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-Cancer is now the second leading cause of
death in the United States. Over 8,000,000 persons
in the United States have been diagrused with.
cancer, with 1,208,000 new diagn .ses expected in

25 1994. Over 500,000 people die annually from the
disease in this country. '

Cancer is not fully understood on the
molecular level. It is known that'exposure of a
cell to a carcinogen such as certain viruses,

30 certain chemicals, or radiation, leads to DNA
alteration that inactivates a "suppressive" gene or
activates an "oncogene". Suppressive genes are
growth regulatory genes, which upon mutation, can

- no longer control cell growth. Oncogenes are
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Cancer is now primarily treated with one or a
combination of three types of therapies: surgery,
radiation, and chemotherapy. Surgery involves the
bulk removal of diseased tissue. While surgery is

25 sometimes effective in removing tumors located at
certain sites, for example, in the breast, colon,
and skin, it cannot be used in the treatment of
tumors located in other areas, such as the
backbone, nor in the treatment of disseminated

30 neoplastic conditions such as leukemia.

Chemotherapy involves the disruption of cell
replication or cell metabolism. It is used most
often in the treatment of leukemia, as well as
breast, lung, and testicular cancer.

35 There are five major classes af
chemotherapeutic agents currently in use for the
treatment of cancer: natural products and their

-2-



35 There are five major classes of chenot her apeuti c agents

currently in_use for the treatnment of cancer: natural products and
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clinically in the °BY 3ttagkdalignany icgidf PHEDP§5°|HEPEH|HQ leor
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organs, and breast |ons sdg% stéﬂJ{HWQQE%ﬁQ . gggggeranaagégglserlous
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edema. Derivatives of 5-antimetabolites are typically reversible or
' irreversible enzyme inhibitors, or compounds that
otherwise interfere with the replication,
translation or transcription of nucleic acids.

20 Several synthetic nucleosides have been
identified that exhibit anticancer activity. A
well known nucleoside derivative with strong
anticancer activity is 5-fluorouracil.
5-Fluorouracil has been used clinically in the

25 treatment of malignant tumors, including, for
example, carcinomas, sarcomas, skin cancer, cancer
of the digestive organs, and breast cancer. 5-
Fluorouracil, however, causes serious adverse
reactions such as nausea, alopecia, diarrhea,

30 stomatitis, leukocytic thrombocytopenia, anorexia,
pigmentation, and edema. Derivatives of 5-
fluorouracil with ‘anti-cancer activity have been
described in U.S. Patent No. 4,336,381, and in

. Japanese patent publication Nos. 50-50383, 50-

35 50384, 50-64281, 51-146482, and 53-84981.

U.S. Patent No. 4,000,137 discloses that the
peroxidate oxidation product of inosine, adenosine,
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treatment of acut a_and [irgel odﬁspl astic syndrome.

e nmyelocytic ., , 7 .leukem
20 2- Fl ﬁﬁ@é&%rﬂ%i%’@%'l-spﬁﬁg’d'ﬂ?&f:é°PFPéd§Pﬁ aF sBNA referred to
aﬁ Far aAl)) iﬁ anenttiedie. NMiRindsethutacher, RagantisChangheYt|eat nent of
chroni c | ynphocyd.i.cs leukem T . ¢ by inhibiting DNA :
synthesis. Trea 1irrzgcaln'e o?%eﬂ%ﬁ%%gg}gﬁgﬁggggée%aés%‘(azllng?%d with the «
accunul at i ¥h ofMedi¢inet Ghapter XV-gi/ §rghiddtpenmdBA¥taddbY s phase;

thus, it is a Hollar® letc)dl § Sethan@ FRBAGbLG PuBUishépsorporation of
the active met abol i tSeJA-z%ca;tai.%E%e_ _ri%t_ %r g:%rt:. in(e:hg.lnglog that is
primarily used in the treatment of acute myelocytic
leukemia and myelodysplastic syndrome.
20 . 2-Fluoroadenosine-5’-phosphate (Fludara, also
' referred to as FaréA)) is one of the most active
agents in the treatment of chronic lymphocytic
leukemia. The compound acts by inhibiting DNA
synthesis’. Treatment of cells with F-araA is
25 associated with the accumulation of cells at the
Gl1/S phase boundary and in S phase; thus, it is a
cell cycle S phase-specific drug; Incorporation of
the active metabolite, F-araATP, retards DNA chain
elongation. F-araA is also a potent inhibitor of
30 ribonucleotide reductase, the key enzyme
responsible for the formation of 4ATP.
2-Chlorodeoxyadenosine is useful in the
treatment of low grade B-cell neoplasms such as
chronic lymphocytic leukemia, non-Hodgkins’
35 lymphoma, and hairy-cell leukemia. The spectrum of
activity is similar to that of Fludara. The
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to provide pharnmace ition or cancer
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for. the treat maft otumeweeand in particular, anti- camn»mﬁvaetxyiﬁ&ﬁz
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tunors, and in particular, ot her host aninmals

i s disclosed that iF0 Bge¥i ezﬁgarﬂﬁﬁ?HFé?%il?EPQPF%&*QRﬁ|@%Fdﬂ%hnt of
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It is further object of the present invention
15 to provide a method for the treatment of cancer.

SUMMARY OF THE INVENTION

A method and composition for the treatment of
tumors, and 'in particular, cancer, in humans and
other host animals is disclosed that includes

20 administering an effective amount of (-)-(2S,4S8)-1-
(2-hydroxymethyl-1,3-dioxolan-4-yl)cytosine (also
referred to as (-)-0ddC, L-0ddC, or (-)-L-0ddC), a
pharmaceutically acceptable derivative thereof,
including a 5’ or N* alkylated or acylated

25 derivative, or a pharmaceutically acceptable salt
thereof, optionally in a pharmaceutlcally
acceptable carrier.

In an alternative embodiment, the compounds
disclosed herein can be used to treat conditionms,

30  specifically those other than tumors or cancer,
that involve the abnormal or undesired
proliferation of cells. Examples include skin
disorders such as hyperkeratosis (including
ichthyosis, keratoderma, lichen, planus, and

35 ° psoriasis), warts, including genital warts, and

-5-



referred to as (-)-QddC, L-QddC, or (-)-L-GddC), a phar maceutically
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?f clel 11'8' Exarﬁ&tﬂﬁ:ﬁﬁlt‘éﬁ&dt@ S@lﬁié atctlve o 5daa§ §H§Bl@§eé‘YD§r keg gt osi s

i ncl udi ng i .C 0Si.S erato |c en n an
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blisters, as well as qﬁFﬁQ&g&q@b %&b58§ﬁ§hEed )_(%scgg}uia( prollferatlon
t

that can be treated W conpounds di scl osed
herein can al sd¥EFUTRETY Y- &d&céleﬁoﬂaérPrY&?6Yt051n%bh§t|on

In a preferred prévadietenis uhe)ihESCQSkdleﬁantlomer (the L-

hydr oxynet hyl - 1.0x0l_an vi ded I.he |nd|cated
enantioner (th érf_anq; B E}enaﬁ%/s%%&' léh’b%?aﬁ??aﬁflerl‘%e t%!se HiSence of
its 10 Jdft r esqymeisRpncyingt ﬁ@m;mpme@ (ii.a. enantemnm:ri,cally

enriched, incl tgﬂfsgsr@aantm@m@lﬁ@' leﬁaau 8 Eewluy re fo I's believed

that (-)-(2S,49)-1-(2-, % é |oxo an-4-y )cyt03|ne S

t he first exami éSoPedde Ed R EFeé§?dé2§hﬁ§ é&hf%lts anti -t unor

acéivity ) f Iy Sxeimethy(l21, ﬁ -dioxolan-4-yl)cytosine is the

Hydr oxymet hy PR YhLOSL re

et rated i n]frilos‘r%u%&ll“@i of! LEYHESLAG-D88s18E that ehidiHd (
15 anti-tumor activity. (-)-(2S,48)-1-(2-

Hydroxymethyl-1,3-dioxolan-4-yl)cytosine has the
structure illustrated in Formula I.

A
ey
|k
_ y NHg
It has been discovered that (-)-(2S,4S8)-1-(2-
hydroxymethyl-l,3-dioxolan-4-yl)cytosine exhibits

20 significant activity against cancer cells and
exhibits low toxicity. toward healthy cells in the
host. Nonlimiting examples of cancers that can be
treated with this compound include lung,
colorectal, breast, prostate, bladder,

25 nasopharyngeal, pancreas, ovarian, leukemia,
lymphoﬁa, head and neck cancer, central nervous
system cancer (including brain cancer), cervical
carcinoma, melanoma, and hepatocellular cancer.

In an alternative embodiment, a method and

30 composition for the treatment of'tumors, and in

particular, cancer, or other abnormal or undesired
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[%rr] It has been discovered that (-)-(2S,4S)-1-(2-
hydr oxymet hylg | oxol an-4-yl)cytosine exhibits 20 signi&kﬁﬁﬁ% vity.
celﬁ heal t ??@k‘*

agai nst cancer s and exhibits [ow toxicity toward

in the host. Nonlimting exanples of cancers that can be

treated with this Qapi)ﬂélﬂai{EﬁL@E ¢4, in hunlePlR Dchdd st

prostate, bl adder, nasop$ar eal ncrezlud gvar man | eukem n

| ynphorma, head and ﬂé% 12 ahRett %l es ﬁ@?@ﬁF&&H@éF
(including brain cefifectivecanount of a dexirvstioren ofndl-Qddadn ofafdre
hepat ocel | ul ar cangggmyia: In an alternative enbodi nent, .a nethod
and 30 conposition for the treatment gf9unors, and in particul ar,
cancer, or other abnormal or undes“red,ﬂ MD 96/ 07413

PCT/ US95/ 11464 proliferatib® i n humans and ot her host
animals is disclosed that includes adm nis Q&jgg an’ effective anount .
of a derivative of L-QOddC of the foff mul [err] 5 wherein
Ris F, d, -CH3, -C(H=CH err], -Br, -C=CH, or -C=N and
Rlerr] is hydrogen, alkyl, acyl, Rfon phosphate, di phosphat e, or

tri phosphate, or a pharmaceutically &8geptabl e derivative thereof,

optionally in a pharmaceutically acceptable
S wherein R is F, Cl, -CH,, -C(H)=CH,, -Br, -NO,,

-C=CH, or -C=N and R!' is hydrogen, alkyl, acyl,
monophosphate, diphosphate, or triphosphate, or a
pharmaceutically acceptable derivative thereof,
optionally in a pharmaceutically acceptable

10 carrier, preferably in enantiomerically enriched
form. _

Although the preferred embodiment of this
invention is the use of the active compounds or
their derivatives or their salts in the

15 honnaturally occurring configuration ‘(the L-
configuration), the compounds disclosed herein or
their derivatives or salts can alternativély be
administered in the naturally occurring
configuration (the D-configuration) or as a racemic

20 mixture.

Any of the compounds disclosed herein for use
in'treéting tumors can be administered in
combination or alternation with other anti-tumor
pharmaceutical agents, to increase the efficacy of

25 therapy. Examples include natural products and
their derivatives; anthracyclines; alkylating
agents; antiproliferatives (also called

| antimetabolites); and hormonal agents.
Specifically, agents include but are not limited
30 to, nitrogen mustards, ethyleneimine compounds,
' alkyl sulfates, cisplatin, nitrosoureas, 5-
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10 carrier, preferably in enantionerically enriched form

Al t hough Wheosrgfzer red enbodi ment of this i nvent i on ple§nds of
t he active conpounds or their derivatives or their sg? H?H“?ﬁe
nonnatural ly occurring configuration (the L- . configuration), the

conpounds di scl FEewrmneiailor cytosinet heabidosidet | Yeszacysiadise can

al ternativel y be. flumaa@ﬂdyl%ersedphasbhstaat gral Iy occurring
configuration (t confl g ratiqn) Or racem c 20 - m xture.

Any of the conp °ﬁéP€|'ntFBPxE:§%n' actinemyeimati ng tunors can
be adninisteredamsacrlne, mambmw@unoncarbabletnﬁtlearmméiuﬁéher anti-tunor

h I 2 h Ex
"l ude.nat o al “(RaRRCs bR et Sy dRgbory b Nathorsed (T  necl ™

al kyl ati ng xgalisingninseslienking i &esu(saixsg, cal | ed

ant i met abol i tes)me t A nal, Q@Qﬁbgrexate, m &igally, agents include
but are not |imted é en _nust ar ds, hé/l enej ni_ ne_ conpounds,
al kyl sul fates, 1,r,1e,mvllpb éag, growth fact rs, 1nc1ud1ng

-7- WO 96/ @DGTB GMCSF, and platelet growth factors; PCT/ US95/ 11464

fluorouracifg c téﬂ,} r&g&&abw@o%dehyarg@ﬁ#édlg&

2-fl uor oadenosi n hosphat e of od o&osjd%nom ne; &, t anmoxi fen
acti nonycin, and zSnﬁ-é’Glelrﬁér°§Feoﬁ?él Vingxisebnai | rMe@H?%sﬁqme 5

cycl ophosphani de&heC udminpetras i0aUBE" EPE&EPive amoudtdXidfiRitdde

interleukin, |omnus opurine, nethotrexat. i tonycin,

t hi oguani ne, Vi Slt:ts j&e. 8?‘8\90?% ?‘SE Bﬁéneahc?’ﬁcﬁﬁ% éescrﬁ%k F, and
pl at el et growt hexaspdes; inlThe Rbysiajanhs m&&emrmq,urlat,esett oposi de; (
[err], [ernls ed:.tz.%d %ﬁb&hsheaeweﬂaaﬁ?aﬁnﬁcaﬁaﬂeétﬁartea Met hods for

t he admnlstratlon of ective anpunts gtnts are easily
det ermi ned, or 31"’8%&'9%58“‘9?8?/' and Martindale, The EX

Pharmacopoeia, latest edition, published by The

Pharmaceutical Press These methods can be

modified routlnely to optimize the efficacy of
20 combination and alternation therapy.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 indicates the IDg of (-)-0ddC and a
combination of (-)-Oddc + THU (tetrahydrouridine, a
cytidine deaminase inhibitor) on colon cancer

25 cells. The gfaph_plots growth inhibition as a
percentage of control growth vs. concentration
(uM) .  In the graph, the data for (-)-0ddcC alone is
represented by (@) and the data for (-)-0ddC + THU

is represented by (--a--). ) ,

30 - Figure 2 is a graph of tumor growth weight for
mouse carcinoma (Colon 38) trea;ed twice a day with
(-)-0ddC in a dosage amount of 25 mg/kgbid. The
graph plots tumor growth as a_percentége of
original tumor weight vs. dayé._ Treatment of the

35 mice occurred in days 1, 2, 3, 4 and 5. 1In the.
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exarrpl e, in The Physician's Desk Reference, latest 15 edition, published

by Medi cal weeheigyss Data Producti on Conpany, and MNartpdggssdnideic
Extra Phar macopoei a, | atest edition, published by The
Phar maceuti cal Press. These nmet hods can be nodified routinely to

tim the eff | t
BRI EF DESCR PTI ON STt VIS Tor wne batitecl (i dtnlhetzafiltp,

ID{err] of (-)-Clpo‘,fah‘d)TPddC) lsccﬁﬁﬁl'rﬂﬁq'tﬁ?dofbl'(( )@d&@‘#dﬁm for
(tetrahydrouri di ne(-p-0ddc’ J.styttephmrﬁmnbyaqe--mw)bl tor) on col on cancer

R A T e T il

control growth VS. concen e grap

(-)-0ddC al onedSi s leukemiegnice khat havg é-'ﬁqu thea tese widha (F0r0ddf- oddC +
THU i's repr emeet@@hﬁty élotis?rﬁdrcéntag@ of survibaQUkR .2daysa 9r aph of

tunmor grow h we| gh use ca oma (Col on 38 treated twce
day with ‘E‘ {‘,e‘iih *arﬁﬁir#}‘ 1‘“‘%? B‘)(ﬁl W graph

pl ots tunor grovvt h2a53a ‘peaurkrﬁ agetmfthe grapiy,i g:hqalsmmalmagbt ofs. days.

Tr eat t of th da%S , In the .
w0 06/ o7ar3 | Che EHEERECHS Wandhiivchon of ) M 155

graph, the dat® foFeRFRSRERL Y ((B) adhehisinvivady rate of ghoge) 4o s
represent ed by ([eadﬂninibﬁetbda(-fpmddc at 25 mglkifbiids twdpecacdagdiby '

([err]) at es I 0 8 5
| eukem ¢ m ce that een tﬂg etfvvl)t'h%(ﬂs"%‘| t&fdgurr‘ﬁ&&l fr @% g|:aph pl ots
per cent age of sur\ihiee !mgg/l'gered (~)+0ddq @ncera: fayeqt (510 the m ce

o?curred |nhdays Img {k%bid Fepresditted 5 (dye graph, the survival rate
by (0), the SkPvival refed S %Eﬁ&ﬁ FOAdve pearde ity
my/ kgbi d tMAce a daff ¢ertain cancer cell lines to (~-)-0ddC on the
basis of GIS50. Bars extending to the right
represent sensitivity of the cell line to (-)-0ddC
_ - in excess of the average sensiﬁivity of all tested
20 cell lines. Since the bar scale is logarithmic, a
bar 2 units to the right implies the compound '
achieved GISO for the cell line at a concentration
one-hundredth the mean concentration required over
all cell lines, and thus the cell line is unusually
25 sensitive to (-)-0ddC. Bars extending to the left
correspohdingly imply sensitivity less than the
mean. _ _
- Figure 5 is a graph of the inhibition of human
tumor growth by ()-0ddC. Three to six week old
30 NCr nude mice were inoculated subcutaneously in
each flank with 2 x 10° HepG2 or DU-145 cells.
Treatment was started when the tumors were in an
advanced stage of growth. Drugs were administered
twice a day on days 0 through 4 and tumor sizes
35 were measured on the indicated days. Curves A and
B show the drug effects on HepG2 tumors and Du-145 :
tumors respectively (-0-Control; -@- AraC 25mg/kg, i.p.;

-9-



represented by (--[err]--), and the survival rate of m ce

adm ni stg{,‘ggﬁ&"la QddC once a day at 50 ng/ kgbi d is (_‘e},?\r@%&tﬁd by

(0). Figure 4 is a plot of. the relative sensiti
certain cancer cell lines to (-)-GddC on the basi s of G150. Bars

extending to the right represent sensi of  the ceII line to
(-)-0ddC i Llakebaddf 14 ‘%ﬂ@%{gé’ s°ensrﬁ'\ﬂrt)y O8€Cal RSt ested = 20
cell lines. Sinag/kde das. pral Edch |dagar igdimitc represents lthe 2 units to

the right inpli eﬁeén@? gogﬁowdmt%m{%magm ?ﬁ%h Qndors:&h‘; cell line at a

concentration one-hundred ncentration Ffed over
all cell lines, #md9¥®@R Bhe cell line is unusually 25 senS|t|ve to
(-)-QddC. Bars extending to the left correspondi ngly inply

