Process and methods for the preparation of optically
active cis-2-Hg droxgneth g | -4- (cytosin-1' -yl)
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t hereof. FIELD OF | NVENTI ON The present invention
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Cis-2-Hydroxymethyl-4- (cytosin-1‘-y1l)-1,3-oxathiolane can be
produced by the methods described by Mansour et al., "Anti-
Human Immunodeficiency Virus and Anti-Hepatitis-B Virus
Activities and Toxicities of the Enantiomers of 2'-Deoxy-3'-
oxa-4'-thiacytidine and Their 5-Fluoro Analogues in vitro", J.
Med. Chem., (1995), Vol. 38, No. 1, pp. 1-4, as well as US
6,228,860 or Nucleosides and Nucleotides, (1995) 14(3-5) pp.

627-735 which are incorporated herein by reference.

Typically, when compounds are desired as a single enantiomer
they may be obtained either by resolution of the mixture of the
two cis enantiomers by chiral HPLC or by stereospecific
synthesis from isometrically pure starting material or any
convenient intermediate. A complete review of known technology
may be found in “Enantiomers, Racemates and Resolutions” by J.
Jacques, A. Collet & S.H. Wilen (John Wiley & Sons, 1981).
Alternatively, compounds or any convenient intermediate may be
resolved by enzymatic resolution with a suitable enzyme such as

cytidine deaminase or selective enzymatic degradation of a
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crystallization of its salt of cinchonine was improved by
Marckwald while using only half of the cinchonine necessary for
formation of the tartrate salt. The resolution is based on the
separation of one of the diastereomers and one of the
enantiomers rather than the sepération of two diastereomeric
salts formed in equal gquantities. When using the method of
half-quantity, the racemate is partially neutralized by the
optically active resolving agent. In the process described by
Pope & Peachey (Pope, W.J., Peachey,S.J. J, Chem. Soc. (1899)
75, p.1066) the excess of racemate not neutralized by the
resolving agent is neutralized by the addition of the necessary
quantity of an achiral acid or base (depending on whether the

resolving agent was an acid or base).

SUMMARY OF THE INVENTION

In one aspect, the present invention relateg to a pbrocess for

producing optically active compound of formula I or II:
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salts;
b) recovering substantially one diastereomeric salt;
c) converting said one diastereomeric salt into said

optically active compound.

In another aspect, there is provided a method for resolving a
compound of formula III, in the cis configuration:

H
N\R2

25 wherein:
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In a further aspect, the present invention provides a process

for producing optically active cis-2-hydroxymethyl-4- (cytosin-

1'-yl)~-1,3-oxathioclane, comprising:

a) reacting a chiral acid with cis~2—hydroxymethyl—4—(cytbsin—
1'-yl)-1,3-oxathiolane to produce two diastereomeric salts;

b) recovering substantially one diastereomeric salt;

c) converting said one diastereomeric¢ salt into said optically
active cis-2-hydroxymethyl-4- (cytosin-1/-y1)-1,3-

oxathiolane.

In still a further aspect, there is provided a process for
producing (-)-cis-2-hydroxymethyl-4-(cytosin-1’-y1)-1,3-
oxathiolane comprising:

a) reacting cis-2-hydroxyméthyl-4-(cytosin-1’-y1)-1,3-
oxathiolane with a half quantity molar amount of a chiral
acid to substantially produce (=) -cis-2-hydroxymethyl-4-
(cytosin—l’—yl)—1;3—oxathiolane¢Miral acid salt, said molar
ratio being with regard to cis-2-hydroxymethyl-4- (cytosin-
1’-yl)-1,3-oxathioclane;
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DETATILED DECRIPTION OF THE INVENTION

Accordingly, the present invention relates to a process for

producing optically active compound of formula I or II:
H

H
. N N\RZ N N\Rz
0 = S
R\10/2 S 1\;\ Rs | OKJ\ Rs

IT

whefein:
Ry is H, Cis alkyl, Ce.12 aryl, Ce.1z aryvlalkyl (e.g., Cro1a
arylalkyl), (CO)Cis alkyl, (CO)O-Ci-s alkyl, (CO)Ce.12 aryl, or
30 (CO)Cq-12 axrylalkyl (e.g., (CO)Cr_1z arylalkyl);
R, is H, Ci.s alkyl or CO-Rs;
wherein Rs 1s H or Ci_¢ alkyl;
R3 is H, Ci;¢ alkyl, bromide, chloride, fluoride, iodide or

CF;; comprising:



b ) recovering said diastereoneric salt; c )
converting said diastereoneric salt into optically
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sal O IPETAR E‘EPDECRI PTI ON OF THE | NVENTI ON
Accordingly, the present inventi on rel ates to a
process for pr odu0| ng optically e Rsonmpound of
formula | or IRV\:heI‘eI s H -6 alkyl ,

C6- 2 aryl , 06 2 aryI g/ R,C7-1 2
arylalkyl) , (CO C 6% z\! O C J6 al kyl
(CO Co6-1 2 aryl (CO 2 arylalkyl (e .g . ,
(CO C7_ 2 arylal kyI ; i s H C-6 alkyl or

CO-R5; wherein R5 is HorIJﬁ 6 alkyl; R3is H,

a'kyhutgrgnlﬁfraeréE& de, pEEHQEéggﬂ I (y§$%r85m%??c salts;

conprising:a ) reacting a conpou ormul a
t e €e§088ﬁFF@Lﬁ‘§?ﬁtcﬂﬁ*tllallﬂyv\Hlﬁ %l%%ﬁerrﬁomgéﬂa gBiti
prch@mvémlﬂg asd a1 emmﬂlassaké&neﬁd daAGovarbngaid

subst lcag& ope._di ast el marl c salt; c ) converting
sai d-one ereoner | into said optically

active corrpound. The scope the present invention
el didgs anpr peessnasidestriohednabayes Wherideskhes described

%/oe\;e %\;he Ii%' ghgf oxtrgre a SlyrieeQd %nltzlllé)r@es1red enantiomer is
equal to or greater than 25% (100g of racemate would produce at

least 25g of the desired enantiomer).

An embodiment of the present invention relates to a process

which generates a final product which is substantially in the
form of a single enantiomer. Additionally, an embodiment of the
present invention includes a process described above which
results in a product having an enantiomeric excess of 99% or

higher.

An embodiment of the present invention relates to a process for

producing optically active compound of formula I or II:

H
N\R N\Rg

N 2 N
O ~I O ~
Ri Ri
\O/’," S K}Ra \ #N}Rs

wherein: R;, Ry, R; are as defined above, comprising:

a) reacting a compound of formula III in the cis configuration:



equal to or greater than 25% (100g of racemate woul d
produce at |east 25g of the desired enantioner) . An
wenhwdvemsmt of the present invention rel ates t®B8C®CA2005/000384

process which generates a final product which is
substantially in the formof a single enantioner.
Addi tional ly, an enbodi ment of the pegent invention
includes a process degscribedo ve{which results in a
product having an enanti oneric \ex of 99% or
hi gher. An enbodi nent © 8. presént 'I'nvention rel ates
to a process for producin EP\/?{cally active conpound
of formula | or Il: whereif—Ri, R2, R3 are as defined
above, conprising: a ) reactifyg a conpound of fornula
[1l in the cis_configuration:Ill with a chiral acid to
pr dHide & WH1dRrAsPet@orRATONEPt §WO platiimmsiarig salts:
bubsianerdhby sahet ahasd dne omer dtasedtgomeriCc@riert i ng

[ iLasteteoneri ¢ salt inko. sai i,.cal Lyact]

S T B e P gty =8 bb¥Eeanny

r eI iViFg CamBBHPBuUNnd of formula 111, in the cis
configuration: IIl wherein: RL, R2, R3 are as

' e b Sing; ) ' Saj n
e, PO prSOEd Sl e Ba) (LEAFLLORSR & FREROHAS o
frastler ddrfer e BBPtSES WoRflgesebt PAy substantial ly one
di astereoneric salt; ¢ ) convertingHsaid one
di astereoneric salt into a conpgyn No-H, fornula | or

TR R, Oy =
\
10 | 0O
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wherein: Ry, Ry, R; are as defined above, comprising:
a) reacting said compound of formula III with a chiral acid to
produce two diastereomeric salts;
15 b) reqovering substantially one diastereomeric salt;

c) converting said one diastereomeric salt into a compound of
formula I or II:

H H
N N\RZ N\Ra

N
R @] == 0] —
\10/%, s i(\‘ /R I:{\10 s ﬁ} Rs
% XY
0]
I

20
In one embodiment, Ri is H, Cis alkyl, (CO)Ci.s alkyl, (CO)O-Cig
alkyl or (CO)Cg.12 aryl.

In further embodiments:
25 Ry is H, (CO)Ci-¢ alkyl or (CO)Ce¢.12 arvyl,
R, is H, '



In one enbodinent, RLis H, G _6 alkyl, (COC 1-
al kyl, (COOC 1. alkyl or (CO)CG i 2 aryI . In
woéuaondslesssenbodi ments : RlL is H, (CO Cl.6 al kpCTaA2005/000384
(CO)C6 12 aryl, RLis H,R i i s (CO)C6- aryl. Still
urt he od| s: R.2is Hor G-6 alkyl, R2
%0 (Coahéréla%% is Hor G 6 alkyl, R2is fornyl
srllacelhytﬁurthenrmnlmdmehmmm R3is HC 6 al kyl or
fluqride. Inf ﬂﬁgn‘oodlmsnts:RslsHor
f1 ubti e, F'?.flé is fluoride. In one enbodinent,
t he rghig ato-aG| dzhlexe(Lthzs (is) H10x Caﬁpﬁ@qyéul fonic acid,
(-) -2, ,3:dib enzo I-L tartaric acid, (+)-Ltartaric
aci &2ot° fﬂmy | FESS%E1 d. I'n one embodi ment, the
chlral aC|d 'S (IR) (-)-10- canmphorsulf onic acid. In
AN %E’Q%ﬁ%ﬁ?ntR thegont) calgaact! ¥e.goppound i s
n anot er enbodi nent, the 6ptically active corrpound
irs ﬂulrthﬂronmb@cﬂri:mtrﬁecnt the two diastereoneric salts
COnpLi & @ Jd St ROEe sol ubl e diastereonmeric salt and
a second | ess soluble diastereoneric salt.In a further
10 enb&di perfi, step b ) described above further conprises
recqyering.a,,seeond diastereoneric salt.

In one embodiment, the chiral acid is (1R)-(-)-10-

camphorsulfonic acid, (-)-2,3-dibenzoyl-L-tartaric acid, (+)-L-
15 tartaric acid or (-)-L-malic. acid.

In one embodiment, the chiral acid is (1R)-(-)-10-

camphorsulfonic acid.

20 In another embodiment, the optically active compound is

H
N\R2

Fa\1 S Q(
o

In another embodiment, the optically active compound is

H
N\R

O
H\1 é(
Ny
25 ©
IT

In one embodiment, the two diastereomeric salts comprise a
first more soluble diastereomeric salt and a second less

30 soluble diastereomeric salt.’



The present invention further provides a process for

produci ng optically active conpound of formula IV: IV
wohere@moeps4R4 is H or fluoride; conprising: a )PCEARROIFP00384

a conpound of forrmula Ill in the cis configuration:

1l wth a chiral acid selected from (IR - (-)

S cid,

:%}%1g§%§%%F %m% Ig?ﬂb agﬁé % %éSTF%QﬁQzﬂbqyeaéPatg?r
@WﬁﬁﬁﬁﬁlFécaﬁﬁﬁlHQGiﬁ%ﬁ@@éed@&@tQIQQMEﬂenﬁeﬂtc sal ts;
b ) recovering substantially one diastereoneric salt;

c ) convertlng sajd one diastereoneric salt into sald

O 5t IREESEY LabhY Rt tBhPOE e | RreYkOes Fe GtocEREr §0F sproducing

qrtoiadeg acptoeeessendamdpoadasingloptical |y active

ci s- 2- hydr oxynet hyl - 4- (cytosin 1 'KMl) -1, 3-
oxat hi ol ane, conpri sing: a ) yng?a chiral acid

wi th cis-2-hydroxynet hyl - ?c tos\n- 1 '-yl) -1,
3-oxat hi ol ane to prodUﬂE’T erdemeric salts; b))
recovering substantially o%ﬂ; |astereoner|c salt; c )
converting said one diaste neric salt into sald
optically active cis-2-hyQﬁpxynethyI - (cytosin-1
"-yl) -1, 3- oxathiolane .”1n one enbodlnent t he
"&SERERE 1y active cis-2- hydroxynethyl - (cytosin-1

10 Ry-y$)H-dn Srupdatbi; obaﬂ@ri§ugjystal |ne In one

nbodi the optically active
a '§eﬁcgeago§y$ﬁﬂ38ﬂnd Qf ¥8§¥%%ﬁrF¥E'lnyFFe ¢is configuration:
3-oxathiolane is the (-) enan nerr%1n one

enbodi nent, the optlcally aap

cis-2-hydroxynethy|

O
ITT
with a chiral acid selected from (1R)-(-)-10-camphorsulfonic
15 acid, (—)—2,3fdibenzoyl—L—tartaric acid, (+)-L-tartaric acid or

(-)-L-malic acid, to produce two diastereomeric salts;
b) recovering substantially one diastereomeric salt;
c) converting said one diastereomeric salt into said optically

active compound.

