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filed March 15, 2000, and U. S. utility application nunber 091594, 410, filed
June 16, 2000, both of which are incorporated herein byhr in their
entirety. 5 Field of the Invention The present inventi gK"'t g@?:ﬂ@gér t he
field of MWRPEH8HMde anal ogs. Background of the |nventi onPRIBM&EW/876S
(1-fl-D-ribofuranosyl-1,2,4- riazol e-3-carboxam de) is a nucl eosi de anal og
that has denonstrated efficacy in treating viral diseases both in

nonot herapy [see e.g., Hall, ONTHOBAL PREDRUGKEr 0solized ribavirin
treatnment of infants with resplratory syncytial viral infection. N Engl.

J. Med. (1983;g da%@ﬁeah@:ﬁféﬁn&s“tﬁ@iyeneﬁf‘é’fﬂ]@ ﬁr@Vf@ioﬁﬂt Pﬁﬁbahbﬁhasrauer\@oﬁﬁsglsﬁﬁ erferon

al pha [Reichar al . Random zed, doub I nd 1p acebo controlled
trial offilediMardhelSoR00R) a3 Bntilily @nph&mmmmbewwﬁ%bl@s Fled Jauesy 165 B0 ¢

hepatltl ce nt0|ts wel I known rol e
aea i rRROLIRRE R debipitee téep P BB URRIET
i m munonodul atory properties [Hultgren, C., et al; The antl viral conpound

ri baw riFiekdoduhaInventidee T hel per Typel / Type2 subset bal ance in hepatitis B
and C virus-specific inmmune responses. J. CGen. Virol. (1998), 79,
2381-2391], \Whephreshasnieaton wiabashs thediebicbfinncleasiderapalogs.measuri ng Type 1
cytoki ne concentrations produced by activated T cells fromboth humans and

mce [T R.‘j to %ﬂ. Sle \d rin polarizes human T cell responses towards a
Type 1 Mﬂ = J. Hepatol. (1999), 30, *376-3 82]. Such

i mmunonodul at ments of
various di Se&@é{%&%?ﬁ&%%ﬁé’syﬁﬁ,?%?g%%o ?ﬁ%lm%%gﬁg%ﬁé%t significant
t oXi Ci t Yth§t3RE demehstratd® fficSey ifStreatidig vixal disdadds bethda nﬁaﬁaoﬂieﬁ@yl[sree BW Che

m cronucl eus formation_and in vitro prollf rati.on of hu hocytes
Neoplthar & SbotFoHes ARSI et AR LBt T A BRGRIA iy i SBeTe. g

Jarvi's, 9.gndfly, ﬁiedt@)%jg%ds' uadpiaake aﬂym%ﬂ%&aﬁaxyﬁaefaggma@snﬁa&oﬁ%ha

i nvol venment -of nzyl thi oi nosi ne-sensitive nucl eosi d
trans por[tReerardBO é aﬁ’ﬂ@ﬂdmbd dovide plimg placqu@gyreﬂeﬂssﬂogf Iterferpieplphs 2B

{1 eat mont 0 ol DERE OGRS C LB B R F5 R R0, T

PCTI US01/ 08769 To reduce at |east sonme of the cytotoxic effects of
Ri bavirinT ' Intabdition iosmeil ebwnRblb ay @ direct Mit{vinelagent, Rijavim™ blso aulibitd st er ed

I L T e T e L R
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S e respomsen. 3. o MAroL. (1908), 39 238113531, WEChGRs bido debnsural e 2SPeCts

vitro by measuring Type 1 cytokine concentrations produced by activated T cells from both
humans and mice [Tam, R., et al. Ribavirin polarizes human T cell responses towards a Type 1
20 cytbk:ine profile. J. Hepatol. (1999), 30, 376-382]. Such immunomodulatory properties may

advantageously be employed in treatments of various diseases.