'sensitivity less than t re 5 is a graph of
t he inhibition of hurrangsrhzmn Eﬁﬁtﬁ?{)%tp%ﬂﬁm Three to 'six
week ol d 30 NCr nude mce were inocul ated subcutaneously in

each flank with 2 x Lﬂ@riﬂvém% QAs @fs%%s&valhir J.n Ls o2 %é gent was

started when the tuynors I n an nced st rowth Dr ugs

wer e adni ni st er e3pd °°mp°5’t"i/3r% for  Fpeo trearent; HFOEBH°Hsaan§u%r%r si zes
35 were neasur epaptiduliar hdamiead dayhumafis' oes ofhepdhost B show the

drug effects on Leaghd Uls, 1ok haministeriHEPLR LERBEELLY®!Y

( 0- Oontrol [er g2
96/ camaunt of ( )-(2$,45)-1-(2-hydroxymethyl-1, 3~-pCT/ u595/ 11464

[err]( ) - OddC aﬁommxx-@noytdsqwd @ dePddative of the "™/ kg, i.p.)).
Each data point rerﬁ)reseglts SD_of 10 tunprs |n grap

A and six tunors® dBfurt[lTneerS%eL:em, InBERALRE R DESCRI PTI ON
OF THE | NVENTI @ubstltuted or 5’ or N alkylated or acylated

derivative, or a physiologically acceptable salt
15 thereof, optionally in a pharmaceutically
' - acceptable carrier.
'(—)-(2$,4S)-1é(Z—Hydroxymethyl-l;3-dioxolan-4-
yl)cytosine is referred to as an "L"-nucleoside.
Since the 2 and 5 carbons of the dioxolane ring are
20 chiral, their nonhydrogen substituents (CH,0H and
the cytosine base, respectively) can be either cis
(on the same side) or trans (on opposite sides)
with respect to the dioxolane ring sYstem.' The
four optical isomers therefore are represented by
25 the following configurations (when orienting the
dioxolane moiety in a horizontal plane such the
oxygen in the 3-position is in front): cis (with
both groups "up", which corresponds to the
configuration of naturally occurring nucleosides,
30 referred to as a "D"-nucleoside), cis (with both
groups "down", which is the non-naturally occurring
configuration, referred to as an "L"-nucleoside),
trans (with the C2 substituent "up” and the C5
substituent "down"), and trans (with the C2
35 substituent "down® and the C5 substituent "up").
"It is believed that (-)-(2S,4S)~-1-(2-hydroxymethyl-

=]10=



The invention as disclosed herein is a nethod and conposition for

the treat mewip ggfozdtanors, and in particul ar, cancer, i PCRISHE F1464
et her host animals, that includes adm nistering an effective 10

anount of (-)-(2S,4S)-1- (2 hydr oxynet hyl -1, 3-
di oxol an-4-yl)cyt os;medlmmman-\m-tyl/)a:}cﬁosm or its demiuwtdves igetheed

further herein, inﬂdieJ%c&f \é{:e of an .&lub ctl Eoly t@zato a‘%l%gg_% al kyI at ed .

or acyl ated or a physiologically accept e-salt
- thereof, optional | nFh-Bumpmrasicbiittal | \This is sirpaisibge dar Aight

(-)-(2S, 45)-1-(2- b&dﬁﬂéyf@éEW&haﬂt thi ool dfucdeoside conlflienk-askpg is

referred to as an dL"'—nuctL_e05| ~_Since the 2 and 5 carbons of the
di oxol ane ri ng>ar e3°®BROC PETYH 1R RATYEfomhydr ogen substituents (CH err] OH
and - the cytosi neApassed rlwspasxn,l Ve texam "Ma@tulwlemcally (on

the sane side) or éﬁ@.{‘é),#l@“ P&’Pé?étt?o s qﬂf&lecﬁs;de c Sl%iB?CEhEe the

di oxol ane ring system four optical .iSoners therefore are
represented by ~ 2bnclydes it | krasly aRREGIERS10hSSEwhardPreseraglvhe
di oxol ane noi ety i approeinaeelploT# ArEBBUEDE,Nor 100% ofxugeidnglet he

3-position is jpn f ot whi.ch
corresponds t%bth éRQﬁQiorﬁ%%n&M%lgaaﬁl ‘hCl%osﬁé{]uraﬁ{'{j) o@g%FFFﬁﬁdnucl eosi des,
30 referred to as amb@ilmteo(sﬂdeﬁsd%) I (3rhysinexymethylgdedps "down”,
which is the non- ”&iéﬁ@iéﬂ-@%é?&&lne or :.C&"fdéili"v%tt'l% o&‘e“sﬁiﬁegsto as
an "L"-nucl e05| de) rans%é thqfé? subst.,i t uent and the C5
substituent "down"ProRiged imea "E romposition, ué’ﬁ‘Fs"-HEﬁn" and
the C5 substituentebagtitially of dre iendreliomenr tihat., as the

2S,4S)-15(2-h
f/\D) gé 1074 1% 1§ ¥H&9§X£@& héﬁjxantlomer (the L- enantllggﬁrusggfil 1464

1, 3- di oxol an- 4-y| ) eypesanpeiatly tin dehe \aksance #f Hes corresponding
D-enantiomexr (i.e., in enantiomerically enriched,

-~ including enantiomerically pure form).

-10-

The active compound can be administered as any

20 derlvatlve that upon administration to the
IEClplent, is capable of providing directly or
indirectly, the parent (-)-L-0ddC compound or a 5-
substituted derivative as defined otherwise herein,
or that exhibits activity itself. Nonlimiting

25 examples are the pharmaceutically acceptable salts
(alternatively referred to as "physiologically
acceptable salts") of (-)-0ddC, the 5-derivatives
as illustrated above, and the 5’ and N* acylated or
alkylated derivatives of the active compound

30 (alternatively referred to as "physiologically
active detiVativés"). In one embodiment, the acyl
group is a carboxylic acid ester (-C(O)R) in which
the non-carbonyl moiety of the ester group is
selected from straight, branched, or cyélic alkyl

35 (typically C1t§ CQ, and more typically C; to GCs),
alkaryl, aralkyl, alkoxyalkyl including
methoxymethyl, aralkyl including benzyl,

-11-



first exanple of an "L"-nucl eoside that exhibits anti -tunor :

activity. Thi.s.is surprising, in |ight of the fac s "L"
nucl eosi dév%?)qlf*’%’g"urat i on 5 does not occur in nature. rerifbosd MAS used ,
‘herein, the term™enantionerically enriched" refers to a nucl eosi de

conposi tion that |nclude east approximately 95% and preferably .
appr oxi mat el y 97%1]@§%°r9§%t%r 16&%’6?%59 apgte Eﬁtzr%n%#ﬁl? dMer of that
nucl eosi de. I'n alkydf @x atalkyl sudphoryledhcluding

(-)-(2S,49)-1-(2 tosine or its
derivative or saWFXHﬁﬂéxmﬁkgﬁkl %dimPH°é nuc?goggﬁéhgééé%g?tlon t hat
consi sts @ssen.i Anifyds ognmonpmethokEErityd,  substituteds -

i ndi cat ed enant i gENzyt, h%ﬁaqumfsmw)(eaad dimethyBLEsb@eyigiiprj n the
absence of its corrgﬁﬁ i.n enantlonerlcally

enri ched, % gﬁ&ﬁ?}ﬁﬁéy}calR§Ygugﬁ°$é§n}ﬁ the esters ¢

active conpound(ngtﬂmahimﬂmmmprasedaaphenyl gféup. derivative that upon
adm nistration to theg Sp °‘fﬂ°c§§éﬂkigg ofspﬁéﬂﬁgééhficiiﬂy'd'ng directly or

indirectly, the parent substituted
derivative as defdGReP ﬂﬁ§é"ﬁ§#~8ﬁﬁ of L-0-dd¢ ipgludsnibit Ax&ctivity
itself. Nonligntine@d lifitedexanpl es are the p maceuti cal |y acceptabl e
salts (alternatively referred to asfK phykiol ogically

acceptabl e salts") of (-)-QddC, the S5piew _ as illustrated
above, and the 5 and N err] acylated or al kyl ated derivatives of
the active conmpound 30 (alternatively refer Oas "physi ol ogical |y
active derivatives"). In one enbodiment, the afyl group is a (
carboxylic acid ester (-C(OR) in which n- car bonyl nvoiety of
the ester group is selected from str aj ranched, or cyclic alkyl
35 (typically (Jerr] to (Jerr], and nore t ﬁFC[err] to (Jerr]),

al karyl, aral kyl, .al koxyal kyl i ncl udi n 0X net hyl , aral kyl
'|nclud|ng benzy|where1nm5 48/ §74€3, ~c 31 'C(H)“Cﬂu =CH, ‘or -C=N,

PCT/ US95/ 11464 -Br, -NO3 kamd &, 8harR] dre Ghddpendentiy selateeasters such
as from the group consisting of hydrbgen, alkyl and
acyl, sﬁecifically including but not limited to

15 methyl, ethyl,. propyl, butyl, pentyl, hexyl,
‘isopropyl, isobutyl, sec-butyl, t-butyl, isopentyl,
amyl, t-pentyl, 3-methylbutyryl, hydrogen
succinate, 3-chlorobenzoate, chlopentyl,'
cyclohexyl, benzoyl, acetyl, pivaloyl, mesylate,

- 20 propionyl, hutyr?l, valeryl, caproic, caprylic,
capric, lauric, myristic, palmiﬁic, stearic,
" oleic, and amino acids including but not
limited to alanyl, valinyl, leﬁcinyl, isoleucinyl,
prolinyl, phenylalaninyl, tryptophanyl,

25 methioninyl, glycinyl, serinyl, threoninyl,
cysteinyl, tyrosinyl, asparaginyl, glutaminyl,
aspartoyl, glutaoyl, lysinyl, argininyl, and
histidinyl. In a preferred embodiment, the
derivative is provided as the L-

-12-



aikyl or aralkyl sul phonyl i ncl uding | met hanesul fonyl, the nono, di
or triphosp ,0 4 3 ester, trityl. or nmonomethoxytrityl, sugsfiéddiisks 5
or

benzyl, tria yl (e.g. dinmethyl-t-butylsilyl)

_diphenylnethyIS|IyI Aryl groups in the esters - optimally conprise a
phenyl group. enant;om@@eﬁhal§uB§@£ﬁ££§lD§ ﬁﬂaﬁﬁﬁﬂéﬁﬁéﬂé€|df its
acceptabl e derivatives of L-O ncl ude put are not limted to:
[err] C\RHEFéPﬁnﬂng ﬁna’d:m“‘%ﬁs ‘é?’?‘im‘“e&‘é#l r - C=N,

-Br, -NJerr], andeﬁkachbdandn&@adnﬁgaenanudemendemﬁly'puﬂexﬁqu) from
the group consi sting of ;h g K I Gall'y
L1 bﬂﬁe 8? i@k a% ?@Qtlve can¥d'p Téﬁ%?%)”

i ncluding but not limted t é , - rop pentyl
hexyl , |ssop|téi‘ﬁyff°rf“585u?9?~m§6€u a?ﬂly'tamma

amyl , t-pentyl, 3- ﬁ%EHthbrh‘th thbydéﬁﬁeﬁhamaceuswﬂmtaa:ceptable
3-ch|orobenzoate

pi val oyl , mesyl at eCSBQi p%nt %88?85%7?8 Bﬁ%l%ﬁﬂ Eéy%?%eenng%%pﬁgé%% ylic,
capric, lauric, mydi- Qldldé? opalitst derivatives, that retaiwithe aimbiaddio aci ds

|nclud|ng but not blologlkhﬁ‘E@él%@t?lafyéhevﬁéféﬂé céﬁiﬁﬁﬂ&”and30|euc'nyl
prolinyl, phenyl al ani n)él ¥ 25 rre}zr_n ni nyJ, gm nyl ,
serinyl, thred® nyexhi it mlﬁ}@? r ny aF¥ro§Pﬂ?§ R P %S Jutanlnyl
aspartoyl gIutaoybjfbwtsnylNoa&@mmtmng erafples of émehlshlné .aren a
Pagferred enbodlnqu) Eﬁﬁd addltigﬁrEXfEEVfofﬁe8r9¥égefkégbéﬁ§%licids
(for example, hydrochloric acid, hydrobromic acid,
sulfuric acid, phosphoric acid, nitric acid, and

15 the like), and salts formed with organic acids such

- as acetic acid, oxalic acid, tartaric acigd,
succinic acid, malic acid, ascorbic acid, benzoic
acid, tannic acid, pamoic acid, alginic acid,
polyglutamic acid, naphthalenesulfonic acids,

20 naphthalenedisulfonic acids, and polygalacturonic
acid; (b) base addition salts formed with
‘polyvalent metal cations such as zinc, calcium,
bismuth, barium; magnesium, aluminum, copper,
cobalt, nickel, cadmium, sodium, potassium, and the

25 like, or with an organic cation formed from N,N-
dibenzylethylene-diamine, ammonium, or '
ethylenediamine; or (¢) combinations of (a) and
(b); e.g., a zinc tannate salt or the like.

- Modifications of the active compound,

30 specifically at the N* and 5’'-0 positions, can
affect the solubility, biocavailability and rate of
metabolism of the active species, thus providing
control over the delivery of the active species.
Further, the modifications can affect the

35 anticancer activity of the compound, in some cases
increasing the activity over the parent compound.
‘This can easily be assessed by preparing the |

-13-
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enantiongs _a bstantially in the absence of its ' di ng
enanti o 0?{/[97@%] in enantionerically enriched, i nclf\él}r |%§'mmsl
enantiomeri.cally pure form. L-OddC or its derivative can be

provided in % ithe ifQr Al cBRRERBCEHEI SALLYaRcELPA@RI PSRl S, AS
used herein, the term pharmceuti cal salts or conpl exes

agcept apl . .
refers to salts 3CRSHRIEESs the “‘eth°¥15L-SEﬁgf)1 ?gi ReredR i v iFREY hat
retain the desi mathod knowh @boghosk askilledyinfthéeaparent conpound and
10 exhibit mniml, if y ir t OXi ' ‘ ef fect s.
Nonl im ting exanpl es of s'gghsgﬂﬂggargge Béég%tg)girggél%lzﬂldi tion salts
formed with 5 norigwiivsiescitie followipgofeakunpfe, hydrochl oric acid,
hydr obrom ¢ acid, (a) SuyLjunbs,asi di- phospieskemerhyl - midsic acid, and
15 the like), and salts tornﬁd mjthlPrganic aciq§<fuch . as acetic
acid, oxalic acid, tartarPEO¥RIaR-4-Y1)CYRQRIPR AT T VREHYESaci 4,
ascorbic acid, benzoic and sattd, theneof; aci d, panmoic acid, alginic acid,

pol ygl utani ¢ aci d, nqﬁhthq%gnQ§g[£gg%?a?ﬁ%ﬁ?&roxﬁﬁki%ﬁ%ﬂﬁﬁjﬂﬂ enedi sul foni c
' h

aci ds, and pol ygal acturoni_c ; base additjon salts forned
with 1¢ol yval ent neflapxeddnpohsyilentasing rnd Vfhives bi smut h,
barium rmagnesi um al um ndgy €8apPESr thereof; cobalt, nickel, cadm um

sodi um potassium and,th 5 .al ke, 0r W 19@@_ ition forned
fromN, N | dibé%QyIZfﬁy eﬁ%gdééﬁi%efzg%ié#§%##gor. ﬁfﬁﬁ |

et hyl enedi ami ne; or (c) cdabkoianoAsydlcytpsimel and derivyativesy. , a zinc
tannate salt or the like. gnq saits theMbgEfications of the active conpoum#
30 specifically at the N[err] and 5. -0_positions, .c affect the
sol ubi i ty,1%i oavaiIa(lﬂ)lit(y?éﬁgsrﬁﬁé'bf?z‘hydm S BT the active
species, thus providing dioxolanrérypl)oyeosihe akdiderivarfivese active

speci es. Further, .L0g woqiLi ¢ALI-gAE, C8P EhL °fl) Idtant i¥her anti cancer
activity of the conpound, "I'n SONE cases ! I ncreasing ﬁhe activity over
t he parent conpound. or TRESmMignméEsRre Bher’WssAA by preparing the
pharmaceutically acceptable derivatives
20 and salts thereof for use in medical

therapy, for example for the treatment or
_ prophylaxis-of a tumor, including a
cancerous tumor;. : :
(e) "use of (-)-(28,48)-1-(2-hydroxymethyl-
25 1,3-dioxolan-4-yl)cytosine and
- pharmaceuticaliy-acceptable'derivatives
- and salts thereof, or the (+)-enantiomer
or racemic mixture thereof, and
_ pharmaéeutically acceptable derivatives
30 ' and salts thereof in the manufacture of a
. medicament for treatment of a tumor,
including a cancerous tumor;

-14-
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derivative a%éﬁz&t' g its anticancer activity according. to the
met hods desc At ein, or ot her met hod known to tho é%’ﬂléﬁ“l n
the art. I n- summary, the present “i-nvention i ncl udes

the foll ow ng features: d £ 1
(-)-(2S,49)-1-(2- hydroxymeg y?h rmac #ical formu atloéw cﬁmfr'flf f;)lg) cytosi ne

and derivatives (-)- é?\%i 43) 1% (Feheroxymethyl-1,3- ()
(+)-(2S,49)-1-(2- hydroxynet hydidxstan-401) cytosine ardl oxol an- 4 yl ) cyt osi ne
and derivatives nd sal t her eof ;

(_/ +) _ ( 28, 48) _ 1_ ( 2_ hydl’ OX)/TTE'[?@?!-@a,%eutlcaslizy acceptable derlvatl(ves

di oxol an-4-yl ) cyt osi ne and deahda®ales thereof, or the (+dnreénsalttiomeler eof ;

15 (d)  (-)-(2S,49) -1 -§2- Pycemiy Bftealrel é'xereof, or
di oxol an-4-yl)cytosi ne and derjvatives and “sal ts t her eof,
or the (+)-enantiomer pharmaceutigally afcentabls éietxﬁéﬁaé'-éf’e g%d

phar maceutical | y acceptabl e desiltvathewsof tdhether with a and salts thereof

for use in nedical | e for thetreatrrent
or prophylax?%ar acé{§¥é§&&¥r“:c§§ﬁﬁﬂﬂe carri

cancer ous tunmoik0 . (@) a(pyocess fpr (tl)e (mpﬁ)aﬂlmdfydﬁﬁxﬁﬁét-hyl -
25 1, 3-di oxol an- 41¥k§£&9d¥&£§héﬁﬁ&1 1,3-dioxolan-4-
pharmaceutically acceptabl e de:” vat i and salts thereof,

or the (+)-enantioner <Y t°sm%rw¢’a‘3brﬁ°é“9ﬁ’>ﬁel§re t hereof , and
phar maceutical |y acceptabl e dét) v ateamssing 3fptlona11y protactedal ts t her eof

in the manufacture of a oytomind MHAATPY! L @icldiahieBE Of 2
t unor, i ncl udi ng aycancer ous tuno
15 formula A

R,20
. a.,}OD p‘ -
o)

H

wherein R;, is hydrogen or a hydroxyl
protecting group, including an acyl
group, and L is a leav.ing group; and
20 optionally removing ary hydroxyl
protecting group.
(ii) reacting a compéund of formula B

T

o _ B
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(f) phar formul ati ons conprising
-(2S, Eﬁgﬁj&‘g?hydroxynet hyl -1, 3- di oxol (FFIIAS9§I| ﬁ?yt 0si ne

and pharmaceutical ly acceptable derivatives ‘

and salts thereof, or the (+)-enantiaq acemic mxture

t hereof, or a g"reﬁfé'é‘uh"céﬁl gs.detipres 388§??v"é’t\"l?/e or
“salt thereof together with a an agent servingh&onzomwertathg eksept abl e

carrier; 10 (g) apro I R N @f S, 4S) -

1-(2-hydroxynethy|- , 3- di oxol-ar- 6(1 . - ﬁB@E@Ebﬁ OEttégne whi ch

conpri ses: (i) yragdd; ﬁ&nﬂbFPoﬁ&lﬁylﬁPOSEQFEd any

cytosine with a 1,3-dioxol ane afemaibing protecting grbGpsubaidy [err]

wh hyd
grngtnlEEFL&?nbsanyazsgen o %'n%g%%%¥° prodBFSUBheaﬁﬁstr?g

group; and PrOdUCt
h) a process for the preparation of a
_ (=) or (+) enantiomer of (2S,4S)-1-

10 . (2-hydroxymethyl-1, 3~-dioxolan-4-
yl)cytosine which comprises
subjecting the compound or
derivative (e.g. 5’-ester) thereof _
in the form of a mixture of (-) and (

15 (+) enantiomers to conditions or
reacting with reagents (for example
an appropriate enzyme) serving to
separate the enantiomers and if.
necessary converting the resulting

20 derivative to the parent compound.

