WD 2004/ 083155 PCT/ EP2004/ 002810 1 Nucl eoti de Lipid

Ester Derivatives The subject of the present invention
wae®@4mgHE6es fic | i pi desters of nucl eoti des of thECT/EP2004/002810

general formulal, R3 R XNR2ZYO<e N OI-ONN

I OHOM™ () wherein RL is a straight-chain or

branched, saturated or unspturated al kyl residue

havi ng 1-20 carbon atons, optionally nono- or

pol ysubstituted by hal ogen,  -C6 al koxy, Cl-C6

al kyl mercapt o, Cl-C6 al koxycarbonyl, Cl-C6

al kyl sul finyl or Cl-C6 al kyl sul fonyl groups, R2 is

hydr ogen, a stra'! - E g ;@ .saturated or
unsat ur at ed al k HQI o%hfé ipid Ekért P ?iqatﬁ% at ons,
optionally nono- or polysubstituted by hal ogen, CI - C6
al koxy, Cl1-Co6 al kyl nercapto, Cl-C6_al koxycarbany

The sabjechokjhe @|r¢5eﬁm|Ing@@mar%p%ﬂ@ﬂwmsws @ffzmucleotldes of the
is C1-C8 alkyl, X represents a sulfur, a
eﬂﬁer?ﬁﬁ{m%l *sul fonyl group, and WO 2004/ 083155
PCT/ EP2004/ 002810 2 Y is an oxygen atom their
tautomers and their physiologically acceptable salts
of inorganic and organic
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wherein
R’ is a straight-chain or branched, saturated or unsaturated alkyl residue

having 1-20 carbon atoms, optionally mono- or polysubstituted by halogen,
C+-Cs alkoxy, C4-C¢  alkylmercapto, C-Cs  alkoxycarbonyl, C4-Ce
alkylsulfinyl or C4-Cs alkylsulfonyl groups,

R? is hydrogen, a straight-chain or branched, saturated or unsaturated alky!
chain having 1-20 carbon atoms, optionally mono- or polysubstituted by
halogen, C4-Cs alkoxy, C4-Cs alkylmercapto, C4-Cs alkoxycarbonyl or C4-Ce
alkylsulfonyl groups,

R®  is amino or OR?, wherein R*is C4-Cg alkyl,

X represents a sulfur, a sulfinyl or sulfonyl group, and



aci ds and bases, as well as processes for their
preparati on and nedi canents containing these
W@ vpo8318s as active ingredients. The am no grBUPEP2004/002810
t he adeni ne residue of the general fornmula | can al so
be protected by well known am no protecting groups.
Since the conpounds of the general forrmula | contain
asymmetric carbon atonms, all 2optically-active forns
and racem c m xtures of these conpounds are al so the
subj ect of the present invention. J. Biol. Chem 265,
6112 (1990) and EP- A- 0, 350, 287 descri be preparation
and .use of lip nucleotides as anti-viral drugs.
YTheré?ﬁ”‘ﬁ%ﬂ@U 9Monl'y  di nyri st oyl phosphati dyl and
dlpaln1toylphosphat|dyl resi dues coupled to well
known nucl eosi des such as AZT and DDC are di scl osed,
thaﬁmta;mmgr& aad rtheiaphy&glggdpallysac&epm@ salis of inprgaei¢.and organic

agaR prddases. oo W PRSP aon dHe SBbARBE SR HhRScaments
cb@mmﬁ@tthésmcsmp@nmcvs by aatme mggmleﬁimd use in
oncol ogy. Chem Pharm Bull. 36, 209 (1988) descri bes

The- arpingh Ipvids ph 406 AR Iresidlacef theagengrahfeimulakk ae also be
pfqiébt '(c:if) waf k}r‘@Wn a?ﬁmbr}ﬁb{ecgﬂégﬁﬁddsc synthesis from

respondi ng nucl'eosi phosphochol i nes in
the presence of phospholipase D wth transferase

activity. The patent appli 0 92/ 03462 descri bes
S!flﬁeotkl%%?mPPHP&S @gﬂi%éﬁﬁ %%{ Lﬂa %W%‘qusé(m'ﬁ%*tfﬁcxﬁ%fk?on atoms,
o T30 4P T O g e e EangO3pa'dhe aiso the

s@bjEpt of thePpregentdawsntidl. - f | uor o- R- Dar abi nof ur anosyl ) ade
nine is described in J. Og. Chem 34, 2632 -2636
(1969), in patent application WO 01/60383, and in

J UB%i RHPAL 265 68@1@nggdﬁan@f@me@mstﬁheééﬁbéfIptré(péafatuon and
| oro-9-(2' -deoxy-2'-Tluoro-R-

use of liponucleotides as an’n-\nral drugs. Therein, however, only

dimyristoylphosphatidyl and dipalmitoylphosphatidyl residues coupled to well

known nucleosides such as AZT and DDC are disclosed, including their fatty acid

ester structure.

J. Med. Chem. 33, 1380, (1990) describes nucleoside conjugates of thioether
lipids with cytidine diphosphate, which have antitumor activity and might find use in

oncology.

Chem. Pharm. Bull. 36, 209 (1988) describes 5'-(3-sn-phosphatidyl)nucleosides
having antileukemic activity, as well as their enzymatic synthesis from the
corresponding nucleosides and phosphocholines in the presence of phospholipase

D with transferase activity.

The patent application WO 92/03462 describes thioether lipid conjugates having

antiviral activity, particularly for the treatment of HIV infections.



Dar abi nof ur anosyl ) - adeni ne as inhibitor of DNA

replication in conparison to other nucleosides is
w@b®a/ogsTri bed i n Hemat ol ogy 463 (1999). O hepChaPm04/002810

ar abi noadenosi nes with anticancer activity are

mentioned in the patent applications US 5,384,310 and

WD 92120347, The antiviral activity of such purine

derivatives is shown in EP 0 314 011.

2-Chl oro-9-(2' -deoxy-2' -fl uoro-J3- D ar abi nof uranosyl ) a

denine (Clofarabine) is a well known devel opnent

product in clinical trials. The conpounds of the

t t f la | _which
Th%i%frﬁh@%g\égnhl%%%gm g ?i’eJeoxy-ZQf lioro- -3~ Darabmofuranosyl)ademne is

dgsc?fbleﬂr m caI d(?? X R4 a8 02&36%(2?%% R Hét%ﬁlf’\sla?bpi}@ﬁlon WO

eni ne c ucturé ~posses cal
0WBDBB3 darsd imgLs.gatehted680 882t he parent nucl eoside. In

particul ar, the conpounds of the present invention
show antitunoral activity and are useful in that, at
ar | ev ses ne er 1 _
T}?Qom c 'Sl J%C%ﬁgeéﬁs o?é]%tplﬁypar enf co?rp%ﬂ% (/fz BBSXYZ fluoro-p
Dalmjtm@fumrmi,y()aadénmddssmhchrtak ef ONA beplivatiohi Inw lcdnmalneby to other
nproves  t he bloavallab I|t of t | ed drug
”%Q]%%‘Qﬁ%és Alga qas64b e‘éﬁb Q'Bgﬁéggr(ﬁggé))e to enhanced
selectivity and effectiveness of the conpounds. The
conmpounds of the present invention have val uabl e
Otitear e @lralgin oatienqeionge with estichnceraadtivitylsae , mehtenealr ie the patent

syi tabl e the xi s of malignant
ARRIEHENT ﬁ%oétﬁgggiﬁgé?gpﬂgwﬂéﬁcoms or | eukeni as.

WD 2004/ 083155 PCT/ EP2004/ 002810 4 Conpared to the

unconj ugat ed nucl eosi de derivatives hitherto enpl oyed
The antiviealtactivity of sueh pyirehdetvatives is shews dmpdlB @94 011.

according to the invention have enhanced

pot ency/ efficacy for specific indications or |ower

ZJCCMbﬁJ Y2 adsbxyc2OR RO Pl atabRmburanvb@Rdnies apIefHra6ine) is a well

w ndow. I n some enbodinents of the *Ppresent Invention,
knidven developstardpiredualfin plirieaiddalst i cal conpositions

conprising these conpounds may be conduct ed

conti nuously over a prol onged period of tinmne.

The ebARREATs OF thé bRelieatdveafion BEgeheRAfR A | Which incorporate the
intermttent admnistration, which
2-chloro-9-(2’-deoxy-2’-fluoro-p-D- arabmofuranosyl)ademne chemical structure
posses biological activity which distinguish them from the parent nucleoside. In
particular, the compounds of the present invention show antitumoral activity and
are useful in that, at pharmacological relevant doses, one or more of the toxic side
effects of the parent compound is/are ameliorated, and/or the covalently bound
lipid moiety improves the bioavailability of the coupled drug substance and thus

appears to contribute to enhanced selectivity and effectiveness of the compounds.

The compounds of the present invention have valuable pharmacological
properties. In particular, they are suitable for therapy and prophylaxis of malignant

tumors including, carcinomas, sarcomas, or leukemias.



frequently are routine wth chenotherapeutic agents
due to their undesirable side- effects, nay be reduced
wowaoh/083165 conmpounds according to this inventi OPCEHEP2004/002810

conpared to the parent conpounds. Further, higher dose
| evel s may be enployed due to the anelioration of
toxic side effects due to enhanced selectivity for
tunmor cytotoxicity. The |ipidgster conpounds of the
present invention are also suitable for the treatnent
of autoi mmune di sorders, including nmultiple sclerosis,
rheumatoid arthritis, lupus, system c vasculitis,
inflanrato%% bowel disease, sclerodernma and Sjorgen's

Copmprerteto The [ueepphivoatad Kriciaasife Werivstivesehithgitel employed in

oA, bF nfHBRERP L na, P RTES shEMERT IS iffention have
ehhaocagth powroysafisagndior e spepificorindi@atibes s or S lower toxicity and
facilitated and the conj ugat es according to fornula |l
CaRRfuETHNpBaYS Gt YVider dograpRul rIBRew: Ipi samesembpdiments of the
PLRSTRINAERD. (b8 AP ibia8eh 37 i SRHEAE Ly nBLfons comprising
thhi;sbfa;mhmumﬁs ma}cyi baﬁcctrrcmmqmbcor_ltpumze' bseser egpmgd)@doyperiod of time.
t he conmpoun of the present invention and thejr, | , ,
I HESG 0 MURRTEWa) hulf PERersHey B (QRpNalpat d0finisgtion, which
frefubhiedre RITtRINGAK I Rn¥iriok h&bb@tﬂti@é#@ﬁtsfdue {eir undesirable side-
treatnent and prophylaxis of the diseases nentione
effecise. maD XD 0eH06ad 58ithPdNne EFIDPANBdL SHdtordingx inphissingéntion as
t hese rther dru i nvol ve, agept s, such. as, e.d.,
ohiTPated Toniiin: PHEDT AliROUBE T ElRoRheBioTel nipskilenels may be
eflpi et HiNE t6 e ahfdliofatREBEHI BxRUSHe @Ffects due to enhanced selectivity
cycl ophosphani de, nel phal an, nyleran or cis-platin,
fogiumes cuedeXieis such as folic acid antagonists
(et hotrexat e) and ant agoni sts of purine and
pyrim di ne bases (nmercaptopurine, 5-fluorouridine,
Thyt Apidbstee) compdosdatofcild yresdnt Viavantiomi fiti @fkosdaftable for the
as ant hracyclines (e.g., doxorubicin, daunorubicin), _
trﬁamﬁesﬁsaew'ramtmsfﬁ%qr%ﬁ, inchidhng faultiplexedierosise. geumatoid

aHARR, B SSREhicCYARRAIR, iR RSN AL CALEYs @ LddBderma and

Sjorgen’s syndrome.

