PROCESS FOR PREPARI NG B- NUCLEI C ACI D DERI VATI VES AND

| NTERVEDI ATES THEREOF FI ELD OF THE | NVENTI ON [ 0001]

The invention relates to an inproved process for the

synthesis of L-nucleic acid derivatives useful as a
wore@rao4123 as welt as to synthesis of internedPEL/EB2007/052464

t heref or. BACKGROUND [ 0002] Recently, L-nucleic acid

derivatives have been sought for their desirable

effects as medicines. Howevler, L- nucleic acid

PROCEES HUR PHEPAKRGIAN ERi0A%, TERMEDIATES
g oduce (Lﬁ% ﬁe g EII I\{/é%,
a y

nature L- ar abl nose h been used as a raw
material in synthesis of L- nucleic acid derivative.
F|E|—D Oﬁaﬁ"‘%d%‘ VENdeRSes starting with L-arabinose have
[0001]  pr ovEie iryepdon gatptemtd eoripipsavest ppcese fonfttusynthesis of L-nucleic
acid derrvatd/@stuaeélhﬂ@s anuseliciae sad weliad tc ayhthekfd ¢f iaktrmieasitss therefor.
(see, for exanple, Nucleosides Nucleotides, 18(2),
BACKGHGUNIY®S (1999); Nucl eosi des& Nucl eotides, 18(1 1) ,
[0002] 2353?éce1rﬂ@'9l)nuoﬂ@@@§ﬂd Jé}wa%@ﬁagéb léﬁtsb\ﬁgﬁt ?Yr‘?enb&églrabze
effects agﬁ’t/éﬂl&ﬁé usrﬁjc :E‘ edén\f?:x?l\/ LA GROR i’éﬂ’l products and raw
material g]‘ﬁ Y r‘?t r L f’[i ng§e e has
generally} W&fefrga” i é?ﬁt apige %C*M@gva Various
process | a{ag@oe c%ma ex steps to conduct

industria t tiqw,fs . Bb’eeg@esolad\m@fwﬂe@@ &

Nucleof*ﬁi%*ﬁ%? 1%@@5@995 Shiclearirians: Nugleotidenaied 1 bvaE6of1999)).

i ndustrial applicability. [0005] Mtsui Chemcals
[0003] | nc.Thyeigimet derivativesdbaberbaare pieviioged, Rroagihydreo Diaudeic acid
intermediaer abiaiosdurafbsythy)dro-1-(3-D-arabinofuranosyl) (JP-A-6-92988; JP-A-2-
59598, J. Org. Chem., 60(10), 3097 (1995)). L-nucleic acid intermediates have also been
used such as in EP1348712, US4914233 and WO03/087118.

10004} Yet these processes do not meet the most cost efficient and straightforward
tevel of industrial applicability.

[0005] Mitsui Chemicals Inc., reported methods for preparing 2,2'-anhydro-1- % -L-
arabinosfuranosylithymine and 2,2-anhydro-5,6-dihydrocyclouridine, which are useful as
intermediates in the synthesis of L-nucleic acids (PCT Publication No. WO 02/044194: EP
1348712 A1). The 7-step Mitsui process includes:

(a) reacting L-arabinose with cyanamide to provide L-arabinoaminooxazoline (1)

HO _
(1)
(b) reacting L-arabinoaminooxazoline (1) with an acrylic acid derivative (2)

0‘—‘
{2)