' Alternatively, the mixture can be
passed through a chiral liquid
chromatography column that separates
enantiomers of this type.

25 i) a process for the preparation of
(25,4S)-1~(2=-hydroxymethyl-1, 3~
dioxolan-4-yl)cytosine which
comprises reacting a protected 1,3-
dioxolane of the formula:

o

n,o‘:—(o_?”o b

30 with a protected cytosine base that
is optionally substituted in the 5-
position, using a Lewis acid that does

protecting
a | eaving

. =16~




26 ' optionally keaning any hydr oxyl

protecting g (ii) reacting a conpound of lté)lrlﬁgHSﬂIJ%4
[err] W?GIOMB WO 96/ 07413
PCT/ US95/ 11464 (wherein Rerr] is as defined
above) with n e 0 CO vert t he oxo
group in the 4- posi tion of thnOt radenife %ha £¥°Hg°€ r uPYRER| |ng to an
am no group; any 5 trlmethylslbmilhrnglptetectlng groups being
removed to produce the desired product . () (4
f t he pr ration of -) or (+
Q%antﬁogéfcgfs(zgf4s)_1DWFQ%bregard to process g) (i), the hydroxy

(2- hydr oxynet hyl - 1, patitecting 4roup includes protectingygroupesi ne which
conpri ses 5 escrﬁFeqqln %%Qhﬁitb@go§helﬁgiﬂaﬂﬂg géﬁltﬁs Form of a

derivative (e. 5'-este
m xture of g )gand acetyl), arylacyl (e.g(+pemggyli onesybsbitenedtions or

reacting with reagemenzdyd) ,exairyd or monomethoxytr:.tyl Bénzppropri ate

enzyme) serving to qﬁ$t1tut ﬁ:bﬁgzylzotrlsggsg EuLeS fﬁi;?gﬁg nglihe

necessary converting TSyl
parent conpound. trialkylsilyl (e.g. Anmethxirtebytylhelyixture can be

passed through @ Chiqifhdryiwiethylsilyl. The cytosine compound can be
optionally protected with trisubstituted silyl _
groups. The protecting groups can be removed in a
conventional manner. The leaving group L is a
leaving group tYpical of those known in the art of
15 nucleoside chemistry, e.g. halogen such as
chlorine, fluorine, tosyl, mesyl, triflate, or
~ bromine, alkoxy such as methoxy or ethoxy, or acyl
such as acetyl or benzoyl.
The reaction in process g) (i) can be carried
20 out in an orgénic solvent (e.g., 1,2-dichloroethane
- or acetonitrile) in the presence of a Lewis acid,
such as SnCI‘,'tztantlum chloride, or trimethylsilyl
~triflate.
_ Compounds of formula A (wherein L represents
25 an acyl group, e.g., an acetyl group) can be
obtained by reaction of a compound of formula C

R, .O—Y?T o

Q

(wherein R,, is defined above) with a reducing
agent, e.g., lithium aluminum hydride, followed by
30 treatment with the appropriate conventional reagent

]l7=-



chr omat ogr aphy col um that separates enanti oners of
this typ 1) a process for the prepar
(2S, 4S) - %o(gfkﬁ?}gr oxynet hyl -1, 3- ﬂ&%gg‘)ﬁ“‘a
. di oxol an-4-yl)cytosi ne which - conprises reacting a
protected 1, 3- . | a or frul a:

[err] 30 for the deﬁ%redp%gfgc egigégbs?ﬁe %ase %% o
is optionally sfarhaxlde @ﬁi@hénbydrlder e.g. acetlcp%%h!¢%#ﬂ305|ng a
II5€CTW} fJSgg} Clilzlg?lt f¥eacylatidf, 9%@.3&13&11:1119 or brﬁmnataang reagerﬁts

ze t uct, such as
trimethylsilyl t§9§IQﬁ¥?genatl°n' of alivﬁ?ﬁkpggg?gggg %rocess g (i), the
hydr oxy 5 prot e@hengoppoupd ofl GormupaocCecannbe gprepared by descri bed
in detail bel owrdaliel o %PEbmbSuﬂd of formﬁEStM|) arylacyl (e.g.
benzoyl or substituted benzoyl), trityl or’ nmonomet hoxytrityl, benzyl
or substituted benzyl, trisubstituted silyl, including
trialkylsilyl (e.g. dinmethyl-t-butylsilyl) or 10 di phenyl et hyl sil yl.
The cytosi ne conpound can be . \;(géélonally protected with

trisubstituted silyl - gLougs. protecting groups can be renoved in
a conventional manner. "t&he™eavPng group L is a | eavi ng
group typical of those known in the art of 15 nucl eosi de chemigtry, e.g
hal ogen such as chlorine, fluorine, tosyl, nesyl, triflate, or

brom ne, al koxy such as nethoxy or ethoxy, or acyl such as acetyl or
benzoyl . with HOOH,CQHcatoani elpvatedstempérature. be carri ed 20

?lr‘]t . Ihg gpegregggi gf sgl oﬁ%&ﬂgﬂ b£226hiLar £CLAR e preparéd gretonitrilq)

10 ozonolyszs of an allyl ether or ester having the
formula CH,=CH-CH,~OR or a diether or diester of
2-butene-1, 3-diol having the formula
ROCH,-CH=CH-CH,0R, in which R is a protecting group,
such as an alkyl, silyl, or acyl group.

15 _ With regard to process g) ii), the compound of
formula C can be treated with 1,2,4-triazole,
together with 4-chlorophenyl dichlorophosphate, to
form the corresponding 4-(1,2,4-triazoylyl)
compound which is then converted to the desired 4-

20 amino (cytidine) compound by reactiqn with for
example methanol.

The starting materials of formulas B and C can
be prepared for example by reaction of an
appropriaté (optionally'protected) base with a

25 compound of formula A in an analogous manner to
that described in process g) i). Uracil and
cytosine are commercially available from Aldrich
Chemical Co., Milwaukee, WI 53233, USA.

L-0ddC or its derivative can be converted into

30 a pharmaceutically acceptable ester by reaction
with an appropriate estérifying agent, for example,
an acid halide or anhydride. L-0ddC or its

-18-



such as SnC [err], titantiumchloride, or trinmethylsilyl triflate.

Conmpounds of formula A (wherein L represents 25 an acyl ; e.gq., an
acetyl gro %0744 e obt ai ned by reaction of a conpouﬂé’o’ﬂggsf'éfﬁﬁul acC
(wherein R err] is defined above) with a reducing . agent, e.g.,

l'ithium al um num hydride, folloywed b 30, . treajnment with the appropriate
conventi onal reageﬁgarmaceutlcaffy aZceptable éer;vathqjqan be W 96/ 07413

PCT/ US95/ 11464 converted Lhetodaspharimaceetiealy cacdeptablayalt a
carboxylic acid anm‘ggb ¢ if- gé"gﬁ?éhgigﬂgy%%‘?&%r for ,I rP_laecylbat i on,

chlorinating or bromna |ng re _ . al ogenat’i oIT,” dr gikylating
reagents. 5 treagmengnyétRdanf appraprdate deasee P Batem\or
reaction of a gonpgdnd e&nf BeMdbAverted ih€6'the parent, for example,

E W th Hcg?[ggangggth an el evat ed tenperature.

In an alternative embodiment, the compounds
disclosed herein can be used to treat conditions,
~specifically those other than tumors or cancer,

10 - that involve the abnormal or undesired

- proliferation of cells. Examples include skin
disorders such as hyperkeratosis (including
ichthyosis, keratoderma, lichen planus, and
psoriasis), warts, including genital warts, and

15 blisters, as well as any abnormal cellular
proliferation that can be treated with
methotrexate. The active compounds disclosed
herein can also be used to induce or facilitate
abortion. _ :

20 Thus, the invention also includes (-)-(2S,4S8)-

. 1-(2-hydroxymethyl-1,3~-dioxolan-4~yl)cytosine and
derivatives and salts thereof, or the (+)-
‘enantiomer or racemic mixture thereof, and

| pharmaceutically acceptéble derivatives and salts

25 thereof for use in medical therapy, for example for
the treatment or prophylaxis of an abnormal or
undesired proliferation of cells; as well as the
use of (-)-(2S,4S)~-1-(2-hydroxymethyl-1, 3-dioxolan-
4-yl)cytosine and pharmaceutically acceptable

30 derivatives and salts thereof, or the (+)-

) enantiomer or racemic mixture thereof, and
pharmaceutically acceptable derivatives and salts
thereof in the manufacture of a medicament for the
treatment of abnormal or undesired prolife;ation of

35 cells. '

-19-



The conpound of fornula E can be prepared by 10 ozonolysis of an allyl

et her or ving the formula CH err]=CHCH err | et her
or di este?b%;éf%yo.’;ﬁ 2- but ene- 1, 3-diol having the fornula PeHidsS1ided

" ROCH2-CH=CH-CH err]OR, in which Ris a protecting group, such as an
al kyl, silyl, or acyl group. 15 Wth regard rocess g) ii), the
conpound of I1§orPxepaxntion nf tthetActive W@mwt{;rl azol e, :
t oget her with 4-chl orophenyl - di chl orophosphate, to formthe

corresponding 4-(1,2,4-triaz ‘jtl y% compound whi ch_is then converted
to the desired 4-  20f= brﬁ‘n?fx% W%%%?BP Ry eR, Sabe exerrERdf or
exanpl e net hanol .as described adbwve caddoxpimg ard alhe mlethedul as B and C

can be pr a&% Vi GRGH | appropriate
(optionally prote%?ée‘%jo ase Wt fipl?‘{s corrlgg:ue%félaq?' Porrrula Ain an
anal ogous manher Peblicationfin. HSAIMEP LT pukidshed) on) Octpher| and

cytosine are compgcipd9z, wltwlrﬁdumdﬂmmd m Schef@™ CahdCo. ,
M | waukee, W 53233,. LUSA. i,ts deri %at i ve can be

‘converted into %fk’an?)h%?fm]eﬁ Y %f"%t’?g&)a’ﬁl@ Was P& OBy 3P¥act i on
with an appropri advehestmetiod rkpewrerto thasesskillled in the amtaci d hal i de

or anhydride. L- cFﬁ’é‘sé’rmét%t?ods, OQAQQ'@ #hbim method can be
PCT/ US95/ 11464 armaceut i cal | e/ accept ab ériyative can be

converted int® a ?ﬂ%?‘ﬁf%eﬁﬂ’?c ¢ P I"‘the exemplified,i i a

conventi onal mannderivativesngd d,-dddcC. treat ment with an appropr| ate
base. The ester or 5 salt can be converted into the parent or exanpl e
by hydrol ysis. “daNdq al at l)\rblC’erm@w e ounds
di scl osed herein A8t e dt spe | aI ly those
ot her than tunors ncer, 61% . 10 |ﬂWI5b‘e t he| 49 undesi r ed
proliferation of "eel I S. Exarrpl es ifRl yde skin di. sorsders uch as
hyper ker at osi s* (i ncl ddi ng ' i cht hyosi s, kerat oder nma, sOJ! hen pI anus,
and ' ' Amne
RT
NalO,, Re0; 1)aza.Pyr 0
\/ ca,cu CCL:H0 K ﬁ 1
o-:°°"" on 2)p-‘stl'l \
R‘l‘ '
PH(OAC) \m(ﬁuo SReH)
THF "
) I o
(° s.mmdm ( - "
_ TMSoTE | &0 S
- s mcxuucild ,@.Nmssﬁx 10@-W33*)
| NEMeOH 1 N
m—Ko A m—Rg j
11 (B scywsine) 12 (B = cywsine)
Scheme 1: Synthesis of (-)-0d4dC
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bsoriasis) warts, incI udi ng genital warts, and 15 blisters, as weII as

any abnor ng{, % proliferation that can be treatgd:
et hot r exat'e: e act i ve conpounds di scl osed her ei n can so 1)68 used
to i nduce or facili tat e abortion. 20 Thus, the i nvention

al so includes (- )
1- ( 2- hydr oxymet: hyI ’04 oko|BREPRTABIOR nE SsAnhydro-L-gulgap 4t ves and
salts thereof, or t he (69Anhydro-L-gularse o/a prepaxednia onst stept her eof

and pharrraﬁeéﬂé I | V@S ta t

thereof for use in ne |C§A¥%era @go%%%aﬂél%tt }‘ﬁ L= %IEQL ?ﬁtht rggat ment
or prophyl axis of #@idbrorded GySN HCL, 1%&@@3i¥rléd-dpr(§l"ﬁpérva¥| Bn:oftcel | s;
as well as thesg al , Cebeydr) &43)973)(23@/dr3@9¥met Wikhéu8- di oxol an-

4-yl)cytosi ne and 2L maceut 1 cal | accept abI e derivatives and salts
thereof, or the (+§) ective pxé"’}-?ﬁﬁ'q RlegPEFe(lIﬁgngf “and
phar maceut i cal | y aS:cegtaEble a(|11992), 33, 58Reamdf in the
manuf acture of a r@géglaneyt v;oreghﬁ_ Mqtlggfz ggnsgggg)

undesired proliferation of cel I's
-19- WO 96/ 0744) was dlrectly converted to diogeiangotriols(3)

I'I. Preparatipg ofby hexidatiorConithiNEIO,, followed Ky )rédéstiormnitl S
rethod S Cal'scrnEBEL Rden, v cpBip SER R0 EFa VN SN EHARG 01 10, o
WO 92/ 18517, publ i Eseprepyldengerderivativg (#1992, Bepzoydatdehotiodi scl osed
in Scheme 1 and  (5), VgéktoeseidiP @S (6), RN/ i0k3daReAVoE01BY - RBY
: ‘gave the acid (7). Oxidative decarboxylation of
. 15 (7) with Pb(OAc), in dry THF gave the acetate (8),
the key intermediate in good yield. The acetate
was condensed with the desired pyrimidines (e.gqg.,
silylated thymine and N-acetylcytosine) in the
presence of TMSOTf to afford an «,B8-mixture, which
20 was separated on a silica gel column to obtain the
individual isomers (9 and 10). Debenzoylation with
‘methanolic ammonia gave the desired (-)-0ddC (11).

. Example 2: Preparation of (-)-I,S-Anhydro-a-n-.
. _ gulopyrat_:ose (2)
25 A mixture of L-gulose (1) (33 g,0.127 mol) and

0.5 N HC1l (330 mL, 0.165 mol) was refluxed for 20
hours. The mixture was cooled and neutralized to
pH 6 by a resin (Dowex-2, HCO;-form) with air
bubbling. _'I.‘he resin was i_'e_cycled by washing with
30 10% HCl, water, methanol, water and saturated NaHCO,
solution. The reaction mixture was filtered and
the resin was washed with water (500 mL). The
- combined filtrate was concentrated to dryne_ss and
~ dried in vacuo overnight. The residue was purified
35 over a column (5 cm depth, silica gel, mesh, CHCL,-
CH,0H, 10:1) to give a slightly yellow solid, which
was recrystallized from absolute alcohol to give a
~ colorless solid (2) (R, = 0.43 (CHCL,-CH;0H, 5:1),

=21~



- other nethod known to those skilled in the art. These net hods, or

ot her anWﬂo@Bﬁﬂﬂgs’ can be 10 adapted for the preparatiﬂ&.’ﬁé’s},m&4

exenplified derivatives of L-QddC. [err]
RT [err] Scheme 1: Synt hesi s of
(-)-QddC -20-

7.39, 35.52%). The L-gulose R=0.07, 11 g) obtained
was recycled to give (2) (5 g, total yield 60%):mp
142.5-145°C; 'H NMR (DMSO-d¢) & 3.22-3.68 (m, 4H, H-
2, -3, -4 and -6a), 3.83 (d,Jqe=7.25 Hz, 1H, H-6),
5 4.22 (pseudo t, Jse= 4.61 and 4.18 Hz, H, H-5),
4.46 (d, J,04,=6.59 Hz, 1H, 2-OH, exchangeable with
D,0), 4.62 (d, Jsons= 5.28 Hz, 1H, 3-OH, exchangeable
with D,0), 5.07 (d, J.on.~4.84 Hz, 1H, 4-OH, |
exchangeable with D,0), 5.20 (d, J,,=2.19 Hz, 1lH, H-
10 1). {a]p®-50.011 (¢, 1.61, CH,0H).