In one aspect, there is provided a process for producing
optically active cis~-2-hydroxymethyl-4- (cytosin-1/-y1l)-1,3-
oxathiolane, comprising:

a) reacting a chiral acid with cis-2-hydroxymethyl-4- (cytosin-

25 1’—yl)71,3—oxathiolane to produce two diastereomeric salts}

b) recovering substantially one diastereomeric salt;

c) converting said one diastereomeric salt into said optically
active cis-2-hydroxymethyl-4- (cytosin-1'-yl)-1,3-
oxathiolane.

30
In one embodiment, the optically active cis-2-hydroxymethyl-4-

(cytosin-1'-yl)-1,3-oxathiolane is crystalline.

9



(cytosin-1 '-yl) -1, 3-oxathiolane i s the (+)
enantioner. I n one enbodi nent, the chiral acid is

wOR2BY6/006954 10- canphorsul fonic acid, (-) -2, PCT/CA2005/000384
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3-di benzoyl -L- tartaric acid, (+)-Ltartaric acid or
(-)-L- nalic acid In one enbodi nent, the chiral acid

IS (IR) 5 nphorsul f _onic aC|d I'n one
dlﬁﬁ@topﬁquﬂgg}cgégyv%ctlve cis-2-hydroxymethyl-4-
jtd%1&¥dpo§YWeihyloﬁbtﬂjﬁlhﬂélDsltheyd9 ) hantiomer.
, 3-oxat hi ol ane has an enanti onmeric excess of 60% or
hlgher I n one enbodi nent, the optically active
Bi U2 lep#rdipant hythe)-oqtdyeddynadtive|gis—R-hydroxymethyl-4-
Gyctihi-al-ane) hass askaantbael & CtIeXCes)S cfant@¥mer .
hi.gher. 1n one enbodi ment, the optically. active
ci s-2- hydr oxynet hyl - 4- (cyt03|n 1'-yl)
B oxe lenblodamenhs e etfdreiloreifclex jé%)S‘ <of -809% or
&Hngﬁﬁrrsullrfoﬁm@ sab@dl rremiz,, stheveptbERil S ackirde acid, (+)-L-
CIS -.h dro thyL yt03|g 1'-yl) -1
8Fé hal” L ARG BRePT ¢ excess of 90% or
hlgher. In one enbodi nent, the optically active

£l Soris Yoo WaBE hytnd-cigutiosknalis - yig) = L,) -10-

3-0 athbﬁlane has. %n enantioneri c excess of 95% or

i sulfopds arbddi ment, the optically active

ci s-2- hydroxymet hyl -4- {cytosin-1 '-yl) -1,

B O Rirloangehas ’@l‘i‘e ecymtclaqwr h&t B¥E e5iSs -Of 1Rk Bk ghethy1-4-
In one enbog ni o tlca%I actlv £

&?%F%fﬁ?y&ro ﬁe h%T §&i yﬁﬁangﬁomerlc excess o

oxat highame has an enantlonerlc excess of 99% or

hi gher.

In one embodiment, the optically active cis-2-hydroxymethyl-4-
(cytosin-1/-yl)-1,3-oxathiolane has an enantiomeric excess of

70% or higher.

In one embodiment, the optically active cis-2-hydroxymethyl-4-
(cytosin~1’-y1l)-1,3-oxathiolane has an enantiomeric excess of

80% or higher.

In one embodiment, the optically active cig-2-hydroxymethyl-4-
(cytosin-1’-yl)-1,3-oxathiolane has an enantiomeric excess of

90% or higher.

In one embodiment, the optically active cis-2-hydroxymethyl-4-
(cytosin-1’-yl)-1,3-oxathiolane has an enantiomeric excess of

95% or higher.
In one embodiment, the optically active cisg-2-hydroxymethyl-4-

(cytosin-1’-yl)-1,3-oxathiolane has an enantiomeric excess of

98% or higher.

10



In one aspect, there is provided a process for
producing (-)- cis-2-hydroxynethyl-4- (cytosin-1 "'-yl)

WO 200639@sat hi ol ane. chiral acid salt, conpri Si NGCTAAR005/000384

10

15

20

25

30

35

reacting cis-2-h.ydroxyneth.yl-4- (cytosin-1'" -yl) -1,
3 &z@teaﬂo%@n@nw L& &gulrc%m cggtwe Rfl@léc-@lydroxymethyl 4-

-Ci s- nmet h tosin

g olgﬁg ﬁ Tare Q}@?%l agn@n(gsane%qu§lc excess of
9%@dnoky@bbhyl - (cytosin-1"'-yl) -1, 3-
oxathiolane"chiral acid salt; b) recovering said (-)
-ci s-2 -hydroxynet hyl - 4- (cyt03|n 1'-yl) -1
I3-gaatavbscanetepre als auiayisight @ proesrs dodinwducing (-) -
cS?é-@—%iy%l&onileEH{/ih@I(d%ﬁi&&hS@S yeroveIidighthiolane.chiral
éi%- gF éd&ox ng%hyl“ (cytosin-1'-yl )-1,3- _
0 q an&“Chirat"%tid salt. In one enbodi ment, said
4L)rea9h9nz chyd? olxydrethpiethy 1y f asiopin~1 —yll) -113--
&%Mmbﬁba\wgtﬁﬂég@h% %caal Eocgﬁé@&‘% (-8ssithan 30%
0 ) r ox 0Si,n
Sonis %ﬁglcﬁ. R ORI i o e g
ga)t =gids-(2) - hydr Dxtyybtdrpimethyl egt osyrpsin -1y |-y1) $133 -
5Rggﬂydyaggecﬁggdfﬂadya dssalt contains |ess than 20% of

)-cis- 2-hydroxymethyl -4- tosin -yl) ‘
T eot AR L ) Bt s it P s &) (byEosin-17-y1) -
lhydpwxyneﬂhyéwﬂ%Uﬁﬂyao$ﬂnsalt yl) -1, 3- oxathiol ane
chiral acid salt contains | ess than 10% of (+)-cis-
2- n¥§{o§%neth I (cytosin-1 u¥tg 1 , 3-oxat hi ol ane

p im p?, sal step b) er comprises recovering
(+) —cis-2-hydroxymethyl-4-(cytosin-1’-y1l)-1,3~

oxathiolaneechiral acid salt.

In one embodiment, said (-)-cis-2-hydroxymethyl-4- (cytosin-1’-
yl)-1,3-oxathioclane.chiral acid salt contains less than 30% of
(+) -cis-2-hydroxymethyl-4~(cytosin-1’-y1)-1,3-

oxathiolaneechiral acid salt.

In further embodiments:

‘(—)—cis—2—hydroxymethyl—4—(cytosin—l'—yl)—1,3—

oxathiolane.chiral acid salt contains less than 20% of (+)-cis-
2-hydroxymethyl-4~ (cytosin-1'-yl)-1,3-oxathiclane.chiral acid
salt;

(-)-cis-2-hydroxymethyl-4- (cytosin-1‘-y1)-1,3~
oxathiolaneschiral acid salt contains less than 10% of (+)-cis-
2-hydroxymethyl-4- (cytosin-1/-y1)-1,3-oxathiolane.chiral acid
salt;

(-)-cis-2-hydroxymethyl-4-(cytosin-1’'-y1)-1,3-
oxathiolaneschiral acid salt contains less than 5% of (+)-cis-
2-hydroxymethyl-4- (cytosin-1'-yl)~1,3-oxathiolane.chiral acid
salt;

11



(-) -cis-2 -hydroxynethyl-4- (cytosin-1"'-yl )-1 ,3-
oxat hi ol ane" chiral acid salt contains | ess than 5% of

WO-2)oetvers4 2- hydr oxynet hyl -4- (cytosin-1 '-yl) PET/CA2005/000384
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, 3-oxat hi ol ane” chiral acid salt;(-) -cis-2

hydr.axym 4= LA .081 Na L os3Xl) = J5 B2 oxat hi ol ane.
Eh*?%%ﬁgﬂ?%%ﬁéf§m%on ainé%yégglthan %%fé%q%+)-cis- .
PEHP P APREERYT2 -2y 5Gditncntaipy Llegs than 1% of (+)-cis-
B-1oxatdkyaleanglehi (@t @cig 13alyll) -1, 3-oxathiolane.chiral acid
57¢ Ci s-2-hydroxynet hyl -4- (cytosin-1 '-yl) -1, 3-
oxat'hi ol ane. chiral acid salt is substantially free of

(1)=& s -2 AvdLroxyomihyl - @ +oeYhost Doy 1 yd-) -1,

3-oxat hiolane.chjral. acid . salt. In one odi nment he
bl P CRere b Sad ey 2y Gurai T Sy vograe o Hfhcis-
2 giwirdryypaitbyyret hyytabin-dytodd nl 13+exdhiolbne.chiral acid
sarioxat hi ol ane. chiral resolving acid addition salt. In

one enbodi nent, said chiral acid is in stoichionetric

mol ar ratio with regard cis-2 -hydroxynethyl - 4-

Y. i Lais - = hizgl. :
B Ebai, e e R B et 1
FRES TtllE 1RF t At @ ghT)d 36 € Sv ST AR dRpHethycYosin-1'-yl) -
1 HOBs Ui bl aneydhli ral, r3sokaity aldre adbntooe aspect,
there is provided a process for producing (-)-
Ci s-2- hydroxynet hyl -4- (cytosin-1'-yl) -1,
@p(gaﬁ|ﬁm§o§ﬁ@e@5np§¢%g .lnﬁl)aﬁéﬁc%$rﬁp stoilichiometric molar
£d st Witpdreyy et &i 3 2 Ay drowtastyl-4 - Wytosin-3- -y1) -1, 3-
g&ﬁﬁpkﬁg%ge with a-half-quantity nolar anount of a
¢hiral®dcid to substantially produce (-)
- Ci S- 2- hydr oxynet hyl - 4- :
In one embodiment, said chiral acid is in nonstoichiometric
molar ratio with regard to cis-2-hydroxymethyl-4-(cytosin-1‘-

v1)-1,3-oxathiolane.

In one aspect, there is provided a process for producing (-)-
cis-2-hydroxymethyl-4-(cytosin-1/-yl)-1,3-oxathiolane
comprising:

a) reacting cié—2—hydroxymethyl—4—(cytosin—l’—yl)-1,3—
oxathiolane with a half-quantity molar amount of a chiral
acid to substantially produce (-)-cis-2-hydroxymethyl-4-
(cytosin-1’-yl)-1,3-oxathiolane.chiral acid salt, said molar
ratio being with regard to cis-2-hydroxymethyl-4- (cytosin-1'-
v1)-1,3-oxathiolane;

b) recovering said (-)-cils-2-hydroxymethyl-4- (cytogin-1'-y1)-
1,3-oxathiolane.chiral acid salt;

¢) converting said (-)-cis-2-hydroxymethyl-4- (cytosin-1'-y1)-
1,3-oxathiolane.chiral acid salt into said (-)-=cis-2-

hydroxymethyl-4- (cytogin-1'-y1l)-1,3-oxathiolane.