(wherein R1 is a lower alkyl group, and X is bromine, mesylate or acetate derivative,
chiorine, a p-toluenesulfonyloxy group or a methanesulfonyloxy group) to synthesize a L-
arabinoaminooxazoline derivative (3)



thym ne and 2,2 -anhydro-5, 6-di hydrocycl ouri di ne,
whi ch are useful as internediates in the synthesis of
L-nucl eic acids (PCT Publication No. WO 02/ 044194; EP
1348712 A 1) . The 7-step Mtsui process includes: (a)
WO e@ctio4193 L- ar abi nose with cyanam de to provi dBCT/EP2007/052464
L- ar abi noam nooxazoline ( 1 ) (b) reacting
L- ar abi noam nooxazoline ( 1) with an acrylic acid
derivative (2) ) (wherein Rt is a |lower alkyi group,
and X is brom ne, nesylate or acetate derivative,
chl orine, a p-tl uenesuifonyl oxy group or a
met hapesuf fon oxy1group) to synthesize a
Leralsi hpadi noox#701 1 ne derivative (3) (wherein X and R
"9 ha e /the\,same definitions as given above), (c)
reacti ngoa bdse i th_t he L- arabi noanm nooxazoline
derivative (3) to sgﬁ}hesize an L- 2,2'-anhydronuc!eic
_acid derivative (4) . (d) isonerizing the
{(wherein X ang R1ahguaditerrane definitipas gedivent ahave)d) to
synt hesi ze 2, 2' - anhydro- 1-
(c) reactingla deabiwidf thahosyhh)inbymimexasdlireeswitjecti)ng dynehesize an L-
2,2"-anhyzir@huaeibydidddriative(4} ar abi nof ur anosyl ) t hym ne (5)
ei ther to hal ogenation and subsequent protection, or
to protecti on and subsequent hal ogenation, or to
., si_mul ous hal ogenati on and protection, to form (6)
oo\ (wWhiéRei n and R3 are each independently a protecting
“oup~For hydroxy! group and X is a hal ogen), (f)
HO deh%logention”of (6) to (7) and(g) deprotection of
(d) isom&RARPURAL ) Aty RlyoR NSk 2R d BridathaY() @b ReniRXize 2,2"-anhydro-1-

3-L-arabinofuranosyl)thymine (5)

{e) subjecting the 2,2-anhydro-1-(3-L-arabinofuranosylthymine (5) either to halogenation
and subsequent protection, or to protection and subsequent halogenation, or to
simultaneous halogenation and protection, to form (6)

o pem—

S i ()
R, O S_l "N
NI
o H

RO 7 6)

(wherein R2 and R3 are each independently a protecting group for hydroxyl group and X
is a halogen),

(f) dehalogention of (6) to (7) and



SUMVARY OF THE | NVENTI ON [ 0006] As it is desirable to

have a process that is nore easily adapted to | arge

scal e production a novel efficient process for

preparing b-L-thym dine (8) on |large scale was
walenehopesl and i s disclosed herein. [00071 PCT/EP2007/052464

Surprisingly, the present invention inproves upon

previ ous nethods to produce L-2, 2' -anhydronuc! ei ¢ acid

derivatives. In one aspect=3-t he cycllzatlon and

(o) depro @ FOR A EBRLROrEALIA HDek P B EF BB fodfvea, “as o

consequence, isolation by crystallization is possible
i nstead of by the prior art of purification by colum

chtgomato y which is not suitable for |arge scale
S, Shion. und (6), which is thermally unstable
HO ote Iy mutagenic is not isolated in solid

i a

but }l“i}ﬁandl ed as a solution in ethylacetate. The
HOo et hyl acebat e sol utjon of (6) can be directly used in

the foll ow ng hydr genati on step to form (7). [0008]

I n anot her aspect, previous cyclization and

onerization conditions included addition of the

SUMMAF@?@F 2646 OWEBNT#MNon, neutralized with acetic acid, to
[0006] & sdspbissiasirable jsahdveda precassHhakisimOserasily adagtad large scale
productioa aydved efficenrusphese forgmpering ri-b-thewadine t(Bpont laege scale was
developedeact is aisdissaekitereirel y fast and that a maj or by-product

is formed in increasing anounts with tinme. This
[0007] by- megtisihglyf arau @aséht Ofvettivat fRploves thsh rb’t@(fi@h)ésh%thods to
produce QI- Ztil%nﬁf@r@%%%e;c (E’@é%thQV@Ht bRE é‘s;géﬁt 'tﬁénE é’iszatlon and
1somerlzét AUESSqi gﬁi QHDHFHd '2%9 S p fymine (5)
were |mp ds 'té‘ ééc%ﬁleggé I%S &N& &9 aTli {&'&?TQ‘S SSI fbythe
prior art Il% o] P co& r@[ﬁi%yt or Earge scale
produc’uogr Ep ?gg g rn@ lé( unstable an po ent: mutagemc is not
isolated In o|1 form b t IS han s a solution in ethylacetate The ethylacetate
solution of (6) can be directly used in the following hydrogenation step to form (7).