Example 3: Preparation of (-)-(1'8,23,48)-4-

_ _ (1,2-Dihydroxyethyl-1,2-0~
Isopropylidene)-2~-hydroxymethyl)- ‘
dioxolane (4) '

15 - A solution of NaIO, (22.36 g, 0.1 mol) in water

(300 mL) was added in a dropwise manner over 10
minutes to a solution of (2) (11.3 g, 0.07 mol) in
methanol (350 mL) cooled to 0°C. The mixture was
stirred mechanically for 15 minutes. NaBH, (7.91 g,

20  0.21 mol) was added to this mixture and the
reaction mixture was stirred for 10 minutes at 0°C.
The white solid was filtered off and the solid was
washed with methanol (300 mL). The combined
filtrate was'neutralized by 0.5 N HC1l (~200 mL) and

. 25 concentrated to dryness. The residue was dried jin

vacuo overnight. The syrupy residue was triturated
with methanol-acetone (1:5 , 1200 mL) using a
mechanical stirrer (5 hours) and the white solid
(1st.) was filtered off. The filtrate was

30 concentrated to dryness and the residue was
dissolved in acetone (500 mkL) and followed by p-
toluene sulfonic acid (6.63 g, 0.035 mol). After
stirring for s'honrs, the mixture was neut:alized
by triethylamine, the solid (2nd.) was filtered off

35 and the filtrate was concentrated to dryness.. The
residue was dissolved in ethyl acetate (350 mL) and
washed with water (50 mL x 2), dried (MgSO,),
filtered, and evaporated_to give crude (4) (3.6 g)
as a yellowish syrup. The water layer was

-22=-
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Exanpl e 1 Prnggadgaiq9n of 6- Anhydro-L-gul ose 6- A Qoshigidl ose
-was prepared in one step from L-gul ose by the treatnent of L-gulose
with an acid, e.g., ‘0.5N HCL, in 60%y|eld(Evans ME., et 5

al ., Carbohydr. Res. (1973), 28, 35 sel ecti ve
protection, as was %%e'ﬁe%%@a(tfe&ggniss and' er'Sd &R ¥RCUQ.: r Thedr on
Lett. (1992), 33, Eﬂﬂn:h(bbtaz.ned Ramth andl 2Wd)ewasl combifed. wfBRMthé1992, i n

ress), 2 | a 10 b
ox da%ion with (Na? 3’%& qet"%qeﬁxgg’ Q%ﬁf{laghuéé\kw Y
wi t hout isolation, c’dh\ﬂé’r‘t ét?tt*@no:‘--acetl@@pr(@ﬁ?l F\Hénénéeprtal-ueee( 4) .
BeHZO%/Lat i ondt ?s%) sulfdic atd@ qi%cig,0n .08 4( G.bl)alad 9xemat be?ﬂefpg?ozl )26_)

ave the aci i ve decar i Wi c)4 in
gry THF gave the acg?< ?Z&)( 'H’ rl%%%/r@t) %as Rf"é?'#é&flag Fnd§80d yield. .
The acetate m@d-mqahgeﬁe (@QSQH-GGH@/,M Mdﬁhestéeggve
silylated thynine apg '\{'lﬁseé)’éﬂ’éwisﬂéhidrﬂ tfb’»l), 8.8 R, C%AN&Q gfr& MROTT to

afford an [err], [e[étl_ ture was ‘separ ated on | ca gel

col um to obtain tHPlorless qijy w’ﬂu%‘?m{%\ﬁ@'r%)(é and618pd be%%nk%y*atlon
with nke haro) iz mmmnl as@@z@ptyue.ddw)red @1) (8ddCIGddwon

Ex | 2 P
gu?ggyrGanose (2)rep§5ﬂ Iﬂ] CR"’M xt L?Gﬁ]gy 35? ?gz?*l (33)35%'% ]1627(%I) and
0.5 N HCL (330 niL, @&.1654wl95wed 't @nduxdd )f,0d .88 (t, Jo,,,c,,hcmr&.om

m xture was cool ed B, baal b% DY 42g5€ Dovvex 2,
HCOqerr]-form with a s éﬂaﬁ able WjFlelplr_lbgl n \‘/lvaggrg

washi ng with 30 = 'J’l(ﬁ’/% 2, ]\ﬂat é’r‘z)rrdﬂ‘]anoiz $Rt £§+ ahdlLat %i’éséd

NaHCO er r] 15 muEllicaled Boxr OpRGHI:@) 521, 98yr 8, was9diltered and
the resin was vvashekdc c{t’t:\(/?\azt@gr_g‘({EIOO The conbined filtrate was
concentrated to dryness an ' r| gd in vacuo overni ght. The residue
was purified 35 over a colum (5 cmdepth, silica gel, nesh, CHClB-
CH err] OH, -10: 1) t cesimifie® &' | Oht breygiheYoia b d(+ybi£)s,
recryst aI i zed from absol ute al cog‘:gt.gigyaeoiyn:tz&i_ 8 ﬂse)ss soI id (2)
[Rlerr] = 0.43 (CHCL[err]-CH err] Chophopylidene)-2-(0-

20 benzoyloxymethyl)-dioxolane (5)

Benzoyl chloride (6.5 mL, 0.056 mol) was added
in a dropwise manner to a solution of (4) (8.5 g,
0.042 mol) in pyrid:me-CH,Cl, (1:2, 120 mL) at 0°C
and the temperature was raised to room temperature.
25 After stirring for 2 hours, the reaction was
quenched with methanol (10 mL) and the mixture was
concentrated to dryness in vacuo. The r‘:esidue was
dissolved in CH,Cl, (300 mL) and washed with water
(100 mL X 2), brine, dried (MgSo,), filtered,
30 evaporated to give a yellowish syrup, which was
purified by silica gel column chromatography
B (EtOAc-Hexane 4% -30%) to yield (5) (R, = 0.45
'(Hexane-EtOAc, 3:1), 1_0;7 g, 83.4%) as a colorless
oil. 1H NMR (CDCl,) 6 1.35 and 1.44 (2 X s, 2 X 3H,
35 isopropylidene) 3.3-4.35 (m 68, H-4, -5, -1’ and
~ 227), 4.44 (d, J=3.96 Hz, 2H, CH,-OBz), 5.29 (t,
J=3.74 Bz, 1H, H-2), 7.3-7.64, 8.02-8.18 (m, 3H,
2H, -OBz). [a]p®+10.73(c,1.75,CH;0H). Anal. Caled
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7.3g9, 35 0 The L-gulose Rlerr]=0.07, 11 g) obtained

recycl ed to v (2) (5 g, total yield 60% np Ecg’ufﬂ%’[‘\é\?f]c
“[err]H NV\R (DMSO-d[err]) 6 3.22-3.68 (m 4H, H -3, -4 and -6a),
3.83 (d,J[err]=7.25 Hz, 1H, Hb-6), 5 4.22 (pseudo t J[err]— 4.61 and.
4.18 Hz, H, H5¥er c,,a,oosaqcmaﬁ.m.[serﬁq =6 Foungdz, L'H,6223$:1, Hexchangeabl e
W th Degrk®., 4.62 (d, Jlerr]=5.28 Hz, 1H, 3-0H, exchangeable
with Derr]O, 5 7°(d, J[err]=4,84 Hz, 1H, 4-OH, exchangeabl e with

Derr]O, 5.20 (d, Jlerr]=2.19 Hz, 1H H 10 1). [[err]][err] 25-50.011
(C 1.61, CH3OHeExample 5: Exam:tpa&tion oF eE)-A(11'®) 28f, 48) )46l ' S, 2S, 4S) - 4-

(1, 2-Di hydr oxyet hyl -1, 2- 0- (1,2-Dihydroxyethyl)-2-(0-
| sopropyl i déne) - 2- hydr oxynet hybqnzoyloxynethyl)-dioxolane di6dxol ane (4) 15
A solution of Nal 04 @2gigeudte BE1(8Y! {519 gvat@rom mol) dmPQJrl) was added

in a dropw se mannper qutlon, f (2) (11.3 g,
0.07 nol) in t© uenﬁe?ﬁ&%BP‘FSBﬁlﬂL c@%l%d o°af{§%m1d *fhe mi xture was
stirred mechani eethanbdr (16 mLhuwas. st:l\bﬁbiﬂeat]rc(dn Xemperatiite 0.21 nol)

was added to t?t xhghgsand,r#ﬁ rﬁﬁaqc}:ion nﬁllﬂ't%éi"’a%fosu rred for

10 m nutes at € SO |d vvas ere and t he
solid was 10 hﬁa§ﬁéHeW=t waﬁeeﬁaaera'ee@otw}alfr f ddheiariginal

filtrate was ne%u,ahbzaﬂdbgdaiélbhglﬁl.nétmmsmnﬂ, atd p-concentrated to
dryness. The residue was The syrupy

L n vac. ver ght
~residue was tri }5?8 sulgom.ﬁﬂ ?ﬁlﬂema%0$ %‘qu r‘lll €re 200 m.) using a
mechani cal stiradde@5 hafteyr ahﬂrrimgvxﬂoreomlmre hour, (t:h!at ) was fil terqd

off. The filtrakgad@ion ﬁ@xtuf&”ﬁ&gtﬁéﬁé’f'ai}?zéﬁw = 08 queresi due was

fei (6 6318, “0apdBe pRR tha) paivent was eYaBotREdD te; SRIRRER  ho m xtur e
was neutralized Thebyesidaéhyaanpueifiéd bplsilicindel wadun t ered of f
35 and the filht3hat¥8eapRYCERLLINEELE! YIEES3%) D give (6)
[(R=0.15(Hexane-EtOAc, 1:1), 4.92 g, 99.2%] as a
colorless 's_'yru:p' Iy NMR '(Dﬁso-d,) )8 3.43 (m, 2H, H-
20 2'), 3.67-4.1 (m, 4H, H-4, -5 and -1'), 4.32 (d,
J=3.73 Hz, 2H, CH,-OBz), 4.60 (t,J=5.72 Hz, 2'-OH,
exchangeable with D,0), 5.23 (t, J=3.96 Bz, 1H, H-
2), 7.45-7.7, 7.93-8.04 (m, 3H, 2H, -0Bz), [a]p® +
9.16 (c,1.01, CHCl;). Anal. Calcd for
25  Cy;3H;606:C,58.20; H,6.01. Found: ¢,58.02; H.6.04.

Example 6: Preparation of (-)- (ZS GS) and (28,
4R)~4-Acetoxy-2-(0-
benzoyloxymethyl) -dioxolane (8)

A solution of NaIO, (10.18 g, 0. 048 m_ol) in

30 water (120 mL) was added to a solution of (6) (3.04
g, 0.011 mol) in CCl,:CHCN (1:1, 160 mL), followed
by RuO, hydrate ('0.02' g). After the reaction
mixture was stirred for 5 hours, the solid was
removed by filtration over Celite 'a.t_xd the filtrate

35 was evaporated to 1/3 volume. The residue was
dissolved in CH,Cl, (100 mL) and the water layer was
extracted_wii:_h CH,Cl, (100 mL X 2). The combined
organic layer was washed with brine (50 mL), dried
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resi due was dissolved in et'hyl acetate (350 nL) and washed with

wat er (50 rerbgg,},-,uglrl ed (MISH), filtered, and evapor pterisdsPrigdqve
crude (4) (3.6 as a yeI | ow sh syrup. The vvater | ayer was

-22- WO 96/07413

/ / : d d h
ol i 0 obtained (1st FEPSRaY e el FRRFOLRERS, R afvhls ndGitten T, o,

and recycl ed by stiinjvacuerfar 16 hoursm ko igiveruusieh70| -(Rcét gne (900 i)
and p-tol uene 5 g1gylfonic acid (16 g, 0.084 nol) to yield crude (4)

5.6 . The crude (4) was r ed b dr col ym .over silica gel
ECI—BOqz CHCL3, 1% 50/5 %0 T° “Solucton {96? ‘t’ﬂ{de d’@(@ﬂél[tebrr"] \éQéc)Hlmllo 1)g

8.8 g, 61.849% A&s adry THF (€®Imk) ceereiddded @b (CAYYRS DMBCyA[®rei246 1.26

g.ngztlié,z S[Ze?(r] 1 PR) ré“a(ziﬁ-?’gd’j[‘g%)ﬁ%% “&'65?31%84%“’%%“%?% H 4,
5, -1' and -2'), 4apposphepeerThe mixture was stirred fow @S mimukesgeabl e

with Derr]O, 4 85ufider JLahld the sol:;d3w8§ Eémo&éh Zflﬂ:ﬁiiian
[err]25-12.48 (c,

CH err] 06: C, 52. 93; 1?&17 8@ %[wrr]‘)'&mfid’jé %39'1 ﬁce}:ag@ (60 mL) ang, ) e
4. Preparat 1On oth¢ ¢oliine® Hyriginike layer was evaporated to

po 10 A TR N agingsl; or TR TR oo 4 By PoATRL TO0P
chloride (6.5 mL, 0SPbémApFhropategrArhy (HexanerELQASp4i:dd r?ﬁ’nﬂéﬁlﬁo a

sol ution of (4) (8. ©8y. (R, = 0.70. add ovhY (neﬁaﬁedmﬂmw[zeuiﬂﬁs(JgZ 120

m)-at Jerr]C e te ure r §,S t ture.
25 After stirri ngs?bspg]h %r% r?ﬁ%ra]} c\flﬁ g ﬁﬂn ?c£§§’repn gpséng :
met hanol (10 nl$ and. 1he(2% x8 ur 3 waOAc), 3. LB r(@,e®R,0 BHS)ness in

vacuo. The resi due4V\@§ 4.48 (Sigs®] vpd 3n730|—|@ @300 )cy;@la shed with
wat er (100 ni 2) rl(ne drled(l\/gl %Iter? 45

5. s (2 3.63 Hz, ui H-2), 6.42

(m, 14, H-4), 7.33-759, 8.00-8.15 (m, 3H, 2H,
-0Bz).[a]p®¥-12.53 (¢, 1.11, CHCl,). - Anal. Calcd for

20  CH,O; C, 58.64; H, 5.30. Found C, 58.78; H, 5.34.

Example 7: = Preparation of (-)-(28,48)-1-[2-
(benzoyl)~1,3~- dioxolan-4-
yllcytosine(9) and (+)-(28,4R)~1-[2-

: (benzyloxy)-1,3-dioxolan-4~
25 _ yl)cytosine (10)

A mixture of N'-acetylcytosine (1.24 g, 7.52
mmol) in dry dichloroethane (20 mL),
hexamethyldisilazane (15 mL), and ammonium sulfate
(cat. amount) was refluxed for 4 hours under a
30 nitrogen amospheré. The resulting clear solution
was cooled to room temperature. To this s:.lylated
acetylcytosine was added a solution of (8) (1.0 g,
3.76 mmol) in dry dichloroethane (10 mL) and TMSOTE
(1.46 mL 7.55 mmol). The mixture was stirred for 6
35 hours. Saturated NaHCO, (10 mL) was added and the
mixture was stirred for another 15 minutes and
- filtered through a Celite pad. The filtrate was
evaporated and the solid was dissolved in EtOAc and
- washed with water and brine, dried, filtered and

25~



30 evaporated to give a yellow sh syrup, which was purified by

silica g chromat ogr aphy ( Et CAc- Hexane 4% - leld (5)
[Rlerr] %V(b&%oﬂ{gq (Hexane- Et OAc, 3:1), 10.7 g, 83.4% %&'ﬁf%’& %‘}I ess
oil. 1H NWR (CDCl[err]) 6 1.35 and 1.44 (2 X s, 2 X 3H, ’
| sopropylidene) 3.3-4.35 (m6H, H4, -5 -1' and -2) 4.44 (d,

J=3.96 Hz, 2H, @%mgteds@qwe the crugie3 produgt . 1H1'hi.-BZ¢rude3 7. 64,

8.02-8.18 (m 3hproduct wadlpur@ied bhea kilethl 351%7%? .75, CH err] OH).
Anal . Cal cd WO 96/ 07413

PCT/ US95/ 11464 CHOB/CHCLY). tq Field & ppeecr: P. Mﬁuee ff 695nd Found:

(C ;32“39S gs - (10)%. can.t;o g, 30%) andnthe &,8 miktaperefi pﬁs{);a%d(o c

" y yet hy -

benzoyl oxyne hylglId) oI aneq (E?)O%) - The mlg&'ui r%lo)gt gigi(o‘f 5) (5.7 g. 0.018
nmol) and p- reaQQﬂmdSlﬂquﬁﬁPaSﬂtdo@l thegconbined opb) in

met hanol (70 nl)misesnsed 'vfarse%eigarraQ%@ bgrraeiahgr 8ilica col@hn 2{5191”5 The

the originar | CHORERGEY £ viskth (ahaondikofo SFspthidnare® © "'

t ol uene sutfoni c(®eidl (9. B5g,6%). @8 Hoains.eThese foamsiCwlexe After stirring .'
for one morfy NOWryddiated witn SfCon Wb MBBLaNP willkd 1Bkl &g's' Zeg s "

triethyl 15 am ne an the sol vent was evapor at e

The resi due was (RfPE) el B3x 298 mydnaly drﬁnﬂnuson) Cahﬁ@rrﬂt oépaphy
(Hexane- Et OAC, X% 30} O\ Ghae 290 nm. (Rl err]=0.15( Hexane- Et OAc, 1:1),
4.92 g, 99.2% as a - ~colorless syrup [err]H NVR (DVBO-d[err]) )[err]

3.43 (m 2H H 20 2'), 3.67-4.1 (m 4H, H4, -5 and -1'), 4.32 (d,
J=3.73 Hz, 2H, Gxamgde 8:4 60 rqpafﬁaﬁ’izomzqfﬂ )@st 48)-1-q2changeabl e wi th

Derr]O, 5.23 (t; J=3.96 Hz, Byfrexymethyl-l,3-dioxolan-4-
15 yljcytosine (11)

A solution of (9) (0.29 g, 0.827) in CH,OB/NH,,

(50 mL, saturated at 0°C) was stirred at room

temperature for 10 hours. The solvent was

- evaporated and_ the crude (11) was purified on
20 preparative silica plates (20% CH,0H/CHCl;) to give
an oil. This was crystallized from CH,Cl,/hexane to
give (11) _(0.'136'9,. 77.7%) as a white solid. UV A
max 278.0 nm (& 11967) (pH 2), 270.0 nm (& 774) (pH
7)., 269.0 nm (£8379) (pH 11); Anal. (CH;N,0,)C, H,N.