The lecithin-like structure of the lipid moiety is desirable for the claimed
improvements of the compounds of general formula I. The penetration through
membranes and resorption barriers is facilitated and the conjugates according to

formula | show a depository effect in different tissues.

The formation of lipid conjugates may aiso facilitate crossing the blood brain

barrier due to better diffusion or active transport processes.

Similarly, the compounds of the present invention and their pharmaceutical
formulations may be employed in free or fixed combination with other drugs for the

treatment and prophylaxis of the diseases mentioned above.



chenot her apeuti ¢ and bi ol ogi ¢ agents. Enbodi nents of
the invention al so enconpass salts of the conpounds of
wo b@4/0gEseral formula 1, including alkali, alketT/RB2004/002810

earth and ammonium salts of the phosphate group.
Exanpl es of the alkali salts include lithium sodium
and potassiumsalts. Alkaline earth salts include
magnesi um and cal ci um and an®onium salts are
understood to be those containing the amoni um i on,
which may be substituted up to. four tinmes by alkyl
resi dues having 1-4 carbon atons, and/or aryl

ch cases, the

resi dues. such as_benzyl residues.
Exarprlest Qfevsk@en@gihebéz o e éﬂeafsf $UFL 7S, Sighe mitosis inhibitors
S&gﬁpggnd&@{m‘g@?er bl il aa'llgf?dﬁgcoeyt%fét?&asggents such as
groups, particu am no
cyctophesphdntide, amel@ham tmxdareerabt Slsbyamlarabheiabnmegauch as folic
or ani c ci s, To this e e .as the acid
acd entadPiste, Ficingirexgioh Aod A reRRES oh PU(R 4F siiidine bases
(n?é‘rbgFto‘bﬁhHQUBlfRJo?éur‘EHm@h%&wa ind), @fiodtaticafrEcivé Enfibiotics such
succinic acid, tartaric acid, citric acid lactic
asanthracydlises (. ddoxonbidimrdailiorahicin) abomones guehe sl fosfestrol,

tapEeh ol RENCs oS B B i edfBE o tatReB b idhty active

cHimathetagdu t@ldf@worbglcaa&im@fi al kyl mercapto group.

More specifically, represents a nonyl, decyl,

undecyl, dodecyl, tridecyl, tetradecyl or pentadecyl
i P , X y 3
By L HebreABE R s b pgounas of ne

gereshlfermula kaneluBihg alkadipkgialinet edrthyaad Gm@onium salts of the
al kyl mercapto residue, this |§( Jnder st ood to be the WD
IOW%EG%SQ@QPP@@Q%MEGQQM ﬁ%‘f%yﬂﬁ'é'ﬂ@abihﬂim sodium and

5 y,.pﬂfﬁrsfa@@t OAIKBIIRPY L5 CaRtL. m@lﬁfi

exy mercapto residue, in particu e er ab?ﬂOI &alcuum and
ama IrﬁaﬁS&BrSturmiegd;tbedhame mséil*@nmmmg tbecammdmnum ion, which

ma e SRy EF vt B S e S e SLFiHh F Saron atoms,
ar{d?BF 5@#’ PESdaEs 8Ge bs Hé‘hﬁw resfRfe¥! In BiEIPENdes, 908 @ebtituents may

ride or tetradecyl group.
be the same or different.

The compounds of general formula | may contain basic groups, particularly amino
groups, which may be converted to acid addition salts by suitable inorganic or
organic acids. To this end, possible as the acids are, in particular: hydrochloric
acid, hydrobromic acid, sulphuric acid, phosphoric acid, fumaric acid, succinic

acid, tartaric acid, citric acid, lactic acid, maleic acid or methanesulfonic acid.

In general formula |, R' preferably represents a straight-chain Cg-C1s alkyl residue
which may be further substituted by a C:-Cs alkoxy or a C4-Cg alkylmercapto
group. More specifically, R' represents a nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl or pentadecyl residue. Preferably, methoxy, ethoxy, butoxy and
hexyloxy groups are possible as substituents of R' residue. In case R' is
substituted by a C4-Cs alkylmercapto residue, this is understood to be the



Preferably, methoxy, ethoxy, propoxy, butoxy and
hexyfoxy groups are preferable as the Cl-C6 al koxy
wammgsiisent s of R2. In case R2 is substitutedP@yEPR2004/002810

Cl-C6 al kylmercapto residue, this is understood to be
t he net hyl mercapto, ethyl nercapto, propyl nercapto,
but yl mercapto, pentyl nercapto and hexyl nercapto
residue, in particular. An exanple of a preferred
lipid noiety is the group RL X R2 Y O- wherein RL is
Cl2H25 R2 is CloH21 Xis S, SOor SO2 and Y is O
The nost preferred conpounds are

oxy- 2! -fl uoro-

%ﬁ chloro-9-(2'-de

methyinersraicanosshy ﬁﬁﬂtﬂ-s PRy BRGePlo,  butylmercapto  and
decyl ox ropyl ester,

he?gl'rﬁ%r@?g)?%%%e deoxybgr -zfl uorg JSY)Dp Py

ar abi nof uranosyl ) adeni ne] -5' phosphori c

PrEgrERl oo Tgb st b RIS oot B Hinursvhikmayibe further

g%ltét?ib%@b%%&ld% C4-Cs alkyl t 2
sugCI (3- dodegy?sul fgny ol 1_deacay|yor)1(1§r%arpo%€ro%% More zpec;flcany, R

rem@lsbn@s ap atyil apoylg-dezyl, fungsicyl, adogecghardess Jcﬁstetradecyl group.

Profkpll; AT GRS BIORP o RSN B DREYIONY SERIRS AL preferable

asaffied 0, ;5 @n@&gy Upstifuemeg of RUecl 8430 IRPORY kuSstiteled by a C-Cq
[2-chloro-9 -fluoro-R- D

allydraproaptar efﬁé@'y'B) thigetiRoxyndgisinedi ntq - be- pitss phegthgimercapto,

g MG LB N o SRR e

heXyln¥dicapio ree]due, inptersiptiar.i ¢
aci d- ( 3- dodecyl sul fonyl - 2-decyl oxy) propyl ester.

An example of a preferred lipid moiety is the group

R1—X—
R2 — Y—
L o0—
wherein
R'"  is CioHas
R?  is CqoHat
X is S, SO or SOz and
Y is O.

The most preferred compounds are [2-chloro-9-(2'-deoxy-2'-fluoro-3-D-
arabinofuranosyl)adenine]-5'-phosphoric acid-(3-dodecylmercapto-2-
decyloxy)propyl ester, [2-chloro-9-(2'-deoxy-2'-fluoro-B-D-
arabinofuranosyl)adenine]-5'-phospheric acid-(3-dodecylsulfinyl-2-decyloxy)propy!
ester, [2-chloro-9-(2’-deoxy-2'-fluoro-p-D-arabinofuranosyl)adenine]-5’-phosphoric

acid-(3-dodecylsulfonyl-2-decyloxy)propyl ester as well as [2-chloro-9-(2'-fluoro-p-



The conpounds of the general formula | may be prepared
by 1. reacting a conpound of general fornmula Il, or a

wa@ adow/083163n t hereof, RL-X R2-Y O O P-OH (I1) PECT/EEIH04/002810
wherein R1, R2, X and Y have the neani ng as indicated,
with a conpound of general formula Il R3 /NI N HO
NNC OJF OH (IIl) wherein R3 is amno or OR4,
wherein R4 is Cl1-C8 al kyl and7the 3'-hydroxy group
may optionally be protected by an oxygen protecting
group famliar to the artisan, and the conpound of
formula Il nay be activated in the presence of an WO

PCE/ /, L , Jiat id .
D B NS b R PP PR AR e e Toni ¢ acid-(3-
dsde JrhERsaptdd-deeylddyiprapy! ni troaeferbase,  €2.8hjoro-9-(2'-fluoro-p-D-
pérl dine or lutidine, in an inert solvent, such as
ana

irmfh@nO@V‘)iﬁﬁf@ﬂﬁ@@’é@’?—ﬁuﬁinahﬁyﬂh@%@q@w i caid(3-dndecylsulfinyl-2-
B RRI G B a AR D o SEB U SSR S-methoxy-
O R 0 oA IO o MRy [Sster.

conversion of the OR4 group at the purine 6 position
to an am no group.

The compounds of the general formula | may be prepared by

1. reacting a compound of general formula ll, or a salt form thereof,

R1—X
R2—Y —

I
—O—P—OH (1)
0

wherein R', R? X and Y have the meaning as indicated, with a compound of
general formuta I

R3

«:Iji

HO Cl

OH (1

wherein R® is amino or OR*, wherein R* is C;-Cg alky! and the 3-hydroxy group
may optionally be protected by an oxygen protecting group familiar to the artisan,

and the compound of formula I may be activated in the presence of an



or reacting a lipidalcohol (corresponding to fornula

1) with a nucl eosi de-5'- nonophosphate (correspondi ng
woeookogitTet a 111) in the sanme manner as nenti onBAI/EP2004/002810

above, or 2. reacting a conmpound of general fornula

IV, R7T -XR2-YQ-N- (IV) OP-O- | O wherein R1,

R2, X and Y have the above-nentioned neaning, with a

compound of general formula BII, wherein R3 is am no

or OR4, wherein R4 is C1-C8 al kyl and the 3'-hydroxy

group may optionally be protected by an oxygen

protecting group famliar to the artisan, in the

resence of osphol i pase from Streptomyces in
A HOPER LB ATIod oD & 2Bt BIRepraRY leenzenesyipiie Ghloride, and

a"JEeFtié{rff "J\mré =Y é‘ﬁd %ﬁﬂ‘ir‘lé“b"i" lhﬁdln%“t?ﬁeﬂw?ﬁgrt 'Bivent, such as

react ermV| ng t ygen protecting gro
toho, dorngmm:ecpatmd;edrmraamydmuaemyrndnm and mmlomﬂy deubsequent to

d f
n{Qplsie TermBpnE o | 988R BRPEIG (OTPReS CRESIRBYP o Procedures

dintiBHAEI Pen@clB8SiHE IchBnist fbm
R tBHE BEnChIBRaE e A s T @Rﬁi’*’éé%?gﬂ”a'ﬁ%? compounds

oft feemeitah cwptiosaby Cphéergtmle@faﬂhef @ngraup lat dimel pLiXine € position to an

erforned in analogy to Lipids 22, 947 (1987) and J.
a 9&Y8m 34, 1377 (1991). Conpounds of formula Il

are prepared in analogy to J. Org. Chem 34, 2632 -

2636 (1969), J. Med. Chem 35, 397 - 401 (1992) or WO
0D1/60383 if R3 is an amno.group or if R3 = OR4 in

two steps. The first step conprises the preparation

of 2,6-dichloro-9-(3",
reiaictify diabdipiteydohdl - (wmaspdhdinguas ofdrdda allpbiviief ar aerbside-5"-

