. 6,229,008 to Saischek et
al., herein  incorporated by reference, wherein it is
reported that the use of an ether as a protective 25
group may offer significant advantages, particularly
at the 5' position of a  pentofuranoside, for
stability toward reagents and process conditions. This
affords an  ultimate advantage for separation,
isolation, and purification of the desired product and
thus, on the product's percent yield. The sugar
hydroxyl protecting groups can be as nonlimiting
examples, silyl,  30 benzoyl, p-toluoyl,
p-nitrobenzoyl, p-chlorobenzoyl, acyl, acetyl,
-(C=O)-alkyl, and  -(C=O)-aryl, all of which may be
unsubstituted or substituted by one or more groups not
33 WO 2004/052899 PCT/US2003/039643  affected by the
selected reducing agent. In one embodiment, the sugar
hydroxyl  protecting group is benzoyl. The amino acid
protecting groups are preferably BOC  



(butoxycarbonyl), -(C=0)-aralkyl, -(C=O)-alkyl or
-(C=O)-aryl. In one embodiment of  the invention, the
amino acid protecting group is BOC (butoxycarbonyl). 5
Throughout this application, the term "substituted"
means single or multiple  degrees of substitution by
one or more named substituents. Where a single
substituent is  disclosed or claimed, the compound can
be substituted once or more than once by that
substituent. Where multiple substituents are disclosed
or claimed, the substituted  compound can be
substituted independently by one or more of the
disclosed or claimed  10 substituent moieties, singly
or plurally. The term "alkyl", as used herein and
unless specified otherwise, refers to a  saturated,
straight, branched, or cyclic, primary, secondary or
tertiary hydrocarbon of  typically C1 to C10, and
specifically includes methyl, trifluoromethyl, ethyl,
propyl,  isopropyl, cyclopropyl, butyl, isobutyl,
t-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, 15
hexyl, isohexyl, cyclohexyl, cyclohexylmethyl,
methylpentyl and dimethylbutyl. The  term includes
both substituted and unsubstituted alkyl groups.
Moieties with which the  alkyl group can be
substituted in one or more positions are selected from
the group  consisting of halo (including fluorine,
chlorine, bromine or iodine), hydroxyl (eg.  CH2OH),
amino (eg., CH2NH2, CH2NHCH3 or CH2N(CH3)2),
alkyaamino, arylamino, 20 alkoxy, aryloxy, nitro,
azido (eg., CH2N3), cyano (CH2CN), sulfonic acid,
sulfate,  phosphonic acid, phosphate or phosphonate,
any or all of which may be unprotected or  further
protected as necessary, as known to those skilled in
the art and as taught, for  example, in Greene et al.,
Protective Groups in Organic Synthesis, John Wiley and
Sons,  2"a Edition (1991). 25 The terms "alkylamino"
and "arylamino" include an amino group that has one or
more alkyl or aryl substituents, respectively. The
terms "alkaryl" and "alkylaryl" include an alkyl group
with an aryl  substituent. The terms "aralkyl" and
"arylalkyl" refer to an aryl group with an alkyl
substituent. 30 The term "halo" includes chloro,
bromo, iodo, and fluoro.  34 WO 2004/052899
PCT/US2003/039643  The term "aryl", as used herein,
and unless specified otherwise, refers to phenyl, 



biphenyl or naphthyl. The term includes both
substituted and unsubstituted moieties.  The aryl
group can be substituted with one or more moieties
including but not limited to  hydroxyl, amino,
alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano,
sulfonic acid, 5 sulfate, phosphonic acid, phosphate,
or phosphonate, any or all of which may be
unprotected or further protected as necessary, as
known to those skilled in the art and as  taught, for
example, in Greene et al., Protective Groups in
Organic Synthesis, John  Wiley and Sons, 2nd Edition
(1991). The term "acyl" includes a -C(=O)-R in which
the non-carbonyl moiety R is for  10 example,
straight, branched, or cyclic alkyl or lower alkyl,
alkoxyalkyl including  methoxymethyl, aralkyl
including benzyl, aryloxyalkyl such as phenoxymethyl,
aryl  including phenyl optionally substituted with
halogen, C1 to C4 alkyl or C1 to C4 alkoxy,  sulfonate
esters such as alkyl or aralkyl sulphonyl including
methanesulfonyl, the mono-,  di- or tri-phosphate
ester, trityl or monomethoxytrityl, substituted
benzyl, trialkylsilyl 15 such as, for example,
dimethyl-t-butylsilyl), or diphenylmethylsilyl. Aryl
groups in the  esters optimally comprise a phenyl
group. The term "lower acyl" refers to an acyl group
in which the non-carbonyl moiety is lower alkyl. The
terms "carboxylic acid" and "carboxylic acid ester"
include the structures  RC(=O)OH and RC(=O)O-R',
respectively. Here the non-carbonyl moiety, whether R
20 or R', is for example, straight, branched, or
cyclic alkyl or lower alkyl, alkoxyalkyl including
methoxymethyl, aralkyl including benzyl, aryloxyalkyl
such as  phenoxymethyl, aryl including phenyl
optionally substituted with halogen, C1 to C4 alkyl
or C1 to C4 alkoxy. Also intending for inclusion here
are sulfonate esters such as alkyl or  aralkyl
sulphonyl including methanesulfonyl, the mono-, di- or
tri-phosphate ester, trityl 25 or monomethoxytrityl,
substituted benzyl, trialkylsilyl such as, for
example, dimethyl-t- butylsilyl), or
diphenylmethylsilyl. Aryl groups in the esters
optimally comprise a  phenyl group. In all
occurrences, R and R' may be the same or may be
different  substituents. The term amino acid includes
naturally occurring and synthetic a, 0, y, or  30
amino acids, and includes but is not limited to, amino
acids found in proteins, i.e.  glycine, alanine,
valine, leucine, isoleucine, methionine,
phenylalanine, tryptophan,  proline, serine,
threonine, cysteine, tyrosine, asparagine, glutamine,
aspartate, glutamate, 



35 WO 2004/052899 PCT/US2003/039643  lysine, arginine
and histidine. In a preferred embodiment, the amino
acid is in the L- configuration. In another preferred
embodiment, the amino acid is L-valinyl.
Alternatively, the amino acid can be a derivative of
alanyl, valinyl, leucinyl, isoleuccinyl,  prolinyl,
phenylalaninyl, tryptophanyl, methioninyl, glycinyl,
serinyl, threoninyl, 5 cysteinyl, tyrosinyl,
asparaginyl, glutaminyl, aspartoyl, glutaroyl,
lysinyl, argininyl,  histidinyl, (3-alanyl, 0-valinyl,
(3-leucinyl, 0-isoleuccinyl, (3-prolinyl,
0-phenylalaninyl, f3- tryptophanyl, (3-methioninyl,
-(3glycinyl, (3-serinyl, (3-threoninyl, (3-cysteinyl,
(3-tyrosinyl,  (3-asparaginyl, (3-glutaminyl,
(3-aspartoyl, (3-glutaroyl, (3-lysinyl, (3-argininyl
or P- histidinyl. 10 The term "non-natural amino acid"
refers to a carboxylic acid having an amino  group
terminus but that is not found in nature. The term is
intended to embrace both D- and L-amino acids, and any
tautomeric or stereoisomeric forms thereof. The term
nucleoside base, includes purine or pyrimidine base.
Examples of  purine or pyrimidine base include, but
are not limited to, adenine, N6-alkylpurines, N6- 15
acylpurines (wherein acyl is C(O)(alkyl, aryl,
alkylaryl, or arylalkyl), N6-benzylpurine,
N6-halopurine, N6-vinylpurine, N6-acetylenic purine,
N6-acyl purine, N6-hydroxyalkyl  purine, N6-thioalkyl
purine, N2-alkylpurines, N2-alkyl-6-thiopurines,
thymine, cytosine,  5-fluorocytosine,
5-methylcytosine, 6-azapyrimidine, including
6-azacytosine, 2- and/or  4-mercaptopyrmidine, uracil,
5-halouracil, including 5-fluorouracil,
C5-alkylpyrimidines, 20 C5-benzylpyrimidines,
C5-halopyrimidines, C5-vinylpyrimidine, C5-acetylenic
pyrimidine, C5-acyl pyrimidine, C5-hydroxyalkyl
purine, C5-amidopyrimidine, C5- cyanopyrimidine,
C5-nitropyrimidine, C5-aminopyrimidine,
N2-alkylpurines, N2-alkyl-6- thiopurines,
5-azacytidinyl, 5-azauracilyl, triazolopyridinyl,
imidazolopyridinyl,  pyrrolopyrimidinyl, and
pyrazolo-pyrimidinyl. Purine bases include, but are
not limited 25 to, guanine, adenine, hypoxanthine,
2,6-diaminopurine, and 6-chloropurine. Functional
oxygen and nitrogen groups on the base can be
protected as necessary or desired.  Suitable
protecting groups are well known to those skilled in
the art, and include  trimethylsilyl,
dimethylhexylsilyl, t-butyldimethylsilyl and
t-butyldiphenylsilyl, trityl,  alkyl groups, and acyl
groups such as acetyl and propionyl, methanesulfonyl,
and p 



30 toluenesulfonyl. Alternatively, the purine or
pyrimidine base can optionally substituted  such that
it forms a viable prodrug, which can be cleaved in
vivo. Examples of  36 WO 2004/052899 PCT/US2003/039643
appropriate substituents include acyl moiety, an amine
or cyclopropyl (e.g., 2-amino,  2,6-diamino or
cyclopropyl guanosine). Other reagents used in the
process of the present invention or the prior art are
defined as: BSA (bis(trimethylsilyl)acetamide), TMSCI
is chlorotrimethylsilane; TFAA  5 is trifluoroacetic
anhydride; TBDPSC1 is tert-butyldiphenylsilyl
chloride; TBDMSCI is  tert-butyldimethylsilyl
chloride; and DCM is dichloromethane. The process of
the present invention is not limited to the use of the
nucleoside,  protected amino acid ester, and reagents
exemplified. Suitable alternative reagents for  the
present invention may be used in place of those given
above. For example, TEA 10 (triethylamine) may be
replaced by any other suitable amine, including but
not limited to  diisopropylethylamine,
N-ethylmorpholine, or any tertiary aliphatic amine;
DME (1,2- dimethoxyethane) may be replaced by any
suitable polar aprotic solvent, such as THE
(tetrahydrofuran) or any ether; and Red-Al/EtOH
(sodium bis[2-methoxyethoxy]- aluminum hydride/ethyl
alcohol) in toluene can be replaced by NaHTe, SmI2, H2
+ Pd 15 phosphine catalyst, or LiAl (OtBu)3H (lithium
tri-tertiary butyoxy aluminum hydride), all  of which
produce chemoselective and regioselective reductions,
but not by LiA1H4,  which results in an open-chain
diol. Washes of the product slurry with THE just
before  and after the addition of MgSO4 may be
replaced by washes in acetone. Indeed, for  scaled-up
procedures, acetone is the preferred solvent. 20 In
addition, DMF (dimethyl formamide) may be replaced by
any polar solvent  such as, for example, DMSO
(dimethyl sulfoxide), although DMF is preferred based
upon ease of handling and removability from the
reaction mix. EDC (1-[3-
(dimethylamino)propyl]-3-ethyl-carbodiimide
hydrochloride); also referred to as DEC)  may be
replaced by any reagent that enables coupling
including, but not limited to, CDI 25 (carbonyl
diimidazole), BOP reagent
(benzotriazol-1-yloxy-tris(dimethylamino)- phosphonium
hexafluorophosphate), or similar coupling reagents as
known to those  skilled in the art. While SnC14 is
preferred, any Lewis acid may be used in its place.
The  



Lewis acid includes, but is not limited to SnC14, BF3,
A1C13, TiC12, TiC14, FeC13, SnC12.  and any mixture
thereof. In one embodiment, the Lewis acid is SnC14.
Any organic 30 solvents such as, for example, toluene
may replace acetonitrile. Any activating agent, for
example a silylating agent can be used to activate the
nucleoside base for coupling.  HMDS
(hexamethyldisilazane), TMSC1, or TBDPSCI, for
example, may be used in place  37 WO 2004/052899
PCT/US2003/039643  of BSA
(bis(trimethylsilyl)acetamide). Ammonia is an
alternative reagent for use in  place of sodium
methoxide in methanol, and any polar solvent such as
DMSO may  replace DMF. Any number of other silylating
reagents may replace TBDPSC1, any  fluoride salt can
replace NH4F, and other acids such as TFA may be used
to replace HCI.  5 Detailed Description of Process
Steps Preparation of the Ribonolactone  OH  O P1O OH O
0  HOWCH3  OH ~`'~  P O 2 ` OP  6H D-fructose II  The
ribonolactone can be prepared by any published or
unpublished means  10 including standard oxidation and
substitution techniques. One embodiment of the process
for the synthesis of the ribonolactone is synthesized
via D-fructose by the  following protocol. The
ribonolactone can be prepared by reaction of
D-fructose with calcium oxide  (CaO). The D-fructose
can be reacted with CaO at any molar ratio that allows
the  15 reaction to proceed at an acceptable rate
without excessive side products, preferably at a 5:1
molar ratio, and even more preferably at a 3:1 molar
ratio, and most preferably at a  2.3:1.3 molar ratio
to D-fructose. The CaO can be added at any rate that
allows for the  