25 II. Pharmaceutical Compositions
Humans, equines, canines, bovines_and other
animals, and in particular, mammals, suffering from
" tumors, and in particular, cancer, can_be.treated
by administering to the patient an effective amount
30 of (-)-0ddC or its derivative or a pharmaceutically
| acceptable salt'thereof optionally in a
pharmaqeutically acceptable carrier or diluent,
either alone, or in combination with other known
anticancer or pharmaceutical agents. This
35 treatment can also be administered in conjunction
with other conventional cancer therapies, such as
radiation treatment or éurgery,
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2), 7.45-7.7, 7.93-8.04 (m 3H, 2H, -OBz), [[err]]Derr] + 9. 16
(c,1.01, CHg*g 7ﬁﬁ?| Cal cd for 25 Cerr]Herr]gerr]: Cu&mdds
“Found:  c, %ﬂ“ 6. 04. Exanpl e 6: Preparati on of €h§Q4

and (28 e 4R) - 4- Acetoxy 2-(0-
benzoyl oxynet hyl) - di oxol ane S IutJon of Nal &4 (10.18 g,
0.048 nmol) in 30 Egefézéq\i?“&%% %%e‘aet esh By ang) (3. 04

g, 0.011 nol) in CC&bprobthterréﬁhé(lfdr dxdinple , dIﬂllMMﬂj by RuQ2

hydrate (0.02 Q). ct xt ggg%ﬁﬁ ed for 5
hours, the solid A%EEEnLQEaifﬂb iggﬁav?n??s |cﬁgéﬁer ]#é and t he
filtrate 35 wassSbbgpsppeeusiy, 198 mwlnh@ g \Gream,

di ssol ved in- CH8C12gei0Ootl godid £8Em)\ebLrby ddEros6l form. extracted with

cred2 (100 m X 2)  ThenggTh0sde compou UBH! fndfildda 'BE g0Ned V11

96/ 07413 pharmaceutically acceptable camGRwIgs/dilaent in

(MSO4), filtered, guappbahedshesieyeReSt@detivéd to a paﬁ;ren\@wo for 16
hours to give crude

| ut f
crude (7) (2.6, 0. ofgﬁ%PgePﬁl aldy eﬁ’F?‘“‘rﬁ*(W%‘} %ﬁé‘?&%&@’éso d'on o
Pb( CAc) 4(5. 48 go 0 @hddcation, withoatidcaysinkg nsexilows tdxid). éﬂﬁﬁtml)

under N2 e t

under N2 and the so ipb_ﬁé paHSnE“ é%ggﬁewis 3 %féf&lt&{ é%nén Ittq% was
washed with ethyl a&@FQPEnFGG°NL}1bn§f the hef?&ﬁtﬁﬁﬂﬁ#ﬂﬂ? qaﬁer was
evaporated to isdiynene. thgereﬁbﬁlusbws Pornd ety :mdl

073 and 075 ( PexaRESEPEARLY BT €6 fof)n wpe%gd.a,ﬁ%mag %?[t?a%r ss
oil. [err]H NNRS(CDQIFetp]prUt 998mg péf kilograni body wsightOad) the
?C,:H ?grf] ?éfézgm 2H, Hygkipient pef- ddy.4 AStfgidal tdpichl Hoshge Wia1 2H

: range from 0.01 - 3% wt/wt in a suitable carrier.

The compound is conveniently administered in
any suitable unit dosage form, including but not

20 limited to one containing 1 to 3000 mg, preferably
5 to 500 mg of active ingredient per unit dosage
form. A oral dosage of 25-250 mg is usually
convenient.

The active ingredient is preferably

25 administered to achieve peak plasma concentrations
of the active compound of about 0.00001 - 30 mM,

. .preferably about 0.1 -~ 30 uM. This may be
achieved, for example, by the intravenous injection
.. of a solution or formulation of the active

30 ingredient, optionally in saline, or an aqueoué
medium or administered as a bolus of the active
ingredient.

The concentration of active compound in the
drug composition will depend on absorption,

35 distribution, inactivation, and excretion rates of
the drug as well as other factors known to those of
skill in the art. It is to be noted that dosage
values will also vary with the severity of the
condition to be alleviated. It is to be further
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5.46, 5.55 (2 Xt, J=4.18, 3.63 Hz, 1H H2), 6.42 (m 1H, H-4)
7.33-759 -8 15 (m 35, 2H, -0Bz). [[err]]Derr

CHC13) . Xﬁ‘g?&%& cd for 20 Clerr]Herr]Jerr]; C, 58. Mgg“&g
Found C, 58.78; H, 5.34. . Exanpl e 7: Preparati on of
(-)-(2S,4S9)-1-[ 2- (benzoyl)-1, 3- di oxol an- 4-

yl ] cyt osi ne(9) ammdérstqd§5tu§t]§qnbany particular subject

(benzyl oxy) - 1, 3 g€x hould be ¥ | 10)

A m xture of N[e acet s?(xﬂrﬁglmens ziou aize djasted Bee% dry

di chl or oet hane (BHM@i3ce t%ﬂﬂ gy Qﬁ@d(fﬁdngg? and anmoni um
sul fate _ (pﬁbfessﬁnnub yudgmsﬂﬂloﬁuthhopeksbnuaﬂmundsteaing30
nitrogen atnpsphere s I was cooled to
room t enper g?ur eS{.T% % %; 441%&%5&%& ty ?yt 03| ne was added a

sol ution of (8) ‘(—‘Qmmiyltmns' angl Zhatnhihe congeptyAtirs 5anaRASEE0 nl) and
TMSOTf (1Pt Wihardin aFd Jexehipladyxionly wnd aker hed for 6 35

Ctitred for anot FRFEREEd:§ ”leé*uﬁfnégﬂ Vﬁ%ﬁ’gﬁ? ERRGEEAB 8GntRe ol 1o pad
The filtrate wasclaimed camposittioh.andhech@ctdvied ingredient| may bg Et OAc and

washed withqgat e | fi
i VDBSGI% 4131§]€éﬁ§d & isitbe [ 1dr #a§d beNdivided into a

PCT/ US95/ 11464 number of smaller deses fio e peminigteredqat:. This crude
product was puritvarging intervals i unime.5% CH3OH/ CHCl[err]) to

yield a pure a,[err] 09 dth
[err],[err] mxture dﬁ}%%. é@éﬁfééﬁﬁgﬂ“% Ab %ﬁgsIQ&Q§ &ggégdgTﬂg é?x?ﬂre o?
(14) was lﬁ%ﬁ'@eﬁ&l%% qlbra'séﬂa‘#gi GRrroies. co%ﬁﬁeﬂax berr]

m xture wasjsepagRéEdsdd £n | geatin icapsinlldgnor( ¥mpressed £hiBoH CHC13) to

yield (9) (0.414 9513@%7’@ r“%ﬂe Burpose of G%ais%h%raﬁéuﬁii as foans

These foans wer e®
administration, the active compound or its prodrug

derivative can be incorporated with excipients and
used in the form of tablets, troches, or capsules.
20 Pharmaceutically compatible binding agents, and/or
adjuvant materials can be included as part of the
composition. _
The tablets, pills, capsules, troches and the
like can contain any of the following ingredients,
25 or coﬁpounds of a similar nature: a binder such as
microcrystalline cellulose, gum tragacanth or
'gelatih; an excipient such as starch or lactose, a
dispersing agent such as alginic acid, Primogel, or
: corn starch; a lubricant such as magnesium stearate
30 or Sterotes; a glidant such as colloidal silicon
© dioxide; a sweetening agent such as. sucrose or
saccharin; or a flavoring agent such as peppermint,
methyl salicylate, or orange flavoring. When the
dosage unit form is a capsule, it can contain, in
35 addition to material of the above type, a liquid
carrier such as a fatty oil. 1In addition, dosage
unit forms can contain various other materials
‘which modify the physical form of the dosage unit,
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10 triturated mﬁth CHerr]OH to obtain white solids. 9: W

(CH3OH) X Anal . (Cerr]J]Herr]Nerr]Jerr]) C H, INZT /11464

W (CHerr] nax 298 hm Exanpl e 8: Preparat|on

( )-(2S, 4S) - 1-( 2- e Hydr oxynet hyl - 1, 3- di oxol an- 4- 15
yl)cytosine (11) ' - A solution of (9) (0.29 g, 0.827) in
CHerr]OH/ NH err] for exanpley coaikiimgst of sugeker sh€llaas eri enterit room
tenperature for 10 holds g The sol vent was evapor ated and the crude
(11) was purified on 20 preparative S|I|ca

Iates 20%
CH err] OH CHCl[err]) to diff active compoynd Qaﬁﬁgcél‘%?ﬁ”hed from
CH err] d 2/ hexane t aacceptablegisaly( ih)er(eaﬂaﬁngbeﬁdi\i/auaaeaedhhk easol id.

e 500 bl e Sl e tid) obBBefbaof 1 Osfrlp, (beELE, 779

(C[err]H[err]N[err](ﬁhﬁW#9§39#mu°r th@SIIkFI ApE¥rHECBaYi cant&bnpotnti ons

Humans, equines, caraamﬂoww%&&@&b@ecmpounds,aahe%se asdaln
parti cul ar, nannals suf ticul ar,

erlgg ngh e v g g u
cancer, can be treat®fFet agent and §F§FP&& PG PﬁE BLiVEAr d¥eBffective
anmount 30 of (-)amticd®lorings dmﬂ llaveesor a pharnmaceutically

accept abl e sal ty4hereof ogfd q%] m%ound or png%glggggg%gﬂ¥y accept abl e
el a In

carrier or dlluent atron w
known ant i cARKAPEALL, &Hﬁ§%°fa§éﬁt§15¢hpg mixed W%Fbatnent
can al so be adni ni stethesk larcma wiatierdals that dot Roet hmpaienthet i onal

cancer therapi e, oYgk ffea actiod “PVith WatUETETL Shat biEhlsment 1.0,

These conpounds can ke Apfined actdan, sweh as othexpppsprracerroute, for
exanple, orallyis agent2rditi¥idties, Rntdtangaisy. intradernally,

‘antiinflammatories, or antiviral compounds.

Solutions or suspensions used for parenteral,
intradermal, subcutaneous, or topical application
can include .the following components: a sterile

20 diluent such as water for injection, saline

*  solution, fixed oils, polyethylene glycols,
glycerine, propylene glycol or other synthetic
solvents; antibacterial agents such as benzyl
alcohol or methyl parabens; antioxidants such as

25 ascorbic acid or sodium bisulfite; chelating agents
such as ethylenediaminetetraacetic acid; buffers
such as acetates, citrates or phosphates and agents
.for the adjustment of tonicity such as sodium

chloride or dextrose. The parental preparation can

30 be enclosed in ampoules, disposable syringes or

" multiple dose vials made of glass or plastic.

If administered intravenously, preferred
carriers are physiological saline or phosphate
buffered saline (PBS).

35 In one embodiment, the active compounds are
prepared with carriers that will protect the
compound agaznst rapid elimination from the body,
such as a controlled release formulation, including
implants and microencapsulated delivery systems.
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subcut aneously, or topically, in liquid, cream 5 gel, or solid form
or by aengg§endsps M The active conmpound is i %ﬁ%@/liﬂut he
pharnaceutlca?ly acceptabl e carrier or diluent in an anount
sufficient to deliver to a patient a therapeutically effective
amount for the dgsi i.ndi cation ut. causi ng serlous t oxic
effects fiﬁgrﬁﬁ?égﬁt l??‘%‘é?‘%at%]p?é? RFH A be used,

conpound for allsuéhtas éthyleneevinyheacetaik { ipplyanhydridelss i n the range

cay. v gener ot yro v B ARy sotpesnt pouEthch b B o o

t he reci BP H%aﬁﬁ+°d%$1d%\t%ﬁﬁ%&ﬂstﬁﬂﬁ(ﬂﬂeRﬁﬁ§£$9nMQﬂ such range
from0.01 - 8% webriulatonsi wibl cbé adpp&r¥ent to those skillledcegpound is '
conveniently adn¥ﬂlssgged in any suitable unit dosage form :
I ncl udi ng but no limted to one -containihg 1 to 3000 ng,
preferably 5 Lipesomal ansnensianrnpxuﬁkaq beer unit dosage
form A oral dosﬁﬂ&rﬂﬁc@étﬁé@lﬁ@ LB carriers .COPHRRECRAY be
The active ingredi ent LS grefe admi ni stered to achi eve peak
pl asma concent r aPFBR3red accor rﬁ?;ﬂﬂéﬁﬂ? Fo%hes8ut 0.00001 - 30
mv 1pref ekableda.bmuthé) drt, 3fbmphxamplies rasy described inachieved,
for exanpl e, td N ' or
formul ation of t ac?ééé*@ﬁﬂgb 4r§é¥}d e§¥hleh X on§%P§9F%B§§P| or an
aqueous E?ﬁﬂ1%¥ %&#ﬁ?ﬁ%ﬂ%ﬁkﬁi%ﬁ?eﬁﬂiﬂﬁﬂ§?@f tﬁeraexamele.
ijngredi ent. : liposome F&m&mﬁﬁs aﬁayorheaf z@?dfég WYH%BEGIVBnéhe
rug conposition_w e or n,  __di.stribu
orly comosi 1 ony L SEQEQD 6 SEROT AL s aptbyely” SobREbREIerRc ner (.

factors knolh toetheeelamlne. steasﬂ&llphqspha;xﬂmi chpliset, o0 be noted that

dosage VataeRadbyl a&&ébwamyn (dhdtheSeutld LhoRbstBEol)
condition to be alleviated. |t further
_27. WD 96/ 8%43R inorganic solvent that is then evaporatedy Usos/ 11464

leaving behind a thin film of dried lipid on the
surface of the container; An aqueous solution of

20 the active eompound_are then introduced into the
container. The_container is then swirled by hand
to free lipid material from the sides of the
container and to disperse lipid aggregates, thereby
forming the liposomal suspension. '

25  III. Biologieal Activity _

A wide va:iety of biologicai assays have been
used and are accepted by those skilled'in the art
to assess anti-cancer activity of compounds. Any
of these methods can be used to evaluate the

30 activity of the compcunds disclosed here;n

One common method of assessing act;v;ty is
through the use of the Nat;onal Cancer Institute’'s
("NCI") test panels of cancer cell lines. These
tests evaluate the 15_11559 anti-cancer actlvity of

35 particular compounds, and provide predictive data
with respect to the use of tested componnds in
vive. Other assays include in vivo evaluations of
the compound's effect on human or mouse tumor cells
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under stood that for any particul ar subject, speci fic dosage regi nens
shoul d be acu, ,ﬁgus)ver time according to the indivi dug&,gg;sglumd_

t he pr of essional judgment of the person adm nistering or

supervi sing the admni stration of t he conpositions, and that the
concentration ranges, set forth herein are exenplary only and are not
intended to linit tHOPIESSedoAnkpaer; gEagtednento nude mic@ed cofmbsiti on.
_Thte active ingre(riri) ervddwy:ahetest&a fadnhﬁgit:ege_draact:emgtyo;g piype di vi ded
into a nu er er e e.a istere varyi ng
intervals of tine. Al en gggﬁ i‘SH%&‘I"?i S%T\A;Heg%ﬂ re#® C3%cl ude an
inert diluent or an O@didﬂ capgeri eell Ihne.mmBxdmples 1% amrdcl®smxbvideel atin
capsul es or conpy ess4ft ieXperimentall aBt8its KRG EESuPHE POFCidsE’ @

t herapeutic adm ni stration, the active conpound or its prodrug
derivative can be H?&?rtﬁorated W|th exci pients and - used in the form
of tablets, troches, or capsules. 20 Pharmaceutically conpatible

bi ndi ng agents, and/ ' adj d part
of the corrp05|trpon t%ggiagsheéi _ﬁ,gﬁ)?ﬁ roc s and

t he |l i ke can contain an OWI ‘ng 1 ngredi ents . 25 or
conpounds of a simlar nd'lour 15 were 1implaptge, @t &Pl i ne

cel | ul ose, gumio ag®DFL Mmiee obtameaelfabmnSoaanemlné:eé&réwch as starch or

| act ose, a di g a s al.qi cid .Prino or
corn starch; a Iubn%’% scsucl‘i ggg%ﬁgﬁém bggga‘f'%g 1%$e€?%r1c¥f es; a
gl i dant such as col Itstiee deiilycSer five daESOStdetlagsmtm mfeerent such

as sucrose or tumdAC ¢eafi Am qaneai;kaxorl ﬁﬂlﬁ&eﬁl§%@§c6’f}3pﬁ§ mnt,
met hyl salicylate, or gleflavorhgn B osaeunlt form
is a capsule, it caf 968??? fe Wps shewn L9 Pe; Gﬂ"%ﬁ tRrehe HieR: the above
type, a liquid15 caigure SuehdaTabléaltghowl thénresults oof tinssge

unit forns can cont %e&di%rsl 0”&|n°§"§.85r@§“' 185 represent¥ € "L yfél_h28_

physi cal form of the dosage un
the control (untreated animals), (~-A=--) represents

the survival rate of those administered (-)-0ddC at
25 mg/kgbid twice a day, and (O) represents the
20 survival rate of mice administered (-)-0ddC once a
day at 50 mg/kgbid. Of the six mice treated with
25 mg/kg/dose of (-)-0ddC, there is one loné term
survivor, and the life span of the remaining five
mice was increased by 103%.
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for exanmple, coatings of sugar, shellac, or enteric - agents.

The acti VOOYM{A%nd or pharnaceutical Iy . accept abl PSHP$S{IMbdcof can
be adm nistered as a 5 conponent of an elixir, suspension, syrup, ’
~waf er, chewing gumor the like. A syrup may contain, in

addition to the active conpounds, sucrose as a - : sweet'eni ng agent and
certain preservatives, dyes - and col orings and flavors. 10

The active conpound or pharmaceutically accept abl e salts thereof
can al so be mxed with ot her active materials that do not inpair

t he desired action, or with materials that suppl enent t he
desired action, such as other anticancer 15 agents, antibiotics,
antifungal s, antiinflammtories, or antiviral conpounds.

Solutions or suspensions used for parenteral, . ¢ i ntradermal ,

subcut aneous, or topical application - can i.nclude the foll ow ng
conponents: a sterile 20 diluent such as water for injection, saline
solution, fixed oils, polyethyleneSlycols, gl ycerine, propylene

gl ycol or other synthetic Pl vents; antibacterial agents such as
benzyl al cohol or nethyl p& abens; antioxidants such as 25
ascorbic acid or, sofdiumbisulfitg; ghelating agents such as

et hyl enedi am net acetic acid;|buifers such as acetates, citrates
or phosphates an els € fér thé& adj ustnent of tonicity such as
sodi um 8fi ® or dextrpseay tnTh% parental preparation can 30 be
encl osed in anpg ~di sposabl e| s\ ienges or mul ti pl e dose vials ‘
made of gl ass or } e f adm nistered intravenously,

pref erred 98 cal saline or phosphate

buffered saline +Qne enbodi nent, the active
conmpounds are i ers that will protect the

conpound agai nst he body, such as a
controlled rg}ea - :

(@]
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Survivors equal or greater than &5

10° P388 cells were inoculated irnto, @ach?®

Treatment was given twice a day
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Table
ILS®

days
13.3
27

Mean Survival
Tim

ip

Route
Increased Life Span percent abov

)

Dosage*

©8.Q0

-0ddC 25x2x5

Control

Group
- Inoculum:

5
10




i'mpl ants and m croencapsul ated delivery systens.