However, Ribavirin™ is also known to exhibit significant toxicity [see e.g., Joksic, G.
et al. Influence of Ribavirin™ on the micronucleus formation and in vitro proliferation of
human lymphocytes. Neoplasma (2000);47(5):283-7], and especially hematotoxicity [see e.g.,

25  Jarvis, S, et al. Ribavirin uptake by human erythrocytes and the involvement of
nitrobenzylthioinosine-sensitive (es)-nucleoside transporters. Br J Pharmacol (1998)
Apr;123(8):1587-92], thereby substantially reducing its usefulness in long-term treatments
and/or treatments in relatively high dosages.



cytotoxicity, however, conversion of R bavirinTMinto the corres ondi ng L-
| soner generally fai I s to inprove target specificity v‘1 Qp‘éﬁ Eto a
target cell and/or target organ. Al though various tria e nucl eosi de
anal ogs f8YOM®EOHn antiviral and antineoplastic treat rreﬁ?@é‘?’@’ 81%own in
the art, all or alnost all of themsuffer fromone or 10 nore

di sadvant ages. Therefore, there is still a need to provide nethods and

conposi ti ons ThGEduch HElLBOSIHESE thé EotbXiP effv@dof RibeHaNM, tHe)l -Rogesgreci ficity.
Summary of the Invention The present invention is direct ed t o nucl eosi de

anal ogs Bibavitn (Eeyavien) Gep b tergdde apatignd Fon exape sthileSftenpl at ed
Comoun%gmﬂﬂyﬁuﬂnﬁ%ktt% ﬁ«zﬁlcfgfawigwl sv%fm@mé@% cfjuéecfgémﬁ%ars ¢wherein R

is a masking group e amn 3 P(O) (OR ) 2,
wher ei n heﬁolﬁc@ﬁerﬁiﬁﬁn@leh]ﬂd»penﬂl Igﬂoyirmdndmztlpkqdn!yt ansmmelﬁable shracairaskl ng group

of the ph I o ndependent 18.acyl, and
R1 et ROTRRE Stterter of Eaeks of ey PPRACER ot Kot s el T

i nventi ot&@«ﬂfyem@’é doesdi @0 IRiBavaitaMags ﬂitemereq:o&ﬁjng@ lisomer 2éhegatigor di ng
to formula (11): 2 14SEP200k WD 01168034 PCT/%{?@EF{(OWGQ on Ho OH wherein Rl

i s a madRilsly igpryp el sRrgiicHY Wb resRect fR 1anset A ParErtosEay 0 11 11
RCO(CH2)4 C0011 RCGXII CH -OCO0O RCS-(cH2)z-OC -

" Although various triazole-type nucleoside analogs for use in antjviral and

antineoplastic treatments are known in the art, all or almost all of them suffer from one or
10  more disadvantages. Therefore, there is still a2 need to provide methods and compositions for

nucleosides with improved tolerability and specificity.

Summary of the Invention
The present invention is directed to nucleoside analogs and their prodiug forms,

wherein in one aspect contemplated compounds have a structure according to formula (I):

Ry'O  OR
15 3 3

wherein R, is a masking group of the amino group; R is H, -C(O)R, or -P(O)(OR’),, wherein
R is C;-Cy7 alkyl, alkenyl, or alkynyl, and R’ is a masking group of the phosphate group; Rs
and R3' are independently H or C;-Cyg acyl, and R, and R; are not hydrogen at the same time.

In another aspect of the invention, contemplated nucleoside analogs have a structure

20  according to formula (II):



011 RS-SGC-- 011 RSS(CH)2-O0CO0 11 RCXCHr- in which Xis 0 or S,
and Ris O-C18 al kyl, al kenyl, al kynyl, aryl, or aralkyl ,cgl i ch may
be straight or branched. In a further aspect of the inté%t%eg szggl‘\ggt
matter, coOYR evi¥PHt ed conpounds have a structure accordi RETUSHEFGUI a
(rrr): R, N HHOOHO 11 O P-OR2 OR2 3 -14 SEP 2004 WO 01/ 68034

PCT/ USOL/ 08769 wherein Rl is H or an am no masking group, and R2 is a

maski ng group of the phosphate grpup having any of the follow ng

structures: CHZ-- RS --S(CH2)- O b RCX-CH2 in which Xis 0 or S, and
Ris C-Cl8 alkyl, alkenyl, alkynylg anpy or aral kyl, all of which may 5
be straight or branched. In a still fuxgher aspect of the inventive subject
matter, contenplated conpounds have a ruct yre accor(ﬁl)i ng to fornula (1V):
o}
HO OH

wherein R, is a masking group having any of the following structures:

i I
R—C—O0—(CHp)s—C—

0

O
il 1l
R—C— X—Q CHy-O—C—

i I
R—C—S—(CHy)y~0—C—
no

R—S—S—C—
i
R—S—5—(CHy);—0—C—
1
R—C—X—CHy—

5  in which X is O or S, and R is C;-Cig alkyl, alkenyl, alkynyl, aryl, or aralkyl, all of which may
be siraight or branched.