reaction to proceed at an acceptable rate and without
the generation of excess heat or  excessive side
products. In one embodiment, the CaO is added
incrementally over a 5 20 minute period at room
temperature. The reaction can be allowed to proceed
until a  substantial amount of the D-fructose is
consumed, e.g. for 6-22 hours, in which the  reaction
progression can be monitored, for example by taking
aliquots periodically for  TLC analysis. 38 WO
2004/052899 PCT/US2003/039643  This reaction can be
accomplished at any temperature that allows the
reaction to proceed at an acceptable rate without
promoting decomposition or excessive side  products.
The preferred temperature is from room temperature to
about 23 - 40 C. A precipitant can be used to remove
calcium from the solution. In one  5 embodiment, CO2
and an acid that is stronger than ribonic acid, and in
a preferred  embodiment, an organic acid, are added to
the reaction mixture to form calcium  carbonate.
Suitable organic acids include, but are not limited
to: oxalic acid, malonic  acid, succinic acid,
glutaric acid, adipic acid, suberic acid, sebacic
acid, azelaic acid,  maleic acid, acetic acid,
propionic acid, isobutyric acid, acrylic acid,
methacrylic acid,  10 butyric acid, pentanoic acid,
hexanoic acid or hexanoic acid. Therefore, in one
embodiment of the present invention, CO2 can be
bubbled  through the mixture at the conclusion of the
reaction period for a suitable amount of time  to
lower the pH from basic to neutral levels,, e.g. about
2-3 hours. Any CaCO3 that forms  as a result of the
neutralization step can be removed, for example by
vacuum filtration. 15 The aqueous layers then can be
treated with an acid, such as an organic acid, that
is stronger than ribonic acid, for example oxalic
acid, at any molar ratio that allows the  reaction to
proceed at an acceptable rate without excessive side
products. In one  embodiment, the acid, such as oxalic
acid, is added in a 1:2 molar ratio with D-fructose.
The reaction can be allowed to proceed until a
substantial amount of calcium is  20 precipitated at
any temperature that allows the calcium to precipitate
out of solution at an  acceptable rate without
promoting decomposition or the formation of excessive
side  products. For example, the solution can be
stirred until a white slurry appears, for  example
around 30 minutes, at about room temperature or around
25 C. Then, this  



slurry can then be stirred overnight, for example at
45-50 C. 25 Upon completion, the solution can be
evaporated, for example under reduced  pressure, to
remove most of the water while still leaving an
aqueous mix. The product  can be isolated from the
aqueous mix by any means known in the art. For
example,  NaCl and an organic solvent, such as THF,
can be added into the slurry at room  temperature and
stirred, for example for approximately 30 minutes. The
resulting layers 30 can be separated, and the aqueous
layer is added to fresh solvent, such as THF, and
stirred, for example for an additional 10 minutes. The
process of adding solvent, stirring,  39 WO
2004/052899 PCT/US2003/039643  and separating the
resulting aqueous layer can be repeated as many times
as necessary,  for example repeated around 3 times.
Finally, the organic solutions can be combined and
stirred with a drying agent, such as anhydrous MgSO4,
for example for 30 minutes, then  filtered, and washed
with more solvent, such as THF. The filtrate can be
evaporated, for 5 example under reduced pressure, at
about 40 C., and the crude product can be collected,
for example as a dark orange semisolid. Optionally, to
purify the product, a second solvent, such as acetone
is added to  the crude product, and the mixture is
stirred for example at 20 C for 3 hours. A white
crystalline ribonolactone product can be collected for
example by vacuum filtration, 10 washed with the
second solvent, such as acetone, and vacuum dried (see
Figure 1,  compound 1). Product yield from this
reaction can be approximately 13.6%, nearly 4%
increase  over the product yields found in the prior
art. The free hydroxyl groups of the ribonolactone
then can be selectively protected  15 with a suitable
protecting group, preferably with an acyl or silyl
group, by methods well  known to those skilled in the
art, as taught in Greene, et al., Protective Groups in
Organic Synthesis, John Wiley and Sons, Second
Edition, 1991. For example, chloro-t- butyl
diphenylsilane may be reacted with the ribonolactone
at room temperature in  anhydrous pyridine.
Alternatively, an acyl chloride, such as benzoyl
chloride, may be 20 reacted with the ribonolactone,
optionally in the presence of a base, under refluxing
conditions in DME. 



For example, the ribonolactone product can be mixed
with a base, for example  DMAP in any molar ratio that
allows the reaction to proceed at an acceptable rate
without excessive side products. In one embodiment,
the molar ratio of ribonolactone: 25 base (such as
DMAP) is about 5:1. The reaction optionally can be
promoted with the use  of an additional base, such as
TEA in any molar ratio that allows the reaction to
proceed  at an acceptable rate without excessive side
products. In one embodiment of the  invention, the
additional base (such as TEA) is used in excess. After
a sufficient period,  an acyl chloride, such as
benzoyl chloride, is added in any molar ratio that
allows the 30 reaction to proceed at an acceptable
rate without excessive side products, for example in
approximately a 5:1 ratio with ribonolactone. 40 WO
2004/052899 PCT/US2003/039643  The ribonolactone can
be prepared in any solvent that is suitable for the
temperature and the solubility of the reagents.
Solvents can consist of any aprotic  solvent
including, but not limiting to, alkyl solvents such as
hexane and cyclohexane,  toluene, acetone, ethyl
acetate, dithianes, THF, dioxane, acetonitrile,
dichloromethane, 5 dichloroethane, diethyl ether,
pyridine, dimethylformamide (DMF), DME,
dimethylsulfoxide (DMSO), dimethylacetamide, or any
combination thereof, though  preferably DME. This
reaction can be accomplished at any temperature that
allows the reaction to  proceed at an acceptable rate
without promoting decomposition or excessive side  10
products. The preferred temperature is from room
temperature to about 5 T. Ice water then can be added
to the reaction mixture, after which the crude product
is collected, stirred with a suitable solvent, such as
tert-butyl methyl ether, filtered,  washed, and dried,
for example via vacuum. For comparative purposes, the
prior art process of Kiliani for preparing  15
ribonolactone is given in Figure 2. A detailed account
of Kiliani's process as given by  Sowden in Adv. In
Carbohydrate Chem. 1957, 12:43 indicates that Ca(OH)2
is added  once and then again 14 days later, after
which the mixture is allowed to sit with  occasional
shaking for 1-2 months. The mixture is then filtered,
and the filtrate is  saturated with CO2. Next, calcium
ions are precipitated by the addition of an exact 



20 equivalent amount of oxalic acid, the solution
filtered, concentrated to a syrup, and the  syrup
allowed to crystallize under cold conditions over
another few days. Finally, the  mother liquors are
separated from the crystals, and the crystals
dissolved and  recrystallized from water. 41 WO
2004/052899 PCT/US2003/039643  Reduction of the
Protected Ribonolactone P10 P10  0 OP4 Am- fCH3 CH3
P20 'OP3 P20`~~, OP3  (II) IV  The optionally
protected 2-C-methyl-D-ribono-gamma lactone obtained
from the 5 previous step can be reduced using any
suitable reducing agent at any molar ratio that
allows the reaction to proceed at an acceptable rate
without excessive side products.  Suitable reducing
agents include, but are not limited to, Red-Al/EtOH
(sodium bis[2- methoxyethoxy] -aluminum hydride/ethyl
alcohol), NaHTe, SmI2, H2 + Pd-phosphine  catalyst, or
LiAI (OtBu)3H (lithium tri-tertiary butyoxy aluminum
hydride), all of which 10 produce chemoselective and
regioselective reductions. In one embodiment of the
invention, the reducing agent is Red-Al/ethanol. For
example, a solution of Red-Al can  be added to a
solution of optionally protected
2-C-methyl-D-ribono-gamma lactone at a  molar ratio of
Red-Al to
2,3,5-tri-O-benzoyl-2-C-methyl-D-ribonic-gamma lactone
of  approximately 2:1. 15 Interestingly, it is found
that certain reagents work less well or result in a
mixture  of desired and undesired product species when
used in the process of the present  invention. For
example, when Red-Al in ethanol is replaced by
LiAl(Ot-Bu)3H, the latter  reducing agent slows
reaction time and results in the formation of several
undesired  products. Likewise,
9-borabicyclo-[3.3.1]-nonane, 9-BBN, and
diisobutylaluminium 20 hydride, DIBALH, produce no
reaction or only only trace amounts of the desired
product. This reaction can be accomplished at any
temperature that allows the reaction to  proceed at an
acceptable rate without promoting decomposition or
excessive side  



products. The preferred temperature is from about 0 C
to -5 T. 25 The ribofuranose can be prepared in any
solvent that is suitable for the  temperature and the
solubility of the reagents. Solvents can consist of
any organic  solvent including, but not limiting to,
alkyl solvents such as pentane, hexane and  42 WO
2004/052899 PCT/US2003/039643  cyclohexane, toluene,
acetone, ethyl acetate, dithianes, THF, dioxane,
acetonitrile,  dichloromethane, dichloroethane,
diethyl ether, pyridine, dimethylformamide (DMF),
DME, dimethylsulfoxide (DMSO), dimethylacetamide,
alcohol solvents such as  methanol, ethanol, propanol,
isopropanol, butanol, pentanol, and octanol, or any 5
combination thereof, though preferably in a solution
of anhydrous toluene and anhydrous  ethanol. The
reaction can be quenched with a suitable proton
source, such as acetone,  water, and 1 N HCI. The
mixture can be extracted with organic solvent, such as
ethyl  acetate, washed with brine, dried, and the
solvent removed, for example under pressure  10 at
about 40 C. The free hydroxyl group of the
ribofuranose then can be selectively protected  with a
suitable protecting group, preferably with an acyl or
silyl group, by methods well  known to those skilled
in the art, as taught in Greene, et al., Protective
Groups in  Organic Synthesis, John Wiley and Sons,
Second Edition, 1991. For example, chloro-t 15 butyl
diphenylsilane may be reacted with the ribofuranose at
room temperature in  anhydrous pyridine.
Alternatively, an acyl chloride, such as benzoyl
chloride, may be  reacted with the ribofuranose,
optionally in the presence of a base, under refluxing
conditions in DME. Figure 3, is an example of an
alternative process by Harry-O'kuru et al, J Org.  20
Chem., (1997), 62(6):1754-59. This process lacks a
lactone intermediate but is used to  obtain a product
identical to that of the present invention. The
process of Harry-O'kuru  utilized D-arabinose or
D-ribose that had all its hydroxy groups except for
that at C2  protected prior to ketone formation
(Figure 3). The protected sugar was reacted with
Dess-Martin periodinane reagent in CH2Cl2 and MgSO4 to
provide 2,4-di-O-benzoyl-5 25
methyl-O-benzoyl-dihydrofuran-3-one, which was
subsequently reduced with MeTiC13,  



MeMgBr/TiC14 (or RCeC12 where R is the desired
substituent on the ribose C2).  Reaction of compounds
(3) and (4a) with BzC1/DMAP/Et3N provides the final
product  (4b),
1,2,3,5-tetra-O-benzoyl-2-R-ribofuranoside. It is
noted that in the first step, . a  significant amount
of a hydrate of the desired product is formed and
requires overnight 30 reaction with excess MgSO4 to
prepare an essentially dry ketone product. Further, it
will  be appreciated that a mixture of desired
1,3,5-benzoyl-protected-2-alkyl ribofuranoside,  and
its transesterified a- and 0 isomers of
2,3,5-benzoyl-protected ribofuranosides, result  43 WO
2004/052899 PCT/US2003/039643  from reacting the key
intermediate 2-ketone with an organotitanium reagent
in this  process. While immaterial to the authors
because all three products were useful for their
purposes, this aspect of the synthesis would require
an additional separation step for  anyone with an
interest in only a single isomer (J. Org. Chem., 1997,
62(6):1754-9, at 5 1755). Either D-ribose or
D-arabinose may be used as the starting material for
this  process, but economics play a large role when
using D-arabinose since its cost is  approximately 250
times that of D-fructose! The prior art process of
Figure 3 differs from the present invention in that
all  hydroxy groups on the D-arabinose or D-ribose
except for that on C2 are protected prior  10 to
ketone formation. A ketone then is formed at C2 on the
starting compound by reaction with Dess-Martin
periodinane reagent (see Figure 3, compound 3), and is
subsequently reduced with MeTiC13 or RCeC12, where R
is the desired, second  substituent on the ribose C2
(see Figure 3, compounds 3 and 4). The final product,
1,2,3,5-tetra-O-benzoyl-2-alkyl-ribofuranoside, is
produced in approximately a 70%  15 yield. By
comparison, the more efficient process of the present
invention provides for  lactone formation at
ribofuranose Cl, protection of available hydroxy
groups at  ribofuranose C2, C3 and C5, and lactone
reduction with Red-Al, optionally in ethanol,  that
produces regioselective, easily separable, anomeric
products, followed by protection  20 of the single,
remaining free hydroxy group at ribofuranose Cl. 44 WO
2004/052899 PCT/US2003/039643  



Condensation of the Ribofuranose with Activated
Cytosine NH2  NH2 N  rJ P0 N O P0 H3C  O a OP N O  H
CH3 p2 %p3 OP2 op3  (i (Y)  The optionally protected
2-C-methyl-D-ribonofuranose, obtained either from the
5 previous steps or from any other means known in the
art, can be coupled with a  nucleoside base using any
method known in the art, including standard coupling
techniques using activated bases. One embodiment of
the present invention includes the process for the
synthesis  of the (3-D-2'-C-methyl-cytidine by the
following protocol. 10 (3-D-2'-C-Methyl-cytidine can
be prepared by reaction of 2-C-methyl-D-
ribonofuranose with an activated cytosine that is
unprotected (i.e. not benzoylated), such  as an
cytosine activated with an activating agent, such as a
silylating agent, including,  but not limited to BSA
((N,O-bis(trimethylsilyl)acetamide), HMDS, TMSCI, or
TBDPSCI. In one embodiment, the silylating agent is
BSA. 15 The reaction can be carried out optionally in
the presence of a Lewis acid, such as  SnC14, in any
molar ratio that allows the reaction to proceed at an
acceptable rate without  excessive side products.
Suitable Lewis acids includes, but are not limited to
SnC14, BF3,  A1C13, TiC12, TiC14, FeC13, SnC12 and any
mixture thereof. In one embodiment, the  Lewis acid is
SnC14. 20 (3-D-2'-C-Methyl-cytidine can be prepared in
any solvent that is suitable for the  temperature and
the solubility of the reagents. Solvents can consist
of any aprotic  solvent including, but not limiting
to, alkyl solvents such as hexane and cyclohexane,
toluene, acetone, ethyl acetate, dithianes, THF,
dioxane, acetonitrile, dichloromethane,  