- 29- WP é 5& 464
Bi odegr adable |ocorrpat| bl e pol ymers can be used ~such as ethyl ene
vi nyl acetate, polyanhydrrdes polyglycollc acid, collagen,
pol-yorthoesters, and ol yI actic acid. Methods for _preparation of
such 5 formul aF?ﬁ'ﬂglﬂ\H' %ﬁé’% dgﬁ & E’ ﬁg Tumor e
art. ' - Li posorral suspen Sa°” phar maceutical ly

acceptable carri er s Th@ehowa;@ beumor cellks emeadi.mpﬂmmgct d;orrBD!‘dds
known 10 those  10ngki ! ) 16ad¢ i taad 1 PR o %mre agd ce

U S. Patent No. 4, IS I ncorporate rein by reference

inits entiretyp. €8il Exﬁ%l %i"e days, |3ab A ARS3IR RE &3 HF ked¢ose-
prepared by di ssol vithg colon tﬁp@foaélntqrdwtm iy Heiadtieds asl shownl

D ochadoy,”phospnat ElvTSHAF: A6, SheFLfibre o ) Sebte ity The sats. i .

solvent that is theﬁremabbiia(;@@trOl animalsyiand bieh rrenresentsf ithe of dried

lipid on the dataf 266mOthé RicONE Péded WItRUeUGRIED! ution of 20
the active conpound are then introduced into the cont ai ner. The
container is then swirled by hand to free lipid material fromthe

sides of the 10 Examplentl and Im Witswe Testing ofade)egddes, thereby
formng the |iposonal SupRPISEEE-was e\?a51 ated -in B %10@

A w de variety of biological assa%_/ have been used r?? are accept ed
by those skilled i nSFR@eR#Rg Prograp, ;the tesk, measpyras ‘%Rﬂ ivity of
conpounds. Any inhobithen cofretrdricus acanserisrall I A imed WAl &arious. 30

o berstng ne PorBOHRGR:AA2E08 02 "L fldadc.  The cell TMnek UL MO

1 were tested are set forth in Table 2.

Table 2 also provides the concentration at
which GI50 and TGI were observed in the tested cell
lines. GI50, TGI and 'LC50 are values representing
the concentratlons at which the PG (percent of

20 growth lnhlbltlon), defined below, is +50, 0, and
-50, respectively. These values were determined by
interpolation from dose response curves established
for each cell line, plotted as a function of PG v.
log,, concentration of (-)-0ddC.

25 PG is the measured effect of (-)-0ddC on a
cell line and was calculated according to one of
the following two expressions:

If (Mean OD,, - Mean OD,,) > 0. then
PG = 100 X (Mean OD,, - Mean OD,.)/
30 {Mean OD,; -~ Mean ODg,)
If (Mean OD,, - Mean OD,,) < 0. then
PG = 100 X (Mean OD,, - Mean OD,,)/{Mean OD.,,)
Where: .
Mean 0D, = The average of optical density

35 measurements of SRB-derived color
| just before exposure of cells to the

test compound.
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t hrough the use of the National Cancer Institute's ("NCI ") test

panel s ORV&W{ cell lines. These tests eval uate tﬂ?ﬁ‘lﬁﬁsﬂhuo
anti-cancer activity of 35 particular conpounds, and providé predictive
dat a W th respect to the use of tested conmpounds in Vi vo.

O her assays include in yiyo eval uati ons of . the compound's effect on
human or nouse tHedR ORla S The average of optical density._ 3(. VWO

96/97413d'_ o ' 'meagurements of SRﬁfaéiﬁ?éﬁLéﬁﬁﬁr 41

i npl anted into or grafted onto e n.ce. . . s tested for
anticancer activity in vivo ag%er géaﬁﬁgfstﬁ§9ﬁ§§§g|8ﬁﬁ%ﬁi &l line and
t he C38 col on cancer cé&hle tiess. cempaphds 9 and 10 provide 5 the

experimental sdetgbhg @mg eesul ‘I‘ﬁe%v%‘i}%g@ of optichBSdénsity Exanpl e
9 In Vivo Treatnent O Leukem a P38 Cells Wth

(- )-0OddC 10[ er r PeRSBESRERtR38E SRBrdefived cpiafted ip to
10 BDF1 mi.ce obtained from Souafter R8shaueh with no éxposdre cof Al abana.

(-)-QddC was administered ip X ' i LLy jye days starting one
day after tunor cell iﬁgﬁ%ﬁtggrgﬁs,gg%%gc§ﬂ§g£%¥btocol, 75
15

nmy/ kg/ dose was shown to be toxic to the mice. _ _ Figure 3 and
Table 1 show the resuisisrablé esehe first dwddicolumhe Hegukebé, théerr])

represents e data for - - the cantral (untreated ani nals),
(--[err]--)igeprigéa?gel (e'g"t%ﬁ? , )vgﬁdrgfélo ls%ozg'adﬁinistered
(-)-QddC at CCRF2CEMY/whighl wetiec & reated with (©)-Pdg€ese@otumne 20
survival rate of 3m gg; @abed SHE 1L { et WHAEen0@¥8020ccurred dad at SO
ng/ kgbid. O the g}x h1ce'trgate§ﬂvéth- - 25 ng/kg/dose of (-)-QddC,
there is one | ongPtWhm 4 indicatgs (heylogn @t Wbichr dGLpaRcBFrefe remining
five M CEf ehes & Cressoribe) \padiidters could not be obtained
15 by interpolation, the value given for each response
parameter.is the highest concentration tested and
is preceded by a “>" sign. For example, if all the
PG at all concentrations of (-)-0ddC given to a
particular cell line'exceeds_+50, then this
20 parameter can not be obtained by intefpolation.
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Panel

Tablé_z

Cell Line

Log,,TGI
Leukemia CCRF-CEM -6.64 > -4.00
| RL-60(TB) ~6.28 > -4.00
K-562 -4.59 > -4.00
l} BSOLT-4 -6.66 -4.39
. RPMI-2.26 -4.03 > -4.00
SR -5.95 > -4.00
Non-Small A549/ATCC -6.01 > -4.00
Cell Lung
Cancer
'BKVX > =4.00 > -4.00
HOP-62 -6.23 -4.71
NCI-H23 -4.92 > -4.00
NCI-H322M > -4.00 > -4.00
NCI-H460 | -a.32 > -4.00
NCI-H522 -6.06 > -4.00
Colon COL0205 -4.03° > ~4.00
Cancer S
HCT-116 -5.23 > -4.00
HCT-15- -5.39 > -4.00
HT29 > -4.00 > ~4.00
K2112 > -4.00 > -4.00 |
CNS Cancer SP-268 -5.18 > -4.00
'SP-295 -6.24 > -4.00
SNB-19 -5.71 > -4.00
U251 -4.91 > -4.00
Melanoma LOX D6VI -6.39 > -4.00
MALME-3M -4.51 > -4.00
M14 | -6.27 -5.07
SK-MEL-28 -4.31 | > -4.00
SK-MEL-5 -4.91 > -4.00
PANEL CELL LINE LOG,GI50 LOG,TGI
UACC-257 > -4.00 > -4,00
UACC-62 -5.53 > -4.00 |
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WO 96/07413 PCT/US95/11464
] Ovarian OROV1 -4.03 > =4.00
| Cancer )
OVCAR-3 -4.44 > -4.00
OVCAR-4 , -4,00 > -4.00
| ovecar-s -4.41 > -4.00
OVCAR-8 -5.82 > -4.00
| sk-ov-3 -5.35 > -4.00
Renal 785-4 -5.36 > -4.00
Cancer : _
ACHN -6.46 > =4.00
' CAKI-1 -6.65 -4.87 |
RXF-393 -6.17 |> -4.00 |
SN12C -6.27 > -4.00
TK-30 -4.00 > -4.00
U0-31 -5.60 > -4.00
Prostate PC-3 | -6.29 > -4.00
Cancer
DU-145 -6.97 > -4.00
Breast MCF7 -5.95. -4.00
Cancer :
|  MCF7/ADR-RES | -4.97 -4.00
MDA-MB- -4.00 > =4.00
231/ATCC
HS578T . _4.00 > —4.00
MDA-MB-435 -4.62 > -4.00
MDA-N -4.33 > -4.00
BT-549 ~4.59 > -4.00
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VD 96/ 07413 PCT/ US95/ 11464
Exanpl e 10 vo Treatnment OF Col on 38 Tunor

Cells Wth Z"‘S’déﬁé'},g o Col on 38 tunor cells were ir?ﬁrgglstgg 1456‘(‘: to
BDFI mce. (-)-0OddC was ‘adm nistered to the mce tw ce 5 daily
for five days, at a dospgg; 45;4uLk €that di 0 .cel
grow h was retarded -fs shggm%; 'J'ggé g%geiligﬁr% 2,1?%%%?911?%&2&3%?5???)
represents the dat3electivity, gf, (nd-0da€r 5Prapi Rarsicuhar feil] line.

represents the Bars dartenbiag tbetHecgighearegrubeht (sensildSvit 10
Exampl e 11 In Cddcymas

evaluated in the'h%%régglﬁég#ngigg ga);g?g ﬁ?ﬁgiﬁrﬁﬁ?ﬁﬂf ?%éziﬁst nmeasur es

t he i nhi bi avenage sensdétivitycor akl| tésted ecellalines.
concentrations of gah-gqué B lk pe ' . 15 Eaqt are set
forth in Table 2 Hhe QET%E%geziglgg&%#%gyﬂég'tﬁeﬂggn%eﬁgéggion at

whi ch G50 and TG tRefheokightedmphiescthescempeund exhibited| ae6I5Q 50,

TA and LC50 are vébgeghécgetichinBlat a concbhfr&fi6RNbhalhafdralityhi ch
t he PG (percent of

20 eromﬁh i nhi,bition), dgflned bﬁ&OM/ is +50, O,
and -50, rERBBERDFRRCPRLTAtOR EeARLFed (oY RF nRhkdCBY
i nt er pol ati onl0r onlines, r andothasctheceedtt bbheéesbsdunusuallyfor each cel
line, plotted as a b PG,V : 0 .cangentrat | of
G e ©p5° “seHBEELSE B T toade, sﬁégg*ﬁéﬁfe’é?oﬁﬁc“a% 182
cell line and was €arresrondingdyr dmpdyt sepaitivity less thanfsheowi ng two
2000 X (Mban O eprr:_ (eneee Fetl 1%“%%‘8“%‘@%%%*%5??“““2n "
oD err]) I1E’r %,g%/g&[ gl?[rfs- Lk@a#’@[ EP'P]&?“E’-'G‘F Heﬂ}-ll -Hg PG =
100 X (Mean CIferrprecéded bip ar *br/(Mean O err]) - Were:
Mean O err] The e e, of I cal dens|.t L35
nmeasur enent s of SRB—derligeéggopgrsgBh £fom ﬁggurx 4 tﬁat afuéfa5§f8pg
exposure of cells €8lihdine of each type of cancer cell tested
- exhibited sensitivity to (-)-0ddC.  Certain
prostate cancer cell lines, leukemia cell lines,
20 and colon cell lines show extreme sensitivity to

(-)-0ddcC.

Example 12 Comparison of (-)-044C and AracC
~ As discussed in the Background of the
Invention, cytosine arabinoside (also referred to
25 as Cytarabin, araC, and Cytosar) is a nucleoside
analog of deoxycytidine used in the treatment of
acute myeldid'leukemia. It is also active against
acute 1ymphocyti¢ leukemia, and to a lesser extent,
is useful in chronic myelocytic leukemia and non-
30 Hodgkin’s lymphoma. The primary action of araC is
inhibition of nuclear DNA synthesis. It was of
interest to compare the toxicity to tumor cells of
(-)-0ddC and AraC. o |
Cells in logarithmic growth were plated at a
35 density of 5000 cells/mL/well in 24-well plates.
Drugs were added to the cells at different dosages
and cultures were maintained for a period of three
generations. At the end of this time, methylene

_ -37-
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test conpound. : - 33- WO 96/ 07413

PCT/ US95/ 1146 Mean ODerr] = The average of sity
neasuren@fﬂ%‘”éfmSRB derived col or a??&hﬁ%n%%{]
exposure of cells to - the test conpound. 5 Mean
ODerr] = The average of optical density

measur ement s of BREeJessaye wereperformed and/or cell numbezs were@ours wit h

no exposure of dlrectly counted Metlf}ldnd Bl ﬁse%t diemRyed-
In Table 2, the

descrJj be the bpanel. (e.g.,
| eukeri a) and ce%#né?nen(% §f°{nhl°met§iﬁﬂg @HQ%SF 8t PLated with
(-)-QddC. Col unmiable ceRBls mhd xtars héharseant[ter n.]ndalrem:ilyh A 50 occurred

and celu L hdl cat r}gﬁ% | TA ¢pCcC | f
t hese responge p réﬂ%?gégeceeﬁ'i not Olf):%nalf’%]y qug Ie tg%%g ation, the
val ue given for WeER detpwnired by interpalatdon o tﬁ@ehPéﬁEEF concentration
tested and data. prescievalye ashown alsgrthd:memarrpltendai-dall t he

oot Lot hobpieTSn S (edo B RROD Bon, pecn BACH BARE o011 L0
done in dupllcate :

10 : In all of the tumor cell lines tested,
(-)-0ddC was more cytotoxic than AraC. (-)-0ddC
was significantly more effective than AraC in the
KB nasopharyngeal carcinoma cell line and in the
two prostete carcinoma lines DU-145 and PC-3. ‘

15 HepG2 cells originate from hepatocellular carcinoma
and the 2.2.15 line is derived from HepG2 cells
which were transfected with a copy of the hepatitis
B virus genome. ' CEM cells are derived from acute
lymphoblastic leukemia. (-)-0ddU, the compound

20 which would be formed by the deamination of
(-)-0ddC was not toxic in any of the cell lines
tested. Enzymatic studies indicate that, unlike
AraC whose clinical efficaey is greatly diminished

by its susceptibility to deamination, (-)-0ddC is

25 not a substrate for deaminase. '

‘It has been determined that (- )-Oddc can be
pbosphorylated to mono-, di- and tri-phosphate
nucleotide ip vive. It appears that (-)=-0ddC
exhibits its celluler toxicity in a phospho:ylated

30 - form because cells that are incapable of
phosphorylating the compound are much less
sensitive to the compound. The first enzyme
responsible for its phosphorylation is human

- deoxycytidine kinase. In vitro enzymatic studies

35 indicate that (-)-0ddC can be phosphorylated by

- this enzyme.

Unlike araC, (-)-0ddC is not deaminated by
cyt;dine'deaminase The presence of cytldlne
deaminase in solid tumor tissues can be a key

=38~
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Table 2
Leukem a
-'6. 28
BSOLT- 4
-4.03
Non- Smal |
- Cancer

WD 96/ 07413 PCT/ US95/ 11464
Panel- - Cell Line Log[err] d 50 § ] TA
VOSSR E  -6.64 > -4.00 Rl‘_’-cgﬂj(s% b4
> -4.00 - K-562 -4.59 > -4.00
-6. 66 -4. 39 RPM - 2. 26

> - 4. ocontributingr factor responsibples for theslack g6
AS49] Fdéfivity of dradl in solid témd®s. This c6Bll Lung
partly explain why (-)-0ddC is active against HepG2
_ cells in nude mice, whereas araC is inactive. 1It
5 also explains why (-)-0ddC has different spectrums
of anti-tumor activity from that of aracC. '
Furthermore, the presence of cytidine deaminase in
the gastointestinal tract may play an important
role in why araC cannot be taken orally.
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BKVX > -4.00 > -4.00 HOP- 62

-6.23 -4 71 NCl - H23 5 >
-4.00 - Wossnits NCI - H322M > -4.00 >P‘5TZ‘.’%§'"4“
NCI - H460 -4.32 > -4.00 NCl - H522
-6. 06 > -4.00 Col on COL0205 -4.03 >
-4.00 Cancer - HCT- 116 -5.23 >
-4.00 HCT- 15 -5.39 > -4.00
HT29 > -4.00 > -4.00 _ K2112 >
-4.00 > -4.00 CNS Cancer SP- 268 -5.18 >
-4.00 . SP- 295 -6.24 - > -4.00
SNB- 19 -5.71 _ > -4.00 g . U251
-4.91 > -4.00 Mel anonma LOX DeVI "~ -6.39 >
-4. 00 - MALME- 3M -4.81 > -4.00 '
ML4 -6. 27 : -5.07 : - SK- MVEL- 28
-4.31 > -4.00 SK- MEL- 5 -4.91 >
-4.00 PANEL CELL LI NE LOJ err] GL50 - LOderr] TA
UACC- 257 % -4.00 > -4.00 UACC- 62 -
-5.53 > 4. 00 - 35- WD 96/ 07413
PCT/ US95/ 11464% :
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Ovari an
OVCAR- 3
> -4.00
-5.82
Renal

-6. 46
RXF- 393
TK- 30
Prostate
DU- 145

> -4.00
-4.00
231/ ATCC
MDA- MB- 435
> -4.00
T-47D

OROV1 -4.03 > -4.00 Cancer

4 44 > -4.00 OVCAR- 4 > -4.00
wosfistie o -4.41 > -4.00 PCYpSE/ 14
> -4.00 SK- OV- 3 .5.35 > -4.00
785-4 . »D. - 0 Cancer ACHN
> -4, oo Example 12 1 vive siﬁﬁ?gl _6. 65 - 4.87

-6.17 Three. f00gix-week-oBi1¥¢r nude mice (Taconic > -4.00

> - 4. GdmunodeFizdel? Mice andKhBd) were inocwidfikg g.c> -4 00
PC3 -6.%9 \ > -4.%@ - Cancer
. 97n each flapkyyith 2 x 1@ HepG2 or DYpddp cells and _g g5
5 Camugors were allowed to growlCF/TAéktmEt wasl fthrted >

when the W(%'ﬂgg'?g?re 160 :és 8@9’ 0Rs d@tééﬂi?r%.%&y

-4. Galiper geagupggment and calculated acqgyslimg to the -4. 33
formula: BT- 549 -4.59 > -4.00
> -4.00 > -4.00

Tumor Weight (mg) = length(mm) x width(mm?) + 2

10 Drugs were given at the indicated doses on days 0
through 4 and tumor sizes were
measured every several days. The tumor growth
curves were generated as described in Bell, et al.,
Cancer (phila.) 36:2437-2440 (1975), and are
15 illustrated in Figures 5(a) and 5(b).
Toxicity was evaluated by changes in beody
-weight. |
Although the in vitro toxicity of AraC was
similar to that of (L)-0ddC, AraC was ineffective
20 in this animal model. Enzymatic analysis of tumor
extract indicated that this was not due to
increased 4CD activity or decreased dCK activity
but may have been the result of extensive AraC
. metabolism in the liver which had high dCD levels.
25 ' Unlike AraC, /L)-0ddC was effective in both HepG2
and DU-145 :enografts. The net cell kill(log 10)
calculated for HepG2 tumors were 0.67 and 0.87 for
i.p. and oral treatment respectively. The DU-145 |
tumors become smaller in size with half of them |
30 fegressing completely by day 15. The tumors did
begin to reappear about 25 days after the last
treatment but growth stopped again after day 47.
On day 60 the animals were sacrificed and tumors
were removed. The tumors had a necrotic morphology
35 with very few of the cells being able to exclude
trypan blue. 1In addition, no enzyme activities
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Figure 4 ph that displays the relative sel ec
(-)-QddC #N%r a part icular cell line. Bars ext endi ng ? {"ﬁxyﬁ"&ﬂ
represent sensitivity of the cell line to (-)-0OddC in excess of the

5 ~average sensi tchba i)%f ﬁlael I ket eg Eﬁ#’h Liggﬁ? | ﬁ‘?e@’ nce cig;e bar scal e

Is logarithmc, erl npound
exhi bited a G 50AraC andor(Ly H@dEE! glvenewareaembbyrttr@sia)ras)ne hundr edt h

the mean concent r;3di@aveddwy’ 9@iguer 1855 62l the éﬂméwe%n@nd thus the
cell lineis unusual I, Barsré;(tendl ng to the

| ef t ~ corre&k ¥'H'W ﬁﬁ?‘frc%gﬁsf’i‘??r{'? ?E%ss‘f%?Prt nean.
These cell |imes ZSatg/m ewdiicey addagr mayede the mdximan aiblerhteds t he

Logler ] concent iiiAn Wil £3Ge MancPHEGSH°Gaf G ‘Creatment. a |t can be

seen from Figure ¥ACH tybe of cancer
cell tested Pr@@lﬂ%ltéﬁ ¥basht dyngyis cadminigerredan Am prost at e

cancer cell |inesntdeamsierentchkiki ﬁgy‘ beZpref@f@lgd:ol on cell lines show
extrene sensitivity to (-)-Qdd .Exanpl e 12 Conpari son of

(-)-QaQddC and AraC As di scussed I n tthe Background of the
| nvention, cytosine aThiei dosivdérpahnd infviveddata $hown d@r@/tarabin, araC,

and Cytosar);j s emdisteakdethat rmn@a&g ﬁés 24 a{ef idgiadtsed in the

treat ment of acute nyel ol d ukem a active agai nst
acute | ynphocyt i CONESKeRCEIVARY FB amﬂés%%rm%%f efpys be superi@Xeft@ in
chroni c nyel ocyt idedxyuiyediddnandnadogys 36urréintipki avaai laplehomilot The prinary

action of araC | Smpy de 4"BhB Fhode L. AMcl B BT Wk, offpnies o (

interest to conpare:the fox
-~ AraC. to have ant:. cancer activity, but it is also the

15 first true chain-terminator capable of inhibiting
tumor growth. Although its unnatural
stereochemistry does not prevent (L)-0ddC from
being activated by metabolic enzymes or from beng
incorporated into DNA, it may be a factor which

20 protects this eompound from degradation by d4CD.