Tn a further aspect of the inventive subject matter, contemplated compounds have a

structure according to formula (I1):

Ry 0
N
/
H
N\
0, _1— 2
OR,



N HOR2 HO OH wherein Rl is H or a masking group of the, am I , and R2
is a group having any one of 10 the foll ow ng structur_‘lagt ﬁ?gﬁﬁ
RGC-S--(CH)2- 0- P- RO P- RCGS--(CH2)Z-ORO 0011 M CMCHI C
C- 'O M A4AWOareE? 2004 WO 01/ 68034 PCTI US01/ 08769 i n whi BEI/RS¢148T2- C18

al kyl, al kenyl, al kynyl, aryl, or aralkyl, all of which may be straight or
branched, and in which Mis selected fromal kyl, al kenyl, alkynyl, aralkyl,
aryl, a : I j , i 1 erivative,
or s’ chofhelen BY HIEBMERLEnOnaMRY, o, an K7l o A B et 1y

at t achegroup hahing eny bbthy follgwingsjructgrebn yet anot her aspect of the invention,
a pharmaceutical conposition conprises a therapeutically effective anount
of any one or a conbination of Fornulas I-1V, or a pharnmaceutically
acceptabl e salt thereof adhixed witphyat |gast ong,pharmaceutically
acceptabl e carrier. Contenpl at onpositions are useful in treatnment of
various diseases, and particularly contenplated diseases include viral

i nfections and cancer. i

@_Egscri ilon, \Were the fol l owing terns
are used in this specification) ey are trjésecgg(a\séﬁ’d_efi ned below. The terns
"nucl eosi de" and "nucl eosi de anal og" are used interchangeably, and refer to

Par U1 CllaH pieqt o Dt ROF b SoysRa Ryt it it rveh éh SeyBegRiang
even snong sREighedk bemchal erocycl es

In a still further aspect of the inventive subject matter, contemplated compounds have a

structure according to formula (IV):

Ry, 0
H N
vy
N
\Nﬁ
HO OH

wherein R; is H or a masking group of the amino group, and R; is a group having any one of
10 the following structures:

ﬁ I (l?
R—C—S—(CHp);—0— ll’-—-- R— Q- II:_
R—C—5—(CHz),—O R—0

M—-C—



15 include a purine, a pyrimdine, or a purine/pyrimdine analog, st
preferred heterocycles include a triazole. The term"” ﬂuél gﬁdgﬂﬂmfers to
a nucleoside that is coupled to at | east one phosphate group. The term
"het er ocyY@01488Har s t 0 a carbocyclic radical having at g@ 01418269
heteroatom wthin the ring (e.g., N, 0 or S), wherein each position in the
het erocycl e may be 20 i ndependently substituted with a functional or

non- f unGh LeRAR BICQUs kYN EAEAMIGATDHRE or AARIAR TUBIBGR Bd sralhPdis

el ectrophilic groups, polar groups, @ﬁé.g., hydrox , 0X0, amno, imno

gr oups) ,brmbed;emﬂmummwnaselgﬁ@d‘é@n' ], abrend] syl eelisd. aayldadt ogens. The
term "pr ' YL ' e A, G ' roup that
o covdPREphRPERiaty, ShlesRT o Vi B R Rl (eGP
conpoundsartig plirkeewhich bartf bir ddvelenttyeatzthedrio dfe dattenglrgen). or nitrogen atomin
the course of derivatization of other functional groups in contenplated
conpunds. A.wi de variety. of.oxvgen sphat A 11 . protectin
groups are kr%wqfafl% Y HER t%itlh?f&eéc R ?Efé)ar%? eug?algglglg%%&nsyn gés)dl’as (see °
e.g., Rhgimatitdlg cGeaitipamoini@fganote dybhbiiatobyf BamtasRIVHanson, Bl ackwel |

Science Inc; |1SBN. 0632045Q06X, o ctivating Agents and Protecting G oups,
HandbooRhgrnasesisaliy %ccﬁwblwgfatﬁweo dﬁ}w@@ Plessbon amarcsmﬁy k P

PCT/ USOLc08(% cavitrteHih Meﬂ&ﬂ%]%&fﬂoﬁs Bl AEaib oM Yaridus BERE&ORd John
Wley & Son Ltd; I SBN: 471979279, both incorporated by reference herein).