45 WO 2004/052899 PCT/US2003/039643  dichloroethane,
diethyl ether, pyridine, dimethylformamide (DMF),
dimethylsulfoxide  (DMSO), dimethylacetamide, or any
combination thereof, though preferably acetonitrile.
This reaction can be accomplished at any temperature
that allows the reaction to  proceed at an acceptable
rate without promoting decomposition or excessive side
5 products. The preferred temperature is from about 20
C to about 80 C. Subsequently the nucleoside can be
deprotected by methods well known to those  skilled in
the art, as taught in Greene, et al., Protective
Groups in Organic Synthesis,  John Wiley and Sons,
Second Edition, 1991. For example, an benzoyl
protected  hydroxyl moieties can be deprotected with
NaOMe in MeOH at around room  10 temperature. The
prior art process shown in Figure 5 comprised reacting
benzoylcytosine,  BSA and SnCl4/acetonitrile with
1,2,3,5-tetra-O-benzoyl-2-C-methyl-(3-D-ribofuranose
(4) to form
4-benzoylamino-1-(3,4-dibenzoyloxy-5-benzoyloxymethyl-
3-methyl- tetrahydrofuran-2-yl)-1H-pyrimidin-2-one 5a
; reacting (La) with NH3 in methanol and 15
chromatographically separating the product,
4-amino-l-(3,4-dihydroxy-5-hydroxmethyl-
3-methyl-tetrahydro-furan-2-yl)-JH-pyrimidin-2-one `),
also known as (3-D-2'-C- methyl-cytidine; reacting O
with Me2NCH(OMe)2 in DMF at room temperature for 1.5
hours to form
N-[1-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydr
o-furan-2-yl)-2-
oxo-1,2-dihydro-pyrimidin-4-yl]-N,N-dimethyl-formamidi
ne (7); reacting (2) with 20 TBDPSCI and pyridine at
room temperature for 6 hours to provide
N'-{1-[5-(tent-butyl-
diphenyl-silanyloxymethyl)-3,4-dihydroxy-3-methyl-tetr
ahydro-furan-2-yl]-2-oxo-1,2-
dihydro-pyrimidin-4-yl}-N,N-dimethyl-formamidine (8);
reacting (~) with N-Boc-L- valine, DEC and DMAP in
THF/DMF at room temperature for 2 days and subjecting
the  product formed from this reaction to HPLC in
order to provide 2-tert 25
butoxycarbonylamino-3-methyl-butyric acid
2-(tert-butyl-diphenyl-silanyloxy-methyl)-
5-[4-(dimethylaminomethyleneamino)-2-oxo-2H-pyrimidin-
1-yl]-4-hydroxy-4-methyl- tetrahydro-furan-3-yl ester
(9a); refluxing 9a with NH4F in MeOH for about 3 hours
to  remove the _ silyl and amino-protecting _ groups,
and subjecting the product to  chromatographic
purification to provide
2-tert-butoxycarbonylamino-3-methyl-butyric 



30
acid-5-(4-amino-2-oxo-2H-pyrimidin-1-yl)-4-hydroxy-2-h
ydroxymethyl-4-methyl- tetrahydro-furan-3-yl ester
(LO); and finally reacting 10 with HC1 in EtOAc at
room  temperature to provide 2-amino-3-methyl-butyric
acid 5-(4-amino-2-oxo-2H-pyrimidin- 46 WO 2004/052899
PCT/US2003/039643
1-yl)-4-hydroxy-2-hydroxymethyl-4-methyl-tetrahydro-fu
ran-3 -yl ester, dihydrochloride  salt (11) as a final
product. Figure 6 is included here as an illustration
of an alternative pathway known in  the prior art for
preparing (3-D-2'-C-methyl-cytidine (6). This prior
art process employed  5 uracil as a starting material
and comprised reacting uracil and BSA in acetonitrile
with
1,2,3,5-tetra-O-benzoyl-2-C-methyl-(3-D-ribofuranose
(4) for about 30 minutes, adding  the Lewis acid SnC14
in acetonitrile, refluxing the resultant solution for
about 4 hours,  and chromatographically separating the
product, 1-(3,4-dibenzoyloxy-5-benzoyloxy-
methyl-3-methyl-tetrahydro-furan-2-yl)-IH-pyrimidin-2,
4-dione (12); reacting 12 with 10 NaOMe in methanol
for approximately 4.5 hours to remove the benzoyl
protecting  groups, then isolating and crystallizing
the product, 1-(3,4-dihydroxy-5-hydroxymethyl-
3-methyl-tetrahydro-furan-2-yl)-IH-pyrimidin-2,
4-dione (13), also known as (3-D-2'-C- methyl-uridine;
and finally reacting 13 sequentially with TMSC1 and
N-methyl  pyrrolidine in CH3CN for about 3.5 hours,
cooling and adding trifluoroacetic anhydride 15 (TFAA)
for about 30 minutes, adding 4-nitrophenol at 0 C. and
stirring for about 3  hours, adding NH4OH in dioxane
with heating to 50 T. overnight, and separating the
final product (3-D-2'-C-methyl-cytidine (6) by
chromatographic procedures and  crystallization. 20
Esterification of the /-D-2'-C-methyl-cytidine The
optionally protected (3-D-2'-C-methyl-cytidine,
obtained either from the  previous steps or from any
other means known in the art, can be esterified by any
means  known in the art. One embodiment of the present
invention includes the process for the synthesis  25
of the 3'-ester of (3-D-2'-C-methyl-cytidine, and in
particular the 3'-valinyl ester of (3-D-
2'-C-methyl-cytidine, by the following protocol. The
3'-ester of (3-D-2'-C-methyl-cytidine can be prepared
by optionally  



protecting the amine of (3-D-2'-C-methyl-cytidine by
any means known in the art., for  example as taught in
Greene, et al., Protective Groups in Organic
Synthesis, John Wiley 30 and Sons, Second Edition,
1991. In one embodiment of the present invention,
(3-D-2'-C- 47 WO 2004/052899 PCT/US2003/039643
methyl-cytidine can be reacted with Me2NCH(OMe)2 in
DMF to form N-[l-(3,4- dihydroxy-5 -hydroxymethyl-3
-methyl-tetrahydro-furan-2-yl)-2-oxo-1,2-dihydro-
pyrimidin-4-yl] -N, N-dimethylformamidine. In a
particular embodiment, the compound can then be
further protected with  5 TBDPSCI and imidazole to
provide the 5'-silyl-protected compound,
N'-{1-[5-(tert-
butyl-diphenyl-silanyloxymethyl)-3,4-dihydroxy-3-methy
l-tetrahydrofuran-2-yl]-2-oxo-
1,2-dihydro-pyrimidin-4-yl}-N,N-dimethyl-formamidine
in any solvent that is suitable  for the temperature
and the solubility of the reagents. Solvents can
consist of any aprotic  solvent including, but not
limiting to, alkyl solvents such as hexane and
cyclohexane, 10 toluene, acetone, ethyl acetate,
dithianes, THE, dioxane, acetonitrile, dichloromethane
(DCM), dichloroethane, diethyl ether, pyridine,
dimethylformamide (DMF),  dimethylsulfoxide (DMSO),
dimethylacetamide, or any combination thereof, though
preferably DCM. The optionally protected
(3-D-2'-C-methyl-cytidine then can be coupled with any
15 suitable moiety to obtain a pharmaceutically
acceptable 3'-prodrug of P-D-2'-C-methyl- cytidine
using any means known in the art, including standard
condensation reactions.  The moiety can be a phosphate
(including mono-, di- or triphosphate and a stabilized
phosphate); straight chained, branched or cyclic alkyl
(including lower alkyl); acyl  (including lower acyl);
CO-alkyl, CO-aryl, CO-alkoxyalkyl, CO-aryloxyalkyl, CO
20 substituted aryl, sulfonate ester (including alkyl
or arylalkyl sulfonyl including  methanesulfonyl);
benzyl, wherein the phenyl group is optionally
substituted with one or  more substituents as
described in the definition of aryl given herein;
alkylsulfonyl,  arylsulfonyl, aralkylsulfonyl, lipid
(including a phospholipid); amino acid; carbohydrate;
peptide; cholesterol; or a pharmaceutically acceptable
leaving group that provides a free  25 hydroxyl (or
phosphate) when administered in vivo. In one
embodiment of the present invention, the desired
3'-prodrug is the 3'- 



valinyl ester of 3-D-2'-C-methyl-cytidine and is
prepared according to the following  protocol. The
3'-valinyl ester of (3-D-2'-C-methyl-cytidine can be
prepared by reacting an  30 optionally protected
(3-D-2'-C-methyl-cytidine (for example a 5'- and
N-protected (3-D- 2'-C-methyl-cytidine) with
N-Boc-L-valine, optionally in the presence of a
coupling  48 WO 2004/052899 PCT/US2003/039643  agent,
such as EDC, in the presence of a base, such as DMAP
to form 2-tert- butoxycarbonylamino-3-methyl-butyric
acid 2-(tent-butyl-diphenyl-silanyloxy-methyl)-
5-[4-(dimethylamino-methyleneamino)-2-oxo-2H-pyrimidin
-1-yl]-4-hydroxy-4-methyl- tetrahydro-furan-3-yl
ester. 5 The 3'-valinyl ester of
(3-D-2'-C-methyl-cytidine can be prepared in any
solvent  that is suitable for the temperature and the
solubility of the reagents. Solvents can  consist of
any aprotic solvent including, but not limiting to,
alkyl solvents such as hexane  and cyclohexane,
toluene, acetone, ethyl acetate, dithianes, THF,
dioxane, acetonitrile,  dichloromethane (DCM),
dichloroethane, diethyl ether, pyridine,
dimethylformamide 10 (DMF), dimethylsulfoxide (DMSO),
dimethylacetamide, or any combination thereof,  though
preferably DCM. This reaction can be accomplished at
any temperature that allows the reaction to  proceed
at an acceptable rate without promoting decomposition
or excessive side  products. The preferred temperature
is around room temperature. 15 Subsequently the
3'-valinyl ester of (3-D-2'-C-methyl-cytidine can be
deprotected  by methods well known to those skilled in
the art, as taught in Greene, et al., Protective
Groups in Organic Synthesis, John Wiley and Sons,
Second Edition, 1991. In one  particular embodiment of
the invention, the t-butyldiphenylsilyl protected
5'-OH and N- Boc protected L-valine can be deprotected
with NH4F in MeOH in the presence of 20 approximately
10 mole equivalents of ethyl acetate (to prevent
cleavage of the 3'-O- valinyl ester by liberated
ammonia), and refluxing the mixture to provide 2-tert-
butoxycarbonylamino-3-methyl-butyric acid
5-(4-amino-2-oxo-2H-pyrimidin-1-yl)-4-
hydroxy-2-hydroxymethyl-4-methyl-tetrahydro-furan-3-yl
ester. The 3'-valinyl ester can be made into a salt by
any means known in the art,  



25 including, reacting the 3'-valanyl ester of
(3-D-2'-C-methyl-cytidine with HCl in EtOH to  provide
2-amino-3-methyl-butyric acid
5-(4-amino-2-oxo-2H-pyrimidin-1-yl)-4-
hydroxy-2-hydroxymethyl-4-methyl-tetrahydro-furan-3-yl
ester, dihydrochloride salt as  a final product. 49 WO
2004/052899 PCT/US2003/039643  Preferred Embodiments
One preferred embodiment of the present invention is
exemplified in Figure 1  and comprises reacting
D-fructose in the presence of CaO/water at 23-40 C.
for 6-22  hours, and then adding CO2 and oxalic acid
to the reaction mixture and allowing the 5 reaction to
proceed for 8-12 hours to form
2-C-methyl-D-ribonic-y-lactone (1); reacting
2-C-methyl-D-ribonic-7-lactone (1) with
4-dimethylaminopyridine (DMAP) and  triethylamine
(TEA) in 1,2-dimethoxyethane (DME) at temperature of
from about 5 C.  to 25 C. for about 30 minutes, and
then cooling the mixture to about 5 C. and adding
benzoyl chloride to provide
2,3,5-tri-O-benzoyl-2-C-methyl-D-ribonic-7-lactone
(2); 10 reacting
2,3,5-tri-O-benzoyl-2-C-methyl-D-ribonic-y-lactone (Z)
with Red-Al/ethanol in  toluene at a temperature of
from about -5 to 0 T. for about 40 minutes to provide
2,3,5- tri-O-benzoyl-2-C-methyl-(3-D-ribofuranose (3);
and finally adding benzoyl  chloride/TEA to a cold
solution of
2,3,5-tri-O-benzoyl-2-C-methyl-(3-D-ribofuranose (3)
in the presence of DMAP and DME and allowing the
reaction to proceed for from about 15 4 hours to about
12 hours at a temperature of from about 5 to about 50
C., thereby  providing the final product (4),
2,3,5-tri-O-benzoyl-2-C-methyl- (3-D-ribofuranose.
Specifically, an aqueous solution of D-fructose is
prepared at room temperature, and CaO at preferably a
5:1 molar ratio, and even more preferably at a 3:1
molar ratio,  and most preferably at a 2.3:1.3 molar
ratio to D-fructose, is added incrementally over a  20
5-minute period. The reaction is allowed to proceed
for 6-22 hours at 23 - 40 T. with  aliquots
periodically withdrawn for TLC analysis. At the
conclusion of the reaction period, CO2 is bubbled
through the mixture for  about 2-3 hours in order to
lower the pH from basic to neutral levels. Any CaCO3
that  forms as a result of the neutralization step is
removed by vacuum filtration. The aqueous 25 layers
are combined, treated with oxalic acid (or other
organic acid) in a 1:2 molar ratio  