(L) -0ddC is also unique in that it is active in
solid tumors which are usually unresponsive to
nucleoside analog therapy. The drug 2°',2°-
difluorodeoxycytidine (gemcitibine), which is

25 currently undergoing clinical evaluation for the
treatment of solid tumors, is still susceptible to
.inactivation by 4CD(16). Because the elevation of
dCD levels is a mechanism by which cells become

. resistant to dCyd analogs such as AraC(17), (L)-

30 0ddC can be useful in the treatment of patients who

have become unresponsive'to these drugs.
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Cells in logarithmic growth were plated at a 35 density of 5000

cells/nL/ wel |l plates. .Drugs were added to éﬁn I
(__jifferent\l\(ﬁ%sag@sﬁﬁ1 and cultures were naintained for a %erlo of three
generations. At the end of this tine, nethylene

- 37- Iv. i T Eo’ﬂé%EEn( F2uGotdb1eot1a¥e 28407413

PCT/ US95/ 11464 éIB |§'ormed and/ or celg nunber s

wer e directly counIed s a_die_whi bi nds
in a stoichiometric marfmr*IP55% <ﬁ%§3§9 ré%ers &Pagﬁgeﬁéilg°aﬁﬁecan be
used to |nd|rectlymodulét:pnuuﬁtgﬁna(axpresaﬁmﬂ’t@Ebnghya p98dess| Cerr]

val ues he 4p
data. Each val ue S oméﬁqr%%n%nﬂlr%%nﬁ&?&%& dTe gs hgﬁ'gﬁlg?df ive
experinents with eb@hddeREPIIeRtary nuclejsmaciqd #gguengeeto inkgbit - |

all of the tunor cetanséristiastcd replicatidn )(i@dGevaargete cytotoxic

the o0 b nasSpRYRy o B! oy (o Ssdh S Enb"en AR

prostate carci nonatarget mers:%ma Nﬂ’@. or tpsinkipde prbressingi nate from |

hepatocelIulaiocar@ifogﬁe target éﬂ&héﬂEé:%éz hNﬂ@ 'SAd%ia¥ed from Hep&
cells : whi ch were t%g Cted Mﬁth of he h ﬂtltls
virus genome. CEM ¥RFHEL¥%r ¢ can ﬁﬁ 8bPdsti ¢

| eukema. (-)- Cddhblmgetnnmpmauhhlquéﬂ) AMﬁmmpbsmdwambéefmsneﬂeby t he

deam nati on of ﬁ§g¥3g¥gﬁ | f . th nes
tested. Enzymatic stu es I ndi ¢ %?% ﬁfB%ﬂﬁ%Héé@%be k Qagm%%g%écllnlcal
efficacy is great!§liganucleniide bound e mRNASysd8pBRBERREY t O

deami nation, {s)- Qdebodsment 2% sﬁMheh&smﬂtlrg&ﬁcfl%tdaarmaase

¢ ao been deter g dheta (cd CUSEN Dorong, sagefMIRAGES (0 |
(-)-QddC esbranded | BNA c i daming teoxiwiple istrandeds phupiext ed
| | (triplex) that inhibits the expression of that gehe
sequence. Antisense oligonucleotides can be also
20 used to activate gene expression indirectly by
suppressing the biosynthesis of a natural repressor
or directly by reducing termination of
transcription. Antisense Oligonucleotide Therapy
(A0T) can.be used to inhibit the expression of
25 pathogenic genes, including those which are
implicated in the uncontrolled growth of benign or
malignant tumor cells or which are involved in the
replication of viruses, including HIV and HBV.
The stability of the oligonucleotides against
30 nucleases is an important factor for in vivo
applications. It is known that 3’-exonuclease
-activity is responsible for most of the unmodified
antisense oligonucleotide degradation in serum.
Vlassov, V.V., Yakubov, L.A., in Prospects for _
35 Antisense Nucleic Acid Therapy of Cancers and AIDS,
1991, 243-266, Wiley-Liss, Inc., New York;
Nucleic Acids Res., 1993, 21, 145.
The replacement of the nucleotide at the 3/--
end of the oligonucleotide with (-)-0ddC or its
40 derivative can stabilize the oligonucleotide
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30 formbecause cells that are incapabl e of phosphorylating t he

compound @editas | €ss sensitive to the conpound. pl4¢y 95/5f4 enzyne
responsi ble for its phosphorylation is human deoxycyt | | nase.
In vitro enzymatic studies 35 i ndicate that (-)-0ddC can be

phosphoryl ated b 1 -)-QddC

I S not deam nat eégoalnSt 3 Qkﬁnﬁﬂggggedgeﬂ]radation.I_he resence% cytidine

deami nase in soHQ¥thmn@ddﬁt§§ﬁesa@ahnbéraake?UC1e°tlde "ean be

-38- W0 96/ GebhAced by ( ) -0ddC or its derivative to resiiel/ US95/ 11464
contributing fact activity of araCin

solid tunors. Thi r 5§pp%&ation °8aF# ik%?%ﬁiﬁ%&@*?e D¥ydcC i s active

agai nst HepG5  endonucdlelasesn nude nice, whereas araC is |nact|ve.lt

5 also explains “hyeﬁv%nﬁQHg P§§cg%§ﬁ§éeﬁéréPRCt§¢F“bf ordi

anti-tunor activity. from r nor e fhe presence of
cytidine dean nafkild in the arfewihidt BentlleiFRIuse abt) 1RE4ADIK an
| mpor t ant u:rsold%mna\u/ayeatacseanmmweatvad@ﬂ ¥eridd \of

oligonucleotides against degradation by both

10 exonucleases and endonucleases, including _
nucleosides used in antisense oligonucleotide
therapy. All'of these emquiments are considered
to fall within the scope of this invention..

Example 13'provides one, non- limiting, example of (
15 the use of (-)-0d4dC to resist the activity of a 3’'-

exonuclease

Example 13 Resistance to 3’-Exonuclease.

Activity By (-)-0d4dC
The human cytosolic exonuclease activity from
20 human H9 (T-type lymphocytic leukemic cells) was
determined by sequencing gel assay. Briefly, the
3’ -terminated substrate was prepared from a 20 or
23 base-long DNA primer with the following
sequence: '

25 - 3’ -CAATTTTGAATTTCCTTAACTGCC-5'
24 _ 1.

The primers were labelled at the 5’'-end with [T-
2p]ATP, annealed to complementary RNA templates and

: terminated at the 3’ end with dTTP (20 mer) 4CTP

30 (23 mer) or (-)-OddCTP (23 mer) in a standing start
reaction catalyzed by HIV-1 RT. Under these |
conditions, the 20mer was terminated with dTMP (A)
the 23mer was terminated with 4CMP (B) or
(-)-0-ddCMP(C) . These single stranded DNA

35 substrates were used to assay their susceptibility
to the cytoplasmic excnuclease. Thé assays were
done in 10 ul reactions containing 50 mM Tris-HCl
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* 39- VD 96/ 07413 S
PCT/US95/ 1168%6i07413 | - PCT/US9S/11464

10

15

20

pPH 8.0, 1mM MgCl,, 1mM dithiothreitol, 0.1 mg/ml
bovine serum albumin, 0.18 uCi/ml 3’'-terminated
substraté and 2 pl of the exonuélease (0.03 units).
The reactions were incubated at 37°C for the
indicated times and terminated by adding 4 ul 98%
formamide, 10 mM EDTA and 0.025% bromophenol blue.
The samples were denatured at 100°C for 5 minutes
followed by rapid cooling on ice. The unreacted
material as well as the reaction products were
separated on 15% polyacrylamide/urea sequencing
gels and visualized by autoradiography. The
oligonucleotide with (-)-0ddC at the 3’-end was at
least five times more resistant to 3’'-exonuclease
than the other oligonucleotides.

‘Modifications and variations of the present
invention in the treatment of cancer will be
obvious to those skilled in the art from the
foregoing detailed description of the invention.
Such modifications and variations are intended to
come within the scope of the appended claims.
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We claim: : _
1. The f-L-enantiomer of a compound of

formula:

N

NHR?

wherein R' and R? are selected from the group

consisting of hydrogen, acyl and C; to Cj, alkyl,
which is at least 95% free of the corresponding
R-D-enantiomer. . '

2. The compound of claim 1, wherein R! and R?
are hydrogen. |

3. The compound of claim 1, wherein the alkyl
group is selected from the group consisting of
methyl, ethyl, propyl, butyl, pentyl, hexyl,
isopropyl, isobutyl, sec-butyl, t-butyl, and
isopentyl.

4. The compound of claim 1, wherein the acyl
group is8 -C(O)R, wherein R is a C, to C; alkyl
group, phenyl, or benzyl.

5. A pharmaceutical composition comprising an
effective amount to treat a tumor in a host animal
of the compound of claim 1 or 2, or its
pharmaceutically acceptable salt, in a
pharmaceutically acceptable carrier.

6. The composition of claim 5, wherein the
carrier is suitable for oral delivery.

7. The composition of claim 5, wherein the
carrier is suitable for_intravenous delivery.

8. The composition of claim 5, wherein the
carrier is suitable for topical or transdermal
delivery.
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Lgr; ]U895/ 1%}07413 HII"IHHM“BII“ “l A‘%m%j‘é]ﬁ; BEEN CT/(E@B ﬁl
si x-week-ol d NCr nude* n1%e‘(T§co i c* REPIAOEPEf I cifent M ce an ts)

- were inoculated s.c. i n each r] Hep& or DU 145
cells and 5 tunors \sereAahleewad tergteaatIﬁgaanemhowaﬁnsaaﬁdﬂi

when the tunors were 1 0 250 er asurehent
and cal cul at ed ac&SYH Epgﬁg ing aam‘PbFﬁﬁFéxg to a héSt' é) W{K;ﬁn
Wei ght (ng) = Iengtel’f(ﬁﬂ@tlxrev\ﬁdrph('lm‘@ﬁ the compgondDpfigelawmel ggwen at t he

i ndi cated doses on day§e0 the methbgugk élém b UNPhe S ZE St HE "ot

measured every several days. The tunor grow h curves were generated
as described in BARiMad 1§ a human. " chpcer(phila.) 36:2437-2440 (1975),
and are 15 i |lustrated TheFmgﬂhed 5£a¢13ﬂd §(there1n the tumokoXi City

was eval uat ed by %%EQ%ﬁ%er%ugOQXd th F%ﬁg?g %ﬁa?r g5t i though the in

vitro toxicity of *AraC was
ineffective 20 in tld.s ahﬁnmbthgdebf cEaipndi i ¢h Ws¢¢8cﬁumqnnn

is cancerous and the cancer is leukemia.

13. The method of claim 9, whefein the tumor
is cancerous and the cancer is colon cancer.

"14. The method of claim 9, wherein the tumor
is cancerous and the cancer is bladder.
_ 15. The method of claim 9, wherein the tumor
is cancerous and the canéer is hepatocellular.

16. The method of claim 9, wherein the tumor
is cancerous and the cancer is breast.

17. The method of claim 9, wherein the tumor
is cancerous and the cancer is lung cancer.

18. The method of claim 9, wherein the tumor
is cancerous and the_cancer'is nasopharyngeal.

" 19. The method of claim 9, wherein the tumor

is cancerous and the cancer is pancreétic.

20. The method of claim 9, wherein the tumor
is cancerous and the cancer is ovarian.

21. The method of claim 9, wherein the tumor
is cancerous and the cancer is iymphoma.

22. The method of claim 9, wherein the tumor
is cancerous and the cancer is hepatocellular.

. 23. A method for the treatment of cancer in a

host that includes administration of an effective
amount of alcompound of the formula:

o

n‘o—/gl

| N._,O
(Y

R
NHR?

This Sheet Has Been Replaced
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Ar aC BlidmFn the' lisSver whiseh dCD | eveRGI/USISARA64 | i ke
Ar aC, L)-CddC mas ef fective in Jpot h HEFREACED nd DU- 145 xenografts. The
net cell kiII(Iog 10) cal cu tunmors were 0.67 and 0.87

for i.p. and oral treatnment respectively. The DU 145 tunors

becore sl I er i Nl e nMR fishaene@fteahewm 8he gegupseongisoiRy eiely by day
15. The tunors

d e pea ou ZS:Qst aft t he | ast
treat nent but grg#m stq}ppe aga| 2’da§ gg b 't he
ani mal s were sacrdrd RdanddR® umrselected facome thenmgredp T:basuatrdmg had a

necrotic norphol hydvoged,t Ri1xsay Le 1°fm596p38§bﬁa9§'n9 able to exclude
me ac

trypan blue. In a d|t|on no enz I Vit
_41- VO 96/ (FaPhe sphate, an trlphosphate, or a pCT/U595/11464

coul d be detect ﬂiaharntamemttnmuq atkepdapte salt theredtaC and (L)-ddC
gi ven were equa s of the aninals,
‘and preli narg;nﬁ(ilgscl'lnty gﬁ‘gﬁéﬁ%ggg E%g%%?gf 25nmg/ kg

twice a day naylﬁannk§HEM|nun1tolerated dosage for f|ve cont i nuous

days of treatment. Agg, Thep'irx@'t?@@ oENcIRiAN28ll UghdSe AR Nigt ered on an
intermttent ba5|§ Iy be pr The in vitro and in vivo

data shown here 8nph§? BES- Bﬁﬁf?%%% significant anti-
cancer activity and mﬂﬁ i nThenwenhpd bé slpimi 23 ¢ 24, whexkioxyhe i di ne

anal ogys current@bg%uédr%ghelsNgthu only is it the first L-nucleoside
anal og ever shown ve an cancer activity, but it is also the ‘
15 first true chalniﬁbrn1ﬁ§FoWeﬁhﬁébP§ e¥aimmdiqy Rt wherein

the tumor is cancerous and the cancer is prostate
- cancer. |
27. The method'of claim 23 or 24, wherein the
tumor is cancerous and the cancer is leukemia.

28. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is colon cancer.

29. The method of claim 23 or 24, wherein the
tumor is cancerocus and the cancer is bladder.

30. The method of claim 23 or 24, wherein the
tumor is éancerous and the cancer is
hepatocellular. .

31. The method of clalm 23 or 24, wherein the
tumor is cancercus and the cancer is breast.

32. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is lung cancer.

'~ 33. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is
nasopharyngeal.

34. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is pancfeatic:

35. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is ovarian.

36. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is lymphoma.

This Sheet Has Been Reﬂlaced .
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er| stry does not

e T D

furor or out :ws“gf,};‘;;%nmmnm uurm. 7

beng I ncorporatéd Fnto DNAS it
this conmpound from degradati on by dGD

_ —cxfdC | S al so unique in
that it is active in d Gt ET’%EWEE@Emaag g;ughlywﬂgggigogﬁlve to
nucl eosi de anal og therapy The drug

d|f|uorodeoxycytldlﬁkmiﬁnﬁﬁtQQﬂQQﬂouﬂMﬁnéhtm§ capger éﬁrrently under goi ng
clinical evaluatlomﬁﬁutédgalular t reat nent of SO|Id tunors, is still

susceptible to ati.on b ) . £¢ t he elevatlon of
dCD levels is a nechanis \AMHQﬁ¥W§éq4?%é§i ﬁEmPOSl 1ORSPTPEAEIRE doyd
anal ogs such as Araimjﬁﬁfequgve angint CddCrean ke tumetulini A hbsttreat nent

of patients who 0-khese~dr .
O M 0 0 o7 AR O P Bof P OB 1810 2518202 YR e 1y

V. Use of (-)-odd®hIrRIGeRiFraldot iakeepsddple,salt, in a  aptjsense
Technol ogy pharrﬁ&ewmnwmmmbeba&&m& general to the

o1 | gonuct cot1de 19 hybri i zaqe wetiad oF BaThe 2. ¥ Shiafe wRdERE ¢

sequence to inhi bitthe carrxenukﬁnaqmnahieoﬁomepraéadaénver? the target
sequence is DNA), inhibigdg!ransd sdttd ide Rims 9, 23, or 24,

wherein the carrier comprises a capsule.

41. The method of claims 9, 23, or 24,
wherein the carrier is in the form of a tablet.

42, The method of claims 9, 23, or 24,
wherein the administration is parenteral.

43. A process for the preparation of (-)-.
(28,48) -1- (2-hydroxymethyl-1,3-dioxolan-4-
yl)cytosine comprising reacting optionally
protected cftosine with a 1,3-dioxolane of the
formula: '

R110} L
—o—"
~<

H

wherein R,, is hydrogen or a hydroxyl protecting
-group, including an acyl group, and L is a leaving
group, and optiocnally removing any hydroxyl
protecting group.