) -9H
mo)nophosphate (corresponding to formula Ill) in the same manner as mentioned

above, or

2. reacting a compound of general formula 1V,
R1—X ]
R2—Y :l‘ 0 *
I N— (V)
| O~F]’—O——/— i

wherein R', R%, X and Y have the above-mentioned meaning, with a compound of
general formula 1ll, wherein R® is amino or OR*, wherein R* is C4-Cj alkyl and the
3'-hydroxy group may optionally be protected by an oxygen protecting group
familiar to the artisan, in the presence of phospholipase D from Streptomyces in
an inert solvent, such as chloroform, in the presence of a suitable buffer, and
optionally, subsequent to reaction, removing the oxygen protecting groups
according to procedures conventional in nucleoside chemistry and, when R? is to
be amino in compounds of formula |, optionally conversion of the OR? group at the

purine 6 position to an amino group.



purine by reacting 2,6-dichloropurine with a bl ocked
2-deoxy-2-fluoro-a-D arabi nofuranosyl halide in a

W@ otakd1es sol vent in the presence of a hi nder eBICT/EP2004/002810
pot assi um base, preferably potassiumt-butoxide or
potassiumt-anylate. Suitable blocking groups include
benzoyl and acetyl. Suitable halides include bronpo and
chloro. Suitable inert solvenps include, but are not
limted to, t-butyl alcohol, acetonitrile,
di chl or onet hane, di chi oroet hane, t-anyl al cohol,
tetrahydrofuran or mxtures thereof. A preferred
sol vent conprises a mxture of acetonitrile, t-butano
and 1, 2-di chi oroet hane. Cal ci um hydri de nmay be

T@?@r%hhéﬂn dfded %R\ JoRids %?ﬁ{é g@%erg:! gc?]rf’rgdﬁi a T8 AP fPP&Hormed in

p ‘conprises su t|n puri ne
analogp s Lipéds B2y 94/?(1@&7)tamdcbrmed | @mesmt Bat 13T 0¢I98) f or
deprot ecti on an&ﬂr aromati c nucl eophi lic

Cantpaundatqfoiermuielf @fe REcaredsipqan ayapoic Qeg- dnllem. 34, 2632 -
26436 BoBd\C glh%e%lcégm UiB, @,197(3 4@1 ‘6%9 Wy@h&uﬁosss if R® is an

cor respdhdi ng al cohol
asarth gmupnett Hdxi dQRE tmtwmtstemst thso‘dsumeet CaRpaEss ﬂeecpt)aparatton

of 17 BbHIpBHOE» o -5 APRORSH AT AR AL b 5 R BEahygaFanosyl)- O

f I S f.or
pfing, BY st 76 ScHORBOHAES it T2 el SREERY 2. Auoro-o-D-
aefbifdferapsye $pdiddi nrg  eujabledsolenf an mHearpréseMw @if Na hindered

X= sul fur with e, H202/ acetjc acid or a%e
paiassiipt Pase @@Eﬁr@bwgocataﬁﬁaﬁh%utemdﬁoqrrﬁmaﬁs'um baMYIAte. Suitable

e R e

chibes. e|$1u1tabls iBegnsoiRentsRciURe, Bt ared Nyt Hiaviked tm shutyl alcohol,
cetonltﬂg €élchlorofrr?ert‘:unél\ne dlchF%oethaneR%—amyﬁ) [a\lcokol ’tetrahydrofuran or
mixtures thereof. A preferred solvent comprises a mixture of acetonitrile, t-butanol
and 1,2-dichloroethane. Calcium hydride may be optionally added to the reaction
mixture. The second step comprises subjecting the 2,6-dichloro purine nucleoside
derivative to conditions that provide for deprotection and an aromatic nucleophilic
substitution reaction, e.g., sodium hydroxide and C4-Cg alcohol or sodium C4-Cg
alkoxide in the corresponding C4-Cg alcohol (e.g., methanol with sodium
methoxide, ethanol with sodium ethoxide, etc.) or other suitable nonalcoholic
solvent, to provide the desired C-Cg 6-alkoxy purine nuceloside compound of

formula lll.

The compounds of formula | wherein X = sulfinyl or sulfonyl can be prepared by
oxidation of the corresponding compounds of formular | wherein X= sulfur with,
e.g., H20,/ acetic acid or by using appropriate starting compounds of formular Ii or
V.



Ol -1~-O0 NNO OHp OF OH (V) They may be prepared

by reacting a (ipidphosphate (corresponding to fornul a
WO kgo4/08d1651 a nucl eosi de-5' - nonophosphat e ( pr eper/gp2004/002810

from nucl eosi des corresponding to formula Il11). The

i pid phosphate may be activated before by a nethod

famliar to the artisan. Salts of conpounds of

general formula | are preparetDby reacting the free

acid wth alkali or alkaline earth hydroxides,

al cohol ates or acetates. The "enantionmers" in the

lipid parts of the conpounds of forrmula | nmay be

' ' I ri lts. or .
OB ER Ao S0 eBRat [ efd pRL BRPRishnRE, oialhu®y wherein
nst 2Bhi R, W R° o)t anvdaly! yaacthie\sans® meaaingfas o forbfula |,
formula it. The drugs containing conpounds of formula
| for the treatnent of cancer nmay be admnistered in
liquid or solid fornms on thS@oraI or parenteral route.
congnon application forns arge possible, such as
abl ef s, rcapsuf es, coat ts, syrups, solutions,
RoTYsuspe s?ons Pref er er is used as the
i nj ecti-@Q AedL m cont aj Atives such as
stabiliz r%H S bilizers a buffers as are common
Wth inj I oA TS Such additives are, e.g.
tartrate and cit fers, ethanol, conplexing
agents such as WO / 083155 PCT/ EP2004/ 002810 11
et hyl enedi am net et@raceti c aci d aqd%its non-t oxi c
salts, high-nol ecular polyners such as liquid
pol yet hyl ene oxide for viscosity control. Liquid

THERE e o0 RS YRR CalErBb b fa gt 1
with@ niiceosixery} enorsdpiiosphateagirepared®om hidtieosides corresponding

thylcellulose, talc, highly dispersed silicic
todermula INy).gher - nol ecul ar fatty acids such as stearic

TR& iliHid phosphate may be activated before by a method familiar to the artisan.

Salts of compounds of general formula | are prepared by reacting the free acid
with alkali or alkaline earth hydroxides, alcoholates or acetates.

The “enantiomers” in the lipid parts of the compounds of formula | may be
prepared by separation via diastereomeric salts or by enantioselective synthesis of

the lipid residues starting with optically active Cs ~precursors of formula Il.

The drugs containing compounds of formula 1 for the treatment of cancer may be
administered in liquid or solid forms on the oral or parenteral route. Common
application forms are possible, such as tablets, capsules, coated tablets, syrups,
solutions, or suspensions.

Preferably, water is used as the injection medium, containing additives such as
stabilizers, solubilizers and buffers as are common with injection solutions. Such

additives are, e.g., tartrate and citrate buffers, ethanol, complexing agents such as



gel ati ne, agar-agar, cal cium phosphate, nagnesi um

stearate, aninmal and plant fats, solid high-nol ecul ar
w@oeiog0eiss such as pol yet hyl ene gl ycol, etc. |fPdpEPI064002810

formul ati ons suitable for oral application -may include

flavorings or sweeteners. The dosage may depend on

various factors such as node of application, species,

age, or individual conditiongqThe conpounds according

to the invention nmay suitably be adm nistered orally

or intravenously (i.v.) in amounts in the range of

0.1 - 100ny, preferably in the range of 0.2 - 80ngy

of body weight and per day. |In sone dosa?

etmégna%ﬁmmqtﬁ@aa%ﬁtwaalés%an dtsanomn-tdc isgits, high-molecular polymers

su%ﬁ gail,s I e{j]?)%glo rt]mllért?e to?(Hteﬁfo? \}L%\é%ﬂg fceﬁtrgpﬂ%ﬁg vehbcles for injection

tent e range

soRfinmesceioask icrie aad re &g lmamponlesSpmfér@blw t he
tabl ets may have sust ned rel e reduci ng th
Salignbairiess argp e @)é@mg s @rc@ Ia?tgsq, @%‘gytogamethjﬂ@ellulose talc,

hi@‘ﬁg: ?pér@@&e%firﬁ@tac gnge C a?o%@#ga&%:ﬁ%@t as s stearic acid,

ge(atgfeech@ﬂagmy calcgon (ﬁ&)S@ﬁH’l&‘]l tsnagnesiuby stearatehcinimal and plant
nj ectiqn or continuous infu ere anou

Tatsnsof 1" rOSOMB0 AR TTS S RS talens SEph fentf desired
forln‘?uléﬁghé bﬁf%ﬂl@ gér*@raPQ}B‘W%ﬂgﬁ lﬂ@ﬁﬁw'cﬁﬁm%dﬂé\fdmhp§ or sweeteners.

exanpl e [ owm ng conpounds of .fornu
Trtdwdd)sagmmanyedaﬂem\gh @avayous tasperstsuchssd demftamhcatlon species,

exenmpl j.f.y co nds of the present invention: 1.
ag[ezo%déyléugl @du[l%’oxy 2' -fl uor o- [ 3- D ar abi nof ur anosyl )
T@S&h?@hn@s acBh@RRh& ihe mventron may suitably be administered orally or

aci d- ( 3-dodecyl nercapt o- 2- decyl oxyf) propyl ester WO
intPAGEHRS Y1 §5/. PETAEFRIT /Hdhg 1@nge20f2, 0.1 — 100mg, preferably in the

e B2 o 169" or Db Rebe SRR BEP LY, FROEYA dosage
reﬁiﬁﬁe@dﬁéwd | ddgry s Aivithay irﬁd)@ Braygplicatioierwith tablets havmg an

2-Chloro-9-(2' -deoxy-2'-flu - [1 - Dar abj nof ur anosyl ) a
jeaiingpdent cpn@@bﬁbmecrange of 0 5 500mg being administered with each

ap%‘f’bgtcgn?.’ dodecyl sul f onyl - 2- decyl oxy) propyl ester

Similarly, the tablets may have sustained release, reducing the number of
applications, e.g., to 1-3 per day. The active ingredient content of sustained-
release fablets may be in the range of 2-1000mg. The active ingredient may also
be administered by i.v. bolus injection or continuous infusion, where amounts in
the range of 5-1000mg per day are normally sufficient.

In addition to the compounds mentioned in the examples, the following
compounds of formula | and their pharmacologically acceptable salts further

exemplify compounds of the present invention:

1. [2-Chloro-9-(2'-deoxy-2'-fluoro-B-D-arabinofuranosyl)adenine]-5'-
phosphoric acid-(3-dodecyimercapto-2-decyloxy)propyl ester



4.

[ 2-Chl oro-9-(2' -deoxy-2'-fluoro-[i-Darabi nofuranosyl)a
waleoi0gdisd' - phosphori c PCT/EP2004/002810

aci d- (3-undecy( nmer capt o- 2- decy(oxy) propyl ester 5.

[ 2-Chl oro0-9-(2' -deoxy-2'-fl uoro-|[ 3-Dar abi nof uranosyl ) a

deni ne] -5'- phosphoric acid

- (3-undecyl nmer capt o- 2- undecyhoxy) propyl ester 6.