with D-fructose, and stirred at 25 T. for about 30
minutes until a white slurry appears.  This slurry
then is stirred overnight at 45-50 C., and evaporated
under reduced pressure  to remove most of the water
while still leaving an aqueous mix. Next, NaCl and THE
are  added into the slurry at room temperature and
stirred for approximately 30 minutes. The 30 resulting
layers are separated, and the aqueous layer is added
to fresh THE and stirred for  an additional 10
minutes. The process of adding THF, stirring, and
separating the  50 WO 2004/052899 PCT/US2003/039643
resulting aqueous layer is repeated 3 times. Finally,
all THE solutions are combined and  stirred with
anhydrous MgSO4 for 30 minutes, the mixture is
filtered, and the MgSO4  filter cake washed with THF.
The filtrate is evaporated under reduced pressure, at
about  40 C, and the crude product is collected as a
dark orange semisolid. 5 Next, acetone is added to the
crude product, and the mixture is stirred at 20 T.
for 3 hours. The white crystalline ribonolactone
product is collected by vacuum  filtration, washed
with acetone, and vacuum dried (see Figure 1, compound
1. Scheme  1). Product yield from this reaction is
approximately 13.6%, a nearly 4% increase over  the
product yields found in the prior art. 10 The
ribonolactone product obtained then is mixed with DMAP
in a molar ratio of  about 5:1 (ribonolactone: DMAP),
excess TEA, and DME, and stirred for about 30  minutes
at room temperature. The resulting suspension is
cooled to 5 C., and benzoyl  chloride is added in an
approximate 5:1 ratio with ribonolactone. The mixture
is stirred  at room temperature for about 4 hours,
when complete consumption of the starting 15 material
is confirmed by TLC. Ice water is then added to the
reaction mixture and stirred  for approximately 30
minutes, after which the crude product is collected,
stirred with  tert-butyl methyl ether, filtered,
washed, and vacuum dried. The white solid product
collected is
2,3,5-tri-O-benzoyl-2-C-methyl-D-ribonic-gamma lactone
in an 83.4% yield  and nearly 98% purity (see Figure
1, compound ). 20 The
2,3,5-tri-O-benzoyl-2-C-methyl-D-ribono-gamma lactone
obtained from the  previous step is chilled to about
-5 C., and has added to it a solution of Red-Al in
anhydrous toluene and anhydrous ethanol previously
mixed at about 0 T. The molar  ratio of Red-Al to
2,3,5-tri-O-benzoyl-2-C-methyl-D-ribonic-gamma lactone
is  



approximately 2:1. The mixture is stirred for about 40
minutes while held at a steady 25 temperature of about
-5 C. Aliquots of the mixture are removed and tested
by TLC  and/or HPLC to confirm consumption of the
starting material, after which the reaction is
quenched with acetone, water and 1 N HCI, and brought
to room temperature. Finally  the mixture is extracted
with ethyl acetate,_ washed with brine, dried, and the
solvent  removed under pressure at about 40 T. The
resulting product, 2,3,5-tri-O-benzoyl-2-C 30
methyl-D-ribofuranose, is obtained in quantitative
yield from the amount of 2,3,5-tri-O-
benzoyl-2-C-methyl-D-ribono-gamma-lactone used at the
start of this step (see Figure 1,  compound ). 51 WO
2004/052899 PCT/US2003/039643  The protective group at
C-1 of the ribofuranose is made in the immediately
preceding step. Benzoyl chloride is added to a 5 C
solution of 2,3,5-tri-O-benzoyl-2-C-
methyl-D-ribofuranose in approximately a 2:1 molar
ratio, along with DMAP and TEA  in anhydrous DME. The
reaction is stirred and allowed to run overnight,
after which it is 5 quenched with ice water and
aqueous sodium carbonate solution. THE is then
removed,  and the mixture is extracted with ethyl
acetate. Washing, drying and solvent removal  produces
a thick, oily product. The latter has added to it
tert-butyl methyl ether, heptane  and water, and is
stirred for approximately 2 hours at about 20 T. The
final product,
1,2,3,5-tetra-O-benzoyl-2-C-methyl-(3-D-ribofuranose,
is obtained in 52% yield and 10 greater than 98%
purity, after washing and vacuum drying (see Figure 1,
compound 4  Scheme 1). Another preferred embodiment of
the present invention is exemplified in Figure  4, and
comprises reacting cytosine, BSA and
SnC14/acetonitrile with 1,2,3,5-tetra-0-
benzoyl-2-C-methyl-(3-D-ribofuranose (4) from the
first embodiment of the invention to 15 provide
4-amino- l -(3,4-dibenzoyloxy-5-benzoyloxymethyl-3
-methyl-tetrahydrofuran-2- yl)-1H-pyrimidin-2-one (5);
and reacting (5) with NaOMe/MeOH to provide
(4-amino-l-
(3,4-dihydroxy-5-hydroxymethyl-3-C-methyl-tetrahydrofu
ran-2-yl)- lH-pyrimidin-2- one) (6), also known as
(3-D-2'-C-methyl-cytidine. The use of cytosine as a
starting  material rather than benzoyl-cytosine
improves the "atom economy" of the process and  20
simplifies purification at later steps. 



The synthesis may be terminated with the formation of
(k), and the product  isolated by steps known to those
of skill in the art. Alternatively, the synthesis may
be  carried further to prepare the 3'-O-valinyl ester
of (3-D-2'-C-methyl-cytidine (2-amino-3-
methyl-butyric acid
5-(4-amino-2-oxo-2H-pyrimidin-1-yl)-4-hydroxy-4-C-meth
yl-2 25 hydroxymethyl-tetrahydrofuran-3-yl ester) or
its preferred hydrochloride salt form, the  fourth
preferred embodiment of the invention. In another
preferred embodiment of the present invention,
compound (6) is  reacted with Me2NCH(OMe)2 in DMF to,
form (7), _ N_-[1-(3,4-dihydroxy-5-
hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-2-oxo-
l,2-dihydro-pyrimidin-4-yl]-N,N 30
dimethylformamidine, which is the amino-protected form
of (6); reacting (2) with  TBDPSCI and imidazole in
DCM to provide the 5'-silyl-protected form of (7) as
N'-{1-
[5-(tert-butyl-diphenyl-silanyloxymethyl)-3,4-dihydrox
y-3-methyl-tetrahydro-furan-2 52 WO 2004/052899
PCT/US2003/039643  yl]-2-oxo-1,
2-dihydro-pyrimidin-4-yl}-NN-dimethyl-formamidine (8),
where the use of  DCM provides the advantage of having
greater control over disilyl by-product formation;
reacting (8) with N-Boc-L-valine, EDC and DMAP in DCM
at room temperature to form
2-tert-butoxycarbonylamino-3-methyl-butyric acid
2-(tert-butyl-diphenyl-silanyloxy 5
methyl)-5-[4-(dimethylamino-methyleneamino)-2-oxo-2H-p
yrimidin-1-yl]-4-hydroxy-4-
methyl-tetrahydro-furan-3-yl ester (2); removing the
silyl and amino-protecting groups  by reacting (2)
with NH4F in MeOH in the presence of approximately 10
mole  equivalents of ethyl acetate to prevent cleavage
of the 3'-O-valinyl ester by liberated  ammonia, and
refluxing the mixture to provide
2-tert-butoxycarbonylamino-3-methyl 10 butyric acid
5-(4-amino-2-oxo-2H-pyrimidin-1-yl)-4-hydroxy-2-hydrox
ymethyl-4- methyl-tetrahydro-furan-3-yl ester (10);
and finally, reacting (10) with HCl in EtOH to
provide 2-amino-3-methyl-butyric acid
5-(4-amino-2-oxo-2H-pyrimidin-1-yl)-4-
hydroxy-2-hydroxymethyl-4-methyl-tetrahydro-furan-3-yl
ester, dihydrochloride salt  (11) as a final product.
15 This invention is further illustrated in the
following non-limiting examples. The  working examples
contained herein are set forth to aid in understanding
the invention.  



They are illustrative of the process(es) and
product(s) of the invention, but are not  intended to
and should not be interpreted to in any way limit the
invention set forth in the 20 claims that follow
thereafter. Equivalent, similar or suitable solvents,
reagents, or  reaction conditions may be substituted
for those particular solvents, reagents, and/or
reaction conditions described herein without departing
from the spirit and scope of the  invention. 53 WO
2004/052899 PCT/US2003/039643  EXAMPLES  Example 1
2-C-Methy l--D-r ib on ic- y-lacton e De-ionized water
(100 mL) was stirred in a 250 mL 3-necked round bottom
flask,  5 equipped with an overhead stirrer, a
stirring shaft, a digital temperature read-out device
and an argon line. Argon was bubbled into water for
thirty minutes and D-fructose (20.0  g, 0.111 mole)
was added and the solution became clear in a few
minutes. Calcium oxide  (12.5 g, 0.223 mole) was added
in portions over a period of five minutes and the
mixture  was vigorously stirred. An exotherm was
observed and reaction temperature reached 10 39.6 C
after 10 minutes from the start of the calcium oxide
addition. After about fifteen  minutes, the reaction
mixture developed a yellow color that deepened with
time. After  three hours, an aliquot was withdrawn for
TLC analysis. The aliquot was acidified to pH  2 using
saturated aqueous solution of oxalic acid. The
resulting white suspension was  evaporated under
reduced pressure to remove the water. Toluene (2 mL)
was added to 15 the residue and the mixture was
evaporated under reduced pressure (at 45-50 C) to
remove any trace of water. The residual solid was
re-constituted in 2 mL of 1:1  tetrahydrofuran :
methanol mixture. After thorough mixing, the
suspension was allowed  to settle and the supernatant
clear solution was spotted for TLC (silica plate was
developed in 2% methanol in ethyl acetate and stained
in 1% alkaline potassium 20 permanganate dip. The
plate was then heated, using a heat gun, until the
appearance of  yellowish spots on the pink
background). The desired lactone typically appears at
an Rf  value of 0.33 under the above conditions. More
polar by-products and unreacted material  are detected
in the Rf value range of 0.0 to 0.2. 



Although product formation was observed after 3 hours,
the reaction was allowed  25 to continue for 22 hours
during which time the reaction mixture was stirred at
25 C. At  the end of this period, pH of the mixture
was 13.06. Carbon dioxide gas was bubbled into  the
reaction mixture for about 2.5 hours (pH was 7.25).
The formed calcium carbonate  solid was removed by
vacuum filtration, filter cake washed with 50 mL of
de-ionized  water. The aqueous layers were combined
and treated with oxalic acid (5.0 g, 0.056  54 WO
2004/052899 PCT/US2003/039643  mole) and the mixture
was vigorously stirred at 25 C for 30 minutes (The
initial dark  color largely disappeared and the
mixture turned into a milky white slurry). The pH of
the mixture at this stage is typically 2-3. The slurry
mixture was stirred at 45-50 C  overnight. The mixture
was then evaporated under reduced pressure and at
45-50 C to 5 remove 75 mL of water. Sodium chloride
(30 g) and tetrahydrofuran (100 mL) were  added to the
aqueous slurry (about 75 mL) and the mixture was
vigorously stirred at 25  C for 30 minutes. The layers
were separated and the aqueous layer was stirred for
10  minutes with 75 mL of fresh tetrahydrofuran. This
process was repeated for three times  and the
tetrahydrofuran solutions were combined and stirred
with 10 g of anhydrous 10 magnesium sulfate for 30
minutes. The mixture was filtered and the magnesium
sulfate  filter cake was washed with 60 mL of
tetrahydrofuran. The filtrate was evaporated under
reduced pressure and at 40 C to give 10.86 g of crude
product as a dark orange  semisolid. (For scale up
runs tetrahydrofuran will be replaced with acetone
instead of  evaporation of crude product to dryness).
Crude product was stirred with acetone (20 15 mL) at
20 C for 3 hours. Product was collected by vacuum
filtration and the filter cake  washed with 12 mL of
acetone to give the desired product 1 as white
crystalline solid.  Product was dried in vacuum to
give 2.45 g (13.6% yield). Melting point of compound
1:  158-162 C (literature melting point: 160-161 C).
1H NMR (DMSO-d6) 8 ppm 5.69 (s,  111, exch. with D20),
5.41 (d, l H, exch. with D20), 5.00 (t, 1 H, exch.
with D20), 4.15 20 (m, 1H), 3.73 (m, 2H), 3.52 (m,
1H), 1.22 (s, 3H). 13C NMR (DMSO-d6) 8 ppm 176.44,
82.95, 72.17, 72.02, 59.63, 20.95. (C6H1005: calcd C,
44.45; H, 6.22. Found: C, 44.34;  H, 6.30). Example 2 



2,3, 5-Tri-O-b enzoyl-2-C-methyl-D-rib onic- y-lacton
e 25 A mixture of lactone 1 (3.0 g, 18.50 mmol.),
4-dimethylaminopyridine (0.45 g,  3.72 mmol.) and
triethylamine (25.27 g, 249.72 mmol.) in 1,2-dimethoxy
ethane(50 mL)  was stirred at 25 C under argon
atmosphere for thirty minutes. This white suspension
was cooled to 5 C and benzoyl chloride (11.7 g, 83.23
mmol.) was added over a period  of fifteen minutes.
The mixture was stirred at 25 C for two hours. TLC
analysis (silica, 30 2% methanol in ethyl acetate)
indicated complete consumption of starting material.
Ice  55 WO 2004/052899 PCT/US2003/039643  cold water
(100 g) was added to the reaction mixture and stirring
was continued for thirty  minutes. The formed white
solids were collected by vacuum filtration and filter
cake  washed with cold water (50 mL). This crude
product was stirred with tert-butyl methyl  ether (60
mL) at 20 C for thirty minutes, then filtered, filter
cake washed with tert-butyl 5 methyl ether (25 mL) and
dried in vacuum to give 7.33 g (83.4% yield) of
compound 2  as a white solid in 97.74% purity
(HPLC/AUC). Melting point of compound 2: 137-140  C
(literature melting point: 141-142 C). 1H NMR (CDC13)
6 ppm 8.04 (d, 2H), 7.92 (d,  2H), 7.73 (d, 2H), 7.59
(t, 1H), 7.45 (m, 4H), 7.32 (t, 2H), 7.17 (t, 2H),
5.51 (d, 1H), 5.17  (m, 1H), 4.82-4.66 (d of an AB
quartet, 2H) 1.95, (s, 3H). 13C NMR (CDC13) S ppm 10
172.87, 166.17, 166.08, 165.58, 134.06, 133.91,
133.72, 130.09, 129.85, 129.80, 129.37,  128.78,
128.60, 128.49, 127.96, 127.89, 79.67, 75.49, 72.60,
63.29, 23.80. TOF MS ES+  (M+1: 475). Example 3
2,3,5-Tri-O-benzoyl-2-C-methyl- /3D-ribofuranose 15 A
solution of Red-Al (65wt.% in toluene, 2.0 mL, 6.56
mmol.) in anhydrous  toluene (2.0 mL) was stirred at 0
C under argon atmosphere. A solution of anhydrous
ethanol (0.38 mL, 6.56 mmol.) in anhydrous toluene
(1.6 mL) was added to the toluene  solution over a
period of five minutes. The resulting mixture was
stirred at 0 C for  fifteen minutes and 2 mL (2.18
mmol.) of this Red-Al/ethanol reagent was added to a
20 cold (-5 C) solution of
2,3,5-tri-O-benzoyl-2-C-methyl-D-ribonolactone 2 (475
mg, 1.0  mmol.) in anhydrous toluene (10 mL) over a
period of 10 minutes. The reaction mixture  was
stirred at -5 C for forty minutes. TLC analysis
(silica plates, 35% ethyl acetate in  