In one embodiment, said step a) further comprise adding a half-
gquantity molar amount of achiral acid to substantially produce

(+) -cis-2-hydroxymethyl-4- (cytosin-1’-y1l)-1,3-
12



(cytosin-1 '-yl) -1, 3-oxathiolane.chiral acid salt,
said nolar ratio being with regard to

woi2806296ppdr oxynet hyl -4- (cytosin-1' - yl) -1, PCT/CA2005/000384

3-oxathiolane ; b ) recovering said (-)

)gal’éu% %@rgﬁ:ﬁ%{]lhyc1é séf’&’t %%1%.’ :l-nola.VCl ):aE:L& belng with
Id_salt; c) id

oxat I ol ane L ral convertl ng

| §egarite. sig- ;’/d%%wmylﬁ 6‘&%%%%‘ *Yls)l‘)l 571
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oihun&ﬁﬂmmalane chiral acid salt into said (-)-cis-2-
hydr oxynet hyl -4- (cytosin-1' -yl) -1, 3-oxathiol ane .
In one enbodlnent said step a ) further conprlse

Bl ARy SHORARFEBANt FRiA n%*lélalaﬁsaﬁtl%fﬂé% adl-18cid to
édi@ﬂio&l’é;ﬁjl&bhycpﬁoﬁ@pe {2, 3Cdlseﬂzdaymzomamialﬂb deid, (+)-L-
é Q%? a%ld ¥L }#ﬁr&ﬁﬁ Eghgne achiral acid salt,

nol ar

10 bei n Wit h regard to
cis-2- hydroxynethyl - (cytosin-1' -yl) -1, 3-
ma:tri?é Qe imehd, om&rmﬁdjanfeat:ldsm diahir@ly -aoi-d is

4¥%Jéhl%% 1 nph rsul fonic acid, (- )-2

enzaoy -tartaric acid, (+)-Ltartaric acid or
( )-L-malic acid. In one enbodlnent saird chiral acid

s c(ﬂeR)en(bo}ii&lentpaﬁra@iwrac&llilr&@na@i@cig.hydrdamoric acid.
enbodi nent, said achiral acid is hydrochloric acid. In

a further aspect there is provided a process for:
%ﬂ(ﬁhﬁunﬂ@e€r§§Pa¢tlrﬁhQﬁﬂ|l§aPF9Va@¢¢anproceSS for producing

é&ﬁ%ﬁ%ﬂlﬁ@bo6¥HEEQYiy4acﬂﬂﬁét@Sbnzlhydrdﬁﬁméﬁhyl 4-(cytosin-1'-

3%0 athlol conpr ) reactlng

B PR R RS ST CaTiBe n 1yl -1, 3

DX atdsictliage cupt A- hy@wwxxmet@vﬂd4ah@v%@sknﬂﬁrﬁﬂl adid-to

pr&é&&%oialgét anthal lohane diast §ﬁ§%rd&1%|lt 288 to produce

SUb ;yyﬂt?ak¥yogge fggéé%g%&gglgaSQIt arid substantially one
enantiomeric salt;

b) recovering said diastereomeric salt;

¢) converting said diastereomeric salt into optically active

cis-2-hydroxymethyl-4- (cytosin-1'-yl)-1,3-oxathiolane.

An embodiment of the process of the present invention generates
an over-all vield equal to or greater than 25% of the desired

enantiomer.

An additional embodiment of the process of the present
invention generates the desired enantiomer with an enantiomeric

excess of 95% or higher.

Another embodiment of the process of the present invention
generates an over-all yvield equal toc or greater than 25% of the

desired enantiomer and an enantiomeric excess of 99% or higher.

In one embodiment, said diastereomeric salt is (-)-cis-2-
hydroxymethyl-4- (cytosin-1’-yl)-1,3-oxathiolane.{1R)-(-)-10~-
camphorsul fonate.

13



b ) recovering said diastereoneric salt; c )

converting said diastereoneric salt into optically
waaebiexweeasi s- 2- hydr oxynet hyl -4- (cytosin-1 ' -yl PETAA2005/000384

, 3-oxat hi ol ane . An enbodi nent of the process of the

m&&%’ltenibﬁ)\ﬂeﬁthQSgﬁik?réliff;@ﬁi@ﬁ_e@ﬂ%%ﬂ& M el %qﬁﬁb_t 0

r.great n 0 0f the desir enant i-oner. . .

e e SO EHA R S RN AR

#¢vErRElén generates the desired enantiomer with an

enanti omeri c excess of 95% or higher. Another

enbodi ment _of the process of the present invention .
S Reneérgittddoaansvetnal | 1sisevd selahl Cird oy estdstti fuped five

R af rhecgesi Eed: gnanidonBs andoan &N LIer kdngsition 1

excess of 99% or higher. In one enbodi nent, sa

Whst SrediEr pECBale ResitipneBsod- thy diigiey mst Byllugtrated
ey asin-1' -yl) -1, 3-oxathiolane. (IR - (-) -10-
canphorsulf onate .In one enbodi nent, said

enantioneric salt is (+)-cis-3 hydroxynethyl -4-
(cytosin-1 '"-yl) -1, 3-oxathigl|lane. hydrochloric acid
salt. An "oxathiolane ring (s an§ substituted or
unsubstituted five nenber nqgoc clic ring that has an
oxygen atomin position 1 and a sul fur atomin
position 3 of the ring as iMustrated below It will

10 BewAnpakentphfrénskid |Ldxpen sanpdikdhe f iteld et DRl tHS the
react.i on _condjitions. desg |ged in these exanples may be_ , .
TR STPTT eTevEos tB cHaSTUISPaSFEsmay be modified
anpistallly ackobvenswscassrfpér aesmktand tine of reaction
may be varied. A suitable solvent will allow the

f?ﬁ%@%iiyfosg gégts, temperature and time of reaction may be
15 varied. A suitable solvent will allow the process to occur
under the reaction conditions without adversely affecting the
reaction. The solvent may be one or more solvents and may be
organic (e.g., methanol, ethanol, propanol, isopropanol,
dichloromethane, dichloroethane, tetrahydrofuran, hexane,
20 pentane, ether spirit, ethyl ether), water or aqueous/organic
(e.g., methanol-water, isopropanol-water). The solvents may
also be present in various ratios (for example 1:1, 2:1, 5:1,

10:1 or 1:1:1, 1:2:1).

25 The temperature may be varied and will allow the process to
occur under the reaction conditions. The suitable temperature
will provide the desired product without adversely affecting

the reaction.

30 It will be appreciated by a person of skill in the art that a
suitable period of time is a time for obtaining a sufficient
chemical transformation of the starting material, obtaining the

desired purity or the desired yield of the reaction product or

14



under the reaction conditions wthout adversely
affecting the reaction. The solvent may be one or nore

weabosmatas4 and nay be organic (e.g., nethanol, eCneaaabos/000384
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-‘ether sp

propanol , isopropanol, dichloronethane,
Jichharaetnang, LElJAMALOLULER DeXANG ARALADCEe

iTIrt, ethy etheF) , water or aqueous 7organic
fanig.oredet handésimat ey itbdpr bpreol clwargrtpgrapPhey, light

ol vent.s al s r nt .Lh_variouys rati.o

SRargtadn 1¢ 8, 3 0 28 P Bbs i gy | Bp08nbilkeography
d:ermpeyateréomynde Maniied camdmat ddrapiyoWHPRE ) pr ocess
to occur under the reaction conditions . The suitable
tenperature will provide the desired product w thout
Gidsrer-geldyoahetly bt t (v tosderLonyl) 11 wioxapy@iolane exist as
SUHECmREedwhY R ReF 3N iof vakiblsiredihgs .art that a
suitable period of tine is a time for obtaining a
sufficient chemical traHsflorgwti on of the starting
purity or the desired

material, obtaining the desire
yi el d-of the reactignlproduct dra conbination of
those. The reacti can tﬁpicaw y
desired, by thin layér chdonatiég
rea

e nonitored, if
absor ptH (e;g.,rﬁ W) o f [
chronatggfaggijgﬁ;hiéh perif or mance i
chr omat ogr apfy=@HPLC) . Cils-2-Hydr o
(cytosin-1'" -yl) -1, 3-oxathiol ane exi st as
enant i ofrer SHHIERYREY b e in vari'o§82PELPBRT. (-) .
enantionmer (+) enantiomer For exanple the enantioners
ﬁ%%’é& Pﬁ%e%ﬁgteéﬁh{fﬁ t%a&lbg'pfégéﬁ%ﬂgs racemate (i.e. in
proportrons) or any alternative ratio o f the ,
eHERT PEIPPOS C30RR) oRT fBYY Slamprativa rakip of: fhejgngntiomers
40 bOrEok: dxakpbe 1:110,2:1:,1801, Ref er enoas theteinaf t ers,
fguﬁ'%E%bﬁYdE8§¥P§££QQ'H%keinafter to cis-2-Hydroxymethyl-4-

(cytosin-1’-yl)-1,3-oxathiolane according to the invention

includes all such possible ratios of enantiomers.

Unless otherwise defined, all technical and scientific ferms
used herein havé the same meaning as commonly understood by one
of ordinary skill in the art to which this invention belongs.
All publications, patent applications, patents, and other
references mentioned herein are incorporated by reference in
their entirety. In case of conflict, the present specification,
including definitions, will control. In addition, the -
materials, methods, and examples are illustrative only and not

intended to be limiting.

As used in this application, the term "alkyl" represents a
straight chain or branched chain hydrocarbon moiety which may
optionally be substituted by one or more of halogen, nitro,
nitroso, sulfate, sulfate ester, sulfonate, sulfonate ester,

phosphonate ester, amide, Ci-s alkyl, C¢-12 aralkyl (e.g., Crp

15



(cytosin-1 '-yl) -1, 3-oxathiolane according to the
i nvention includes all such possible ratios o f

wenawivesers . Unl ess ot herwi se defined, all techwiscals/000384
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and scientific terns used herein have the sane neaning

ngnnnl 'ungﬁ; t cod f~ or di Kid {o)yid
%%E'art'téxﬁﬁic ?h?p |%¥gg??§g égzgnbg9£¥§f 0)' 1. alkyl,
PUbl-iGati ansl, pat®rits-apptaldatl desg- paﬁéﬁﬂsv 1andadkyér .

d
ee%e%roed“ 9% HEPLhGned; N161i6iy m@&ﬁeké‘ggﬁﬁg@%&%ﬁ v t%ééuno,tﬁster,

ere e inthefr entirety. Inca
qy&nqnnazsdgelﬁmmétm@rpr|gwﬂnudpngUdefmlnQxammieswpﬁlalkyl

he ri n
OO 3 osPeoPP | PPl <TRVE LAl R B Py cporrorva.
ThiRh iimg eaAhsCB§@dl$ ﬂlrtslﬂb§t&5]df:?@a‘?¥ ofibgtHeutefnpne or more
tialdey oy, r epi-esgansl@ Hdlaigght absia, lcllnlttlgmﬁh%dwaaén
h r bon |et tionally be substi
‘yldrroné"‘%or el S Moxg}’gn TEER, SRR sl faétlé *Sniaino
anduanad@st§h¢ sﬁhﬁoﬂéué,1suhﬂsnameamﬁnun'1npha§phamay5 in

ter, e - 66,12
DA SN S (g o

helAdsRy . PEEERPTEllY 6t HaEA eC?O) &5l iox §FWH2~¢(O)C
6-12 aralkyl (e.g., CXC»C:? |2 aral kyl), heterocycle

vi.n : I, rs , hydrox am n est
e st aHe Rl TR GuaREHB S S it Sevafp el ging at
Bde dnecludechsopromd ripgopkt ch etdy | opuiRtRYLy bexy!

¢l opr.o which in e ase is substltuted or
S O PEd Bt o Tt Fob=bys o o BXapFa Eos0, Sultate,
shel fogen estietr ogubfenadso, ssdfbatee s&ﬁénnunhQSpawndee ester,
Aﬂﬁgkprhs Qﬁk?@;(ﬁ?beﬁragyﬁfo(EQélnglan@ rglﬂyioxy, Cs-12
guani do . term al kyl |s al so meant to I nclude
SHUMYAXYI nCWQDcﬁL@ﬁéuﬁﬂ-nék €)hfenogenlat 61 dr-e eacikyl,
%eft@cr%%%‘&l%gg/hgv% ogery MLELREABLYs fIMAQ4A JanifE3 ester,
cyano, azido; amidino or guanido. Examples of aryl include
phenyl and naphthyl, which in each case is unsubstituted or
substituted one or more times by, for example, halogen, nitro,

nitroso, sulfate, sulfonate, amide, hydroxyl, amino, ester,

cyano, azido, amidino or guanido.

The term "aralkyl" represents an aryl group attached to the
adjacent atom by an alkyl. Useful examples inc;ude benzyl
which is unsubstituted or substituted one or more times by, for
example, halcgen, nitrc, nitroso, sulfate, sulfonate, amide,

hydroxyl, amino, ester, cyano, azido, amidino or guanido.