[0008] In another aspect, previous cyclization and isomerization conditions included
addition of the cyclization solution, neutralized with acetic acid, to a suspension of
palladium alumina in water at 80°C in a hydrogen atmosphere. Experiments reveal that
the reaction is extremely fast and that a major by-product is formed in increasing amounts
with time. This by-product (formula A) originates from the hydrolysis of the product. The
present invention significantly reduces the amount of by-products produced, increases the
suitability for scale up and reduces the cost by controlling various parameters including
the pH of the starting solution, lowering the temperature and significantly shortening the
time required for mixing during the working temperature.

Hydroiyse by-product ( A)

[0009] By reducing the working temperature another by-product previously
neglected due to its apparent low amount was identified by LC-MS to be the product + 2H,
formula (B) below, as a diastereomeric mixture.



time required for mxing during the working
tenperature. Hydw yse by-product ) [0009] By reducing
t he worki ng tenperature another by-product previously
negl ected due to its apparent |ow anmobunt was
wo dentio47ved by LC-MS to be the product + 2H, fRPCTEPR07/052464
(B) beiow, as a diastereoneric m xture.5,6-Di hydro
by- product (B) [0010] The structure of B was confirned
by synthesis. This by-prodﬁct does not increase with
t he "hydrogenation” tinme and the formati on can be
expl ai ned by the hydrogenation of the exo-double bond
d';.nth arting material. The UV absorption of this
A byrprodugt is five tinmes weaker than that of the
,tuﬂ&& d roduct. [001 1] Isonerization works under
o  hydPogen at any tenperature; |ower tenperature
decrease the hydrolysis and increase the anount of
6- di hydro bé product. The ratio of isonerization/
"GD”P{ ’fyﬁﬁg’ﬁ‘atl odB)s 80/20 at room tenperature and
[0010] rdei steucing 83 wagicopSrmed OF. syathesse, This hyderodughdoes not
increase wttgﬁhﬁf hndrhgamatmrd tans and ﬂhm@)rmaﬁ@n@’anl s explaiard tydbe
hydrogeniadon efjthe exb-toublertaral intpdstdriisg snaterial. | BveliVadbgoeston of this
by-produttiafivé ¥ mdORélerann dst afteesatizatedamodonidi ti ons were
tested to reduce the conpeting hydrogenation and
10011] | nchssigeriMiomadorks uHier %?H@Jg)éﬁtatsd#ﬁ/ﬁéﬁﬁie%luké Iowertemperature
decreaseQ%'h‘f/@FcﬂQSt!s%n@ :Hé’r@b@@% QHES%PB%% di E& ApRARI T A% ratio of
,somenzz@ogﬁé&z; aor‘?‘% 8 58 aw&mé% SRl (F m@( s@y 95/5 at 65-
80°C. At dci L&lé%@eé]g w?ﬂg f‘nﬁaﬁ e go& is required
to controﬂi\idi?lggtﬁ t% alrﬁgv éea 3
gi ven anount of free H2.
[0012] arious isomerization conditions were tested to reduce the competing
hydrogenation and include;
Method 1) The catalyst suspension is activated in a hydrogen atmosphere. The hydrogen
flow is maintained and the cyclization solution is added.
Method 2) The catalyst suspension is activated in a hydrogen atmosphere. The solution of
the starting material 5 is added in an atmosphere containing a given amount of free Ha.
Method 3) The catalyst suspension is activated in a hydrogen atmosphere, then the
reactor is purged with nitrogen to remove all free hydrogen. The cyclization solution is
added under nitrogen.

gn ét nosphere cont ai n| ng a

[0013] In method 1, the catalyst (10% w/w}) is suspended in water in a hydrogen
flow for 15min at room temperature. Then, the mixture is heated to the working
temperature and the cyclization solution is added over 45-60 minutes at a constant
temperature and under a slow hydrogen flow.