heptane) indicated complete consumption of starting
material. HPLC analysis indicated  only 0.1% of
starting material remaining. The reaction was quenched
with acetone (0.2 25 mL), water (15 mL) and 1 N HCl
(15 mL) at 0 C and allowed to warm to room
temperature. 1 N HCl (5 mL) was added to dissolve the
inorganic salts (pH : 2-3). The  mixture was extracted
with ethyl acetate (3 x 25 mL) and the organic
solution washed  with brine (25 mL), dried (anhydrous
sodium sulfate, 10 g) and solvent removed under
reduced pressure and at temperature of 40 C to give
the desired product 3 in quantitative  30 yield (480
mg). This material was used as is for the subsequent
step. 56 WO 2004/052899 PCT/US2003/039643  Example 4
1,2,3, 5-tetra-O-b enzoyl.--2-C-methyl-/3-D-rib
ofuranose Benzoyl chloride (283 mg, 2.0 mmol.) was
added, over a period of five minutes,  to a cold
solution (5 C) of compound 3 (480 mg, 1.0 mmol.),
4-dimethylaminopyridine  5 (12.3 mg, 0.1 mmol.) and
triethylamine (506 mg, 5.0 mmol.) in anhydrous
tetrahydrofuran (5 mL). The reaction mixture was
stirred at room temperature and under  argon
atmosphere overnight. HPLC analysis indicated 0.25% of
un-reacted starting  material. The reaction was
quenched by adding ice-cold water (10 g) and saturated
aqueous solution of sodium bicarbonate.
Tetrahydrofuran was removed under reduced 10 pressure
and the mixture was extracted with ethyl acetate (50
mL). The organic solution  was washed with water (25
mL), brine (25 mL), dried (anhydrous sodium sulfate,
12 g)  and solvent removed under reduced pressure to
give 650 mg of thick oily product. This  crude product
was stirred with 5 mL of tert-butyl methyl ether for 5
minutes and heptane  (5 mL) and water (0.1 mL) were
added and stirring was continued for an additional 15
period of two hours at 20 C. Solids were collected by
vacuum filtration and filter caked  washed with 1:1
heptane:tert-butyl methyl ether solution (6 mL) and
tert-butyl methyl  ether (2 mL). Drying the solid in
vacuum gave 300 mg (52%) of desired product 4  (98.43%
pure by HPLC/AUC) as a white solid that melted at
154-156.3 C (literature  melting point: 155-156 C ).
'H NMR (CDC13) S ppm 8.13 (m, 4H), 8.07 (d, 2H), 7.89
20 (d, 2H), 7.63 (m, 3H), 7.48 (m, 6H), 7.15 (m, 3H),
7.06 (s, 1H), 5.86 (dd, 1H), 4.79 (m,  1H), 4.70-4.52
(d of an AB quartet, 2H), 1.95, (s, 3H). 13C NMR
(CDC13) 8 ppm  



166.31, 165.83, 165.01, 164.77, 134.01, 133.86,
133.70, 133.17, 130.44, 130.13, 129.97,  129.81,
129.59, 129.39, 129.07, 128.84, 128.76, 128.37, 98.01,
86.87, 78.77, 76.35,  64.05, 17.07. (C34H2809: calcd
C, 70.34; H, 4.86. Found: C, 70.20; H, 4.95). 25
Example 5 4 Amino-l-(3
4-dibenzoYtox1'-5-benzY1ox3'methYl-3-methYl-tetralzY
dro furan-2-Y) l - 1H pyrimidine-2-one: (Compound 2,
Figure 4) Cytosine (89 g, 0.80 mol) was suspended in
acetonitrile (900 ml) in a 12 L round  bottomed flask
equipped with a reflux condenser, overhead stirrer and
an argon inlet  57 WO 2004/052899 PCT/US2003/039643
adapter. The suspension was stirred at 20 C under
argon atmosphere and N,O- bis(trimethylsilyl)acetamide
(537 ml, 2.2 mol) was added in one portion. The
resulting  solution was heated to 80  C and stirred
for an additional hour at the same temperature.
1,2,3,5-tetra-O-benzoyl-2-C-methyl-(3-D-ribofuranose
(425.0 g, 0.73 mol) was 5 suspended in acetonitrile
(4000 ml) and added to the reaction mixture. The
reaction  mixture became clear after a few minutes and
the temperature dropped to ca. 50  C.  Tin(IV)
chloride (154 ml, 1.31 mol) was added over a period of
15 minutes and stirring  was continued at 80 . After
one hour, an aliquot of reaction mixture was quenched
by  adding aqueous sodium bicarbonate solution and
extracting the aqueous layer with ethyl 10 acetate.
The ethyl acetate layer was examined by TLC (silica
gel, 20% ethyl acetate in  heptane, Rf for sugar
derivative: 0.40). TLC analysis indicated the complete
consumption  of the sugar derivative. Desired product
was detected by TLC using 10% methanol in
dichloromethane (Rf: 0.37). The reaction was also
monitored by HPLC (Method # 2).  The reaction mixture
was cooled to 20 C and quenched by adding saturated
aqueous 15 sodium bicarbonate solution (3000 mL) over
a period of 30 minutes (observed an  exotherm when
added the first few milliliters of the sodium
bicarbonate solution). Solid  sodium bicarbonate (1350
g) was added in portions to avoid foaming. The mixture
was  checked to make sure that its pH is > 7.
Agitation was stopped and layers were allowed  to
separate for 20 minutes. The aqueous layer was drained
and stirred with ethyl acetate 20 (1500 ml) and the
mixture was allowed to separate (30 minutes). The
organic layer was  



isolated and combined with the acetonitrile solution.
The organic solution was washed  with brine (500 ml)
and then solvent stripped to a volume of ca. 750 ml.
Product can be  used as is in the subsequent reaction.
It may also be further stripped to white foamy  solid,
in quantitative yield. Structure of compound (2) was
confirmed by 1H NMR  25 analysis. Example 6
4Amino-l-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetra
hydro furan-2 yl)-1H=  pyrimidine-2-one: (Compound 3)
Sodium methoxide (13.8 g, 0.26 mol) was added to a
solution of compound () (416 g,  30 0.73mol) in
methanol (2000 ml). The reaction mixture was stirred
at room temperature and  58 WO 2004/052899
PCT/US2003/039643  monitored by TLC (silica gel, 10%
methanol in dichloromethane, Rf of compound 1: 0.53)
and  (silica gel, 30% methanol in dichloromethane, Rf
of compound 3: 0.21). Product started to  precipitate
after 30 minutes and TLC indicated reaction completion
after two hours. The reaction  was also monitored by
HPLC (Method # 2). Methanol was removed under reduced
pressure to a 5 volume of ca. 500 ml chased with
ethanol (2 x 500 ml) to a volume of ca. 500 ml. The
residual  thick slurry was diluted with 750 ml of
ethanol and the mixture was stirred at 20'C for one
hour.  Product was collected by filtration, filter
cake washed with ethanol (100 ml) and tert-butyl-
methyl ether (100 ml) and dried to give 168 g (90%
yield for the two steps) of product (3) in  purity of
> 97% (HPLC/AUC). Product was also analyzed by 1H and
13C NMR. 10 Example 7
N-[I-(3,4-dihydroxy-S-hydroxymethyl-3-methyl-tetrahydr
o furan-2 yl)-2-oxo-1,2- dihydro pyrimidine-4
yl]-N,N-dimethyl formamidine: (Compound 4) To a
suspension of compound 3 (19 g, 0.0738 mol) in
anhydrous N,N- dimethylformamide (150 ml) was added
N,N-dimethylformamide dimethyl acetal (98  15 ml,
0.7385 mol) and the mixture was stirred at 20-22 T.
After one hour TLC (silica gel, 30% methanol in
dichloromethane, Rf for compound 3: 0.21 and for
product 4: 0.55)  indicated that reaction was
complete. Solvent and reagent were removed under
reduced  pressure (temperature was kept below 40 C).
Ethanol (50 ml) was added to the obtained  oily
residue and the solvent was removed under reduced
pressure. This process was 



20 repeated twice and crude product solidified. The
crude product was stirred with 190 ml  of ethanol at
20 C for one hour and kept at 5 C for 12 hours. Solids
were collected by  filtration and filter cake washed
with 30 ml of cold ethanol and 30 ml of cold
tert-butyl- methyl ether. Drying the solid under
vacuum gave 14.7 g (64%) of compound (4) as a  first
crop. TLC (silica gel, 30% methanol in
dichloromethane, Rf for product (4): 0.55) 25 and
(silica gel, 10% methanol in dichloromethane, Rf for
product (4): 0.1) showed only a  single spot for
compound (4) Mother liquor from the ethanol
purification was evaporated  to dryness and the
residue was- stirred with ethanol (80 ml) at 20 C for
one hour and kept  at 5 C for 12 hours. Solids were
collected by filtration and filter cake washed with 15
ml  of cold ethanol and 15 ml of cold
tert-butyl-methyl ether. After drying the solid under
30 vacuum, 3.5 g (15%) was obtained as a second crop.
TLC (silica gel, 30% methanol in  dichloromethane, Rf
for product (4): 0.55) and (silica gel, 10% methanol
in  59 WO 2004/052899 PCT/US2003/039643
dichloromethane, Rf for product (4): 0.1) showed only
a single spot for compound (4);  m.p. 201-209C; 'H NMR
(DMSO-d6) 8 ppm 8.62 (s, 1H, N=CH), 8.17 (d, 1H, H-6,
J5.6  = 7.3 Hz), 5.91 (m, 2H, H-1', H-5), 5.16 (t, 1H,
OH-5', D20 exchangeable), 5.06 (s, 1H,  OH-2', D20
exchangeable), 3.8-3.5 (m, 4H, H-3', H-4', H-5' and
H-5"), 3.15 and 3.02 5 (2s, 611, N(CH3)2), 0.92 (s,
3H, CH3); FAB>0 (GT) 625 (2M+H)+, 313 (M+H)+, 167
(B+2H)+; FAB<0, (GT) m/z 419 (M+T-H)-, 403 (M+G-H) 311
(M-H) 165 (B)-.  Example 8 N'-{1 [5-(tent
Butyl-diphenyl-silanyloxymethyl)-3,4-dihydroxy-3-methy
l- tetralzydro furan-2 ylJ-2-oxo-1,2-diliydro
pyrimidin-4 yl} 1N,N-dimetliyl- 10 formamidine:
(Compound 5) Compound (4) (42.9 g, 0.137 mol) was
dispersed in anhydrous dichloromethane  (200 ml) using
an overhead stirrer for 30 min. The mixture was then
evaporated to  dryness (at ca. 30 C) using the rotary
evaporator. This dried compound (4), imidazole  (37.4
g, 0.55 mol) and anhydrous dichloromethane (800 ml)
were charged into a 2L 4 15 necked RB flask under
argon and tent- butyldiphenylchlorosilane (43.1 g,
0.156 mol, the  total amount added in several
portions) was transferred to an addition funnel
attached to  the reaction flak. The reaction mixture
was cooled to 10 C and tert- 



butyldiphenylchlorosilane (13.74 g, 0.05 mol) added
from the addition funnel over a  period of 20 min
maintaining the reaction temperature between 10 to 12
C while 20 stirring. The reaction was monitored by
HPLC (Method # 2). After 1.5 hours, a second  portion
of tert- butyldiphenylchlorosilane (14.76 g, 0.053
mol) was added over a period  of 20 min maintaining
the reaction temperature between 10 to 12 C. After
additional 1  hour, the remaining tert-
butyldiphenylchlorosilane (14.8 g, 0.053 mol) was
added over a  period of 20 min maintaining the
reaction temperature between 10 to 12 C. It was then
25 stirred at 12 - 15 C for farther 1.5 hours. HPLC
indicated 95.40% of product, 3.00% of  bi-silyl
derivative, and no un-reacted starting material. The
reaction was quenched by  adding saturated aqueous
sodium bicarbonate solution (150 ml) with stirring for
15 min  at about.15 C (pH was around 8). The aqueous
and dichloromethane layers were  separated. The
dichloromethane layer was washed with water (2 x 150
ml) and brine (1 x 30 200 ml), and dried over
anhydrous sodium sulfate (60.0 g, 30 min). It was then
filtered  60 WO 2004/052899 PCT/US2003/039643  and
solvent removed under reduced pressure. The residual
foamy solid was used as is in  the subsequent
reaction. Example 9 2-tert
Butoxycarbonylamino-3-methyl.-butyric acid
2-(tent-butyl-diphenyl- 5 silanyloxymethyl)-5
[4-(dimethylamino-methyleneamino)-2-oxo-2H
pyrimidin-1- ylJ-4-hydroxy-4-methyl-tetrahydro furan-3
yl ester: (Compound 6) A solution of compound (5) (58
g, 0.1053 mol) in dichloromethane (500 ml) was
stirred at 25 C under argon atmosphere.
N-(tert-butoxycarbonyl)-L-valine (29.7 g,  0.1367
mol), 1-[3-(dimethylamino) propyl] - 3-
ethylcarbodiimide hydrochloride (26.2 10 g, 0.1367
mol) and 4-(dimethylamino)pyridine (1.3 g, 0.0106 mol)
were added and the  reaction mixture was stirred at 25
C and monitored by HPLC (method #2). After 4  hours,
HPLC showed 7.9% of starting material.
N-(tert-butoxycarbonyl)-L-valine (4.57  g, 0.0210 mol)
and 1-[3-(dimethylarnino) propyl] - 3-
ethylcarbodiimide hydrochloride  (4.03 g, 0.0210 mol)
were added and stirring was continued at 25 C for an
additional 15 period of 2 hours, after which, HPLC
detected 0.7% of starting material. Methanol (60  ml)
was added to the reaction mixture and solvents were
evaporated under reduced  