[2-Chloro-9-(2'-deoxy-2' -quoro [ 3- Dar abi nof ur anosyl ) a

deni ne] -5" phosphoric

aci d- ( 3-decyl ner capt o- 2- dodecyl oxy) propy( ester 7.

[ 2- Chl oro0-9-(2' -deoxy-2' -fl uoro-R-D- ar abi nof uranosyl ) a

déni ne{]z,@h(q@ﬁ&s@&@epgy- 2'-fluoro-B-Darabinofuranosyl)adenine]-5'-

A R R L S

dgni ne% éhtor@rg)?zofdx‘ébb(? 2'-fluoro- [3 Darablnofuranosyl)ademne] 5'-
acid decyl mer capt o- 2- decyl oxy) propyl ester 9.

[ 2- Chl pln@smwc(rm ad@é&*ﬁozecylsw&?md{zsd@mwopmyu@ﬁaosyI )

Ao (@ 95%95#2231@%% Judoesh R gl osyiadenitel-5-
Ea?n ﬁgi }9\56’8}‘%11 (ﬁﬁ%x‘ha%ﬁw&&ptaﬁéé@b?ﬂb%@p%§ﬁélr) ad

agi d- (@Ohd:eo:ﬂ QHdboan-—ﬂudl@c&JDmemﬁwhoewa&jenMe] 5'-
[ 2- Chloro9 %-fl %l-DarabinofuranosyI)a
deni nefpbesrh %Wﬁi’&%“@ ecylmercapt 2-undecyloxy)propy! ester

18! &l G- GNET O iRz A A SRR sy B in s

en| ne] pi3ospHur - 8-decylmercapto-2- dodecyloxy f)ropyl ester
aci d- (3-undecyl sul fonyl -2-undecyl oxy) est er

[ 2- Chl igrEhtproB-(Zieleryy-2 -flupigod {aeatnmfamwuaéﬂ@@ﬂ *ﬁa

ot - (A sRndOR S Lerscymersanto s dadeaonropybestey.
[&-Chl [@t@hﬂnw (zﬂia@&x;/@ -flﬁbmm@érabiaowahbgsﬂfwe@ww )

adeni ne] -5' - phosphoric

aci d- (thosnmmmﬁwpcwnprmw%ﬁywmﬁpmméeeter15
§1 ne] %&%asﬁi (gfl?ep%y —ﬂuoro é‘b ara%anoafﬁlrannocfslf/ S4SRM ?g

aci d- ( J L WO
20047 U0 e S O o R St e

i H@.ent [2e@hlEmodr{isieexy-2h8uanma-dipabihofurendsylpglening]-5'-
phosphoric acid-(3-undecylsulfonyl-2-decyloxy)propy! ester

11.  [2-Chloro-9-(2’-deoxy-2’-fluoro-B-Darabinofuranosyl)adenine]-5'-
phosphoric acid-(3-undecylsulfinyl-2-undecyloxy)propyl ester

12.  [2-Chloro-9-(2’-deoxy-2'-fluoro-p-Darabinofuranosyl)adenine]-5'-
phosphoric acid-(3-undecylsulfonyl-2-undecyloxy)propyl ester

13.  [2-Chloro-9-(2’-deoxy-2’-flucro-B-Darabinofuranosyljadenine]-5'-
phosphoric acid-(3-tridecylmercapto-2-undecyloxy)propy! ester

14.  [2-Chloro-9-(2’-deoxy-2'-fluoro-p-D-arabinofuranosyl)adenine]-5'-
phosphoric acid-(3-tridecylmercapto-2-decyloxy)propyl ester

15.  [2-Chloro-9-(2’-deoxy-2’-fluoro-p-Darabinofuranosyl)adenine]-5'-
phosphoric acid-(3-tridecylsulfinyl-2-decyloxy)propyt ester



exenplified conpounds wherein the substituent at the
purine 6-position is Cl-C8 alkoxy, preferably
WOorRi0Ro83155 Such conpounds have al so excel l ent  PCT/EP2004/002810
phar maceutical properties and in addition are useful
as internediates in the preparation of said forgoing
exenplified conpounds. EXAMPLE | Preparation of
2-chl or o- 6- net hoxy-9- (2' -deoxg-2' -fl uoro-(3-D
ar abi nof uranosyl )-9H purine The first step was to
prepare 2,6-dichloro-9-a-D- (3", 5 -0dibenzoyl -
deoxy-2' - fl uor o- ( 3- Dar abi nof uranosyl ) - 9H puri ne
according to the followng schenme: Cl1 BzO Cl N

Fugthemsuihe " cuesent nyendion ﬁ@cqz(ﬂpasﬁew e anatpgs meth@ foregomg

xgﬁéo g@hﬁg Bgﬁ’ﬁ% y églﬂoggg%Jdggﬁ%n‘fBa? tf\gaﬂ g'% @'—'Lg)tolgltlon is C1-Cg

alkandy, | pr#efe(réZbWaﬂgtho&V $unhmb)“npmddadﬁmnaleolémeﬂérﬂmhdrbnaceuhcal
prgggﬂ%héﬁn%@%t@rég?ébggfyl gsﬁlﬁiﬁlﬁr{eﬂq @emlﬁ ﬁ%g:t?rlpgg]ratlon of said
f@ﬁ@%ﬁ%m\mea%ﬁﬂm‘%@i 5 mn to give a viscous but

e suspensi on sol uti on of
3, 5- O di benzoyl - 2- deoxy- 2-f | uor o- a- D- ar abi nof ur anosy|

brom de (26.88 g, 63.5 ' ..2-di chl or oet hane
(200 m-) was added overrm%kkl"lﬂﬂa"%E arrbi ent
ure. Aft addi t bQh¥Rs-6 J -
g%labred at a‘ﬁr‘ol ent tenperature @hgg%y#fﬁoroBD
ambmmanasymgﬁwma hrough Celite and the flask and

solids were washed with acetonitrile (100 nL). The
vol atiles were renoved by rotary evaporation to give

R S 28 AN 850 W 2

deoxy-2'-fluoro-p-Darabinofuranosyl)-9H-purine according to the following scheme:

Cl

cl N Ay
0 ¢ </ [
= KOBU', CaH Py
Lo </ )\ » BzO NS g
| r MeCN, DCE, 0
OBz HoBu! 3

A 1000 mL flask was charged with 2,6-dichloropurine (12.65 g, 66.9 mmol),
calcium hydride (2.43 g, 57.7 mmol) and acetonitrile (150 mL) and stirring was
started. A solution of potassium tert-butoxide (60.6 mL, 60.6 mmol, 1.0 M in tert-

butanol) was added over 5 min to give a viscous but stirrable suspension. A

solution of 3,5-O-dibenzoyl-2-deoxy-2-fluoro-a-D-arabinofuranosyl bromide (26.88
g, 63.5 mmol) in 1,2-dichloroethane (200 mL) was added over 45 min at ambient
temperature. After addition was complete, the mixture was stirred at ambient
temperature for 16 hours. The mixture was filtered through Celite and the flask
and solids were washed with acetonitrile (100 mL). The volatiles were removed by

rotary evaporation to give a yellow gum (38.1 g). Ethylacetate (100 mL) was



14 added, the pH was checked, and was found to be 8.
Acetic acid (0.5 nL) was added, the pH was rechecked,
ware4nsdEs3 ound to be 4. The cl oudy sol uti on WaBCT/EP2004/002810
filtered through Whatman 541 filter paper. The flask
and filter were washed with ethylacetate (100 nL). No
clarification of the solution was observed. The
organic |ayer was washed w t4fy water (100 nmi) then
brine (100 nL). The organic |layer was dried (MgSOH4)
and reduced by rotary evaporation then high vacuum
punp to give a white foam (34.0 g). The crude
mat erial was purified by colum chromato

aqdsd,itba @élwmchggl@datwdfé@ﬁ foynd den kg §neg@¢P ic ﬁ&lcs(Q:ﬁme) was
o8 F e, Eobee e dL A%, 82 LB, Trg couay soltion wes

fileal ahmug@] W\n%’[rlﬁﬁf‘ﬁ&ﬁ ﬁlit@obmierweﬂm fladk ced ﬁn;emM@rwashed with
evaporatio slurried nol, filter

d
et lsivstatsd (1RO @%&)haN@IC'QrH'CQF'Q% osthw@le? IgR|Wap @wrxga The organic
nagér Qg{é%shé&%tmwa?eﬁ [ PR Snde ftﬁmgogrdmﬂ) r AU GRGanic layer

ary evaporation and pur|
wa vzt SO Lyand r@iuaedabw\tuta@ emipodai(dm &erghigh vacuum pump to

GinBs oy 8T, Foa (30D o5 aBtariad, ias pofied By column
C%%Z”%WX (gﬂrgg @76%%@40?4&%%4 %}@Qlaﬁ'@%@ 18.8%m height,

2737 tall). 5A gradiebteluliph, of Hexahes/kthyldceatateIwas 18e8, arﬁi the fractions
cqz%jain'i_'r%@ i)'e Sw%gﬁﬁ%d@'m%wéqq%lmé%‘aﬁg Héﬁ()‘(]gam slurried twice in
8d§§te%5a‘hd hRshad \l/ﬁﬁ hethdrol: & ghad.- a’3wﬂlﬂ=,6 thd (13.4 g,

=4 Hz 133.9, 133.4, 130.3, 129. 12
92586AZUC)12&S6 pumsfraqnc@z \@er(ajgsompue}:l :EedngEd—ﬂ@y rotmy gvaporatlon

oG PR o et R, & G0 055 o

Q@P‘%AUB&( KBolal Rtdderydhas, 13@5@ %’)@ﬁ A765Ftloh5%s reslurried in
1272 91, 714 cm1. W

n(emhmmpr chawelezizagen AT o/gum)) mp B85 1595 Gy H NMR (DMSO-

o5 B0, BT 2B SuSch 9oR0B Yy PR B 7650 Whem, o)
%%4@7@1-?'3\14% 2 036 Sgﬁz 2\51) 8, 9§ir322HC|H3)1§ 935 ngm FiH, 1= 754 Hz,
He), 4.8494.78,(m,0382Hs and H5) C NMR (DMSO-ds) 1654 164 8, 152.7,
151.6, 150.3, 146.7 (d, Jcr) = 4 Hz), 133.9, 133.4, 130.3, 129.6, 129.2, 128.7,
128.6, 128.5, 92.9 (d, Jicr) = 192 Hz), 82.8 (d, Jcr) = 16 Hz), 78.9, 76.2 (d, Jcp) =
28 Hz), 63.7 ppm. "°F NMR (DMSO-ds) —197.6 (dt, J = 50, 19 Hz) ppm. IR (KBr)
3431, 3139, 3063, 2966, 1726, 1596, 1272, 1091, 714 cm™”. UV (H,O/MeCN)
amaxy 214 nm (0.94AU), Amaxz 231 nm (0.90AU), Amaxz 273 nm (0.37AU). Mass
spec.(electrospray, positive) m/e [M + H]" = 531. Elemental analysis calculated for
C.4H7CLFN4Os:  C, 54.25; H, 3.22; Cl, 13.35:, F, 3.58; N, 10.54. Found: C,

54.19; H, 3.11; Cl, 13.20; F, 3.49; N, 10.52.
The second step was to prepare 2-chloro-6-methoxy-9-(2'-deoxy-2'-fluoro-f-

D-arabinofuranosyl)-9H-purine according to the following scheme:



The second step was to prepare

2-chl or o- 6- net hoxy-9- (2' - deoxy-2'-fl uoro-R-
w2anakiiadf ur anosyl ) - 9H- purine accordi ng to t hBCT/EP2004/002810

foll owi ng schenme: WO 2004/ 083155 PCT/ EP2004/ 002810 15

Cl OCH3 NN\NN BzONNC HONNGOC NaOH MOH OF

F OBz OH A 500 nL flask was charged with protected

2,6-dichloro-9-a-D- (3, 5 -QGgsli benzoyl -

2' -deoxy-2' -fl uoro- R- D ar abi nof ur anosyl ) - 9H puri ne

(13.33 g, 25.1 mmol ) and nethanol (300 nL). The pH

was adjusted to 9.5 with a solution of NaOH (2 ni,

1.0 Nin H20). The suspensi on was stirred at anbi eanH

tenperature fof!' 16.5 hours. The pH was checked andj -

was found o 5.5. More NaOH solution (11.3 nh

added (pH/="11) "and the m xture was stirred at/a || enﬁ\

tenperatu or A5 hours. The pH as, checked

BzPaund to 6. NTLCC{ 10%uda5tOe@d96 CH2E
shqwedo3_spots at Rf_0.2 O—I
solqti 3.3 nL) was added (pH = 11)

for 5 mn at ambi ent tenperature, 7 TT

reacty fBg m xture becane a cl ear col orl esmsol ution
and after stirring for an additional 2.5 hours, the
reacti on was judged conplete by TLC. Acetic acid (0.8

b S R el b2 00 R Bl Bsbenoyt
2'{;@@%?%" |&&r%0[3 IH-hrAsoResIRsy D MioYifing \Mnstse ngsmsmsu mmol) and

renoved via azeotr opi1 cC rotar y evapor ati o
méihiathiop SUDSﬁrﬂ_)V\HEwer ppleate adjusited tmerfewum 2 50| Uiiopr quOH 2 mL,

e N e T
TS BRPRE ¥hetREd fdrd f#E8%0aRd to be 5.5. More NaOH solution (11.3 mb)
was added (pH = 11) and the mixture was stirred at ambient temperature for 1.5
hours. The pH was checked and found to be 6. TLC (10% EtOH/90% CH,Cl>,
UV2s4) showed 3 spots at Ry 0.28, 0.72 and 0.88. More NaOH solution (13.3 mL)
was added (pH = 11). After stirring for 5 min at ambient temperature, the reaction
mixture became a clear colorless solution and after stirring for an additional 2.5
hours, the reaction was judged complete by TLC. Acetic acid (0.8 mL) was added
to neutralize the base (pH = 5). Rotary evaporation yielded a biphasic residue.
Isopropy! alcohol (100 mL) was added to give a white suspension. Water was
removed via azeotropic rotary evaporation. This process was repeated twice more
with isopropyl alcohol (100 mlL).  Rotary evaporation was stopped with
approximately 50 mL remaining in the flask and the suspension was filtered and
the flask and filtercake were washed with the filtrate, then isopropyl alcohol (10
mL). The solid was dried (50 °C, 27 torr, 16.5 h). Weight of the solid was 5.58 g
(92.4%AUC). The filtrate was reduced by rotary evaporation and high vacuum
pump. Weight of the residue was 6.79 g (70.9%AUC). Both the solid and the
residue were purified separately by column chromatography (silica gel 60, 230-400
mesh, 10% ethanol, 90% dicholoromethane). Weight of the purified material from



the flask and filtercake were washed wth the

filtrate, then isopropyl alcohol (10 nlL). The solid
woaw4asiesl (50 C, 27 torr, 16.5 h). Weight of PCEFEBWO4/)2810

was 5.58 g (92.4%AUC). The filtrate was reduced by

rotary evaporation and hi gh vacuum punp. Weight of

the residue was 6.79 g (70.9%AUC). Both the solid and

the residue were purified sgparately by col um

chromat ography (silica gel 60, 230-400 nesh, 10%

et hanol , 90% di chol or omet hane). Weight of the purified

material from WO 2004/ 083155 PCT/ EP2004/ 002810 16 the

crude solid was 4.62 295 5%AUC,) . ght of th
theperuide i sutidneaeAieh gf(8Bm%AYC)y Seiglie Qﬁé@e Puéﬁe@ m%”@ form the

resue warroS B TRRUE) s Youdlrato b (e 318y (9% et 197-201
ocd 1@@&/@(0@% A é%98(d(41h9 J +12,0 W) Hef G27 (dd, THH <1128, 4.9
HzHRl,),.6.6216, 1lﬂ,,J L i, 3609, BT it Ty =25, 4 80sk, Hz), 5.15 (¢

e gt s £, By g G, 48 R 013 s 11

1 N 1 3¢ NMR
M3, %@0 §\¢4 ggF’« 9&%@@&) H@)O :975-":5846(m m 815)

(DN'KSKF)deFWOJQzﬂ 5209.,. 851 8 15@@?:)119 71795@3 (d, mqu F aQ3 HorB36 (.

scpsh 068 61558 BB 0 (13 201 onnin o

9 Oddd4 7% 131820ppri 23R, (KBYS438 28235, 3113,
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29267 1@99(&437A0ﬁ89wa1§§osp1e?¢38( 046, 1925691 CMhosi Wy ﬂ? TMeCN)

xm_@(mém Hm 3(18%0'&‘3&% M’?\%%lz ﬁ‘iga In(é'\d (@%é@)l H@{%Qé&el@aﬂospram
po%?x%%négél\/grel-g“L%M@ An'Jalr &aicdFor &,715;,CNN.O.7. B441.46; H, 3.80;

aration of

CI[ 248 OF p 5B N d&6:58- 2Fotndior®- #376; &t abBRofhr AhddyF) 275 N,

deni ne] - 5'-phosphoric
-d- ( 3- dodecyl ner capt o- 2- decyl oxy) propyl ester The

first step is the preparation of

[ 2-Chl oro-9-(2' -fluoro-[3-D arabi nof uranosyl ) - 6-

net hoxy- 9H pu rine] -5' - pEBYIMBHEC2 aci d

- ( 3- dodecyl ner capt o- 2- decyl oxy) pr opyl
Preparation of [2-Chloro-9-(2’-deoxy-2’-f|uoro-ﬁ-D-arabinofuranosyl)adenine]-
5’-phosphoric acid-(3-dodecylmercapto-2-decyloxy)propyl ester
The first step is the preparation of [2-chloro-9-(2'-fluoro-B-D-arabinofuranosyl)-6-
methoxy-9H-purine}-5'-phosphoric acid-(3-dodecylmercapto-2-decyloxy)propyl

ester as follows:



ester as follows: WO 2004/ 083155 PCT/ EP2004/ 002810 17

OCH3 G383 (CHz)11-S CH,-(CH '")s O1-0-P-OH O
W@ERB4/083GFR2) 11 S\ N Pyridine CH3-(CH2)9_01 O BEI/EP108¥002810

chloride OP--ONNC 301 OHOF OCH3 ~;, OH HON

N'Cl 0 JF OH 3.12 g of phosphoric

aci d- ( 3-dodecyl ner capt o- 2- decyl oxy) propyl ester was

treated twice with 60 ml of{4mnhydrous pyridi ne and

concentrated by evaporation. The residue was

di ssolved in 60 m of anhydrous pyridine at room

terrperature treated with 3,80 g of .

4,6-triisopropyl benzenesul fonyl chloride (trisyl

CHsi:‘l‘Ft’i‘F’T‘d% under nitrogen and sgirred at 20C for
MhdtiEs > Theni 2, 00 g of 2-chl oro- Cgﬁ“

fluorotl-Da?ablnoYU’ nosvyl 6?‘n9tﬁ6x i ne vvagf\
added at on& (AR )e was stlyreg—@ﬁ

nitrogen ngH 16 hours Hydr ol ysi s was performad y 3

OCH3

addi ng 10 *of vvater the m xture was stirred f
anot her/' our room tenperature, freed froff
Sol vent'y Cyacuum and stripped twice using 20 m

tol uene. The residue was stirred in
ut y thyl ether (160 ni) at 40C for 0.5 h.

OH

3.12 g of phosphoric acid-(3-dodecylmercapto-2-decyloxy)propyl ester was treated
twice with 60 ml of anhydrous pyridine and concentrated by evaporation. The
residue was dissolved in 80 ml of anhydrous pyridine at room temperature, treated
with 3,80 g of 2 4 B-triisopropylbenzenesulfonyl chioride (irisyl choride) under
nitrogen and stirred at 20°C for 2 hours. Then 2,00 g of 2-chloro-9-(2'-deoxy-2'-
ﬂuoro—B-D—arabinofuranosyl)-G—methoxy—QH—purine was added at once, and the
charge was stirred under nitrogen for 16 hours. Hydrolysis was performed by
adding 10 ml of water, the mixture was stirred for another 0.5 hour at room
temperature, freed from solvent under vacuum, and stripped twice using 20 mi of
toluene. The residue was stirred in t-butylmethylether (160 ml) at 40°C for 0.5 h.
After cooling to room temperature, the pyridinium sulfonate salt was filtered off.
The filtrate was washed twice with 40 ml 2N hydrochloric acid and evaporated to
dryness. The remaining syrupy 7.38 g material is used in the next step without

further purification.

A sample of the above raw material was purified by column chromatography on
Lichrospher 60 RPSelect B with methanol/aqueous 40mM sodium acetate 90:10
as the eluent. The product containing fractions were evaporated and the residue
was distributed between 50 mi of tert-butylmethylether and 10 ml of 2N
hydrochloric acid. The organic layer was evaporated and the residue dissolved in
a mixture of 5 ml of toluene and of 5 ml of methanol. The pH was adjusted to pH 7

by addition of sodium methanolate. The solvent was stripped off and the residue



After cooling to roomtenperature, the pyridinium
sulfonate salt was filtered off. The filtrate was
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material is used in the next step without further
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UV (methanol) Amaxt 205.3 M, Amaxz 255.9 nm, mass spec. (FAB™): m/z = 795 [M-
Na'},

The second step was subjecting the crude [2-chloro-9-(2'-fluoro-p-D-
arabinofuranosyl)-6-methoxy-9H-purine]-5'-phosphoric acid—(3.—dodecylmercapto—2-
decyloxy)propy! ester to aminolysis to provide [2-Chloro-9-(2’-deoxy-2'-fluoro-f-
Darabinofuranosyl)adenine]-5'-phosphoric acid-(3-dodecylmercapto-2-

decyloxy)propyl ester:



31P NMR (121,5 MHz, DMSO-d6): -0.46 ppm 19F NWR (282

WMHz, DVBSO-d6): -198.7 ppm WV (nethanol) Xmaxi 205.3
WOR04A8EEY 255. 9 nm mass spec. (FAB-): nfz = FOBEPN4/002810

Na+], The second step was subjecting the crude

[2-chloro-9-(2'-fluoro-R-D

ar abi nof ur anosyl ) - 6- net hoxy- 9H puri ne] -5' - phosphori c

acid -(3-dodecyl nercapt o- 2- fgecyl oxy) propyl ester to

am nol ysis to provide

[ 2-Chl oro-9-(2' -deoxy-2'-fluoro-][ 3-

Dar abi nof ur anosyl ) adeni ne] -5' - phosphori c

aci d- ( 3-dodecyl mer cap to 2- decyl oxy) propyl ester: WO NH,

2004/083155 PCT/ EP20041°502810 ~ 19, O3, CHa N Ay
CHy( @) TS N N CH3 11 S 11 NuN-G)-2 9_(CH2) 9<O| B
CHey—(@tfai8 9 )..-0011 - P-- O N NH3 OH OlFo—tBH.F OH Y W o

OH The an‘? IS sep vvas carrl d out in a skai

st eel reactor . The above nmenti oned crude

material (7,38 was dissolved in 30 M 7M NH3 |
et hanol (saturat’ed at -5C). No

[ 2-chloro-9-(2'-fluoro-[i-D arabi nof uranosyl) - 6-

amleﬁs@si [ tor at 80°C.
Tfﬁé@g‘ﬁ)@?#s C\ggtg]gagx%dg@gﬁig%%gr e ezsrtegc ora
THE bbeve desriticned credetraaten@bd/a D s é!&sableﬁr ine?0sp FM NHs in

s 6 B RN L AR prtuanos.