Par t i culpartioplaply ebusemplgteddiskinsg inglude paaldnfeetinns and eamcefk oup i ncl ude groups
having the followng structures: 00 111l RGO (CH)4-Cii R C3X0O0

0 15, CHpShneg Bescripilo? ! |1 RCGS (CH2) 2--0C

Where the following terms are used in this specification, they are used as defined

below. The terms "nucleoside" and "nucleoside analog" are used interchangeably, and refer to
a compound comprising a sugar moiety covalently coupled to a heterocycle. Particularly
preferred heterocycles include aromatic heterocycles, and even more preferred heterocycles
15  inclade a purine, a pyrimidine, or a purine/pyrimidine analog. Most preferred heterocycles
include a triazole. The term "nucleotide” refers to a nucleoside that is coupled to at least one

phosphate group.

The term "heterocycle” refers to a carbocyclic radical having at least one heteroatom
within the ring (e.g., N, O or §), wherein each position in the heterocycle may be
20 independently substituted with a functional or non-functional group. Functional groups
include nucleophilic groups, electrophilic groups, polar groups, (e.g., hydroxy, oxo, amino,
imino groups), and non-functional groups include alkyl groups and halogens.

The term "protecting group" or "masking group" refers to a chemical group that is
covalently bound to an oxygen or nitrogen atom of contemplated compounds to prevent
25  further reaction of the oxygen or nitrogen atom in the course of derivatization of other
functional groups in contemplated compounds. A wide variety of oxygen, phosphate, and
nitrogen protecting groups are known to those skilled in the art of organic synthesis (see e.g.,
Protecting Groups in Organic Synthesis by James R. Hanson, Blackwell Science Inc; ISBN:
063204506X, or Activating Agents and Protecting Groups, Handbook of Reagents for Organic



0511 RS-SCO011 RS-S-(CH)Z O0---C0 11 R CGx-CH and Further

cont enpl at ed maski ng groups of the ami no group incl ude]a}hi@ﬁ@izggitster-type
maski ng groups (e.g., acetyl oxypentanoic acid, acetyl oxyhexanoi ¢ acid, or
acet yl oxy OP&®Hc acid), para-acetyl oxybenzyl oxycar bord8TP§HE8AsKi ng
groups (e.g., para hydroxybenzl oxy- carbonyl, or

par a- acet yl oxyxybenzl oxycarbonyl ), or para-acetyl disul fidecarbonyl-type 10

maski NG sghBERShy Willihh A Rbust\Hdl AniNeHy JOPSrFRSFohA BV lyas 88n &1 1SBI8: phosphat e
groups afe suitable, particularly contenplated nasking groups have the

fol | owi RE7EX7PE% beth incomgorgteddhigefqraephigrein). However, in further alternative
aspects, suitable masking groups may al so include 15 aliphatic ester-type

maski ng grouﬁérﬁéﬁax@ypte%?@&ﬂa%@?gﬁﬁé@tﬁe mhagﬁﬁ%ﬁaﬁ@@f&%%aﬁhgt@ci d, or

acet yl oxypr opanoi ¢ ‘aci para acetyl oxybenzyl oxycarbonyl -type maski ng
groups (allogving SrugtudesS it s 2004 WO 01/ 68034 - PCTI US01/ 08769

par ahydr oxybenzl oxycar bonyl , or para-acetyl oxyxybenzl oxycarbonyl), or
par aacetyl di sul fi decar bonyl -type graski ng groups. The term"| ower al kyl"

refers to nmethyl, ethyl, n-propyll, . gbyl, n-butyl, t-butyl, i-butyl,
or n-hexyl, and further incl udg%oa_oc_igfﬂl;c, bt anched or straight chain from

one to six 5 carbon atons. The tgrm"aryl" refgys to an unsaturated
aromati c carbocyclic radi cal hgxg_r_ln(gi e _Ming (e.g., phenyl) or two
condensed rings (e, g., naphthyl), whi may be substituted with a
functional or non-functional group. The term "L-nucl eoside"” refers to
nucl eosi de conpounds havi ng a sud.jgr noi ety §n L-confi guration. The

conpounds of Formulas |-N may ReeSmifkpasymetric centers.