pressure (temperature kept below 40 C) to give
compound (~) as thick oil. This material  (93% pure by
HPLC/AUC) was used as is for the subsequent reaction.
Example 10 20 2-tert
Butoxycarbonylamino-3-methyl-butyric acid
5-(4-amino-2-oxo-2H- pyrimidin-1
yl)-4-hydroxy-2-hydroxymethyl-4-methyl-tetrahydro
furan-3 yl ester:  (Compound 7) Compound () (0.3 mol),
MeOH (1650 ml) and EtOAc (265 g, 3.0 mol) were
charged into a 3L 5-necked RB flask and the mixture
was stirred to dissolve compound  25 (6). Ammonium
fluoride (45.0 g, 1.21 mol) was added and the mixture
was stirred under reflux up to 64.5 C for 4 hours. The
reaction was complete after four hours as indicated
by HPLC (Method # 2). Solvents were then removed under
reduced pressure at 40 - 45  61 WO 2004/052899
PCT/US2003/039643  C and chased with EtOAc (300 ml).
The residual foam was combined with EtOAc (400  ml),
water (600 ml), and tert-butyl methyl ether (300 ml),
and the mixture was triturated  at ambient temperature
for 2.5 hours. White solids that separated were
collected by  filtration, and washed with water (200
ml), 1:1 EtOAc / tert-butyl methyl ether (120 ml) 5
and tert-butyl methyl ether (120 ml). The solid was
then dried in vacuum for more than  20 hours to afford
compound (7) as white solid. Yield 71.54 g, 52% for
three steps.  Compound (2) was obtained in 99.08%
purity (HPLC, method #3). 1H NMR (DMSO-d6) 6  ppm 7.99
(d, 1H, H-6, J6-5= 7.42 Hz), 7.3-7.1 (m, 3H, CH and
NH2, D20 exchangeable), 5.9 (s,  1H, H-1'), 5.75 (d,
1H, H-5, J6_5 = 7.43 Hz), 5.43 (s, 1H, OH-2', D20
exchangeable), 5.24 (t, 1H, 10 OH-5'), 5.04 (d, 1H,
H-3', J 3'-4'= 9.1Hz), 4.1-4.0 (m, 2H, H-4', CH),
3.8-3.4 (2 in, 2H, H-5', H- 5"), 2.2-2.0 (m, 1H, CH),
1.40 (s, 9H, (CH3)3C), 1.0 (s, 3H, CH3), 0.9-0.8 (m,
6H, (CH3)2CH);  FAB<0, (GT) m/e 911 (2M-H) 455 (M-H)
256 (M-BocVal) 216 (BocValOH) 110 (B)  FAB>0 (GT) 913
(2M+H)+, 457 (M+H)+, 112 (B+2H)+, 57 (CH3)3C)+; FAB<0
(GT) 911 (2M-H)- 455 (M-H1, 256 (M-BocVal)-, 216
(BocVal)-, 110 (By. 15 Example 11
2-Amino-3-methyl-butyric acid
5-(4-amino-2-oxo-2H-pyrimidine-1 yl)-4-hydroxy-2-
hydroxymethyl-4-methyl-tetrahydro furan-3yl ester
(dihydrochloride salt):  (Compound 8) 



A solution of compound (7) (21.0 g, 0.046 mol) in
ethanol (168 ml) was stirred in  20 a round bottomed
flask equipped with an overhead stirrer, temperature
probe, argon line  and hydrogen chloride gas bubbler.
Hydrogen chloride gas (22 g) was bubbled into the
clear solution over a period of one hour. The reaction
temperature was kept below 30 C  using an ice-water
bath. Solid formation started after a few minutes of
introducing the  hydrogen chloride gas. After 4 hours,
HPLC (method # 3) showed only 0.8% of starting 25
material. Solids were collected by filtration and
filter cake washed with ethanol (20 ml)  and di-ethyl
ether (100 ml). After drying product under vacuum for
16 hours, 19.06 g  (96.5%) of product (8) was obtained
in 97.26% purity (HPLC, method # 3); m.p. 210'C-
(brown), 248-250C (melted); 1H NMR (DMSO-d6) 6 ppm
10.0 (s, 1H, 1/2NH2, D20  exchangeable), 8.9-8.6 (2 br
s, 4H, 112NH2, NH3, D20 exchangeable), 8.42 (d, 1H,
H-6, J 30 5.6= 7.9 Hz), 6.24 (d, 1H, H-5, J5_6= 7.9
Hz), 5.84 (s, 1H, H-1'), 5.12 (d, 1H, H-3', J3'.>=  62
WO 2004/052899 PCT/US2003/039643  8.8 Hz), 4.22 (d,
1H, H-4, J3' '= 8.7 Hz), 4.0-3.9 (m, 1H, Cl]), 3.8-3.5
(m, 2H, H-5', H- 5"), 2.3-2.1 (m, 1H, CH), 1.16 (s,
3H, CH3), 1.0 (m, 6H, (CH3)2CH); FAB>0 (GT) 713
(2M+H)+, 449 (M+G+H)+, 357 (M+H)+, 246 (S)+, 112
(B+2H)+; FAB<0 (GT) 747  (2M+Cl) 483 (M+G+Cl) 391
(M+Cl)-, 355 (M-H) 116 (Val)", 110 (B)', 35 (Cl)-. 5
Example 12  HPLC Test Methods All the described
methods use reverse phase column; Waters(r) part
number  #WAT086344; Nova-Pak(r) C18, 60A pore size, 4m
particle size, 3.9 x 150 mm. All  chromatograms were
generated using a Waters(r) 2695 HPLC and 996 PDA
detector. 10 Mobile Phase: HPLC grade acetonitrile and
water were bought from JT Baker and 1M  solution of
triethylammonium acetate from Fluka(r). Method #1:
Test for Compound 4, Figure 4: Flow rate: 1.00 ml /
min. of acetonitrile/ water linear gradient as
described below.  System is equilibrated for five
minutes equilibration between runs. 15 Wave length:
254 nm. Retention time for Compound 4 = 12.8 minutes.
Time % Acetonitrile % Water  



0.00 40.0 60.0  1.00 40.0 60.0  13.0 95.0 5.0  15.0
95.0 5.0  63 WO 2004/052899 PCT/US2003/039643  Method
#2: Test for Compounds 2, 4, 5, 6 and 7, Figure 4:
Flow rate: 1.00 ml / min. of an acetonitrile/ 20mM
aqueous triethylammonium acetate  buffer gradient as
described below. System is equilibrated for five
minutes between runs.  5 Wave length: 320 and 272 nm
Time % Acetonitrile % Buffer  0.00 0.00 100.0  15.00
80.0 20.0  30.00 80.0 20.0  Comparative Table:
Compounds vs. Retention Times, Method #2: Compound
Retention Time (In Minutes) Wavelength  1 18.2,272nm
2 13.4, 272 mn 3 2.9, 272 nm  Methyl benzoate 11, 272
nm  Partially protected 7.2, 272 nm  Compound 3
Partially protected 10.0, 272 nm  Compound 3 4 4.0,
320 nm  5 13.2, 320 nm  Di-silylated Compound 5 16.6,
320 urn 6 17.8, 320 nm  DMAP 3.7 (Broad Peak), 272 urn
7 8.3, 272 nm 



Partially Deprotected 6 16.3, 272 urn  64 WO
2004/052899 PCT/US2003/039643  Method #3: Test for
Compounds 3, 7, and 8, Figure 4: Flow rate: 1.00 ml /
min. of an acetonitrile/ 20mM aqueous triethylammonium
acetate  buffer gradient as described below. System is
equilibrated for five minutes equilibration between
runs.  5 Wave length: 272 nm Time % Acetonitrile %
Buffer  0.00 0.00 100.0  30.0 50.0 50.0 Comparative
Table: Compounds vs. Retention Times, Method #3:
Compound Retention Time (In Minutes)  7 18.4  8 8.5  3
3.6 PRIOR ART PROCESSES  10 Example 13 Preparation of
1V' [(dimethylamino)methyleneJ- fl-D 2
'-C-methyl-cytidine (4): A solution of
(3-D-2'-C-Methyl-Cytidine (3) (1.65 g, 6.43 mmol) in
DMF (32 ml)  was treated with N,N-dimethylformamide
dimethylacetal (8.2 ml, 61.73 mmol), and  stirred for
about 1.5 hours at room temperature. The solution was
evaporated under 15 reduced - pressure, and
coevaporated with ethanol. Crystallization from
ethanol/ether  yielded a hitherto unknown compound,
Compound (4) (first crop of 1.21 g, 60% yield,  and
second, slightly impure crop of 0.46 g, 23% yield) as
crystals. The following  physico-chemical
characteristics have been determined on the crystals
that issued from  65 WO 2004/052899 PCT/US2003/039643
the first crop crystallization. F = 201-209C; 1H NMR
(DMSO-d6) 6 ppm 8.62 (s, 1H,  N=CH), 8.17 (d, 1H, H-6,
J5_6 = 7.3 Hz), 5.91 (m, 2H, H-1', H-5), 5.16 (t, 1H,
OH-5',  D20 exchangeable), 5.06 (s, 1H, OH-2', D20
exchangeable), 3.8-3.5 (m, 4H, H-3', H-4',  



H-5' and H-5"), 3.15 and 3.02 (2s, 6H, N(CH3)2), 0.92
(s, 311, CH3); FAB>0 (GT) 625 5 (2M+H)+, 313 (M+H)+,
167 (B+2H)+; FAB<0, (GT) m/z 419 (M+T-H) 403 (M+G-H)-,
311 (M-H) 165 (B)-; HPLC at room temperature for 5.96
min (gradient from 0 to 50%  CH3N in 20 mM triethyl
ammonium acetate buffer programmed over a 30 min
period  with a flow rate of 1 ml/min), Xm = 316.1 nm.
Example 14 10 Preparation of 1V
[(dimethylamino)methyleneJ-5'-O-tent-b
utyldiphenylsilyl-fl-D 2'- C-methyl-cytidine (5): To a
solution of compound (4) (1.167 g, 3.73 mmol) in dry
pyridine (15 ml) were  added successively imidazole
(760 mg, 11.19 mmol) and
tent-butyldiphenylchlorosilane  (0.66 ml, 2.53 mmol).
The solution was stirred at room temperature. After 4
hours, the 15 reaction mixture was recharged with
tert-butyldiphenylchlorosilane (0.40 ml, 2.28  mmol)
and stirred at room temperature for 2 hours. Following
extraction with sodium  bicarbonate, the organic layer
was washed with water, dried over sodium sulfate, and
evaporated under reduced pressure. The crude mixture
was taken up in a mixture of dry  acetonitrile (30 ml)
and dry dimethylformamide (15 ml). 20 Example 15
Preparation of 3'-O-L-N-(tent-butoxycarbonyl) valinyl
ester of N
[(dimethylamino)methyleneJ-5'-O-tert-butyldiphenylsily
l-fJ-D 2'-C-methyl-cytidine  (6). To a solution of
Compound O from the previous step were successively
added  25 N-(tert-butoxycarbonyl)-L-valine
(Boc-Val-OH, 400 mg, 1.87 mmol), N'-(3-
dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride
(DEC, 715 mg, 3.73 mmol),  and 4-dimethylaminopyridine
(DMAP, 68 mg, 0.56 mmol), and the solution was stirred
66 WO 2004/052899 PCT/US2003/039643 at room
temperature. The reaction profile was followed by
HPLC. The reaction mixture  was recharged three times
with Boc-Val-OH (400 mg x 3), DEC (715 mg x 3), and
DMAP (68 mg x 3), and finally recharged one time with
Boc-Val-OH (200 mg), DEC  (357 mg), and DMAP (34 mg).
After two days the starting material was totally 5
consumed and the DMF was removed under reduced
pressure. The residue, Compound  



was taken up in dry methanol (70 ml). Example 16
Preparation of 3 '-O-L N (tent-butoxycarbonyl) valinyl
ester of fl-D 2'-C-methyl- cytidine (7): 10 Ammonium
fluoride (1.38 g, 37.30 mmol) was added to the residue
of Compound  (6) in dry methanol, and the reaction
mixture was refluxed for 3 hours. The mixture was
filtered and the solvent removed from the filtrate
under reduced pressure. The residue  was taken up in
ethyl acetate and extracted several times with water.
The organic phase  was evaporated under vacuum and
purified on a silica gel chromatography column 15
(eluant : McOH (20%) in EtOAc (80%)). The desired
compound (D was isolated (1.37 g,  78% for the 3
steps) as a white foam. Physico-chemical data
included: 1H NMR (DMSO-d6) S ppm 7.99 (d, 1H, H-6,
J6_5 = 7.42 Hz), 7.3-7.1 (m, 3H, CHand NH2, D20
exchangeable), 5.9 (s, 1H, H-1'), 5.75  (d, I H, H-5,
J6_5 = 7.43 Hz), 5.43 (s, III, OH-2', D20
exchangeable), 5.24 (t, III, OH 20 5'), 5.04 (d, 1H,
H-3', J 3'-4' = 9.1Hz), 4.1-4.0 (m, 2H, H-4', CH),
3.8-3.4 (2 in, 2H, H-5',  H-5"), 2.2-2.0 (m, 1H, CH),
1.40 (s, 9H, (CH3)3C), 1.0 (s, 3H, CH3), 0.9-0.8 (m,
6H,  (CH3)2CH); FAB<0, (GT) m/e 911 (2M-H) 455 (M-H)
256 (M-BocVal) 216  (BocValOH) 110 (B)-; FAB>0 (GT)
913 (2M+H)+, 457 (M+H)+, 112 (B+2H)+, 57  (CH3)3C)+;
FAB<0 (GT) 911 (2M-H)-, 455 (M-H)-, 256 (M-BocVal)-,
216 (BocVal)  25 110 (B)". 67 WO 2004/052899
PCT/US2003/039643  Example 17 Preparation of
3'-O-L-valinyl ester of /3-D 2'-C-methyl-cytidine
(dihydrochloride  salt, (8): A solution of compound
(7) (1.32 g, 2.9 mmol) in dry ethyl acetate (75 ml)
was  5 treated with a 20% HCl/ethyl acetate solution
(75 ml). The reaction mixture was stirred  at room
temperature for 2 hours. The title compound, (8),
precipitated in the reaction  mixture, and was
filtered and washed with Et2O (1.01 g, 81% yield).
Physico-chemical characteristics included: F = 210C
(brown), 234-241 C  (melted); 1H NMR (DMSO-d6) S ppm
10.0 (s, 1H, 112NH2, D20 exchangeable), 8.9-8.6  