The term "heterocycle" represents a saturated or unsaturated,
cyclic moiety wherein said cyclic moiety ig interrupted by at.
least one hete:oatom, (e.g., oxygen, sulfur or nitrogen) which
may optionally be substitutéd by one or more of halogen, nitro,
nitroso, sulfate, sulfate ester, sulfonate, sulfonate ester,

phosphonate ester, amide, Ci.g alkyl, Ce-12 aralkyl, Cs.iz aryl,

16



The term "aryl" represents a carbocyclic noiety
containing at |east one benzenoi d-type ring which may

wopbieomedshy be substituted by one or nore of haCogang0s5/000384
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nitro nitroso, sulfate, sulfate ester, sulfonate
st n §§e , @ de
de ! Z&gtrlgxg 8r @gagtw at fo P, al @11 c@ g kb,
%@I%ny,a@J(@I),- @ydgoabfkyl amJG'(CO) -e@t@rlrzcaﬁyb, PG amidino
{% ﬁbky&t bgtﬁﬂéééggéédh@ﬁéggtﬁ%]ééfﬂ tqug?8£§c ring
oxy , amno, ester, cyano, azid

@mmtsaam@somfp@wcamgl Ueley phé@yiycan@ naphg hykxzamples
A’!“ h%'?:e!r%c§éf§_‘c CaBe d S WAgUaSE L UA A 31%31(%' HuL8d.One; 4,
or nore nes by, Yor exanpl e, ogen ni
hitanos bengafbnte; iﬁﬂﬁamzaﬁeraan1@Eﬁtﬂnaﬂameyldlahnntane;

st er. yano. a |do am-di-ng, do. The .te
ql%ar a?llkan R4 %?ejgent syrérr?lalFilPegr oI?Jp a%cilaedhgéfrf‘glflﬁe
pyhumldnheatmndbyeﬁupﬂﬂdrﬁulnéﬁemmﬁphqﬁmmmpleﬁlbphbudeand

QFnz ﬁ@ich is ﬁﬁ% bstltuhed or SUbStE%F% %HI Eog%,

nore Yot exanpre ﬁa?og
suﬁdbmtateéubﬁanmmemonﬂntdmeshyﬂro@gﬂ exampma" eaftegen, nitro,
%Q%%b,aéh??atgn1éﬂf%%ﬂyiegugﬂigg minc, ester,
eterocyc represents a saturat nsaturated

@ipeloi, c apbflet yamhdied mrsaudnegel i ¢ noi et y is

interrupted by at | east .one heteroatom (e.g., oxygen,

sul fur or nitrogen) which may optionally be

g dertut tadepeeiri oy nBeansf til (?gesﬁlbsl’ﬂlttidéntni:fﬂflo‘%% the
sitlef atedispbtate dstieritisul Fonadash sildhanat e ester,
phosphonate ester, amde, G _6 alkyl, C-i2 aralkyl, C

-1 aryl,C -6 alk on Co-12 aryloxy, (O -G _ 6

’Igﬂqqﬂerm @;1@ Y 'Lacgrlyi]e" YT Ba téyea|ek19ptlomer1c excess

ng@&gézgr LMo, &5t er, cyano, azido, amdino or
guanido . It is understood that the term heterocyclic

ring represents.a nono or polycyclic (e.g., bicyclic)
ThengptExrahpbesity is numerically equivalent to the

"enantiomeric excess". The term "enantiomeric excess” or ‘ee"
is defined in percentage (%) value as follows: [mole fraction
(major enantiomer) - mole fraction (minor enantiomer)] x 100.
(for example, an ee of 99% represent a ratio of 99.5% of one

enantiomer and 0.5% of the opposite enantiomer).

The term “chiral acid” means an optically active acidic
compound able to form a diastereomer with a compound of formula
IIT, such as 2-hydroxymethyl-4-(cytosin-1’-yl)-1,3-oxathiolane.
Examples of such acids include without limitation: tartaric
acid, 0,0’-dibenzoyltartaric acid, 0,0’'-di-p-toluoyltartaric
acid, 2-nitrotartranilic acid, mandeiic acid, malic acid, 2-
rhenoxypropionic acid, l0-camphorsulfonic acid, hydratropic
acid, N-acetylleucine, N-(0-methylbenzyl)succinamic acid, N-(o-
methylbenzyl)phthamic acid, 3-bromocamphor-9-sulfonic acid,
camphor-3-sulfonic acid, quinic acid, di-O-isopropylidene-2-
oxo-L-gulonic acid, lasalocid, 1,1’-binaphthyl-2,2/-phosphoric

acid, cholestenonesulfonic acid. Further examples include (1R)-
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of heterocyclic rings include but are not limted to
epoxi de; furan; benzofuran; isobenzofuran;

woxeaislwedsane; dit hi ol ane; di oxol ane; pyrrole; PCT/CA2005/000384
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pyrrolidine i m dazol e; pyridine; pyrimdine; indole;

ﬁHp ! g%ﬂ %% cn%c1hh'QQPGQQSZfﬂxﬁﬁ'gﬂuﬂpegktg@ﬁc acid,

case unsubstituted or substituted one
or) —ﬁq:rtértzﬁma% #yid faad dxamprextaldgeh, nitro,
nitroso, suI fate, sulfonate, am de, hydroxyl, am no,

eSter ?Fyﬁﬁﬁggﬁka ldW991Oﬁ &%fggé%& tﬁg@ Eﬁén%?Fm

I n&epen at a substituent can

S 68 éle-fl rEMLES 5 VRERSEBroe x9St ENCRTRE tRPRyanic
adidd qal.by, asti va#mesansot,haBFt hesenashiorerids excess
é%ﬁ%ﬂ%%h %ngan KBS J&%fgﬁgE 3% é%¥ éﬁ%sh§fonlc, n-
nurrerlca yerae | Oneri c excess

el cpitl venasiel Bred ¢ setéarstior pzcéllqrsDb@@?Fﬁ@as%fomc

PAHcaRL286 é%tﬂ@'d@.cﬁﬁ (eobl. w_s;lycﬁcsuo_Lce fch&@ﬁ:ben ﬁﬂalledSro—

enan |orreg%tlc > fraction, gm noy nt |l%ge succinic
(DFSF nJ;Dep&’eeo 50/arersentaratoo]f '

GU.B%, orhlehe, efiEmRisheICiERdCo. }5%15/'#0 t:he opposite

enantionmer). The term"chiral acid" nmeans an optically

%%%ygx%gﬁg%§h§8%$Q¥Qgﬁﬁgggﬁ%guéfgéﬂi§Iéyc%%kekfe salts of
thehypmprypnds hgf - dhe (mngsesitninventign. By t3eokgrhi ol ane
“pﬁéﬁ%&@eﬁ%1@£l§#Cibégﬁﬁ$%lbnﬁbyg§"V!élﬂéﬂhﬂ isBT kAt Behived from

tartaric a t t
SRS SR BY S e AL 1 G OF AT Fooai, 2
weeredel | Exavpdes nef i suigeikde ECl@ﬁemlﬂﬁeo@D’dﬁpéhé@rHC/

%{ﬁfﬁﬂﬂ@ﬁ@ﬁsugﬁfﬁﬁékfgn Ghi tRY Er abEoPh Lo B dfumarlc, maleic,
acetyl | eucl ne %\ic ((la- net hy I Z:}'Hc succi nam c acid,

QWPEW 8%3}"&% succinic,

toleune-p-sulphonic, tartaric, acetic, trifluoroacetic, citric,

lactlc,

methanesulphonic, formic, benzoic, malonic,
naphthalene-2-sulphonic, cysteic acid and benzenesulphonic
acids. Other acids such as oxalic, while not themselves
pharmaceutically acceptable, may be useful as intermediates in
obtaining the compounds of the invention and their
pharmaceutically acceptable acid addition salts.

Salts derived from appropriate bases include alkali metal
(e.g., sodium), alkaline earth metal (e.g., magnesium),

ammonium and NR,” (where R is C,, alkyl) salts.

References hereinafter to a compound according to the invention

include the compound and its pharmaceutically acceptable salts.

Dowex® Marathon A-OH is a mark of DOW Chemical Company.
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10

15

pht ham ¢ aci d, 3-bronocanphor-9-sulf onic acid,

canphor-3-sul fonic acid, quinic acid,
wdize@/wespr opyl i dene- 2- oxo-L-gul oni ¢ aci d, | agar@ara)s/000384

1,1 '-binaphthyl-2 ,2 /-phosphoric acid,

mhalestepenes uﬂﬁ@ Nbresatitd inbeht hef ©XANRIRS nbirel Ud8npounds

aﬁfl? S(cr)lbeﬁo h_Lorslqu onic acid, (-) -2,

e tar aric acid, (+) -L- tartaric acid and

enzoy
(-)-L-malic acid. A person of ordinary skill wll
maxler gt and that the term "achiral acid" includes a
varety—ef—aetds suehyas—+hef-gani-e—achds—{e-—g-——HC
HBr, H2S F4 stl£@ni ¢ aci ds nmet hanesul f
I~ HB NH é rﬁggy@roxymethyl 4-

onlc benze es f on|C\ P tol%é
| ¥4

sq;f
Io ob nezenesu
(e g., CO|IC

e
-y ;légﬁﬁﬂiozﬁgggg%gélc aclas

iMe di|c ro-, trich or oaceti c);
pUbea1UUAyIIb ant—exr—actds (e 68— SHEeGHRc- QH'“'C,
mal ei c, e C, NGl trNezOpyrjuvic): There are al so

prOV|ded p ar miceut | \ acc@ﬁréﬁﬁezst@go%wmQ¢hyl 4-
conpeunds of the resent i nvelit SlBy T é)T%f}n
"Bﬂarﬁé exti cal |y Jcceptvebl ¢ FF 152 PSS e  (5artd-

deri ved—rom phar e el ||y aébeﬁ ablre |ﬁ%rgan|c and

_ nples of suitable acids
i ncl ude hydr gghl @i ¢, \war olromi ¢, sul phuric, nitric,
perchlor|c§T? rice, Ieic, pﬁo§9ﬁ02rbydf@§amﬂﬂhyi 4-
| act salNeytie, s cc(?nlc GAB- - ZYJ

\Pisor qaREtidols (+) io*

téF{gﬁKé,facetlc it C o EE t
net han phoni c, /oige ben fﬁ? I ORT e
paphthal ene-2-sul phohic, cysteic nrld and

benzenesulphonlc aC|dg\ Glher aci ds such as oxalic,

whi | e nop Rres ﬁatnacddt|Gabky-bmﬁanymﬂuhylﬁay

be usef thne i ales i|d coBpainrhg-Yhe cdmounds

OO h ve 'J oxathlolanedlS)— (+)-10-
-;? Vo camphorsulfonate

In one embodiment, the process and method of the present
invention comprises those wherein the following embodiments are

present, either independently or in combination.

The entire disclosures of all applications, patents and
publications, cited above and below, are hereby incorporated by
reference.

EXAMPLES

The following examples are provided to illustrate various
embodiments of the present invention and shall not be

considered as limiting in scope.