Table 1 Results (catalyst: Pd 5% on alumina)

Temperature % remaining starting % dihydro by-product at
material reaction end (HPLC)
5min after addition

25°C 20% (0% 60min later) 18%

45°C 5% (0% 30min later) 9%

55°C 0% 6.5%

65°C 0% 4%

75°C 0% 2.7%

[0014] A temperature greater than 60°C is needed to minimize the amount of

dihydro by-product formed. At this temperature the reaction is spontaneous and only
requires stirring for a few additional minutes to complete the reaction. However, a



Met hod 3) The catal yst suspension is activated in a

hydr ogen at nosphere, then the reactor is purged with
nitrogen to renove all free hydrogen. The cyclization
solution is added under nitrogen. [0013] In nmethod 1,

wo bm7aet7ad yst (10% w w) s suspended i n water PCI/BP2007/052464

hydrogen flow for 15m n at roomtenperature. Then, the

m xture is heated to the working tenperature and t he
cyclization solution is added over 45-60 minutes at a

sl,ow hydro

temperafBoQlRRly @@g{g&g AN id s (6B 75 ")
some hydtolisiy 9ecyT y P P@aa@t h»fdcsaawéia angto maintain
the reactiy o M%ﬂeflegtﬂﬁ% aﬂ@'&@ﬂn Jie cgmmﬁésmae apltighispould be
longer thag G méyt@ﬁ ta Makgaindhe demearatdes ¢idrathemddiiesot e cold
solution. CQthsir expetimentseackli @7 5Howboera loat epped atibiliy greatreng the
dihydro byhenedesCni whinbth@refeent edrias batwddrghend ti€9pePatameters such as
stirring sii&&d tind Tite BQous0 DEfrbyibebysidshyaretks cad B&BoWEY a role. Other
catalystsoPpest tatBoa! 098280 J, ®dOHY Rtohvlltihi Havead@nt@sted but
performe@a,{,é}tsgltﬁa,ﬁm (gregpjnh,gg tenperature during the addition.

The addition tine of the solutlon should be | onger

0015] L hafnFe@ba @5 EQ al f@aBot B %@écl? O\ﬁ fse” af
the

ryorose tlhae Lllpachal i @urf‘ft
working tam&-‘gfg? f%g ga% PQF’ g m@ﬂﬂ%ﬁtf% r3 sbw?em@@ﬁnﬂowfor
15 minutgs gﬁé?&#@ngaéﬂdsg O¥ef g nE RSt aonsiant
temperatgrgand Upfler 2 svapi@ased!aW:dr ogen can al so play a role.

Ot her catal ysts: Pd on carbon, on BaSO 4, Pd(CH) 2, Rh
Table 2 Basditumatalysiabd Héam slastied) but perfornmed worse than P

Temperatmedamount. [ 001%5entainingtading, the ted ahyato hy-bbBRYat
catalyst W W) is suspendeghatdtiabat er under a hygf@8pn dnawHrerc)
15 mnutes at roomd smResRliigre. Then the mxture is
70°C /heatgg@to the |40, 3.7%
70°C [/ 20% 9% 3.2%
70°C [/ 25% 0% 2.9%
55°C / 25% 0% 3.0%
45°C / 25% 0% 2.6%
35°C 25% 31% (4% 40min later) 3.8%
[0016] This isomerization works well in a nitrogen atmosphere but, as expected, a

higher amount of catalyst is needed. At 70°C, with 10% catalyst, the conversion is only
76% and then, hydrogen has to be infroduced to complete the reaction. The dihydro-by-
product is still present, but in a rather lower and more reproducible amount of ~ 3%. The
results in the table have been obtained with a Pd/alumina catalyst



wor ki ng tenperature under hydrogen. The hydrogen flow

is replaced by a nitrogen flow for 15 m nutes and the

cyclization solution is added over 45-60 m nutes at a

constant tenperature and under a slow nitrogen flow.
waaao29Resul ts (catalyst: Pd 5% on al um na )PCT/EP2007/052464