10 (2 br s, 4H, 1/2NH2, NH3, D20 exchangeable), 8.42
(d, 1H, H-6, J 5-6= 7.9 Hz), 6.24 (d, 1H, H-5, J5_6=
7.9 Hz), 5.84 (s, 1H, H-1'), 5.12 (d, 1H, H-3',
J3,-4,= 8.8 Hz), 4.22 (d, 1H,  H-4, J3'-4'= 8.7 Hz),
4.0-3.9 (m, 1H, CH), 3.8-3.5 (m, 2H, H-5', H-5"),
2.3-2.1 (m, 1H,  CH), 1.16 (s, 3H, CH3), 1.0 (m, 6H,
(CH3)2CH); FAB>0 (GT) 713 (2M+H)+, 449  (M+G+H)+, 357
(M+H)+, 246 (S)+, 112 (B+2H)+; FAB<0 (GT) 747
(2M+Cl)-, 483 15 (M+G+Cl) 391 (M+Cl)-, 355 (M-H)-, 116
(Val) 110 (B)-, 35 (Cl)-; HPLC rt = 7.26 min
(gradient from 0 to 50% CH3N in 20 mM triethyl
ammonium acetate buffer programmed  over a 30 min
period with a flow rate of 1 ml/min), 2max = 273.5
run; UV (H20): Xmax =  271 nm (8 7500), a ,min = 249
run (c 5200), X, = 234 nm (c 6200). Example 18  20
Synthesis of/8-D-2'-C Methyl-Cytidine (Figure 6): An
alternative synthetic pathway for preparing
(3-D-2'-C-methyl-cytidine is  referenced in Figure 3.
In this process, a mixture of uracil (2.1 eq.) and BSA
(1.1  mL/mmol) in acetonitrile (7 mL/mmol) was heated
to reflux for approximately 30  minutes. The resulting
solution was treated with a solution of
1,2,3,5-tetra-O-benzoyl-2-C 25
methyl-(3-D-ribofuranose (1) in acetonitrile (7
mL/mmol), and with SnCl4 (3.5 eq.). The  solution was
heated to reflux for about 4 hours. The resultant dark
mixture was diluted  with ethyl acetate (2.5 the
volume of toluene), and treated with cold, aqueous,
saturated  NaHCO3 at a volume equal to that of ethyl
acetate. The whole mixture was filtered  68 WO
2004/052899 PCT/US2003/039643  through celite and the
solid material washed with ethyl acetate. The organic
layer was  separated from the filtrate, washed with
water, washed with brine, dried using Na2SO4,  and
evaporated under reduced pressure. Column
chromatography on silica gel using  50% ethyl acetate
in hexane produced a 65% yield of the Compound (2),
(3-D-2'-, 3'-, 5' 5 benzoyl-2'-C-methyl-uridine, as a
white solid. The benzoyl-protecting groups were
removed from (3-D-2'-, 3'-, 5'-benzoyl-2'-C-
methyl-uridine (2) by solubilizing (2) in methanol
(12.5 ml/mmol) treated with MeONa  (3.3 eq.) and
stirring the resultant yellow solution at room
temperature for approximately  4.5 hours. The solution
was neutralized by adding Dowex H+ 50wX4 that was 10
prewashed with methanol. The mixture was filtered, and
the resin was extracted several  



times with hot methanol. The filtrates were combined
and evaporated under reduced  pressure. The residue
was taken up in water, and washed 3 times with
dichloromethane.  The aqueous layer was evaporated
under reduced pressure. Crystallization from water
provided (10), (3-D-2'-C-methyl-uridine, in an 87%
yield. 15 Next, a solution of (3-D-2'-C-methyl-uridine
(10), 1-methylpyrrolidine (1  ml/mmol), and
chlorotrimethylsilane (3 eq.) in acetonitrile (10
ml/mmol) was stirred at  room temperature for
approximately 3.5 hours. The solution was cooled to 0
C., treated  with trifluoroacetic anhydride (3 eq.),
and stirred at the same temperature for 30 minutes.
4-nitrophenol (3 eq.) was added, and the solution was
stirred for approximately 3 hours. 20 The reaction was
quenched by adding water to the solution, and the
solvents were  evaporated under reduced pressure. The
residue was taken up in dichloromethane, and  washed
with aqueous, saturated NaHCO3 and water. The organic
layer was evaporated  under reduced pressure. The
crude residue taken up in dioxane (25 ml/mmol), and
treated with a 28% aqueous solution of NH4OH (5
ml/mmol). The solution was heated 25 to 50 T.
overnight. Next, the solvenets were evaporated under
reduced pressure, and  chromatographic separation was
done using a gradient of methanol (5-20%) in
dichloromethane. This produced
(3-D-2'-C-methyl-cytidine 11 as the desired product in
75% yield. The product was crystallized further in
EtOH. 69 WO 2004/052899 PCT/US2003/039643  Sources for
reagents in both Examples 5 and 6 included:
N,N-dimethylformamide dimethyl acetal from Fluka(r),
Reference No. 40271;  N,N-dimethylformamide over
molecular sieve from Fluka(r), Reference No. 40248;
Ethyl alcohol absolute from Carlo Erba ACS for
analysis, Reference No. 414607;  5 Diethylether from
Merck(r), Reference No. 1.00921.5000;
tent-butyldiphenylchlorosilane from Avocado(r),
Reference No. 12721;  imidazole from Fluka , Reference
No. 56750; pyridine over molecular sieve from
Fluka(r), Reference No. 82704;  sodium hydrogen
carbonate from Fluka(r), Reference No. 71628;  10
sodium sulfate, anhydrous, from Fluka(r), Reference
No. 71960;  acetonitrile over molecular sieve from
Fluka(r), Reference No. 00695; 



N,N-dimethylformamide over molecular sieve from
Fluka(r), Reference No. 40248;
N-(tert-butoxycarbonyl)-L-valine from Aldrich(r),
Reference No. 35,972-6;  4-dimethylaminopyridine from
Aldrich(r), Reference No. 10,770-0; 15
N'-(3-dimethylaminopropyl)-N-ethylcarbodiimid
hydrochloride from Aldrich(r),  Reference No.
16,146-2; ammonium fluoride from Fluka(r), Reference
No. 09742;  methanol distilled over sodium; ethyl
acetate distilled over diphosphorus pentoxide 20
hydrogen chloride, anhydrous, from Praxair, Reference
No. 1741100; and  diethylether from Merck(r),
Reference No. 1.00921.5000. The foregoing is merely
illustrative of the invention and is not intended to
limit  the invention to the disclosed processes and
reaction conditions. Variations that are  25 obvious
to one of ordinary skill in the art are intended to be
included with the scope and  nature of the invention
as defined in the appended claims. 70 WO 2004/052899
PCT/US2003/039643  WHAT IS CLAIMED IS: 1. A process
for preparing a 3'-O-amino acid ester nucleoside,
comprising: (a) coupling an optionally protected,
optionally substituted, ribofuranose with  an
unprotected nucleoside base and a silylating reagent
in the presence of a  Lewis acid to form an optionally
protected nucleoside; (b) optionally reacting the
protected nucleoside from step (a) with a
deprotecting reagent to provide an unprotected
nucleoside if necessary; (c) optionally reacting the
amine group of the protected or unprotected
nucleoside if the nucleoside has an amine group, with
an amine-protecting  reagent; (d) optionally reacting
the protected or unprotected nucleoside with a
silylating  reagent to provide a 5'-O-silyl-protected
nucleoside; (e) reacting the protected or unprotected
nucleoside with a protected amino acid  derivative
optionally with one or more coupling reagents to form
a protected  3'-0-amino acid ester; 



(f) optionally refluxing the product from step (e)
with a reagent that removes  the silyl protecting
group from the 5'-C and the formamidine-protecting
group from the nucleosidic amine if needed; and (g)
optionally reacting the product from step (f) with a
reagent that removes the  protecting group from the
3'-O-amino acid ester, thereby producing a
substituted or unsubstituted 3'-O-ester-substituted
nucleoside. 2. The process of claim 1, wherein in step
(a), the optionally protected ribofuranose  contains a
methyl group at the 2'-C position. 3. The process of
claim 1, wherein in step (a) the Lewis acid is
selected from the  group consisting of SnC14, BF3,
A1C13, TiCl4, FeCl3 and SnC12. 4. The process of claim
3 wherein the Lewis acid is SnC14. 5. The process of
claim 1, wherein in step (a), the silylating agent is
selected from the  group consisting of BSA, HMDS,
TMSCI, and TBDPSCI. 6. The process of claim 5 wherein
the silylating agent is BSA. 7. The process of claim
1, wherein in step (a), wherein the coupling reaction
is  achieved in a solvent that is acetonitrile. 71 WO
2004/052899 PCT/US2003/039643  8. The process of claim
1, wherein in step (b), the deprotecting agent is
NaOMe or  NH3. 9. The process of claim 1, wherein in
step (c) the amine-protecting agent is selected  from
the group consisting of N,N-dimethylformamide dimethyl
acetal and N-1,1- dimethylthiomethyleneamine. 10. The
process of claim 9 wherein the amine-protecting agent
is N,N-dimethyl- formamide dimethyl acetal. 11. The
process of claim 1, wherein in step (d) the silylating
reagent is selected from  the group consisting of
TBDPSCI, TMSCI, and TBDMSCI. 12. The process of claim
11 wherein the silylating reagent is TBDPSCI. 13. The
process of claim 1, wherein in step (e) the amino acid
derivative is valinyl.  14. The process of claim 1,
wherein in step (e) the amino acid protective group is
selected from BOC, -(C=O)-aralkyl, -(C=O)-alkyl or
-(C=O)-aryl. 



15. The process of claim 14 wherein the amino acid
protective group is BOC. 16. The process of claim 1,
wherein in step (e) one of the coupling reagents is
EDC.  17. The process of claim 1, wherein in step (f),
the silyl-removing reagent is. NH4F.  18. The process
of claim 1, wherein in step (g), the 3'-O-amino acid
ester protecting  group removing reagent is HCI. 19. A
process for preparing a nucleoside comprising the
steps of (a) coupling
1,2,3,5-tetra-0-benzoyl-2-C-methyl-(3-D-ribofuranose
with  cytosine in the presence of BSA and SnC14, to
form 4-amino-l-(3,4-
dibenzoyloxymethyl-5-benzyloxymethyl-3-methyl-tetrahyd
rofuran-2-yl)- 1H-pyrimidin-2-one; (b) reacting the
4-amino-l-(3,4-dibenzoyloxymethyl-5-benzyloxymethyl-3-
methyl-tetrahydrofuran-2-yl)-1H-pyrimidin-2-one from
step (a) with sodium  methoxide to remove the benzoyl
protecting groups, thereby providing 4- amino- l
-(3,4-dihydroxy-5-hydroxymethyl-3
-methyl-tetrahydro-furan-2-yl)- 1H-pyrimidin-2-one;
(c) reacting the
4-amino-l-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetr
a- hydrofuran-2-yl)-1H pyrimidin-2-one from step (b)
with N,N-dimethyl- formamide dimethyl acetal to
protect the N4-amino group, thereby  producing
N-[1-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydr
ofuran- 2-yl)-2-oxo-1,2-dihydro-pyrimidin-4-yl] -N,
N-dimethyl formamidine; 72 WO 2004/052899
PCT/US2003/039643  (d) reacting the nucleoside from
either of steps b) or c) with the silylating reagent
TBDPSCI to provide N'-{ 1-[5-(tent-butyl-diphenyl-
silanyloxymethyl)-3,4-dihydroxy-3
-methyl-tetrahydrofuran-2-yl] -2-oxo-1,2-
dihydro-pyrimidin-4-yl } -N, N-dimethyl-formamidine;
(e) reacting the N'-{
1-[5-(tent-butyl-diphenyl-silanyloxymethyl)-3,4-dihydr
oxy- 3 -methyl-tetrahydrofuran-2-yl]
-2-oxo-1,2-dihydro-pyrimidin-4-yl } -N, N-
dimethyl-formamidine with N-BOC-L-valine and EDC in
dichloromethane  to provide
2-tert-butoxycarbonylamino-3-methyl-butyric acid
2-(tert-butyl-
diphenyl-silanyloxymethyl)-5-[4-(dimethylamino-methyle
neamino)-2-oxo- 



2H-pyrimidin-1-yl]
-4-hydroxy-4-methyl-tetrahydrofuran-3 -yl ester; (f)
removing the silyl-protecting group and the
formamidine group from 2-tert-
butoxycarbonylamino-3-methyl-butyric acid
2-(tent-butyl-diphenyl-silanyl- oxymethyl)-5 -
[4-(dimethylamino-methyleneamino)-2-oxo-2H-pyrimidin-
l - yl]-4-hydroxy-4-methyl-tetrahydrofuran-3-yl ester
in step (e) by refluxing  the compound with NH4F to
form 2-tert-butoxy-carbonylamino-3-methyl- butyric
acid 5-(4-amino-2-oxo-2H-pyrimidin-1-yl)-4-hydroxy-2-
hydroxymethyl-4-methyl-tetrahydrofuran-3-yl ester; and
(g) removing the BOC-protecting group from the
3'-O-valinyl-ester substituent  by reacting the
2-tent-Butoxycarbonylamino-3-methyl-butyric acid 5-(4-
amino-2-oxo-2H-pyrimidin-l
-yl)-4-hydroxy-2-hydroxymethyl-4-methyl-
tetrahydro-furan-3-yl ester from step (f) with HC1 to
provide 2-amino-3- methyl-butyric acid
5-(4-amino-2-oxo-2H-pyrimidine-1-yl)-4-hydroxy-2-
hydroxymethyl-4-methyl-tetrahydro-furan-3-yl ester
(dihydro-chloride salt). 20. A process for preparing a
furanose comprising: (a) reacting aqueous CaO with a
cyclic ether that contains a hydroxyl and a  CH2OH on
the carbon adjacent to the ring oxygen, thereby
forming a  furanyl lactone; (b) optionally protecting
the furanyl lactone with a protecting group if
necessary; (c) reacting the optionally protected
furanyl lactone with a reducing agent to  reduce the
lactone to a hydroxyl group, creating a furanose
product  compound; and (d) optionally reacting the
furanose product compound with a protecting group.  73
WO 2004/052899 PCT/US2003/039643  21. The process of
claim 20 wherein the cyclic ether reacted with CaO is
D-fructose.  22. The process of claim 20 wherein the
furanyl lactone is 2-C-methyl-D-ribono- lactone. 23.
The process of claim 20 wherein the protected furanyl
lactone is 2,3,5-tri-O-
benzoyl-2-C-methyl-D-ribono-lactone. 