19



5

10

15

20

25

pharmmaceutically acceptable acid addition salts. Salts

derived from appropriate bases include al kali netal
woleow/vesedi um), al kaline earth netal (e.g., PCT/CA2005/000384

magnesi um, amoni um and NR4 + (where Ris Cl 4 al kyl)

salts. References herfel nafter to a .comound according
E@%‘E&Qﬁfg—iﬁmﬁe—mmm@—a%%s

pharmaceutical |y acceptable salts. Dowex(r) Marathon
E%{ @_@ll&ngn@ama@gn@{tlmmem cal Conpany.|n one aspect,

e pre ent d S veI L 0 nd S

SFP|8 d°th- ?é%ﬂ% Yﬁ%f%EEEE one gﬂg&g Eh? oxygiolane
#ﬁ'@@@bsnaﬂdwn@%rkxFquWﬂiénpr@EeWhe|ﬁﬁﬁ9¥ﬁl@§ é@ﬁ??ls%% 1 ml
J@%%@Lv\é\h%g@g 8 t@&i@ﬂﬂwéngaeﬁrgpdimtﬁlaﬁe ipr es6Mdted and
el i nde n_conbi nat.i.o e entire
e Es R oS gt ot ek R S it ShRyEIbhE Cor
putsltiad at floes, not tedaovétant bed owenald Hépebgreomer

drR&Qkpor akedn by ééﬁdﬂﬁ%&%e;sE%@@”%&i%iﬂrédfth0$msgnt or type
exanples are rOVIqid to illustrate various

FnBFedVRBAt 5 of 4 HEEDr esent i nvention and shall not be
conS|dered as limting in scope. Exanple 1 : Screening
pr@hibral resol ving agents Experinmental conditions
100 ng of cis-2-H g drnyvnEjhvl defoytosin.l . -yl

t hi ol.ane co i neld vi'e ey <€di val ent Ca¥SERE
r es%gv?grl(}]g 1{]agen]t_\'_]L of| sol mrx(e%% el hanihsebfed

wate ar\ _ Tha cr\l i r~| |c 'SC! at ad Aand ang ~b

ad
. i - 4 T , T \av | Auarru VAU 3llcu )
S|gn|f(€aﬂmﬂmﬁskzm@qdlres that the weight of crystals
does not exceed 50%of the dverall diasterepner
(-)-L-Lactic acid X (oil)
(+)-L-Tartaric acid x

(-)-2,3-Dibenzoyl-L-Tartaric

X
acid
(1R) - (-) -10-Camphorsulfonic
X
acid

Example 2: Resolution experimentations

General experimental conditions:

cis-2-Hydroxymethyl-4-(cytosin-1’-yl)-1,3-oxathiolane, and a
chiral acid were dissolved with stirring in a solvent at a
temperature of about room temperature to about 50 °C and then
cooled at a temperature of between about room temperature to -
10°C for 2-4 hours. The solid product was collected by
filtration. The composition was determined by Chiral HPLC, the
aqueous buffer was prepared by diluting 0.5 ml triethylamine in
1L HPLC water, the pH adjusted to 6.88 with glacial acetic
acid,. The mobile phase was prepared by combining the agqueous
buffer and methanol in a ratio of 90:10 and the gas was

removed. The following conditions were used:
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amount. If this condition is not fulfilled the anount
or type of solvent is changed. TABLE 2 Exanple 2 :
weeswlowédson experinmentati ons General experi menPal/CA2005/000384

conditions : cis-2-Hydroxymethyl-4- (cytosin-1"'-yl)

-1, 3-oxathiolane, and a chiral acid were dissolved

wWth stirring in a solvent at a tenperature of about

r ooollenper as e dyorlaoutl 50200 aab t temiceohed28d @ 4.5 mm.

tenperature of between about roomtenperature to -

100CukEf QoUupdUrAS tSThEYsdPhangrbodiH0 R&S céPl scted oy

filtrati op The, conposition was determ ned by Chiral

HPLélOi”he 2{ UL huf fer was prepared by diluting O .5
il he .p dj d. to

g%\%};?%hﬁ% am%[eugglet :pr’ég%}%"‘@é eotnrrgg IHe%p §§mf BS mobile
pre@ﬁﬁé@ by corrbl n| ng t he aqueous buffer and net hanol
n g r.at | 9Jt nd the gas was renoved. The

foI FOWE l%l?) i 111“(‘)eﬁs wéFe used: Col um: Astec Cycl obond

| 2000.RSPs o5 -dugron, 250 x 4.5 nm Guard col um:

Ast ec Cycl obond I 2 000 RSP, 2 0 x 4.0 nmFlow. 0.6 m

|/ tr-vns Sargd e prepapati @n; prepare solution o f 0.5

ng/mM in nobile phase . Injection volune: 5 L . Mode:

i so€pating. tebadiagudet:e0PBr at: 270 run. Col um ‘

tenperature: 0 0 C. Run tinme: 4 0 mn. TABLE 3Schene 1

Exaffetdne: hdtidr-eoneric salt optical resol ution of

cis-2-
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Hydr oxynet hyl -
cis-
wa@-2006a068501 ane (1 . 03g,

(cv
2- Hydr ox gnet hyl

tosin-1"-yl
-4- (cytosin-
4.3 mol ),

- 10- Canphorsul f onic acid (1.03g,

dissolved in 32 nL of a 1:1

I sopr

)-1 ,3-oxathio
1 -yl) -1,

and (IR
"4.3 mmol ) we
opyl al cohol a

| ane .

PET/CA2005/000384

re
nd

water (v/v) at 50 OC . The solution was cooled at O

OC . The solid was filtered to provide 0.55g of dry

st al s. The diastéreoneric conposi tion was
U‘“E‘?%fe T -

- ci - 2- hydr ox met I ?cy%o& n-|1 }EXpeF melital Er'lanthIfle

3- ok at HFot arks l(‘-’Ialai) - ( ) -10 -ccrrpﬁ@i‘ldém‘?l%ﬁn c| saFtRatio

(H)] -cis- bcmdjroxynfthyl - (cytdsin-1'"-yl) -1 (yvield %)

II l‘)\ 10 catnbr t"JJI faonl o AY

I~ ;ﬁ_térg o quor ISbgf%pc}’ncent at’dd 6 Gryness?5-2:52-1

gi vj MYy >19 /8 Pi?lof driy21sePeHsndi t i Mroapeist er eomefr i(€3%)

conpbsiseon of 35: 65 vatey-1:di s- 2-|muydeoxy.net h. y| - 4-

(cytosm 1'-yl) -1, %/oxathl oI are. (IR - (-) F
CFR’P"U' stHfer-e—Sa c/\ h\/rlr nvynrnf hyQI)A

zzcyt osinl'- yl) -1, }ia?thl oI and. g(F 2.4:7.6

- 10 %ﬁﬁﬂﬁ?%loﬁl%m q aééP]t“)J] anghe |E6AP 4508R wels (36%)

anadl Azed (8ss sladwn i n vekanpl:é 2 . Bxanplesdve

Rec|riyesit ablg’r,g@t)i on tao (kNGr ease the «dhags ereonerijc ratio

of |(-) -cis-2-hydrotynethyl-4- (gytosin-1 '-yl)| -1, 3-

oxat hiolane. (IR - {(-) -10- canpror uﬁonlc salit with

regard to (+ )- cisq2-hydroxymet hylFi85in%yt osin- 1

'3-y|l -)-2.3-3- oxat hi oll@eer (I R) - (5g)scale. 47.6:45.7

10-|Gameheswsifoni ¢ galt. The crudgagnetic (41.7%)

Ci g ¥§Ig%>é th yl-4- (cytosir 1) -1, 3-

oxa%‘l Fane, z (-) -10-can‘phorsuﬁl%nate gal t

gen tzéﬁq” H ﬁtry 4 of table 3 ijn exanple 2 having an

engntd-6meric ratio of 90.9: 9.1 '

40 -]) RO FS-2Z- nydroxynﬁtzewarcfbyucyt Sbf-deaieYl ) -~ 1,60.9:9.1

Oﬁat&&nghmlféhfé o GRFPhOLEULT o0l salit o o)

(+) A01g (0.5 eq)/ water 1:1 stirring
HC1 (0.5eq.) (v/v)

5 (R) - Water 5g scale. 78.7:21.3
Camphorsulfonié Methanol Heated at (72%)
Acid (0.5 eq)/ 17% water in reflux.

HCl (0.5eq.) methanol (v/ Magnetic
V) stirring

6 (R) - Isopropyl 5g scale. 53.6:46.4
Camphorsulfonic alcohol and Heated @50°C (60.6%)
Acid (1 eq)/ no water 1:1 to dissolve
achiral acid (v/v) solids

Magnetic
stirring
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hydr oxynet hyl -4- (cytosin-1 '-yl) -1, 3-oxathiol ane.
(IR) - (-) -10- canphorsulfonic salt] was dissolved in

woOoroogsh al cohol -water 1:1 (v/v) at 700C . APCEICA2005/000384

10

15
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25

30

cooling, the crystals were recovered with a yield of
76% and an enantioneric ratio of 99.1: 0.9 [(-
)-ci s-2-hydroxynethyl -4- (cytosin-1 ':yl) -1, 3-
oxathiolane. (IR) - (-) -10-canphorsulf onic salt

1 1-2- hydroxynethyl-4- (cytosin-1" -yl) -1,
3-oxathiolane. (IR) - (-) -10- canphorsulfonic salt]
Exanple 5 : Kilogram scal e Di astereoneric salt optical

resolution A mxture ot isopropanol (2274 gg) NH

di stilled t@r 905 K¥yC cis-2- Hydroxymet Ryl sy« ° o g
(cyt osi n 1 1, 3 omat hi ol ane’ %1 re &
intr, th@ eactor (odel %\6 OL GLM) [ ©

Di | ute (%/d ochl offi ¢ & vcPrepared as 419 kg i
kg of water) was introduced followed by (IR -(-)
-10- canphorsul fonic acid (100 kg) . The tenperature of
the resulting slurry vvas adjusted to 5 0 0C and

agitated until al I Nld£| %sol ved. The soI -
then cooled to abou 0 0 CY»43 0C to -7OC éﬁ'\*ﬂﬁo\ _0
agi tat—ed—+ono > TheTgsul t i ngos"r S\\O

filtered, ri nS| orvvar M th 60+ of 1 sopr .\
al cohol and water (v/v) . \’N\groduct i's puI | ed drY
with epnantioneric ratio of~\91:"% [(-)

-Ci s-2- hydroxynmet hyl -4- (cytosin-1 '"-yl) -1,
3-oxathiolane. (IR} - (-) -10-canphorsulfonicsalt : (+
) - ci s™-hydroxynet hyl -~. - (cytosin-1'" -yl) -1, 3-

oxat hiolane. (IR) - (-) -10-canphorsulf onic salt)] .

| sopropanol (228 kg) and water (291 kg) are added to
-i%i%ﬁg;%;igggal%gg%&gﬂkh%glgh p%lggfrfgégfaéy;nto% cig-2-
Hydroxymethyl-4-(cvtosin-1‘-y1)-1,3-oxathiolane.

cis-2-Hydroxymethyl-4- (cytosin-1’-y1l)-1,3-oxathiolane (1.03g,
4.3 mmol), and (1R)-(-)-10-Camphorsulfonic acid (1.03g, 4.3
mmol) were dissolved in 32 mL of a 1:1 isopropyl alcochol and
water (v/v) at 50 °C. The solution was cooled at 0 °C. The solid
was filtered to provide 0.55g of dry crystals. The

diastereomeric composition was determined by HPLC to be 87:13

[ (-)-cis-2-hydroxymethyl-4- (cytosin-1’-y1l)-1,3-oxathiolane.(1lR) -
(-)-10-camphorsulfonic salt : (+)-cis-2-hydroxymethyl-4-
(cytosin-1’-y1l)-1,3-oxathiolane.(1R)-(-)-10-camphorsulfonic
salt)]. ‘

The mother liquor was concentrated to dryness giving 1.38 g of
dry solids with a diastereomeric composition of 35:65 [(-)-
cis-2-hydroxymethyl-4-(cytosin-1‘-yl)-1,3-oxathiolane.(1R)-(-)-
10-camphorsulfonic salt : (+)-cis-2-hydroxymethyl-4-(cytosin-

1’-yl)-1,3-oxathiolane.(1R)-(-)-10-camphorsulfonic salt)]. The

composition was analyzed as shown in Example 2.
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was adj usted to 700C and agitated until all solid
di ssolved the slurry is heated and agitated until al

wohaocaoédsds di ssol ve. The solution is then coobPed/(Aa005/000384

- 10

15

20

30

35

about 22C (19C to 25C) and then to 00C (-3 0Cto 3C) .
ﬂaaemrsfew .t IR@%r%Hammfda ter ederehfsi fig formard W ith; o

nol d
g@ Eorilongcof g of 1.7 |§opr?8¥_Q&Jgngﬂd?gL .
% i ‘ ' & B 8 ok g piioducégard to (+)—
afgaz/%%ﬁco%éocmﬂ g, (corgasied t/@; 10§ oSS of)
[e) W ih an STARTT ORerT purity nigher than 98%
S8+ R) - (-) -10- canphorsulf oni ¢
acid renoval fron1( )- cis-2-hvdroxynet hyl -

&‘ﬁ¥t %.'uﬂe Jc1s~3él—)f1 d%ox?m@ﬁ(}ﬂ}lh'dgl %Q@os 111R3_ - ZK

10-ca horsulfonlc sa -Cci s groxyneth #

PEGtRETIRRe: (1] 5 (= 10308%8 ﬁr%lﬁla#félat(q RPLE efe;lerated in

ehfkﬁkﬂnﬂﬁﬂﬁﬂwlhoﬁl¢nsakimdlﬂ)28hhging8aﬂléﬁﬁﬂﬁ%?héﬁicdratlo of
t I Q a

JoLeret (600 k- DUl liR SO L Ly 4005 22

%W%Mrﬁl}es %M c{n ' CPRPBAEH BP1H6h Sedéhande) c@mTﬁr
hpdt @bymattyDeveX ek o Mat-at har ) AlQS‘l—():ISBhﬁoKﬂ')e and) - (-)-10-
éﬁ%ﬁ%uﬂfﬁ% ckgélg %@%'éﬁéﬁ@l@%ﬁ'ﬂ%”gsé §%%f¥n) Eu5~water

no residual canphorsulf
ﬁelebvéd Y2 MWRZad@ﬁySIsoahdn@kltmegmeaﬁeﬂsthame7recovered

@@@;ag g§%1@'0%97@@t gﬂdvge& &éﬁgaeﬁ%m § @;9

rrnsin

TlT%ﬁ%f%i@yéépﬁV@PFVY%ﬁhtﬁﬁﬁpﬁﬂédlunﬂ%X Mé%uun1to
a&a@wloma@ﬂe, (.- congeniratfphsr60dHRd ot @aabout (+ 100G -2

ﬂ§ﬁré¥§%é%%§ﬁ 20y tosin- 1’—y1) ~1,3-oxathiolane.(1R) - (~)-10-

camphorsulfonic salt].