A LARHERES, HPMoried U”éé&-?BQio@le@?lrﬂ&rcéptoLMecyloxy)propyl

gﬁlﬁ) ‘?ﬂ f uct contai ning fractions are

eﬁéﬁﬁf&i@é@@erﬂv’h’@ rezstahiecould de sletediad @ftepetle digaiing. hhe product
was purified by column chromatography on Lichrospher 60 RPSelect B with
methanol/aqueous 40mM sodium acetate 85:15 as the eluent. The product
containing fractions are evaporated. The residue is distributed between 100 ml of
tert.-butylmethylether and 50 ml of 2N hydrochloric acid. The organic layer is
evaporated, the residue is dissolved in a mixture of 30 ml of methanol and the pH
is adjusted to pH 7 by addition of sodium methanolate (30 % in methanol). The
solvent is stripped of and the residual sodium salt is dried in vacuum. The product
(2.90 g) is achieved in 57 % overall yield based on conversion from 2-chloro-9-(2'-
deoxy—2’-fluoro-B-D-arabinofuranosyl)—6—methoxy-9H—purine. Purity as determined
by HPLC was 93.6 area-percent. Melting point: 130-131 °C. MS (FAB™): m/z =780

[M-Na+], UV (methanol) Amax 263.4 nm.

4 NMR (300 MHz, DMSO-ds): 8.2 (s, 1H, Ha), 7.7, (s (br), TH, NHy), 6,5, (s (br),
1H, 3-OH), 6.2 (dd, TH, Hy), 5.2 (dt, 1H, Hz), 4.4, (dt, 1H, Hz, Hy), 3.8-4.0, (m,
3H, Hy, POCH,), 3.8, (m, 1H, -Hsa), 3.6 (m, 1H, Hsp), 3.3-3.5 (m, 3H, >CHOCH,-),
5527 (m, 4H, CH,SCHy), 1.1-1.4 (m, 36H, -(CHz)e~, ~(CHz)7-), 0.8 (m, 6H, Ch-
CHa): 3Jrmzn ~ 2donzn = Jznan~4.2 Hz, 3pmE = 14.1 Hz, 2o p = 54 Hz, *Js-
nr = 19.0 Hz.

3G NMR (75,0 MHz, DMSO-de): 156.8, 153.3, 150.1 (C-2, C-4, C-6), 139.8, (C-8),
117.3, (C-5), 95.0, (C-2), 81.8, (C-4)), 81.2, (C-1"), 78.8, (O-CH<), 72.9, (C-3),



tert.-butyl nethylether and 50 ml of 2N hydrochloric

acid. The organic layer is evaporated, the residue is
waele@sos3esl in a mxture of 30 m of nethanol aPdI/EP®OPH2810

is adjusted to pH 7 by addition of sodi um net hanol at e

(30 % in nethanol). The solvent is stripped of and

the residual sodiumsalt is dried in vacuum The

product (2.90 g) is achieve@oin 57 %overall yield

based on conversion from 2-chl oro-9-(2'-

deoxy-2' -fl uor o- R- D ar abi nof ur anosyl ) - 6- net hoxy- 9H pur

ine. Purity as determned by HPLC was 93.6

68170 s SRR et Rt ) St PR B AR 7318, ¢
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1p. rﬁi\/ﬁduzﬂfp{l\mﬂ DMSQ-ds): (A48 ppn? Hz, H3 g g 2 ? 0, .
19%,NM£B 82 M!'@ 38&5@%&?9%&@2-), 2, 5-é 7 (m m4H,
CH2SCH2), 1.1-1.4 (m 36H, -(CH2)9-, -(CH2)7-), 0.8

.
(m 6H CH2- CH3); 3J9'-H 2'-H > 3J2'-H 3 -H
3J3'-H,4'-H 4.2 Hz, 3J1-EXAMPLE:1HZ 2J2'-H, F = 54
Hz, 3J3'- HF = 19.0 Hz. 13C NMR (75,0 MHz, DVBO-d6):

éggpg‘a %)%35;3 ofy 0'0[5 é@o%bjﬁé’-ldegi)@(g-ﬂﬁ?r&@iﬁgﬁgbinofuranosyl)-

T M T e

frons ' 2)ChbtroH-(2 e xRt Gjlgm;ablggfqramy?l;)ad@mne
CH2SCH2-), 22.1-29.7 (-(CH)9-, -(CH2)7-), 13.9, (2x
CH3) 31P NMWR (121,5 MHz, DMSO-d6): -0.48 ppm '9F NWVR

%218% dr ?ti 0 R%‘wa@@@ dé@&ﬂm@mto BXRIyIdxyForopyl ester are treated
aratio
“’P'Ee Ciitior29 oal( of anbystipug' pyridiee G DORSABTAEH UPKIFYgpPYation. The

tgelz ?Sghk?salé%@ thf gﬂtog afh(ygcy X W%‘P% IC%’;lroo temp?rature treated

OE of2 @%—trﬁa%bﬂz&p beﬁt@hﬁs@lfomc chloride under nitrogen and stirred
ara |no ur anosy n%adenl ne y%] of pho

ah0|255°(33 thyde@yl nBPEiEpt OT@VbIeQ oy) pF of?yoﬁt-l'g[%%)& (Zdgoxy-2'-fluoro

arablnoﬁranosyl)adenme are added at once, and the charge is allowed to stand
under nitrogen for 20 hours. Hydrolysis is performed by adding 5 mi of water, the
mixture is stirred for another 0.5 hour at room temperature, freed from solvent
under vacuum, and stripped twice using 50 ml of toluene. The residue is purified
by column chromatography on Lichrospher 60 RPSelect B with methanol/agqueous
40mM sodium acetate 88:12 as the eluent. The product containing fractions are
evaporated. The residue is distributed between 50 ml of tert.-butylmethylether and
10 ml of 2N hydrochloric acid. The organic layer is evaporated. The residue is
dissolved in a mixture of 5 mi of toluene and of 5 ml of methanol. The pH is
adjusted to pH 7 by addition of sodium methanolate. The solvent is stripped of and
the residue is dried in vacuum.

The vield is 0.82 g (62%) white powder.



twice wwth 20 m of anhydrous pyridine and

concentrated by evaporation. The residue is dissolved
WO 2002083155 of anhydrous pyridi ne at room t enper BET/ER2004/002810

treated with 1.07 g of

2,4,6-triisopropyl benzenesul fonic chl oride under

nitrogen and stirred at 25C for 0.5 hours. Then 0.5 ¢

of 2-Chtoro-9-(2'-deoxy-2'-fl21oro

ar abi nof ur anosyl ) adeni ne are added at once, and the

charge is allowed to stand wunder nitrogen for 20

hours, Hydrolysis is perfornmed by adding 5 ml of
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col umm chr omat ogr aphy on Li chrospher
60 RPSeI ect B with nmethanol/aqueous 40nmM sodi um
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-y’ sk LD 2irdbinofugandsylyddenine
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I'n vacuum The yield is 0.8 (62% ite powder.
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éS d odecyl nme rcap tg_ de c%l oxy) pro pyl ester is
2pileprarfdd-aEabinpiyranosdrs 2/ 03462. EXAMPLE 4
Preparation of
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enine]- 5'-di pﬁ’@é’phorl c acid, %H
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step is t epar at i p@CQfPO(OEt) 4 [ )\
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A flask is charged with 2-chloro-8-methoxy-9-(2'-deoxy-2'-fluoro-B-D-
arabinofuranosyl)purine and triethylphosphate (e.g., 2.3 mL / mmole nucleoside)
under nitrogen. The resulting mixture is cooled (e.g., -25°C) and then POCI3 (e.g.,
3 eq.) is charged. Upon warming to ambient temperature, the mixture is stirred
(e.g., 3h). lce (e.g., 1.4g/immole nucleoside) and water (e.g., 8.7 mL/mole
nucleoside) is then added with stirring and the mixture transferred to a separatory
funnel. MTBE (e.g., 4.4 mL / mole nucleoside) is added and the phases separated
after agitation. The organic phase is washed twice with water (e.g., 8.7 mL/mmole
nucleoside). The combined aqueous extracts is acidified to approximately pH 2
with NaOH (e.g., 50 % aq.) and then stirred with activated charcoal (e.g., 5.7
g/mmole nucleoside) for a suitable time (e.g., 2h). The mixture is filtered and the

filtrate discarded. The charcoal is stirred with a mixture of MeOH (e.g., 4.4
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ar abi nof uranosyl ) puri ne and triethyl phosphate (e.g.,

2.3 mL / mol e nucl eoside) under nitrogen. The

resulting mxture is cooled (e.g., -25C and then

POCI3 (e.g., 3 eq.) is chargegd. Upon warmng to

anbi ent tenperature, the mxture is stirred (e.g.,

3h). Ice (e.g., 1.4g/mole nucl.eoside) and water

(e.g., 8.7 nL/nole nucleoside) is then added with

stlrrlng and the m xture tr erred to a,s arat
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fluoro-B-D-arabinofuranosyl)-9H-purine to afford 2-chloro-9-(2’ -deoxy-2’-fluoro-5'-

O-phosphate-B-D-arabinofuranosyl)adenine:
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2-Chloro-6-methoxy-9-(2’-deoxy-2’-fluoro-p-D-arabinofuranosyl)purine is dissolved
in anhydrous ethanol in a pressure vessel and cooled under nitrogen (e.g., -5°C).
Ammonia is introduced into the solution until a saturated solution is achieved. The
system is then heated (e.g., to 80°C) for a suitable time (e.g., >20h). The progress

of the reaction is monitored by sampling and HPLC analysis. Upon completion, the



time (e.g., 30 mn). The mxture is filtered and the
resin stirred with water (e.g., 9 nL/mole
wooekegHstle) and filtered. The resin i s extracPEHERLD4002810
water (e.g. four tinmes) and the conbi ned water
filtrates are evaporated to afford 2-chl oro-6-
nmet hoxy-9-(2' -deoxy-2'-fluoro-(i-D arabi nofuranosyl)-9
H purine (e.g., in 30-100% @g8eld). The second step is
t he am nol ysis of 2-chl oro-6-net hoxy-9-(2'-deoxy-2"-
fl uor o- R- D- ar abi nof uranosyl )-9H purine to afford
2-chl oro-9-(2'-deoxy- 2 -fluoro 5'-
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dodd@himerthptor?-dgtyesy)- bbrofd mwnmnzlchlom»@ (Droedxipy2 -fluoro-5'-
sanpling and HPLC anal ysis. Upon conpletion, the WO
O-pboapbzEid- M@Qmﬁﬁm@“eﬂ solvent is

(B9, dto afford crude
C@_@%ggbiit eoxy-2'-fluoro-5 -0

phosphat e-oRPD{ ar'abi nof ur anosyl ) adeni ne.  The third
step is theorpr\et(uctdyr{a.ﬁb of

CHs G
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The morpholidate of phosphoric acid mono(3-dodecylmercapto-2-decyloxy)-1-
propy! ester is prepared by analogy to Bioorg. Med. Chem., 7, 1195-1200, (1999),
wherein phosphoric acid mono(3-dodecylmercapto-2-decyloxy)-1-propyl ester and
morphiline are dissolved in a mixture of water and tert-butanol (e.g., 1:1 by
volume). Dicylohexylcarbodiimide (DCC) in tert-butanol is added to this solution
(e.g., approximately 4 molar excess of DCC relative to phosphoric acid mono(3-
dodecylmercapto-2-decyloxy)-1-propyl ester) and reaction is refluxed (e.g., 3.5 hr).
Volume is reduced by evaporation and mixture cooled to cause precipitation of the
phospho morpholidate.