Tenperature /anount % remai ning starting % di hydro

by- product at catal yst rraterl al reaction end (HPLC)

5min after addition 70uC /-%10% 24% 3. 7% 700C /| 20% 5%

3.2% 70 C/ 25% 0% 2. 9%55C / 25% 0% 3. 0% 45C / 25% 0%

2.6%35C / 25% 1%(4% Onin later ) 3.8%[001 6] )
Thi Oi.soneriZzati on workslwel | in a nitrogen atnosphere H

""" a hi‘gherBanoupt of catalyst is/ == ?
w4 h T0% catal yst, the. rsi i

y 760/@and then, hydrogen has|AoCbe introduce

conpl ete the reaction. The di hydro-bypr i's EI

present, but in a rather |ower and nmge reprgducl bl
2,2 biyttro-BfL-BYmidile(ey esul ts in the tabl e have been

obtained with a Pd/al umi na cat al y$th3'|5-diacgyl-2'- -bromothymidine (7)

di acetyithym dine (8) b-L-thym d| ne (9) [001 7]

Surprisingiy, the present invention inproves upon

previ ous nethods to produce L-2,2'-anhydronucfeic acid

to

derivati ves. ecifically, previous brom nation and
0 — NaOH .. O "”
Pt N = () S N O
Ac O HO
- ;
H H
Ac O 0O HO O
-L-3',5' diacetylthymidine (8) B-L-thymidine (9)
[0017] Surprisingly, the present invention improves upon previous methods to

produce L-2,2-anhydronucleic acid derivatives. Specifically, previous bromination and
hydrogenation conditions included several solvent exchanges from ethyl acetate/DMF
{bromination) to methanol (hydrogenation) and isopropyi alcohol (crystallization). DMF,
which inhibits crystallization of (3-L.-3',5"-diacetyl-2"-bromothymidine), has to be removed
by distillation or extraction to achieve acceptable yields of crystalline (B-L-3' 5'-diacetyl-2'-
bromothymidine). DMF removal is difficult to realize on large scale because (R-1.-3',5'-
diacetyl-2'-bromothymidine) it is not stable enough under the conditions to distill off DMF.
It was surprisingly found that bromination and hydrogenation can both be achieved in ethyl
acetate alone, avoiding change of solvents and isolation of the potentially mutagenic (R-L-
3',5'-diacetyl-2'-bromothymidine) in crystalline form.

[0018] For the success of the hydrogenation in ethyl acetate as solvent the

presence of sodium acetate dissolved in water is essential. In dry ethyl acetate and in the
presence of solid sodium acetate or other bases “by product” C formation is observed.

FORMULA of by-product: ¢
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EXAMPLES
[0019] The present invention is described in more detail below by way of Examples.
However, the present invention is in no way restricted thereto.

Example 1

[0020] Production of 2-amino-B-L-arabinofurano [1°,2’:4,5]oxazoline (2)

o OH

HO/QYIOH
1

CH

H,NCN

150.13
CiHioOs

t-arabinose

L-Arabinose (2kg) is suspended in DMF (42.15L) under stirring at room temperature and
50% cyanamide in water (6.25kg) is added in 1kg portions. During the addition an
exotherm is observed and the temperature increases to 30 °C. The suspension is warmed
to 50degC and is heated for 1h. A solution of potassium carbonate, 28% in water (370.29)
is added and the temperature increased to 60deg®C for 8h. During this time the mixture
changes to a turbid beige solution and then crystallizes. After 8h the reaction is cooled to
20degC over 1h and is kept at 20 °C for 10h. Acetic Acid and ethyl acetate are added to
the mixture drop wise over 45 minutes. The suspension is then cooled further to 0degC
and the product is isolated by filtration. The product 2 is washed with ethanol and dried in
a vacuum oven at 45 °C.