Example 5: Kilogram-scale Diagtereomeric salt optical

resolution

A mixture of isopropanol (2274 kg), distilled water (2905 kg),
cis-2-Hydroxymethyl-4- (cytosin-1’-yl)-1,3-oxathiolane (193.7
kg) were introduced into the reactor (model R06 5700L GLMS).
Dilute hydrochloric acid (prepared as 41.57 kg in 380 kg of

~ water) was introduced followed by (1R)-(-)-10-camphorsulfonic

acid (100 kg). The temperature of the resulting slurry was

adjusted to 50 °C and agitated until all solid dissolved. The

solution was then cooled to about -10°C (-13°C to -7°C) and
agitated for 4-6 hours.

The resulting slurry is filtered, rinsing forward with 60 L of

1:1 isopropyl alcohol and water (v/v). The product is pulled
dry with enantiomeric ratio of 91:9 .[(-)-cis-2-hydroxymethyl-4-
(cytosin-1'-yl)-1,3-oxathiolane.(1R)~(-)-10-camphorsulfonic
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agitated. The resulting slurry is filtered, rinsing
forward with 2 portions of 18 kg of cold nethanol

WO020008954. The product is dried under vacuum ROTICA2005/000384

10

15

heating to 35-40 OC The precedi ng exanpl es can be
speat ed Wit b_sigl LAl SHESESS 4bY substi 1utiag he.

generl caI ly or s i"cal | ij descri bed reaﬁ ants and/ or
i g e oH 1 drTleoFaf“H ST RVEMI OIS 1t hose used
in the preceding exanples . Fromthe foregoing

ngcr atno?.n ZQQek }( AA(?QN t@ert I?§9§r]£ )Caaﬂfee%%!dleﬁ to the wet

aln ess aracterls I cs of

¢:ﬁmtn@q1u§ﬁdthwmttqaw@wﬁ@ PF ore r@%ﬁtﬁpﬁ gRgution

ﬁ&@pﬁijtd%%r 8ot o @@‘% ke yarhoMs whanges1aBdiid dissolved the
nodi fications of the invention to adapt it to various

shEges igndeasadi tidmoisted apkdl: oyl tl}@ FdcEss dfgpolve .
@ﬁ&dé&x{tqoanlgp&hg@léa/olaéa itVe a©epoLFd Qfi of@riall Bsot) Ofing

I I'l wherein: Ri is H, C-6 alkyl, C6-i2 aryl,
ﬂ@em ZaryCal K3AC, tpCSTi- 6 al kyl, (CO)0-C _6 al kyl,
(CO C6-12 aryl, or (CO C6-12 arylalkyl; " R2is H
C -6 al kyl or COR 5 ;s RBis H, C-6 aIkyI bromde
Tt greste. tingusiPEEY 19didéssriorsinsipg s g h two
Ehr6ial ks 7oher ef nlin tdwrdelinklteinsl arfd RateR2 (y/RB. The
JEJ%SL?CEREIIS %lplé}él drigd ﬁl{\:l%.a%li]le(:%ESYv Hf]sﬂblsgfatttét %g,sgﬁtlally

one Or
aterosd0 §u|kga9§ IS ereéf@ﬁféredsug?o@@t%dfswﬁféﬁsii%d for
eS8t eron RIYSRRENAE €a eSdmFl e )aRiidR, afl endntiomeric purity higher

than 98%.

20 Scheme 2
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alkyl, C6 i2 aralkyl, C-12 aryl, G _6 al kyloxy, C6-12
aryloxy, C(O-GC- 6 alkyl, C(O-C6-12 aryl, C(OC
wo-200/0a6%k4 kyl , heterocycl e having 3-10 ri ng- meROBICA2005/000384
hydr oxyl, am no, ester, cyano, azido, amdino or

guanido; and in'the definitions of R, R, R3, and R5
aryI is ,|n each case, %Psubstltuted or substltuted

éudr,im}efc&s;wﬁnetauumaf@o@uﬂ-ﬂonaue es3 %xatﬂh@ﬁﬂh’n@nﬁ]ﬁ@

ter yl, C6-12 aral kyl, C6-1 aryl, C
J? c ors%%.f sgiig | oxy, C(O-G 6 aI Kyl . C(O)-C

6_12 aryl, CXC»C:G 12 aral kyl, het erocycl e having 3-10
(inge f&@&fmo&yﬁémﬁ 4-aMEyRsiasteryl LyB;oxazindelane. (1R) -
gLQtlng %%tho zgupdﬁ%e% %9”P£|§'§§Ef%éh in methanol

conpoun
ceminqmranimmatihglthwtmnxiuﬁm pal 48% cirtdo agriodategtwotil a
fstereonerlglsalé recovering substantially one
P astereorericc sar C ) converting said one
di astereoneric salt into said optically active

@E@WW&HM‘sdiutlénpngﬁﬁ&nﬂQ%QﬁdEﬁgoﬁ@hCéﬁﬂiﬁﬁheﬁdWBﬁgéiBolumn

a

ceeyidine T iy ot etiir - S0ed) Sl ribp1 (200
Bg) (O)Whi6-d &a&hyhﬂmk@d tthieM@ekbtufﬁ.é&:&“ﬁyluntlIIhdR

r%%1§§§l caaﬁ?orsulgbnkg acl %qud%bthLgﬁl Nﬂ %%Bhgsis and

PH is greater than 7 (measured using water—wet pPH paper) .

!

The eluent is filtered, rinsing forward with methanol (200 kg).

The filtrate is partially concentrated under vacuum to about

140L.

The concentrate is cooled to about -10°C for one hour and
agitated. The resulting slurry is filtered, rinsing forward

with 2 portions of 18 kg of cold methanol (-10°C). The product

is dried under vacuum while heating to 35-40°C.

The preceding examples can be repeated with similar success by
substituting the generically or specifically described
reactants and/or operating conditions of-this invention for

those used in the preceding examples.

From the foregoing description, one gkilled in the art can
easily ascertain the essential characteristics of this

invention and, without departing from the spirit and scope
thereof, can make various changes and modifications of the

invention to adapt it to various usages and conditions.
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R5 is Hor Calkyl . 3 . A process according to claim
1, wherein RLis H, G-6 alkyl, (CO C -6 alkyl,

WwWOCM6/06984 1- al kyl or (CO C6_12 aryl . 4 . A PCOERAIBNS/000384

according to claim1l , wherein RLis H, (COC1 S

al kyl or (COCG6-12 aryl. 5 . A process according to
claiml1l , wherein RLis H. 6 . A process according to
We LHlaims: wherein R1 is (COC 6 12 aryl . 7 . A
process according to claim1l , wherein R2 is Hor C.

2 Wohor PO AR MBLR A 1012 o
procé&smwd©oﬁdpﬁglio cIa|n11 : mhereln R2 is fornyl or

acetyl . 5 10 . pr@pess according to claimyg ,

wherein R 3 is Hy_GN-&.alkyl or fluorldeN 1IN~
proce3$qaccor@Fqg To claim1 , mmerelﬁD H or
fluorid ,1Q; cess acco NC| 1,
wherein . 13. A process acc to claim1l
wherein R3 i | uoride. 15’14 . A pr s according to

anyone of clains 1 to 13, wherein said chiral acid is
(IF§ - (-) -10xcanphorsul fonic acid, (-3
, 3- dhbhepzQyl -L-tartaric acid, (+) -L-tartaric acid or

-)-_L-pal d,. 20 15. A
én)yoﬁe B Shre 0 Dhm e e Sa AR AL alr) Gise 2V,

(1R (co)b-clQ-carmhorso) £Qn 6raTj dor (CO)Ce.12 arylalkyl;
R, is H, Ci.s alkyl or CO-Rs;
R; is H, Ci¢ alkyl, bromide, chloride, fluoride, iodide or
CF3; and
Rs is H Or'C14 alkyl;
wherein in the definitions of Ry, Rz, R;, and Rs "alkyl" is,

in each case, unsubstituted or substituted by one or more
of halogen, nitro, nitroso, sulfate, sulfate ester,

sulfonate, sulfonate ester, phosphonate ester, amide, Ci-g
alkyl, Cs.12 aralkyl, Ce.12 aryl, Ci-¢ alkyloxy, Cs.1z aryloxy,
C(0)-Ci.6 alkyl, C(0)-Cs-12 aryl, C(0)Ce-12 aralkyl,
heterocycle having 3-10 ring-members, hydroxyl, amino,
ester, cyano, azido, amidino or guanido; and

in the definitiong of Ry, Rs, R3, and Rs "aryl" is, in each

case, unsubstituted or substituted by.one or more of
halogen, nitro, nitroso, sulfate, sulfate ester,

sulfonate, sulfonate ester, phosphonate ester, amide, Ci¢
alkyl, Cs.12 aralkyl, Cg.1z2 aryl, Cis alkyloxy, Ce.1z2 aryloxy,
C(0)-Ci1.6 alkyl, C(0)-Cg12 aryl, C(0)Ce-12 aralkyl,
heterocycle having 3-10 ring-members, hydroxyl, amino,

ester, cyano, azido, amidino or guanido;

sald process comprising:
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16. A process according to claim1l , wherein said
optically active conpound is | 17. A process according

wOoaowlaeas 1 , wherein said optically active cORpoOMAd005/000384
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isl I 18. A process according to anyone of clainms 1 to
17, uherel ARt SEEONBLL L, SAHL S CQRr [.SE @
f|rs?ﬁn%%egg§§%lu5¥8mg%a§%§reoner?casa ELE%% gecond
| ess sofebiiwugieddcereoneric salt. 19. A process
according to anyone of clains 1 to 17,Hwherein said

step b ) further conprise recoveri Skecond 10

di astereoneric salt. 20g, A pro@ T‘r pr oduci ng
optically active conpou for , 15 1V
wherein: R4 is Hor fluo ’Qé(’ r|S|ng a ) reacting
a conpound of forrmula |11 CIS configuration

Il with a chiral acid selecf@d from (IR -(-)-10-
canphorsulf onic acid, ( jII-Z 3- dlbenzoyl L-tartaric

aci d, w%&% igr%?rl ac1d‘j go& ?e t%JIéiaé%eréo%%Elc salts;

produce ereonerl
substntreabivgr one W]%(%’Ctaél’tééﬁéyl @n%amasf@r)eog@mér ERAG

sai d gngosirast LYW ensalitatdesRirdc salt into said

optically active compound.

2. A process according to claim 1, wherein
Ry 1s H, Ci.5 alkyl, Cg.iz aryl, Ce.ix arylalkyl, (CO)Cig
alkyl, (CO)0O-Cji.s alkyl, {(CO)Cg-12 aryl, or (CO)C642
arvlalkyl;
Ry, is H, Ci.s alkyl or CO-Rs;
Ry is H, Cig alkyl; bromide, chloride, fluoride, iodide
or CF3; and

Rs; is H or C;¢ alkyl.

3. A process according to claim 1, wherein R; is H, Ci-¢ alkyl,

(CO)Cl_s alkyl, (CO)O—Cl_e alkyl or (CO)Cs_lz aryl.