The phospho morpholidate (e.g., 1.13 mol per mol of adenosine derivative)
is prepared as an anhydrous pyridine (e.g., 23 mL / mmole adenosine derivative)
and  2-chloro-9-(2'-deoxy-2'-fluoro-5'-O-phosphate-p-D-arabinofuranosyl)adenine
is added with stirring, all under nitrogen. The mixture is stirred (e.g., 40°C for at
least 16 h) and then water (e.g., 4.5 mL / mmole adenosine derivative) is added

and stirring continued (e.g., for 1h). The solvent is evaporated and the product



O phosphat e- p- D- ar abi nof ur anosyl ) adeni ne: CH3(CH2)11 S
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OH F OH The norpholidate of phosphoric acid
nmono( 3- dodecyl ner capt o- 2- decyl oxy) -1- propyl ester is
prepared by anal ogy to Bioorzg Med. Chem, 7,
1195- 1200, (1999), wherein phosphoric acid
nono( 3- dodecyl ner capt o- 2- decyl oxy) - 1- propyl ester and
nmor phi i ne are di ssol ved in a mxture of water and
tert-butanol (e.

vol ..
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reaction is refluxed

dodedylex PP ¢aies 3% 3 WS?"‘Q%@"%%%QW'@ 2@03‘?@3 yﬂn%di:ause

precipitation of the phospho norpholidate. The
phospho norpholidate (e.g., 1.13 nol per nol of
adenosi ne derivative) iEXAMPAED as an anhydrous

pyridine (e.g., 23 nL / mmpl e adenosi ne derivative)
and

T PR ey 2 11 vororS O phosphate: R D arahy
150 kg [2-Chloro-9-(2’-deoxy-2'-fluoro-B-D arabinofuranosyl)adenine]-5'-
phosphoric acid-(3-dodecylmercapto-2-decyloxy)propyl ester sodium salt,

1.42 kg micracrystalline cellulose,

1.84 kg lactose,

0.04 kg Polyvinylprrolidine and

0.20 kg magnesium stearate

were mixed in dry form, moistened with water and granulated. After drying the

material was pressed to tablets of 500 mg weight.

EXAMPLE 6

Formulation for injection

10.0 g kg [2-Chloro-9-(2'-deoxy-2'-fluoro-3-D arabinofuranosyl)adenine}-5'-
phosphoric acid-(3-dodecylmercapto-2—decyloxy)propyl ester sodium salt were
dissolved in 500 ml physiologic sodium chloride solution, filled at 5 ml in ampoules

and sterilized. The solution may be applied by intravenous injection.



is added with stirring, all under nitrogen. The

m xture is stirred (e.g., 40C for at least 16 h) and
wo ben/osEser (e.g., 4.5 nL / mmol e adenosi ne dePCTEP100€)02810

is added and stirring continued (e.g., for 1h). The

solvent is evaporated and the product WO 2004/ 083155

PCT/ EP2004/ 002810 24 chromat ographed (e.g., silica

gel, eluting with a m xture & CHCI 3, MeOH and NH4OH

(aq)) to afford (2-chloro-9-(2'-deoxy-2'-fluoro-R-D

ar abi nof ur anosyl ) adeni ne-5' - di phosphori c aci d,

[ 3- dodecyl ner capt o- 2- dodecyl oxy) propyl ester as a

white solid (e.g., in 20- %vield). EXAMPLE 5

Tabl et fornulation 1.50 i}%ﬁﬂ[ﬁﬁ’[_telz

[2-Chl oro-9-(2' -deoxy-2'-fluoro-(3-D

ar abi nof ur anosyl ) adeni ne] -5' - phosphoric
Antitumo8- dodecgttivity apt o- 20flecy| o @hispp-942+deoxydi-fiuoro-f-D

sal.t, . 1.42 k L crocrystalline. cellul ose .84, Kk
afehipgttangsyladt SRl AT | i ne. ARiF-(GdRagimercapto-2-
d@E}?Bﬁ?)ﬂ#@p%l RateY Erdleofitiesbnjagste”)fadn2-0Risroe942 -deoxy-2’-

W th water "and granul ated. After drying the materia
fluaro-fr2 s scabinofurdnasy)asterdn® ifinualegatde”EXinPiaE ljuman colon

For nmul at i f inj ' .0 g k
of A S AR LS 1R A%,
ar abi nof ur anosyl ) adeni ne] -5' - phosphoric

aci d- ( 3- dodecyl ner capt o- 2- decyl oxy) propyl ester sodium _
Thal antieneor dickivity vefl the s0@lentidehyeoniugaje c agddiiism corresponding

oS30 5t bt Sor L S gy oo STERGRe, B o 1
mcdeERiA R mid@, 2004/ 083155 PCT/ EP2004/ 002810 25

Tumor bearing mice were randomized on day 7 after HCT-15 tumor cell
inoculation and were distributed to treatment groups of 9 animals per group.
Treatment was started on day 8. The animals were treated intraperitoneally (ip)
-once daily for 5 consecutive days with the nucleotide conjugate or the nucleoside.
Dosages included 50 and 25 % of the Maximum Tolerable Doses (MTD’s). Control
animals were injected with the corresponding solvents (Vehicle 1 or 2). On day 28,
the primary tumors were explanted and the tumor weights were determined. The

median tumor weights are shown in Table 1.



EXAMPLE 7 Antitunor activity of
[ 2-Chl oro-9-(2'-deoxy-2'-fluoro-(3-D
wa@e@biosgafur anosyl ) adeni ne] - 5' - phosphori c

aci d- ( 3-dodecyl mer

capt o- 2-

decyl oxy) pr opyl

PCT/EP2004/002810

ester

("nucl eotide conjugate") and 2-Chloro-9-(2'-deoxy-2'-
fl uoro-p-D arabi nof uranosyl ) adeni ne ("nucl eosi de")
( HCT- 15)
vivo The antitunor activity of the nucleotide

a human col on
conj ugate and -

del
1day 7 after

Talg%

its corresponding
conpared in the human col on carcinoma xenograft
in nude mce.
HCT- 15 tunor cel

carci noma xergfgr aft nodel

in

in

nucl eosi de has been
HCT- 15
Tunmor bearing mce were random zed
i nocul ati on and were

dr STEARPEEAJ T O treat wam g oupDede 9 ani M umer Tumor
group. ~Treatnent jwas star t(fsr?bé iﬁ@i&rz Thgvé} h B inhibition
were treated intrgperitoned &?l 0 r 5(0/2)
—een&e(guﬂ—w?——daye—wr%h the cteotide—conjtg he
nuc| it Dosages incl uded 50 and 25 %ogqih
|Nthﬁlmameﬂpahlp oses (MDD o) Contral _aninpls Were
iqumt BVehicte 1 he |cor r-espondi ng sBl vents (Veﬂ’72(:| e L or
On—day 2*8, +He— T Frary— oot b wet-erexpta ﬁfﬁ\'ﬁ'ﬁ"lezSo/
them{ﬁ]ﬁﬁgﬂ;%l ghts vve? “etbrni ned? The |nedi t unpr 0
Wei gz%@g(?%snom Ingfapl el L. V\D4@004/0 315%29 42 9,
PCT/ A 02810 | 26 _Table 1 Conpound!MID Dose Tunpr
mﬁ&bllll(qwhlf@élzzj dction) weight iohibitiion @6®)
Cont r ol = = "%**? —(No fre,ai-rre—m-;—cgm-nﬁ j #J_e_—T_—
Nycleotleszonjngriesos| ded %5 po 20 488 25 9 2 62 %
Nucleotide conjugate™ 50 % 125 16 98 %

* 2-Chloro-9-(2’-deoxy-2’-fluoro-p-D arabinofuranosyl)adenine

*%

[2-Chloro-9-(2'-deoxy-2’-fluoro-p-D

acid-(3-dodecylmercapto-2-decyloxy)propyl ester — Example 2 or 3

arabinofuranosyl)adenine]-5’-phosphoric

The antitumor efficacy of the nucleotide conjugate was significantly (p<0.01)

higher than that of the corresponding nucleoside at both doses.



Nucl eosi de* 50 % 40 329 42 % Control 111 (Vehicle 2)

- 0 669 Nucl eotide conjugate** 25 % 63 257 62 %
woOl@iestistle conjugate** 50 % 125 16 98% * PCT/EP2004/002810

2-Chl oro-9-(2'-deoxy-2'-fluoro-3-D

ar abi nof ur anosyl ) adeni ne **

[ 2- Chl oro-9-(2' -deoxy-2"'-fluoro-3-D

ar abi nof ur anosyl ) adeni ne] - 5'2phosphori c

aci d- ( 3-dodecyl mer capt o- 2- decyl oxy) propyl ester -

Exanple 2 or 3 The antitunor efficacy of the

nucl eoti de conjugate was significantly (p<0.01)

hi gher than that of the correspondi ng nucl eosi de at

bot h doses. WO 2004/ 083155 PCT/ EP2004/ 002810 27

Cainms 1. A nucleotide deglaigid ve of formula | R3 Rl

XNN R2Y-0-k-ONNCI "OHOF O™ (1) wherein Rl

is selected from the group consisting of a

st ralcgf ‘F\’%ffh r bre%nch@d, saturated or unsaturated
1. afxycieside deriya W&OE 95W8 bon at oms, which is

unsubstituted or substituted at | east once by hal ogen,

Cl-C6 al koxy, Cl1-C6 al kyl mercapto, Cl-C6

al koxycar bonyl, C-C6 al kyl sulfinyl or Cl-C6

al kyl sul fonyl groups; R2 is selected fgomthe group

consi sting o[£1_n¥(dr ogen, a straight-chaip or

N
RZ—Y:| o 7
O—)%-—O <N N//l\CI
OH o

wherein

R' is selected from the group consisting of a straight-chain or branched,
saturated or unsaturated alkyl chain having 1-20 carbon atoms, which is
unsubstituted or substituted at least once by halogen, C4-Cs alkoxy, C4-Cs
alkylmercapto, C1-Cs alkoxycarbonyl, C1-Cs alkylsulfinyl or C4-Cs alkylsulfonyl

groups;