L- Arabi nose (9kg) is suspended in DVF (42.1 5L) under
stirring at roomtenperature and 50% cyanam de in
wat er (6.25kg) is added in 1kg portions. During the
addition an exothermis observed and the tenperature
wo nareeses to 30 0OC. The suspension i s warned poT/BEPeTE32464
and is heated for 1h. A solution of potassium
carbonate, 28%in water (370.2g) is added and the
tenperature increased to 66degC for 8h. During this
time the mxture changes to a turbid beige solution
nd then crystallizes. After 8h the reaction is cool ed
Examples 20degC over 1h and is kept at 20 OC for 10h. Acetic
[0021]  Aci Pyaeds R pthytetablerapethybaed'a® the mi xture drop
wi se over 45 m nutes. The suspenston is then cool ed
further to OdegC andthe prpduct ijs isol ated by
HO\J fiPtrati e The priodueto2 i shed with etha d o
ried i nmaVvacuum |d¥en at ™45 0C. Exanpte 2 [ 0021]
Synt hesi sH@f ethyl| 2-(ch!oro yli) acrypate To ethyl o
(hydroxynet hyl ) acfryiate (30.73npi;)) under an inert j
130.@t mosphere of nitrlogen at 10 C is./added thionyl14sss
cH,@hl oride (35.34npi) drop wi se keeping the interhzfo:
tenperature between 8-1 0 0C. Upon conpl etion of %he
addition the mxture is allowed to stir for an =
additional 15 mnutes and then is slowy heated to 75
@&:over 1h . The m xture is kept at 75 OC for an
To ethyl Gudreivamany 2 Acfde (Hed SMmopt witerias Ingdedmgsepes efaitrapen at 10°
C is addasbihiomé chiorigaéad ditaidl) drea wise keapingdhp orternsl semeatatineg
between BhE) Ex.cépontasinariglions hf e atlitiorhthecmixderedhlaiowedd t3 stisfor an
additionati§ @dnidiitescaridythien i$ Bwigkeattdap. 7B@uopeel i3 THoO2R]ture is kept at 75
°C for anddélitioylab2h anddhet hapalviens anidad exegz olise)  Heoh@stadd 6etHed) distilled
off in two portions removing the excess thionyl chloride. The crude chloride 3 is used
directly in the next step.

Example 3
[0022] N-Alkylation of L-arabinoaminooxazoline to produce (3)

T

148 59 j | 7’
O CHclo, 3 o O o

G o HCI
2 4
174,16 286.29+36.46 = 322,75 -
CgHy N0, C,H gN, 0. HCE

The crude chloride (3) from the previous reaction is dissolved in dimethylacetamide at 25
°C. Compound 2 is added in portions and the resulting mixture is allowed to stir at room
temperature for 4h. Toluene is added drop wise over 10 minutes and the product slowly
crystallizes. The mixture is stirred for 75 minutes at room temperature and an additional
toluene is added and the mixture is allowed to stir overnight. The crystallized product is
filtered and washed with Toluene/Ethanol 1:1. The product is dried in a vacuum oven at
45 °C overnight to afford compound 4 in 52.6 % vyield.