44. A process for the preparation of 2-
hydroxymethyl-5- (cytosin-1-yl) -1,3-dioxolane
comprising reacting a-cdmpound of the formula:

This Sheet Has Been Replaced
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target sequence is RNA) .or to inhibit processing 10 (if the target

sequence ¢ 5@#0 A w de varlety of cellular can be
nodulate&bagg&ﬁl using this techn|4¥?( si mpl e exanpl e |aﬁ¢h¥§hli&4
i nhi bition of protein biosynthesid% anti sense UllgUﬂULleOtlde

bound to nRNA. I n another 15 . enbodi 92 syn otide is
n doubl e I I A,
LM pl ex) ‘he

hybri di zed to'a specific gene sequence

forming a triple stranded conpl ex

expressi on of that gene sequence: Antisense ollgonucleotldes can be
al so 20 wused t.,0 activate Xpressi on |nd|rectlg

suppr essi ng t he SRS Husi %X UL PTPEBFELRGr ITOUP:  or directly by
r educi ng terninationwwth an agemmam&am|pbnvarténtheense éié@pnufleotide

Ther apy i gkt g theexpress f

pat hogeni c genes [ nc% ng d{ﬁp& tt ﬂ?h@ﬂ wﬁg éB & éé?ntlé’(;d in the
uncontrol | ed gr ERIERL |R§¢noﬁem°V1n9 ﬁﬁelgnaheCtungrthmp% or which are
i nvolved in the 45 ] @lgreridsen fol ‘théuﬁgépatﬂﬁiéﬂ'@ﬂ e, g HBV.

The stability of_ t | | |
mpor tant 1 act ortT G epuge v 4Bt Be T anne Y SRR i

3' - exonucl ease comprlaﬁa|V|ty i s ‘responsible for most of the unnodified

anti sense ol igonucl eoti de t Lo FEAVAR VA
g degeadat a arbaeé@éami %“ucﬁ%ﬁ%l\éﬁﬁﬁgéapy of

Yakubov, L.A., in Pro%Pects for Anti sense’

Cancers and AIDS, 1 243 266, Wl ey-Liss, Inc., New York;

Nucl ei ¢ Acids Res., 1993, 21, 145. : The repl acenent of the

nucl eotide at the 3'- end of the ol jggonucl eotide with (-)-0GddC or 1’
its 40 derivative can stabilize the °_§p~mﬁeleot|de

-43- WO 96/ 07413 ' RS PCT/ US95/ 11464
agai nst 3' -exonucl ease degradation. Alternatively or- in addition, an
i nternal nucl eotide can be repl aced by (-)-0OddC or its derivative to-
resi st . '

with a protected cytosine base that is optionally
substituted in the S-position, using a Lewis acid
that does not racemize the product.

. 46. (-)-(28,48)-1-(2-hydroxymethyl-1,3-
dioxolan-4-yl)cytosine and derivatives and salts
thereof, or the (+)-enantiomer or racemic mixture
thereof, and pharmaceutically acceptable
derivatives and salts thereof for use in medical
therapy, for example for the treatment or
prophylaxis of a tumor, including a cancerous
tumor.

47. Use of (-)}-(28,48)-1-(2-hydroxymethyl-
1,3-dioxolan-4-yl)cytosine and pharmaceutically
acceptable derivatives and salts thereof, or the
(+) -enantiomer or racemic mixture thereof, and
pharmaceutically acceptable deriVa:ives and salts
thereof in the manufacture of a medicament for
treatment of a tumdr, including a cancerous tumor.

48.  (-)-(28,48)-1-(2-hydroxymethyl-1,3-
dioxolan-4-yl)cytosine'and derivatives and salts
therecf, or the (+)-enantiomer or racemic mixture
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tthe degradation of thmm"mmrmuﬂm"uﬂ by 5~ endonucleases.
G ven the di%Hd e di nary . skill in ||
be able to uses???l-sOddC of L M s§tg derivative to stabili zle’kgﬁ]vs\n%(réfeuér“ange

of ol igonucl eoti des agai nst degradati en by both 10 exonucl eases

and endonucl eases, in h %g | dahi@anti sense
thggg?ﬁérg%?/.p N1 tﬂesﬂﬁz odi

ol i gonucl eoti de . : ments are consi dered
to fall within thedSEdpatives prdsakhs ithereot for meeydmemedigadyi des one,
non-limting, exangherapy, £6r exdmplsecfsd the -txkHEremts @3 St the activity
of a 3'- exaon ease. Exanpl e 13 . Resistance to

3' - Exonucl ease prgﬁi.zyfgxls of an a%?’i"{%ﬁt frBQ‘m(de)mﬁ? The
human cytosol i c expnasifasatienioftgelksym 20 human HO (T-type

| ynphocytic | eukem c cehbs) Y88 ugse of (&f £{28 nefl Hy. @equencing gel assay.
termnated substrate was roma 20 or

Briefly, the ' - ; nrepared f

23 base-1ong DNA pPVﬁEPW?Wﬁé”%T‘FW‘??gam%Yl)%Pé(ﬂféﬁ@e.and 25
3' - CAATTTTGAATTTCChPhAAfmd Ee: btally acceptable derivatdves and salts
1 The pri re I al the o - U P :
[ err] P] ATP, anneal ggg?gggbrﬁ#%ént ggy%e%ﬁé&%s\%gr%“li mlxq‘%?m' nat ed
at the 3' end withthe¥eof20andrphagrceuiraliy angeptable. ) - AddCTP (23 ner)
in a standing starHerivativé§3ghd Ofaled A heaasbOirithed rBhurkedarket Bese

-conditions, the 20ner s termpated with dTMP (A he 23nmer was
termnated with dCﬁmeé?C?)Tent or %‘3 -"'Cf%%(‘fl\?ﬂrc)c?f ﬂpé":‘?g“‘éianﬁlre st r anded

DNA 35 substratsdegéreduprdl i Dexatskyn tdleigelshssceptibility to the
cytopl asm ¢ exonucl ease. The assays were done in 10 pl reactions
containing 50 nM Tris-HC -44-
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pH 8.0, 1WMW04 dithiothreitol, 0.1 ng/m bovi ne serum _
al bumn, 0.18 pG/ 3'-term nated substrate and 2 pl RETiSA$11464
exonucl ease (0 03 units). The reactions were incubated at 37[err]C
for the 5 indicated tines and term nated by adding 4 pl 98%

formam de, 10 nM EDTA and 0. 025% br @henol bl ue. The sanpl es were
denatured at 100[err]C for 5 mnute Yol | owed by rapid cooling on
ice. The unreacted material as well as the reaction products were
10 separated on 15% pol yacryl am de/ urea sequenci ng gel s and

vi sual i zed by aut oradi ography. The ol i gonucl eotide with (-)-0QddC at
the 3'-end was at | east five tines nore resistant to 3'-exonucl ease
t han the other oligonucleotides. 15 Modi fications and variations
of the present invention in the treatnment of cancer wll be

obvious to those skilled in the art fromthe foregoing detail ed
description of the invention. Such nodifications and variations are
intended to 20 come within the scope of the appended cl ai ns.
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- 45- WO 96/ 07413 PCT/ US95/ 11464 W claim
1. The [er nti omer of a conpound of forml a: [err]
wherein R[er%\]rﬁégﬁ R2 are selected fromthe group congFgﬁsﬁﬁ"G‘f“
hydrogen, acyl and Cferr] to C[err] alkyl, which is at | east 95% free
of the correspondi ng [err]-D-enantioner. 2. The conpound
of claim1, wherein R err] and R[eHJQUREzare hydr ogen. 3. The
conmpound of claim1l, wherein the a group is selected fromthe
group consisting of met hyl, ethyl, propyl, butyl, pentyl, hexyl,

i sopropyl, isobutyl, sec-butyl, t-butyl, and | sopentyl .

700 _ ' }
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S00 F /
400 F | | ——

300 | /
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4. The conpound of claim 1, wherein the acyl group is -C (0) R
wherein R i err] to (Jerr] alkyl group, phenyl, or benzyl.

5 A phar'rracs%ﬁf%ﬂp conmposi tion conprising an ef f ect i VRCTAPRISMI464 o
treat a tunor in a host ani nal of the compound of claiml or 2, or
its pharmaceutically acceptable salt, in a pharmaceutically
acceptable carrier. 6. The conposition of claim5, wherein the
carrier is suitable for oral deliveF}G 3 7. The conposition of
.claim5, wherein the carrier is suitable for intravenous delivery.

8. The conposition of claimb5, wherein the carrier is suitable for
topi cal or transdernal del i very. - 46-
WD 96/ 07413 PCT/ US95/ 11464 9. A nethod
for treating a tunor in a host . ani mal conprising admnistering to a
host ani mal an effective anount of the conpound of claim1 or 2.

10. The nethod of claim9, wherein the host animal is a human.

11. The method of claim9, wherein the tunor is cancerous and the
cancer is prostate cancer. 12. The nethod of claim9, wherein

t he tunor ~is cancerous and the cancer is | eukem a. 13.
The met hod of claim9, wherein the tunor is cancerous and the cancer
is colon cancer. 14; The nethod of claim9, wherein the tunor

i S cancerous anégthe cancer is bl adder. 15. The nethod of claim

9, wherein the nor i s _cancerous and the cancer is hepatocellul ar.
16. The net hod cl‘!apﬂ unok is cancerous and}t he
cancer is breas

78
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17. The method of claim9, wherein the tunor is cancerous and the

cancer is | er. 18. The nethod of claim erein the

t unor %@Zﬁgerous and the cancer is nasopharyngeal . %CT)%W""“ 19.
The .net hod of claim9, wherein the tunor I s cancerous and the cancer

I S pancreati c. 20. The nethod of claim9, wherein the tunor

I s cancerous and the cancer is ovarg - 21. The nethod of claim
9, wherein the tunor S cancgﬁw&t he cancer is |ynphona.

22. The nethod of claim9, wherein the tunor - is cancerous and the
cancer is hepatocellul ar. ' 23. A nethod for the treatnent of
cancer in a rasliOltdedt Nat i ncl udes adm ni strat®®n of an effective

anount of a conpound of the formul a: [err] WO 96/ 07413

PCT/ US95/ 11464  Laukemia wherein Ris selected fr
H F, d, -CB, -G&mrHerr], -C=CH, or -C=N, Br
and R2 is sel ectecshromthe group consisting

acyl, nonophosphat}¥t,. di phosphate, and t ru
pharmaceutically ggceptable salt thereof,

Noo-Smalt Coll Lung Cancer
ASMY/ATCC
Bvx

group consi sting of
, and Rlerr]
of hydrogen, al kyl,
osphate, or a

DU-143

MDA-MB-23I/ATCC
MDA-MB-43$

BY349
T4
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optionally in a pharmaceutically acceptable carrier. 24.
The met hod @ip gglod1s 23, wherein Ris fluorine, and R| %nlq are
hydr ogen. 25. The method of claim23 or 24,'mher§F?k? ¢ 3

host animal is a hunman. 26. The nethod of claim 23 or 24,
wherein the tunor is cancerous and the cancer is prostate

cancer. 27. The net hod FQSEFS 3 or 24, wherein the

tunor is cancerous and the cancer qu; en?%. 28. The net hod of
claim23 or 24, wherein the tunor i s cancerous and the cancer is

col on cancer. 29. The nethod of claim 23 or 24, wherein the

t unmor

I S cancer oussod

s bl adder ez, The net hod of

claim23 or 24, wher r is cancerous anp t@e] cancer is
hepat ocel | ul ar. thod of claim23 of 24 §wherein the
tunor is canceroug ? s| breast. : ;Z he net hod of
claim23 or 24, whe tunor is cancerou t cancer is lung
cancer. 33. claim 23 or 24, r t he
tunmor is cancerous agd the S nasophar . 34.
The net hod of cl ar@® 47{whgrein the u C erous and the
cancer is pancreatic 35. tThe hofl oY/fclla 23 qf 24, wherein
t he tunor is ¢ nd ' 36. The
nmet hod of clai m 2g, € cancerdqus and the
cancer is |ynphona. 1 - 48- WO 96/ 07413
37. The nethod of cpaim 23 or 24, tde tunor ifs cancerous and
the.cancer is _
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an éffective anount to treat a tunor

of cl ai m 23W8 96407413

its

pharmaceutically acceptable carrier.

23 or 24, wherein

40. The nethod of clai m®-0, Zome

a capsul e.
t he carrler
9, 23, or

|s in tQﬁ%E&E@

the carrier

ereln

I s suitable for
thod for treating: & FUPRE 4B A Bestonpri ses

animéll cdﬁp&ﬂﬁ&ﬁ@oddﬁhnﬁh&EEﬁng td3a hostdanimal awherein
VT pevp—

bR S

S

pﬂhnd

phar necedt i ealt y saccept abl e sBET/USPS11464

39. The nethod of clains 9,

oral delivery.

¢

arengeral

43. A process for the pidpar Fheomeghod pf claim 9, where:.n the host

(2S,49)-1-(2- hydroé‘ﬂﬁiah.\"rsla31ﬂhﬁh0| an- 4-

tecteg ﬁy e, W
e ReFbrd’ R oL LRs
gumumanceﬁdwélagdanhecwhngeaums ppdstate eaheaying

reacting optionally
formul a: [err]
protecting

~group, and optionally rqEDv1
44. A process for the preéeparati

11.

i

on O

h

@¥k1aim o, PLALEELH"End" RHRor

ggmngthod of clains

yl ) cyt osi ne conpri sing
1, 3; dloxolane of the

hyW#ReEein orhe FymeBxy |

hydr oxymet hyl - 5- ( cySosiancerpus. and- thexoeager is leuykepiasing reacting a

conpound of the formulajzjz,

is
is
is
is
is
is
is
is
is

is

The method
cancerous and the
14. The method
cancerous and the
15. The method

cancerous and the

16. The method
cancerous and the
17.
cancerous and the

18. The method
cancerous and the
19. The method
cancerous and the
20. The method
cancerous and the
21. The method
cancerous and the
22. The method

cancerous and the
23.

The methéd.

of claim 9, wherein tH€ tumor
cancer is colon cancer.

of claim 9, wherein the tumor
cancer is bladder.

of claim 9, wherein the tumor
cancer is hepatocellular.

of claim 9, wherein the tumor
cancer is breast.

of claim 9, wherein the tumor
cancer is lung cancer.

of claim 9, wherein the tumor
cancer is nasopharyngeal.

of claim 9, wherein the tumor
cancer is pancreatic. |

of claim 9, wherein the tumor
cancer is ovarian.

of claim 9, wherein the tumor
cancer is lymphoma.

of claim 9, wherein the tumor
cancer is hepatocellular.

A method for the treatment of cancer in a

host that includes administration of an effective
amount of a compound of the formula:
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r] 1s
t hat conveﬁhgﬂwnﬂ 8xo group in t he 4% pdsi ™ oh of the u®
an am no group, and then renoving the protecting groups
45. A process for the preparation of (2S, 4S)-
1- (2- hydroxynet hyl -1, 3- di oxol an-4-yl ) cyt osi ne whi ch conpriseS'

reacting a prot eCtﬂ@eﬁeﬁﬂhQi@'@é@aéﬁed herom the groug Qfdﬂé'l%t:.n

\é\n :)gs?t P:‘)(rjlt eﬁts?ggclit Qé 'aC| 3t'hah(ﬁﬁ§g'do:§ c'lr%t °|racgﬁi§ tUt egdhgt the

46. (-)-(2S,49)-1- Qﬂdhwﬁamnynnthplsélaeted frodlﬁh@lgmeﬁpy¢émgiﬁsimg and

h .
mxture o ebiyaropsy MEAL, Hefyl roHorRiaph 0" °fgmar;am SHEET

and salts thereof ¢%PhQEﬁhﬁﬁﬁwn§an§rlp OSPhﬁﬁﬁnaQ? af or exa for the
treatnent or pIE Fi e 1804 e 0y %é abl'en@allgl I&geg-e@,%tncer OUS - 6 MAR 1997
t unor. 47 Use .of ) - 1 r oxynet

1, 3- di oxol an- 4-y| )Rk él} ré? Hﬁ&ﬁ%;&Y ac e&&@éb? bl'e
derivatives and satdwmsridwer eof, or t he (+)-enantionmer orl_pracenc

m xture thereof, "and [¥H£wnggﬂgdtgyIdiagﬁpgataghgrggal*a&gves and
salts

fluorlne, and R1 and R2 are hydrogen.

25. The method of claim 23 or 24, wherein the
host animal is a human.

26. The method of claim 23 or 24, wherein
the tumor is cancerous and the cancer is prostate
cancer. _ ’

27. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is leukemia.

28. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is colon cancer.

29. The method of claim 23 or 24, wherein the
tumor is cancerous and.the cancer is bladder.

30. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is
hepatocellular.

31. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is breast.

32. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is lung cancer.

33. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is '
nasopharyngeal.

34. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is pancreatic. .

35. The method qf ¢laim 23 or 24, wherein the )
tumor is cancerous and the cancer is ovarian. - .-

36. The method of claim 23 or 24, wherein the
tumor is cancerous and the cancer is lymphoma.
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§ g@mﬂ§droxynethyl 1,3-* ¢ ! di"oxdl ah- 4- yI)cyto

(-)-(2S,49"

derivatives and salts - t hereof, or the (+)-enantionmer or racen1c
m xture -50-, _. WD 96/07413 |

PCT/ US95/ 11464 37 herThe ,“‘%W‘Br%f AR i%?aﬁ‘-‘;/%%cé’%{%’@ the

derivatives and satumorhisecdnderousecand thelieanicer is therapy, for
exanpl e for the trg prophyl axi s of an abnormal or undesired
proliferation of ce ?*Q@Qéefﬂular 49. The use of (-)-(2S,4S)-1-(2-

hydr oxymet hyl - 1, 3- di oxo}&n- 4B yPhaxmaeeyfiGaly composi FRPRisdag vy
acceptabl e deri vataﬂeéfﬂé'@twétauount to thesnfa mdmar(t)wwtloner or
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the treatnent of obharmatewtically amp;ahleﬂj gald,i fievy @t i on of cells.
pharmaceutically acceptable carrier.
39. The method of claims 9, 23 or 24, wherein
the carrier is suitable for oral delivery.
40. The method of claims 9, 23, or 24,
wherein the carrier comprises a capsule.
' 41. The method of claims 9, 23, or 24,
wherein the carrier is in the form of a tablet.
42. The method of claims 9, 23, or 24,
wherein the administration is parenteral.
43. A process for the preparation of (-)-
(28,48) -1- (2-hydroxymethyl-1,3-dioxolan-4-
yl)cytosine comprising reacting optionally
protected cytosine with a 1,3-dioxolane of the
formula:

REPLACEMENT SHEET
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H

wherein R,, is hydrogen or a hydroxyl protecting
group, including an acyl group, and L is a leaving
group, and optionally removing any hydroxyl
protecting group.

o _ 44. A process for the preparation of 2-
hydroxymethyl-5- (cytosin-1-yl) -1,3-dioxolane
comprising reacting a'compound of the formula:
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& compound of the formula: in the treatment of psoriasis comprising an effective amount of
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optionally in a pharmaceutically accepubmp x;""‘ci?'ni" pharmaceuticalloy. scoeptable salt thereof,
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