R? is selected from the group consisting of hydrogen, a straight-chain or
branched, saturated or unsaturated alkyl chain having 1-20 carbon atoms,
which is unsubstituted or substituted at least once by halogen, C1-Cs élkoxy,
C+-Ce alkylmercapto, C4-Cg alkoxycarbonyl or C4-Cg alkylsulfonyl groups;

R? is amino or OR*, wherein R* is C4-Cs alkyl;

X is selected from the group consisting of a sulfur atom, a sulfinyl group and a

sulfonyl group;



branched, saturated or unsaturated al kyl chain having
1-20 carbon atonms, which is unsubstituted or
wgeaipssilet ed at | east once by hal ogen, Cl-C6 aP&DER2004/002810
Cl1-C6 al kyl nercapto, Cl1-C6 al koxycarbonyl or Cl-C6
al kyl sul fonyl groups; R3 is amno or OR4, wherein R4
is C1-C8 alkyl; X is selected fromthe group
consi sting of a sulfur atom2g sulfinyl group and a
sul fonyl group; WO 2004/ 083155 PCT/ EP2004/ 002810 28
Y i s oxygen; whereby when R3 is am no, said am no
group may be unsubstituted or substituted by a known
am no protecting group, their tautomers, their
optically active fornms and racem c m xtures, and their
pQM§%& hcally acceptabl e salts of inorganic and
organi t”aci ds or bases. 2. The nucl eotide derivative
according to claim1, wherein RL is a straight-chain

C8 Clsti’ V@ﬁ%fﬁ ugla@wogrﬁiayg%?n“ogsér'@éﬁtc%%y be unsubstituted or

ab&wéﬁm{é@%y 8 k@\bwmam?no ﬂ?@ﬁadﬁhgztﬁébp de derivative
accor di ng to claim1, wherein represents a

sthear emttoriens,nthed- Qngcaillykmtlvgrf@ums aind Facemic mixtures, and their

OB el R bali SRR Al piBa MBS Sodbes

derivative according to claims 1 to 3, wherein R3 is

2., BTN S ADBSE 4 TR U s
1 ICeNE 5HMIA Bréup!: which s Ghsulsstitited risubstiftéd by a C4-Cg alkoxy or a
C4-Cg alkylmercapto group. |

3. The nucleotide derivative according to claim 1, wherein R? represents a
straight-chain Cs-C15 alkyl group, which is unsubstituted or substituted by a C4-
Cs alkoxy or a C4-Cg alkylmercapto group.

4. The nucleotide derivative according to claims 1 to 3, wherein R® is OCHs.

5. The nucleotide derivative according the claims 1-4, wherein the compound is:

o-CHs
127725
C,H ‘O—‘—L 0 N N//kCl
O__

OHH

wherein X is sulfur, sulfiny! or sulfonyl.



OH H wherein X is sulfur, sulfinyl or sulfonyl. WO
2004/ 083155 PCT/ EP2004/ 002810 29 6. The nucl eoti de

walesuwsdisve according to clainms 1 to 3, wher ei PCRBP1084/002810

10.

11.

NH2. 7. The nucl eoti de derivative according to clains
1to 3 or 6, wherein the conpound is: NH2 Cl12H25X <N
1N CloHi2Z1I O NN OP-OHF OHOHH wherein Xis
sul fur, sulfinyl or sulfonyl298. A pharmnaceuti cal
conposition conprising at |east one conpound according
to clainms | - 7 in conbination with a

phar maceutical ly acceptabl e adjuvant or vehicle. 9. A

- oo APkl o0% BRI Sl T o SChee R nie

an anmount of a conpound according to clains 1 - 7
effective to treat said tunors. 10. The net hod

. atbor aucigotide derivative aprarding i daimsot tos 3ser bt wdnerein the

L Bnﬁd group consi sting of carcinomas, sarcomas or
eukemas. "'11. A nethod for treating malignant tunors

conprising admnistering to a patient in need of such
treatment an anmount of the composition ac:ﬁejrdi ng to
claim8 effective to treat said tunors i

free conbination with other anticancen_agsnts. WO

2004/ 083158, PCE-ER2604/ 002810 <, | /Nk
CyoHx—0 l 0 N >N o

Higxed or

0—P-0— H _F
OH ©

OHH

wherein X is sulfur, sulfinyl or sulfohyl.

A pharmaceutical composition comprising at least one compound according to
claims 1 - 7 in combination with a pharmaceutically acceptable adjuvant or
vehicle.

A method for treating malignant tumors comprising administering to a patient
in need of such treatment an amount of a compound according to claims 1 - 7
effective to treat said tumors.

The method according to claim 9, wherein said tumor is selected from the

group consisting of carcinomas, sarcomas or leukemias.

A method for treating malignant tumors comprising administering to a patient
in need of such treatment an amount of the composition according to claim 8
effective to treat said tumors in fixed or free combination with other anticancer
agents.



30 12. A nmethod of synthesis of conpounds of the
formulala: NHR2 R- XNti R2YO<// N O- N NC
WO 2004083155 OH la wherein R1 i s i s a strai ghCFEPZN041002810
or b ranched, s aturated o r u nsaturated al kyl
resi due having 1-20 carbon atons, optionally nono- or
pol ysubstituted by hal ogen, Cl-C6 al koxy, Cl-C6
al kyl mercapt o, Cl-C6 al koxycal bonyl, Cl-C6
al kyl sul finyl or Cl-C6 al kyl sul fonyl groups; R2 is
hydrogen, a straight-chain or branched, saturated or
unsaturated al kyl chain having 1-20 carbon atons,
optionally nono- or polysubstituted by halogen, C
I-C6 a I koxy, C 1-C6 al kyl nercapto, C 1-C6 a
121 kaxrethbl o sy nthesisoflediipouideyditbe fomytiiaggoups; X is
sel ected fromthe group consisting of a sulfur atom a
sul finyl group and a sulfonyl group; Y is oxygen;
conprising: (a) reacting 2,6-dich|oroagﬁ§ine with an
ar abi nof urangsy|_derivative of the formula: R70 O

N N
R®—Y e 7
O—‘,’L <N NACI
OH o
F
OH la

wherein R'isis a straight-chain or branched, saturated o r u nsaturated alkyl

residue having 1-20 carbon atoms, optionally mono- or polysubstituted by

halogen, C4-Cs alkoxy, C4-Cs alkylmercapto, C4-Cs alkoxycarbonyl, C1-Cs
alkylsulfinyl or C4-Cg alkylsulfonyl groups;
R? is hydrogen, a straight-chain or branched, saturated or unsaturated alkyl
chain having 1-20 carbon atoms, optionally mono- or polysubstituted by
halogen, C 1-Cg alkoxy, C 1-Cs alkylmercapto, C 4-Cs alkoxycarbonyl or C 4-Cg
alkylsulfonyl groups;
X is selected from the group consisting of a sulfur atom, a sulfinyl group and a
sulfonyl group;
Y is oxygen;

comprising:

(a) reacting 2,6-dichloroadenine with an arabinofuranosyl derivative of the

formula:

R0



F RS OR6 WO 2004/ 083155 PCT/ EP2004/ 002810 31 wherein

R5 is bronb or chloro and R6 and R7 are protecting
w@e@d83155 n the presence of a hindered pot assPUIERPAS€002810

and a solvent to formthe dichioro- purine nucl eoside

derivative: C NN R70\NNC V (b) subjecting said

di chl oro purine nucl eoside derivative to conditions to

provi de for deprotection and3an aromatic nucl eophilic

substitution reaction to provide the

6- al koxy-2-chl oro purine nucl eosi de derivative of

general formula 1Il1lb: OR4 N /\N-- HONNC OF

Shpletk B 2 B Brishidr e T oBL K e bie5iRg oridhss Tufhe
aprtelsead:@df adimderbdtptassiip®aze: andla Zolvent to form the dichloro-
purine nucleoside derivative:

Gl

N XN
7
RO - <N | N//kCl

OR® ,
(b) subjecting said dichloro purine nucleoside derivative to conditions to
provide for deprotection and an aromatic nucleophilic substitution reaction to
provide the 6-alkoxy-2-chloro purine nucleoside derivative of general formula
Hib:

OR*

HO

OH b

wherein R* is C4-Cg alkyl;

(c) reacting said 6-alkoxy-2-chloro purine nucleoside derivative with an
activated form of the compound:

R'—
RZ—Y:L c?
o——I —OH

OH



O i O -OH | O4d W 2004/083155 PCT/ EP2004/ 002810
32 in an inert solvent to provide the conjugated

WO 2@klgys 2- chl oro purine nucl eoti de deri vat i RET/BP2004/002810
general formula Ib: OR4 RXN-- R2Y ON~~D ~ -
-ONNC Ol HVOF OH, Ib (d) subjecting said
conj ugat ed 6-al koxy-2-chl oro purine nucl eotide
derivative to conditions tBat provide for am nolysis
to prepare the conjugated 2- chl oroadeni ne derivati ve:
NH2Z R~ X NNR2Y ~<// Ol- NNO OHjOF OH 13.
The nethod of claim 12 wherein, said hindered
pot assi um base is potassium

in an inert solvent to provide the conjugated 6-alkoxy-2-chloro purine

nucleotide derivative of general formuia Ib:

OR*

R1_ N N
N
R2— iL 0 </ ]
0— ll —0 N N/)\Cl
OH o)

OH ,Ib

(d) subjecting said conjugated 6-alkoxy-2-chloro purine nucleotide derivative to
conditions that provide for aminolysis to prepare the conjugated 2-

chloroadenine derivative:

OH

13. The method of claim 12 wherein, said hindered potassium base is potassium

t-butoxide or potassium f-amylate.
14. The method of claim 12, wherein said solvent for reacting said 2,6-
dichloroadenine and said arabinofuranosyl derivative is a mixture of

acetonitrile, t-butanol and 1,2-dichloroethane.

15. The method of claim 12, wherein R* is methyl.



t-butoxi de or potassiumt-anylate. 14. The net hod of

claim 12, wherein said solvent for reacting said 2, 6-
waoelc@hlogdiendeni ne and sai d arabi nof uranosyl derP@HEP2004/002810

is a mxture of acetonitrile, t-butanol and

1, 2-di chl oroet hane. 15. The nethod of claim 12,

wherein R4 is nmethyl. WD 2004/ 083155 PCT/ EP2004/ 002810

33 16. The nethod of claim 133 wherein R5 is brono.

17. The method of claim 12, wherein R6 and R7 are

i ndependent|ly acetyl or benzoyl. 18. The nethod of

claim 12, wherein RL and R2 are individually a

straight-chain C8-C15 al kyl group, which is

unsubstituted or substituted by a Cl-C6 al koxy or ‘a

16C1TRE nddthyH BE Chapt 12, WistBin ROis t%ﬁqdmt hod of claim 12,
wherein RlL is Cl2H25 and R2 is CIOH21

17. The method of claim 12, wherein R® and R’ are independently acetyl or
benzoyl.

18. The method of claim 12, wherein R' and R? are individually a straight-chain
Cg-C15 alkyl group, which is unsubstituted or substituted by a C;-Cs alkoxy or

a C4-Cg alkylmercapto group.

19. The method of claim 12, wherein R' is C12Hzs and R is CyoHax.