Example 4



174 16 286 29+36 4 6 = 322 75 1 H 18N O6 HC The crude
chloride (3) fromthe previous reaction is dissolved
i n di nmethylacetam de at 25 0C. Conpound 2 is added in
portions and the resulting mxture is allowed to stir
w@rooraoims enperature for 4h. Tol uene i s added PCDPPMNTES2464
over 10 mnutes and the product slowy crystallizes.
The m xture is stirred for 75 mnutes at room
tenperature and an additiof¥al toluene is added and the
al L.owed to stir overnight. The crystalllzed
[0023]  pr o GRAIZPEORIOf LerTal R VHARAR IO 14) foc Qe B heatdl-— 1
anhydronycle!@rﬁed&%f@ave Psar} isemerigation gtbndn? o@@wda@n%eleeud
derivativeplpepividghe 2 9-atfrtvdrer 1cBripeumiinaluran@y))ehyemyicel6d.
Exanpl e 4[ 0023] Cyiciization of
L- ar abi npam nooxazoline (4) to produce an L-2-2'-
anhydronﬁcl ic acid derivative 5 and i sorrerl zatl o)
s i Ig/‘éhg? ronucl ei ¢*ci d derivative.1 o Proc
HO > 2?2‘ Aanhy rﬁ?rf/l ( b =LC-arabimof ura @ieyl) th
ution [6024] A sol ution of a
HO p- met hoxypHenol in water is cooled to"8-10 g)C in an
i ce bath. Potassium carbonate is added over _one hour
with stiréi ng and the solution is cool ed t 020- 2 deg C
The resulting solution is allowed to stir for at | east
4 hours. A2 | ar HClsolution is added drop w se
ke p| ng nperature between 0 and 4 OCO The
s d gassed with strong gas,geév Nt “a d
HO itj e [resul ting solutidn is appro+
her ct"ion xture is stirred over t toOafford
aqgggusqg,ye,pus solluti on of

5
[0024] A solution of 4 and p-methoxyphenol in water is cooled to 8-10 °C in an ice
bath. Potassium carbonate is added over one hour with stirring and the solution is cooled
to 0-2 deg C. The resulting solution is allowed to stir for at least 4 hours. A 2 molar HCI-
solution is added drop wise keeping the temperature between 0 and 4 °C. The solution is
degassed with strong gas development and the pH of the resulting solution is
approximately 6. The reaction mixture is stirred over night to afford an aqueous solution of
5.

[0025] In a separate vessel Pd on aluminum oxide (5%) is suspended in water
under a nitrogen atmosphere. The vessel is purged with hydrogen for 10 minutes. Under
the hydrogen atmosphere the mixture is heated to 60-65 °C over approximately 1 hour.
The hydrogen flow is then stopped and the mixture is purged with nitrogen. To this
suspension is added the aqueous solution of 5. keeping the temperature above 60 °C. The
reaction mixture is purged for another 10 minutes with hydrogen followed by an additional
2 minute purge with nitrogen. An additional purge cycle with nitrogen followed by
hydrogen was performed. The batch was cooled to RT and purged again with nitrogen
and filtered. The pH of the solution was adjusted with 2 molar aqueous HCl fo
approximately 6.5. The solvent was removed in vacuo to afford a slurry. Ethanol is added
and the salts are filtered off. The filtrate was concentrated in vacuo, cooled to 0 °C, and
filtered to afford after drying white crystals of 6 in 74.3 % yield.

Example 5
[0026] Synthesis of 3-L-thymidine {9}



5. [0025] In a separate vessel Pd on al um num oxi de

(5% is suspended in water under a nitrogen

at nrosphere. The vessel is purged with hydrogen for 10

m nut es. Under the hydrogen atnosphere the mxture is
wheavaai7vd 60- 65 0C over approximately 1 hour.PdhEP2007/052464

hydrogen flow is then stopped and the m xture is

purged with nitrogen. To this suspension is added the
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60 OC. The reaction m xture is purged for another 10