4. A process according to claim 1, wherein R; is H, (CO)Ci-

alkyl or (CO)C@iZaryl.

5. A process according to claim 1, wherein R; is H.

6. A process according to claim 1, wherein R; 1s (CO)Ceg-12
aryl.

7. A process according to claim 1, wherein R; is H or Cig
alkyl.

8. A process according to claim 1, wherein R; is CO-Rs,

wherein Rs is H or Ci¢ alkyl.
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optically active conpound. 30 21. A nethod for

resol ving a conpound of formula Ill, in the cis
woaodeiogessat i on: 11 wherein: Ri is H, C -6 al RgI/CA2005000384

Ce_i2 aryl , C6-12 arylalkyl, (COG _6 alkyl, (CO

)0-C _6 al kyl, (CO)C5I2aryI or (CO)C6I2

aryl al kyl ;R2|sH G-s yI or COR5;, R3is H
Ti -6 AIREACe S é‘ﬁFBEdl%%IYfP |Cb“€‘l“f Luokheeein di d& SPrexl or
; andaddy1s. Hor C -6 alkyl; wherein "alkyl," in each

case, is unsubstituted or substituted by one or nore o
f hal ogen, nitro, nitroso, sulfate, sulfate ester,
5 30 f oharmocessl honarédirstey clgliosphonherebstRer 1sali dey-s alkyl
G-6 al |2 aral kyl, C6-12 aryl, C _ 6 al kyl oxy,
CB-12 a%ﬁuof%ec:(()) G 6 alkyl, C(O:C6-12 aryl,
AOC 6-12 aral kyl, het erocycl e havi ng 3-10
ng hydr n ster yano, azi dg,
L4 PSR TREL S PUAC BN A 0 85107 YRR 2809 o
unsub@luctmt@d or substitut ed by one or rmre o f
hal ogen, nitro, nitroso, sulfate, sulfate ester,

10 .
sul fonate, sul fonate ester, phosphonate ester, am de,
T - 6 AlgydcesCbatb2oadbkWg daim2laryher&n B akkyl oxy,
C6-12 aryloxy, C(O-C 1- alkyl, C(O-C 6-12 aryl,
C(OC 6-12 aral kyl, heterocycle having 3-10
13 Ng-AEielss Bydoodytg @Ndleimest ewhefyBN®; 8Zi €uoride.
am di no or guani do; said process conprising:

15 14. A process according to anyone of claims 1 to 13, wherein
said chiral acid is (1R)-{(-)-10-camphorsulfonic acid, (-)-
2,3~dibenzoyl-L-tartaric acid, (+)-L-tartaric acid or (-)-
L-malic acid.

20 15. A process according to anyone of claims 1 to 13, wherein
said chiral acid is (1R)-(-)-10-camphorsulfonic acid.

16. A process according to claim 1, wherein said optically
active compound is
H
N\R2
O
R
\ ﬁ/
25 0
I
.17. A process according to clalm 1, wherein said optically
active compound is
N
R
\ *(}R
O/\(SJ/N 3
30 0
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a ) reacting said conmpound of formula Il wth a

chiral acid to produce two diastereoneric salts; b )
woeemeédsmg substantially one di astereoneric saCT/CAR0(5/000384

converting said one diastereoneric salt into conmpound

of formula | or II:1 - Il;22. A method according to

claim2l, wherein Ri is H, G- alkyl, 5 (COG _s
-.alkyl, (CO OG _6 alkyl or (CO C5 12 aryl . 23. A

et had mecesdi agecbodihaitn 2hyonkepéi al&Rims ils Hd 17, wherein

(C:O)(gcf:l—:l_d6 t%)ok)ﬁ agEeﬁégeqtl%—'s%l%Eylzomﬂplgé 25 tthﬁgﬁe

accor to clarm 21, wherein d

5 accortR Lo A PAE AT SANS Wit SELY Rnﬁ PSS%Q&54:%§58253P9P16
. 15 Pesthreehbodcacgenrding to claim 21, wherein Ris
Hor G_6 alkyl . 27. A nethod according to claim 21,
wherein R2 is COR 5, wherein RS is Hor G _6 alkyl.
By 28 DXARSSRoACECESHR g LEYORsi Af 23lairerkit? IfQﬁ'l yherein
for nyéam s&@s@t y>l) fuﬂtﬁhe:A dreichddecaceosdetihd & Geaiond21,
wher ej . al kyl 25 or fluoride. 30. A

10 nethod'accor Pﬁal f%]anl, wherein R3 is H or
fluoride . 31. A nethod according to claim 21, wherein
RB i 3 BrocdRs32or Avhedittithepatdadlyt actedwd obound of
mherecgmﬁ i_S Qluorlde 33. A nethod ‘according to claim
21, ereln sald chiral acid

O/ k
HO™™ sig\;\m
(7

0

15 : Iv
wherein:
Ry 1s H or fluoride; comprising:

a) reacting a compound of formula III in the cis

configuration:
-
R, Oé(
\
O’A\<l:7/
20 0
IIT
with a chiral acid selected from (1R)-(-)-10-
camphorsulfonic acid, (-)-2,3-dibenzoyl-L-tartaric acid,
(+)-L-tartaric acid or (-)-L-malic acid, to produce two
25 diastereomeric salts;

b) recovering substantially one diastereomeric salt;
c) converting said one diastereomeric salt into said

optically active compound.

30 21. A method for resolving a compound of formula III, in the

cis configuration:

30



is (IR - (-) -10-canphorsulfonic acid, (-) -2
, 3-di benzoyl -Ltartaric acid, (+) -L-tartaric acid or

wO-2)oclovemali c acid. 34. A nethod accordi ng to cPkParma2dns/000384
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wherein said chiral acid is (IR -(-)
- 10- canphorsul foni ¢ acid. 35. A nethpd according to

anyone of clains 21 to 34, wherejn t wo
‘di astereoneric salts ﬁOﬂpflS@ st nore sol ubl e
di astereoneric salt anNd a second | sol ubl e

di astereoneric salt. 3@ accdrdi ng to anyone
of clains 21 to 34, wherei\n said step b ) further
conpri se recovering a seco@d-di astereoneric salt. 37.
A process for producing 'caIIy active cis-2-
hydroxynmet hyl -4- (cytosin-1 '-yl) -1, 3-oxathiolane,
conpmﬁ§ﬁﬁgn' a ) reacting a chiral acid with

Ci s-2; hydrnoxyiet AykyA- d.eytosin- Fis Wey1alkyl, (co>c1 6 alkyl,
3-oxat hi ol ane to produce two di astereoneric salts

r ecovéfi) gCS@b§¥%ﬁP|AFP&CQMEaHY%st%Fe%ﬁﬁﬁ%€2§gﬂﬂalgyi

converting sai,d angdi astesaqperic salt |nto said
optical |y active cis-2-hydroxynethyl - tosin-1"'-

yl) R1 1RThx&hhi eilkHe, . PBRBLIE, pr‘%‘é@%dﬁcc Wil o todide or
cl ai mp37, syphperein sald optically active

ci s-2- 0_ja/droxymsthyl (cytosin-1"'"-yl) -1, 3-

oxat Rb ﬁé<¥%<hﬂw%¥%ﬂﬁﬁne 39. A process according to

anyopecpf: gl aéﬂ:gyrﬁ% 49 éﬁchm@géeel mssafn@u%ekaealcw or

active cls-2 oxymnet ytosin-1 '-
substitute by g%e orymore ég halogen, nitro, nitroso,

sulfate, sulfate ester, sulfonate, sulfonate ester,
phosphonate ester, amide, Ci¢ alkyl, Ce.12 aralkyl, Cs-12
aryl, Ci-g alkyloxy, Cgi12 aryloxy, C(0O)-Cis alkyl, C(O)-Ce.12
aryl, C(0)Ce.12 aralkyl, heterocycle having 3-10 ring-
members, hydroxyl, amino, ester, cyano, azido, amidino or
guanido; and ‘

"aryl," in each case, 1sg unsubstituted or substituted by
one or more of halogen, nitro, nitroso, sulfate, sulfate
ester, sulfonate, sulfonate ester, phosphonate ester,
amide, Cig alkyl, Cs.1z aralkyl, Ce.12 aryl, Cis alkyloxy,
Ceo12 aryloxy, C(0)-Cis alkyl, C(0O)-Cg.12 aryl, C(0)Cs-12
aralkyl, heterocycle having 3-10 ring-members, hydroxyl,

amino, ester, cyano, azido, amidino or guanido;

said process comprising:
a) reacting said compound of formula III with a
chiral acid to produce two diastereocmeric salts;
b) recovering substantially one diastereomeric salt;
c) converting said one diastereomeric salt into

compound of formula I or II:
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yl) -1, 3-oxathiolane is (-) enantionmer. . 40. A
process according to anyone of clains 37 to 38,

woheremoepssai d optically active cis-2-b. ydr oxyneC/ca2e05/000384

(cytosin-1 '"- yl) -1, 3-oxathiolane is (+)
enantionmer.41. A process acgordlng to anyone of clauys

37 to 40, wherein sal raLRaC|d is (IR - (- ) N~pg,
-IC>canphorsquon|c a o}

, 3-di benzoyl - L\tartari %éééd. (+) -L- tartarlc |q/
(-)- L-malic aé?d hod accor di fg orfe of’
clains 37 to 40, er in said chiral acid is IR) -

(-) -10- canphorsulp onic acid. 43. A proceé% accordi ng

to anyone of claing 37 to 40, mhereln said optrical ly

active cis-2-h.ydroxyneth.yl-4- (cytosin-1'" - yl)-1

, 3-oxat hi ol ane has an enantioneric excess of 60% or

oY ghérne¢hodAap¢@0é§gza@C@ﬂdﬁm921o drgponiar ¢h &F alf meCi3y alkyl,

to 40 er ej ai i cal | tiye

ci s- 201 ?8x:ﬁ§?h C%Hb(gytégﬁﬁﬁio¥- c?;g%}2ary1.

3- oxathlolane has an enantlonerlc excess of 70% or

B9 orhBa APLOGESS Accarding, | QAmANe 07 16! & Mooy crs
eréin said op {ica |y~ active

ci s- 2&&wdroxyﬂ@®h®&.Aarfbyt03|n 1'-yl)-1

, 3-oxat hi ol ane has an enantioneric excess of 80% or

hi gher . 46. A process according to anyone of clains

8. t & 4@thwhHeaetordhigl waptdleatnl glacthemein Ry is H.

ci s-2- hydroxynet hyl -4- (cytosin-1' - yl) -1

, 3-oxat hi ol ane has an enantioneric excess of 90% or.

45 ghet medRodPapcboetss taceladinnglt owlasweine Raf 18l aCMBCs- 12

37 to 40 wher ei n

aryl

26. A method according to claim 21, wherein R; is H or Cig

alkyl.

27. A method according to claim 21, wherein R; is CO-Rs,

wherein Ry 1is H or Ci.s alkyl.

28. A method according to claim 21, wherein~§2 is formyl or

acetyl.

29. A method according to claim 21, wherein R; is H, Cis alkyl

or fluoride.