24. The process of claim 20 wherein the furanose is
2,3,5-tri-O-benzoyl-2-C-methyl-(3- D-ribofuranose. 25.
The process of claim 20 wherein the protected furanose
is 1,2,3,5-tetra-O-benzoyl-
2-C-methyl-(3-D-ribofuranose. 26. The process of claim
20 wherein the protecting group is selected from the
group  consisting of silyl, benzoyl, p-toluoyl,
p-nitrobenzoyl, p-chlorobenzoyl, acyl, acetyl,
-(C=O)-alkyl, and -(C=O)-aryl, optionally substituted
with one or more groups not  affected by the reducing
agent of step (c). 27. The process of claim 26 wherein
the protecting group is benzoyl. 28. The process of
claim 26 wherein the protecting group is -(C=O)-alkyl.
29. The process of claim 20 wherein the reducing agent
is selected from the group  consisting of
Red-Al/ethanol, NaHTe, SmI2, H2 + Pd-phosphine
catalyst, and  LiAI(OtBu)3H. 30. The process of claim
29 wherein the reducing agent is Red-Al/ethanol. 31.
The process of claim 20 wherein the reactions are
carried out in solvent selected  from the group
consisting of TEA, DMAP, DME, toluene and ethanol. 32.
The process of claim 20 wherein the reaction
temperature varies from about -5 C  to about 50 C for
the first product compound lactone. 33. The process of
claim 20 wherein the total time for synthesis is from
about 5 days to  about 14 days. 34. The process of
claim 33 wherein the total time for synthesis is from
about 5 days to  10 days. 35. The process of claim 33
wherein the total time for synthesis is about 60
hours.  36. A process comprising: (a) reacting aqueous
CaO with D-fructose for about 5 hours to about 25
hours at  a temperature from about 23 C to about 40 C;
(b) reacting the product from step (a) with CO2 and
oxalic acid for about 8  hours to about 12 hours, to
form 2-C-methyl-D-ribonolactone; 74 WO 2004/052899
PCT/US2003/039643  (c) reacting
2-C-methyl-D-ribonolactone with benzoyl chloride for
about 3 



hours to about 6 hours to provide
2,3,5-tri-O-benzoyl-2-C-methyl-D- ribonolactone; (d)
reducing
2,3,5-tri-O-benzoyl-2-C-methyl-D-ribonolactone with
Red- Al/ethanol for about 30 to about 60 minutes at a
temperature of from about - 5 C to about 0 C to afford
2,3,5-tri-O-benzoyl-2-C-methyl-(3-D- ribofuranose; (e)
benzoylating
2,3,5-tri-O-benzoyl-2-C-methyl-(3-D-ribofuranose in
solvent  for about 4 hours to about 14 hours at a
temperature of from about 0 C to  about 50 C to form
1,2,3,5-tetra-O-benzoyl-2-C-methyl-(3-D-ribofuranose;
and (f) optionally isolating the
1,2,3,5-tetra-O-benzoyl-2-C-methyl-(3-D-ribo-
furanose. 37. The process of claim 36, step (a),
wherein the reaction time is from about 6 to about  22
hours. 38. The process of claim 36, step (a), wherein
the temperature is from about 23 to about  40 C. 39.
The process of claim 36, step (c), wherein the solvent
is DME. 40. The process of claim 36, step (c), wherein
the reaction proceeds for about 4 hours.  41. The
process of claim 36, step (d), wherein reduction
proceeds for about 40 minutes.  42. The process of
claim 36, step (d), wherein the solvent comprises
toluene. 43. The process of claim 36, step (e),
wherein the solvent comprises DME. 44. The process of
claim 36, step (e), wherein the temperature is from
about 5 to about  50 C, and the reaction runs for from
about 4 to about 12 hours. 45. The process of claim
36, step (f), wherein isolation is performed by
methods known  in the art. 46. The process of claim 1
wherein the benzoyl-protected, optionally substituted
ribofuranose is prepared by the process of claim 20.
47. The process of claim 1 wherein the
benzoyl-protected, optionally substituted,
ribofuranose is prepared by the process of claim 36.
75 WO 2004/052899 PCT/US2003/039643  



48. A process for preparing a furanyl lactone
comprising: (a) reacting aqueous CaO with a cyclic
ether that contains a hydroxyl and a  CH2OH on the
carbon adjacent to the ring oxygen, thereby forming a
furanyl lactone. 49. A process for preparing a
2-C-methyl-D-ribonolactone, the process comprising:
(a) reacting aqueous CaO with D-fructose for about 5
hours to about 25 hours at  a temperature from about
23 C to about 40 C; (b) reacting the product from step
(a) with CO2 and oxalic acid for about 8  hours to
about 12 hours, to form 2-C-methyl-D-ribonolactone.
50. A process for preparing an optionally protected
2-C-methyl-(3-D-ribofuranose  compound comprising: (a)
reducing an optionally protected
2-C-methyl-D-ribonolactone with Red- Al/ethanol to
obtain an optionally protected
2-C-methyl-(3-D-ribofuranose.  51. A process for
preparing an optionally protected nucleoside,
comprising: (a) coupling an optionally protected,
optionally substituted, ribofuranose with  an
unprotected nucleoside base and a silylating reagent
in the presence of a  Lewis acid to form an optionally
protected nucleoside. 52. A process for preparing an
optionally protected (3-D-2'-C-methyl-cytidine
comprising the steps of: (a) coupling an optionally
protected 2-C-methyl-(3-D-ribofuranose with  cytosine
in the presence of BSA and SnC14, to form an
optionally protected  (3-D-2' -C-methyl-cytidine. 76
WO 2004/052899 PCT/US2003/039643  53. A process for
preparing a 2'-C-methyl-cytidine comprising the steps
of: (a) reacting cytosine and an activator, optionally
in the presence of a Lewis  acid, with an optionally
protected 2-C-methyl-(3-D-ribofuranose to form an
optionally protected 2'-C-methyl-cytidine Nx2 NH2 N  N
P10 N O  



P10 I ~\ H3 O  OP4 O N  H  :CH3 p2(f %P3 OPZ OP3  TD 1
l_l wherein each P1, P2, P3, and P4 is independently
hydrogen or a suitable  oxygen protecting group; and
then (b) optionally deprotecting the optionally
protected 2'-C-methyl-cytidine of the  previous step
to form 2'-C-methyl-cytidine VI) NH2 NH2  N N  P'O N O
HO N O H3C H3C  O__ 01"' OP3 OH OH  G if necessary. 77
WO 2004/052899 PCT/US2003/039643  54. The process of
claim 53, wherein, each P1, P2, P3, and P4 is
independently hydrogen  or an acyl. 55. The process of
claim 53, wherein, each P1, P2, P3, and P4 is
independently hydrogen  or a benzoyl. 56. The process
of claim 53, wherein the activator is a silylating
agent. 57. The process of claim 56, wherein the
silylating agent is BSA, HMDS, TMSCI, or  TBDPSCI. 



58. The process of claim 56, wherein the silylating
agent is BSA. 59. The process of claim 53, wherein the
reaction of step (a) is accomplished with a  Lewis
acid selected from the group consisting of SnC14, BF3,
A1C13, TiCI,, TiC14,  FeCl3, SnCl2, and any mixture
thereof. 60. The process of claim 53, wherein the
Lewis acid is SnC14. 61. The process of claim 53,
wherein the process further comprises the steps of
esterifing the 3'-position of the 2'-C-methyl-cytidine
with an ester moiety.  62. The process of claim 61,
wherein the ester moiety is an amino acid. 63. The
process of claim 62, wherein the amino acid is
L-valinyl. 64. A process for preparing an optionally
protected 2-C-methyl-(3-D-ribofuranose  comprising the
steps of: (a) reducing an optionally protected
2-C-methyl-D-ribonic lactone with a  reducing agent
P10 O O P10 O OH  CH3 CH3  P20~ ~OP3 P20~ ~OP3 II
I(~II  wherein each P1, P2, and P3 is independently
hydrogen or a suitable oxygen  protecting group; and
then (b) optionally protecting the ribofuranose
derivative compound of the previous  step to form an
optionally protected 2-C-methyl-(3-D-ribofuranose 78
WO 2004/052899 PCT/US2003/039643  P10 P10 O OH O OP4
CH3 CH3  P20 IOP3 P2 'OP3 QUI TV-)  wherein P4 is
independently hydrogen or a suitable oxygen protecting
group.  



65. The process of claim 64, wherein, each P1, P2, P3,
and P4 is independently hydrogen  or an acyl. 66. The
process of claim 64, wherein, each P1, P2, P3, and P4
is independently hydrogen  or a benzoyl. 67. The
process of claim 64, wherein the reducing agent is
sodium bis(2- methoxyethoxy)aluminum hydride (Red-Al),
optionally in a solvent.  68. The process of claim 67,
wherein the solvent is ethanol. 69. A process for
preparing an optionally protected 2-C-methyl-D-ribonic
lactone  comprising the steps of: (a) reacting
D-fructose with CaO;  OH  O HO OH O O  HOOCH3  OH HO
OH  D-fructose and then, (b) optionally protecting the
lactone, to form an optionally protected 2-C-
methyl-D-ribonic lactone 79 WO 2004/052899
PCT/US2003/039643  HO P10 0 O O 0  fCH  CH3 3 HO OH
P20 OP3  T wherein each P1, P2, and P3 is
independently hydrogen or a suitable oxygen
protecting group. 70. The process of claim 69,
wherein, each P1, P2, and P3 is independently hydrogen
or  an acyl. 



71. The process of claim 69, wherein, each P', P2, and
P3 is independently hydrogen or  a benzoyl. 72. The
process of claim 69, wherein a precipitant is used to
remove calcium generated  in step (a). 73. The process
of claim 72, wherein the precipitant is an organic
acid that is stronger  than ribonic acid. 74. The
process of claim 73, wherein the organic acid is
selected from the group  consisting of oxalic acid,
malonic acid, succinic acid, glutaric acid, adipic
acid,  suberic acid, sebacic acid, azelaic acid,
maleic acid, acetic acid, propionic acid,  isobutyric
acid, acrylic acid, methacrylic acid, butyric acid,
pentanoic acid,  hexanoic acid and hexanoic acid. 75.
The process of claim 73, wherein the organic acid is
oxalic acid. 76. A process for preparing an optionally
protected 2'-C-methyl-D-cytidine from D- fructose,
comprising the steps of: (a) reacting D-fructose with
CaO to obtain a 2-C-methyl-D-ribonic-y-lactone;  OH O
HO  OH 0 0  HY'CH3 OH HO OH  D-fructose ( 1 80 WO
2004/052899 PCT/US2003/039643  (b) optionally
protecting the lactone to form an optionally protected
2-C methyl-D-ribonic lactone, if necessary; HO 0  O O
O O  f P H3 CH3 HO OH P2O OP3  `I) II  wherein each
P1, p2, and P3 is independently hydrogen or a suitable
oxygen  



protecting group; (c) reacting the optionally
protected 2-C-methyl-D-ribonic lactone with a
reducing agent; P10 P10  O O O OH  CH3 :C3 H2 3 2 \`;
. .''~ 3  P O OP P O OP II III  wherein each P', p2,
and P3 is independently hydrogen or a suitable oxygen
protecting group; (d) optionally protecting the
ribofuranose derivative compound of the previous  step
to form an optionally protected
2-C-methyl-(3-D-ribofuranose if  necessary, P10 P10  O
OH O OP4  CH3 CH3 P2O~ OP3 P20~ ~OP3  III (IV)  81 WO
2004/052899 PCT/US2003/039643  wherein P4 is
independently hydrogen or a suitable oxygen protecting
group; (e) reacting the optionally protected
2-C-methyl-(3-D-ribofuranose with cytosine  and an
activator, optionally in the presence of a Lewis acid,
to form an  optionally protected 2'-C-methylcytidine
NH2  NHz N  N P10 CNO P10 O H3C  OP N O  O \ 



H  CH3 Pz%p3 OP2 OP3  wherein each P', P2, P3, and P4
is independently hydrogen or a suitable  oxygen
protecting group; and then (f) optionally deprotecting
the optionally protected 2'-C-methylcytidine to form
optionally protected 2'-C-methylcytidine NH2 NH2  N N
N O N O P'O HO  H3C H3C  O\ \ OPz OP3 OH OH  if
necessary. 82 WO 2004/052899 PCT/US2003/039643  77.
The process of claim 76, wherein, each Pl, P2, P3, and
P4 is independently hydrogen  or an acyl. 78. The
process of claim 76, wherein, each P1, P2, P3, and P4
is independently hydrogen  or a benzoyl. 79. The
process of claim 76, wherein the activator is a
silylating agent. 80. The process of claim 79, wherein
the silylating agent is BSA, HMDS, TMSCI, or  TBDPSCI.
81. The process of claim 79, wherein the silylating
agent is BSA. 82. The process of claim 76, wherein the
reaction of step (e) is accomplished with a  Lewis
acid selected from the group consisting of SnC14.,
BF3, A1C13, TMCIZ, TiC14,  FeC13, SnC12, and any
mixture thereof. 83. The process of claim 82, wherein
the Lewis acid is SnC14. 



84. The process of claim 76, wherein the reducing
agent is sodium bis(2- methoxyethoxy)aluminum hydride
(Red-Al), optionally in a solvent.  85. The process of
claim 84, wherein the solvent is ethanol. 86. The
process of claim 76, wherein the process further
comprises the steps of  esterifing the 3'-position of
the 2'-C-methyl-cytidine with an ester moiety.  87.
The process of claim 86, wherein the ester moiety is
an amino acid. 88. The process of claim 87, wherein
the amino acid is L-valinyl.  83 