m nutes with hydrogen faqfl owed an additional 2 -

m nube_ pur kth nitrogen. An padditional purge cycl

Ho/wi" h niytrblgen f\al | owed by Bydrogen was perf or med
bat S I o RTand™pur ged agai.n, o ni t’roge o
fil'tgfed NThe pH of the sol phi was, ad Us{ h-
8 ® Y ( tan J
'g nol ar aqueous HCI to approxinptely 6.5 e Sso nt
was renpved in vacuo to afford p slukky Et '
added and the salts are filtered.off. The filtrate was
concentrated in vacuo, cooled to 0 0C and7filtered to
afford after drying white crystals of 6 in“74.3 %
yield. Exanple 5 [0026] Synthesis of b-L-thym dine
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thym ne) derivative 6 is suspended at 25C in 150ni
ethyl acetate/with 20.3g di nethyl formam de
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30.3g of 2,2-anhydro-1-(B-L-arabonfuranosyl thymine) derivative 6 is suspended at 25°C
in 150ml ethyl acetate with 20.3g dimethyl formamide (277mmol). 34.1g acetyl bromide
(277mmol} is added at 60°C within 30 minutes. Stirring at 60°C is continued for an
additional 30 minutes. The mixture is then cooled to 25°C IT and treated with aqueous
potassium bicarbonate 25% until gas evolution is no longer observed (ca.15min). The
phases are separated and the organic phase is washed with 20ml aqueous sodium
chloride solution (20%).

[0027] To the organic phase (containing R-L-3',5'-diacetyl-2'-bromothymidine 7) , a
suspension of 5g palladium/alox 5%, 10.33g sodium acetate in 248mi water is added and
the resulting solution is hydrogenated at 25°C for ca. 3 hours. The catalyst is filtered off
and the aqueous phase is separated and extracted twice with 50 mi water. The combined
water phases are extracted twice with 100ml ethyl acetate. The combined organic phases
are evaporated at 60°C in vacuum. The oily residue obtained is dissolved at 70°C in
230m] of isopropyl alcohol. The resulting solution is seeded at 50°C and stirred for ca. 1
hour. The suspension is cooled to -5°C and stirred for two hours. After filtration and
washing with cold isopropyl alcohol the product is dried at 60°C overnight.

[0028] 24.5g (3-L-3",5' diacetylthymidine 8 (75 mmol) and 1g sodium hydroxide
30% (7.5 mmol) are heated for ca. 48 h in 90ml ethanol at reflux. Then 0.53g acetic acid
{8.8mmol) is added and the temperature is maintained at 76°C for 30 minutes. The
mixture is cooled to -5°C. The crude product 9 formed is filtered off, washed and dried at
60°C overnight.
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1. A process for producing L-thym dine conprising: (a)
a step of reacting L-arabi noam nooxazo!i ne represented
by the following fornula ( 1 ) with an acrylic acid
derivative represented by the followng fornmula (2)
w@mwenes7ms R 1 is a | ower al kyl group, and X i SPCT/EP2007/052464
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halogenated'EltfyMidine derivative represented by the following formula (6) in solution,

following

wherein R2 and R3 are each independently a protecting group for hydroxyl group, with the
proviso that said formula (6) compound is not isolated from said solution,

(e} a step of dehalogenation of the compound represented by the formula (6) in solution
to synthesize a L-thymidine derivative represented by the following formula (7) (wherein
R2 and R3 have the same definitions as given above), and

(f) a step of deblocking and crystallization of the compound represented by the formula (7)
to synthesize L- thymidine.

2. A process for producing a 2' position-halogenated L-thymidine derivative,
characterized by subjecting 2,2"-anhydro-1-(beta-L-arabinofuranosyl) thymine represented
by the following formula (5} to halogenation and subsequent protection, or protection and
subsequent halogenation, or protection and simultaneous halogenation to synthesize a 2°
position-halogenated L-thymidine derivative represented by the following formula (6) in
solution (wherein R2 and R3 are each independently a protecting group for hydroxyl
group, and Y is a halogen atom) and crystallizing said compound in solution to synthesize
an L-thymidine derivative represented by the following formula (7) (wherein R2 and R3
have the same definitions as given above).

3. A process for producing a L-thymidine derivative, characterized by subjecting a
compound represented by the following formula (6) in solution (wherein R2 and R3 are
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