30. A method according to claim 21, wherein R; is H or
fluoride.

31. A method according to claim 21, wherein R; is H.

32. A method according to claim 21, wherein R; is fluoride.
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said optically active cis-2-hydroxynethyl -
(cytosin-1'"- yl) -1 ,3-oxathiolane has an

weneostoverser i ¢ excess of 95% or higher . 48. A pPCOERAI@IS/000384
according to anyone of clainms 37 to 40, wherein said

§¥HI B%%h@gt f&fm%1ﬁyQH%§%n§£hy&héreﬁ§¥%8§JBh;r%l acid

oxat ane as an_enanti oneri c excess OL 8%
or  hiigherR) 49 ¥@Fﬁ?ﬂﬂﬁﬂ¥53&§8PaFnﬁc%% anyorfe Sgfitbenzoyl-L-
cl ai mr¥arte é@;dmhereuntaatdrmptacaihyracn—vemallc acid.
ci s-2- hydroxynet hyl -4- (cytosin-1 '- 'yl) -1
3- oxat hi ol ane has an enanti oneri c excess of 99% or

5 Qﬁ ghgfnetggd %Fﬁ?%%@ééthﬁlﬁﬁﬁd%%rn@h?r%ln said chiral acid
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- Ci $-i& N1RYFOxy B Foatiptbrshlfeyt osaaid. ' -yl) -1,

3-oxat hiolane.chiral acid salt, conprising: a )

reacting cis-2-hydroxynethyl - 4- (cytosjin-1 '-yI% -1, _
3. o¥afidtérgnacaprding & ravoaei aft elpiedide to 34, wherein

:(3 ) - Céai‘dzl'twbyaﬂ@%t/é’ﬁiﬁé&r)érlé- séQ}tbOdeﬁlpﬁ,lse)d ¥irkt more
oxat hi ra ci d

(+) - Clgigﬂ' roxere?qé%%% gl% %SQFF%FQnd Hefs ioluble
3- oxailrﬂs(‘;leéfﬁ@m@hw aﬁFaJr’fesoI ving acid salt; b )
recoverlng said (-) -cis-2-hydroxynethyl-4- (cytosin-

-yl ) , -3-oxat hi ol ane..chiral acj . .
process’ aé@graccor Mx%ﬁé nﬁgﬁnemﬁﬁr%ﬂ%ﬁiaué'%% éi fherein
aci d gastq sRpp- b{ - fl}rt;mamm@@mgal Feepiver s @ S(%c?ndz

, 3-didenzeybosktart agdc- acid, (+) -L-tartaric acid or
(-)-L-nalic acid. 52. A nethod according to claimb50,

wherein said chiral acid 20 is (IR -(-)
371.0- Fanpleoesel foorprodiriitho BRLifaptvcessivic €6sdidng to

anyong, @foxghak 051 59- 18,82 Mherel N-1, 3-oxathioclane,
comprising:

a) reacting a chiral acid with cis-2-hydroxymethyl-4-
(cytosin-1’-yl)-1,3-oxathiolane to produce two
diastereomeric salts;

b) recovering substantially one diastereomeric salt;

c) converting said one diastereomeric salt into said
optically active cig-2-hydroxymethyl-4-(cytosin-1'-
vl)-1,3-oxathiolane.

38. A process according to claim 37, wherein said optically
active cis-2-hydroxymethyl-4-(cytosin-1'-yl1)-1,3-

oxathiolane is crystalline.

39. A process according to anyone of claims 37 to 38, wherein
said optically active cis-2-hydroxymethyl-4-(cytosin-1'-

yl)-1,3-oxathiolane is (-) enantiomer.
40. A process according to anyone of claims 37 to 38, wherein

said optically active cis-2-hydroxymethyl-4-(cytosin-1'-

vl)-1,3-oxathiolane is (+) enantiomer.
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said step b ) further conprise recovering (+)-cis-2-
hydr oxynet hyl -4- (cytosin-1' -yl) -1,

wa@-2006a068501 ane. chiral 5 acid salt. 54. A proceB6T/CA2005/000384
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according to anyone of clains 50 to 52, wherein said

ii) - gé%?ﬁ&ﬁglto an Eogfncialm§|§7 Eb %D wherein

oxathl ane chlral aclid salt contalns  ess than 30% of
30 (49244 srRydrekgmet hAR)A () ey PospRRlorsyifonic geid, (-)-
oxat ht d -anéethrioralL.resptaring sadidd dddi b+ onrisatic a85d Ar (-)-

proc cor di.ng to anyone of clainms 50 to 52,
mhergﬁﬁmggfg % i I s-2- hydr oxynet hyl -4- (cytosin-1'

-yl) -1,3- 5 oxathlolane chiral acid salt contains

A®ss A hastemetofdlngi So 2ivondr eXyakaimy|37A-to 40, wherein
(cyt L) 0 h|oIa iNg
aC|dE%%§?%¥gﬁ%%a C}dS%S gﬁzrocesg%a§%%$%+%%9§%£§ﬁy%ﬁéd'

of clains 50 to 52, wherein 0 said (-)

4%T] S-R- M&&ya&bbyhlﬁg t(d:)étr@&'m- df cydi)ms 137 to 40, wherein

3- oxat hi ol a ral acl ,
of (e B Ry ore B 1 3?9 LBk DReline 4 ol
oxat Wjo)lalné-@PﬁartallOi@%%lmsn@na@Pén dener bh %%ﬂqss 5F 60% or
A progrgsedccording to anyone of claims 50 to 52,
wherein said (-) -cis.-2-hydroxyneth.yl-4- (cytosin-1
"-yl) -1,3- oxathiolane.chiral acid salt contains |ess
44f1an Bypusfcess pocerding hyadreawpmet Ry claigg\dodin4p, wherein
-yl )salla %pt%atmgfo!aaaﬁvé:mlrsalz h@&@bx&natmma@tbg@ﬂ 1~
salt. 1 é s,acc rd F%one of cla % 703
to 5% v(h% |18 (&) a(ﬁs eﬁﬁ‘a xli}?r%%%y"‘ixcfss ob Ve o
(cyt osigher -yI) -1, 3- oxathiolane.chiral acid salt
contains |ess than 1@6of (+ )- cis-2-hydroxynethyl -4
£§yt9§ﬁggééeééy ccordlng to anyone of claimg 37 to 40, wherein
said optically active cis-2-hydroxymethyl-4-(cytosin-1'-
yvl)-1,3-oxathioclane has an enantiomeric excess of 80% or

higher.

46. A process according to anyone of claims 37 to 40, wherein
said optically active cis-2-hydroxymethyl-4-(cytosin-1'-
v1l)-1,3-oxathiolane has an enantiomeric excess of 90% or.

higher.

47. A process according to anyone of claims 37 to 40, wherein
said optically active cig-2-hydroxymethyl-4-(cytosin-1'-
y1l)-1,3-oxathioclane has an enantiomeric excess of 95% or

higher.

48. A process according to anyone of claims 37 to 40, wherein
sald optically active cis-2-hydroxymethyl-4- (cytosin-1'-
yl)-1,3-oxathiolane has an enantiomeric excess of 98% or

higher.

49. A process according to anvone of claims 37 to 40, wherein
said optically active cis-2-hydroxymethyl-4- (cytosin-17-"
34
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oxat hi ol ane. chiral resolving acid addition salt. 59. A
process according to anyone of clains 50 to 52,

\thmMGDﬂBsaid (-) -cis-2-hydroxynet hyl -4- (cyt 8eT/A2005/000384
"-yl) -1, 3- oxathiol ane. chiral acid salt is

SUbStﬁntiaglgx gL 4 ngn@%g{ Xﬂ%&%& s46f 99% or
§ -1 oxat F

(cyt S|n 1

ane chiral reso Vi ng

aC|dh&@§?F|on salt. 60. A process according to anyone
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said (-) -cis- hydroxynethyl - (cytosin-1"'-

52. A method according to claim 50, wherein said chiral acid
is (1R)=(-)-10-camphorsulfonic acid.

53. - A process according to anyone of claims 50 to 52, wherein
said step b) further comprise recovering (+)-cis-2-
hydroxymethyl-4- (cytogin-1'-y1l)-1,3-oxathiolane.chiral
acid salt.

54. A process according to anyone of claims 50 to 52, wherein
said (-)-cis-2-hydroxymethyl-4-(cytosin-1’-y1)-1,3-
oxathioclane.chiral acid salt containg less than 30% of
(+)-cis~2-hydroxymethyl-4- (cytosin-1’'-y1)-1,3-
oxathiolane.chiral resolving acid addition salt.

55. A process according to anyone of claims 50 to 52, wherein
said (-)-cis-2-hydroxymethyl-4-(cytosin-1'-y1l)-1,3~
oxathioclane.chiral acid salt containg less than 20% of
(+)-cis-2~-hydroxymethyl-4-{cytosin-1'-y1)-1,3-
oxathiolane.chiral resolving acid addition salt.

56. A process according to anyone‘of claims 50 to 52, wherein

said (—)—cis—2—hydroxymethyl—4—(cytosin—i’—yl)—l,B—
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yl) -1 ,3-oxathiolane.chiral acid salt; ¢ ) converting
said (-) -cis-2-hydroxynethyl-4- (cytosin-1'- 10 yl)

\Vekmmﬁwaxathiolane.chiraI acid salt into said PEYAA2005/000384
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2- hyd?ﬁ%#ﬁéﬁ%? ‘%1IP&yFS§? %éa¥fs eS?a?H?olaﬁ )=
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acid and an achiral acid to produce substantially one

di astereoneric salt and substantially one enantioneric
%%l t ;A process according to anyone of claims 50 to 52, wherein

said (—)—cis—2—hydroxymethyl—4—(cytbsin*l’—yl)—1,3—
oxathiolane.chiral acid salt is substantially free of (+)-
cis-2-hydroxymethyl-4- (cytosin-1'-y1)-1,3-

oxathiolane.chiral resolving acid addition salt.

60. A process according to anyone of claims 50 to 59, further
comprising recrystallizing said (-)-cis-2-hydroxymethyl-4-
(cytosin-17-y1)-1,3-oxathioclane.chiral resolving acid
addition salt. '

61l. A process according to anyone of claims 50 to 59, wherein
said chiral acid is in stoichiometric molar ratio with
regard cis-2-hydroxymethyl-4-(cytosin-1’'-y1l)-1,3~-

oxathioclane.

62. A process according to anyone of claims 50 to 59, wherein
said chiral acid is in nonstoichiometric molar ratio with
regard to cis-2-hydroxymethyl-4-(cytosin-1'-yl)-1,3-

oxathiolane.

63. A process for producing (-)-cis-2-hydroxymethyl-4-

(cytosin-1’-yl)-1,3-oxathiolane comprising:
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b ) recovering said diastereoneric salt;c ) converting
said diastereoneric salt into opticallyactive

\Nonmmzmhydroxynethyl-4- (cytosin-1'" -yl) -1, 3- PCT/CA2005/000384
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(cyt03|ncls“zyhydrq¥xmeﬁﬁY&rHr6F¥#@§1¥1#§“Y1 Cl)3 Oxath101ane
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canp o1 Sul
further comprise adding a half-guantity molar amount of
achiral acid to substantially produce (+)-cis-2-
hydroxymethyl—4~(cytosip—l’—yl)—1,3—oxathiolanEuachiral
acid salt, said molar ratio being with regard to cis-2-

hydroxymethyl-4-(cytosin-1'-yl)-1,3-oxathiolane.

65. A process according to anyone of claims 63 to 64, wherein
said chiral acid is (1R)-(-)-10-camphorsulfonic acid, (-)-
2,3-dibenzoyl-L-tartaric acid, (+)-L-tartaric acid or (-)-

L-malic acid.

66. A process according to anyone of claimg 63 to 64, wherein
said chiral acid is (1R)-(-)-10-camphorsulfonic acid.
67. A process according to anyone of claims 63 to 66, wherein

said achiral acid is hydrochloric acid.

68. A process for producing crystalline optically active cis-
2-hydroxymethyl-4-(cytosin-1'-yl)-1,3-oxathiclane,
comprising:

a) reacting cis—2;hydroxymethyl—4-(cytosin—l’—yl)—l,B—
oxathiolane with a chiral acid and an achiral acid to
produce substantially one diastereomeric salt and
substantially one enantiomeric salt;

b) recovering said diastereomeric salt;
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c) converting said diastereomeric salt into optically
active cis-2-hydroxymethyl-4-(cytosin-1/-y1)-1,3-

oxathiolane.

5 69. A process according to claim 68, wherein said chiral salt
is (1R)-(-)-10~camphorsulfonic acid, (-)-2,3-dibenzoyl-L-

tartaric acid, (+)-L-tartaric acid or (-)-L-malic acid.

70. A process according to claim 68, wherein said chiral acid

10 is (IR) -~ (~) -10-camphorsulfonic acid.

71. A process according to claim 68, wherein said
diastereomeric salt is (-)-cig-2-hydroxymethyl-4- (cytosin-

1'-y1l)-1,3-oxathiolane.{1R)-(-)~10-camphorsulfonate.

15
72. A compound selected from:

(-)-cis-2-hydroxymethyl-4- (cytosin-1'-y1)-1,3-
oxathiolane.(1R) - (~)-10-camphorsulfonate;
(~)-cis-2-hydroxymethyl-4- (cytosin-1’'-y1l)-1,3-

20 oxathiolane.(18)~(+)-10-camphorsulfonate;
(+)-cis-2-hydroxymethyl-4- (cytosin-1/-y1)-1,3~
oxathiolane.(1R) - (-)-10-camphorsulfonate; or
(+)-cis-2-hydroxymethyl-4- (cytosin-1’'-y1)-1,3~-
oxathiolane.{18)~(+)-10-camphorsulfonate.
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