i
R—8—8—C—

0
R—S—S—(CH)z-0—C— and
1
R—C—X—CHy—

Further contemplated masking groups of the amino group include aliphatic ester-type
masking groups (e.g., acetyloxypentanoic acid, acetyloxyhexanoic acid, or acetyloxypropanoic
acid), para-acetyloxybenzyloxycarbonyl-type masking groups (e.g., para-hydroxybenzloxy-
carbonyl, or para-acetyloxyxybenzloxycarbonyl), or para-acetyldisulfidecarbonyl-type

10  masking groups. '

Similarly, while various masking groups for the phosphate groups are suitable,
particularly contemplated masking groups have the following structure:

o
il
R—c—x@—crrz— | R—S—S—(CHpr—,

1
R—S—$ CHy— pg R—C—X—CHy—

However, in further alternative aspects, suitable masking groups may also include
15  aliphatic ester-type masking groups (e.g., acetyloxypentanoic acid, acetyloxyhexanoic acid, or
acetyloxypropanoic acid), para-acetyloxybenzyloxycarbonyl-type masking groups {e.g.,



10 Accordingly, they may be prepared in either optically active formor as
a racemc mxture. The scope of the invention as desc}'il*bsd_ pngpggfai med
enconpasses tf)e i ndi vi dual optical isomers and non-racenlc.ni es
thereof as"QY9¥%Y%s the racemic forms of the conpounds of FEGPRIFBL® | - v.
Simlarly, the term"a" and "0" indicate the specific stereochem cal
configuration of a substituent at an asymetric carbon atomin a chem cal

St r uct urparagdretybeizlohbarbbeyl ! @ mara phigloxpobeidlegtiomdcept abl e salt” refers
to any salt derived froman ingrganic and/or organic acid or base.
Contenplpéﬁaé‘@tié@ﬁ‘ﬂg OPYI"WESQE%E’%Q?‘?SconteWpI ated that conpounds
according to the inventive subject matter include at |east a portion of
the L-isomer 7a icBh@Nct biyll'ireflrs to bWV thyDh-prébydl iddprdpyl, Rl iadyt, 20 t hat
contenpl at ed conpounds wi |l be converted to Levovirin in vitro and/or in
vivo. | ti-bitylsr sderdntns fpribar depludes o cydisduumied eictigielt shym Bomeae foiEnt i ve

subl set. oabh Etronﬁafheq@mmﬁgafﬁgslﬁy R EHaRR o ot OGy Bl rhi? haifia

modi f'yi ng or masking group to at least one hydroxyl group on the sugar

noi ety amgleaingt(ag., ahenyty og twe ponslanseth singslelgo naphithid), fadieht hagnbeosgbstitated r i azol e
ring. Conse e% ,__conte Iaaged conpounds of the inventive subject matter
particul™d ‘t%]m I%H"éu‘%% &hae according to formula (1), in which sone
or all of the hydroxyl groups and/or ami no groups are nodified by a

prot ecting gmagprmLAficiBERd20RrsWOn0déBRB 3dmpehdé hyviRed sigadinoBy7hO wher ei n

RL i ing. f th ] ; i - CQ(OQR P(O(OR) 2,
wher oi n LR gL RE speppunis pRamts G g pays iy A hpen SRR g ot oup
of tipe Qat&&g%%,he (Y Dty be BRepartith Biier aftRallystERe Fsteidrlay alth@midiniEhe. Bey| |

wherein R If?2 are not hydrogen at the sanme 5 tinpe, In other

cont enplseensef thednesnsipr as daseriteg end elncd eneranRassss Hhegrdividual oplisd dsomede

functio 1.a7Z i I [ 1 } rﬂﬂ'ﬁa‘ such
anal ogs%nggo -gh\%ﬁ% Iﬁ%%%c@%@%%i?%ﬁ?&%ﬁ %%Pgﬁ?_?g@?o%gy\ﬁor el nSRl is a
maski ng IgVosimitagy; the teamy'oidarel "$F indivatelth¢ $pevifin glesockamical sonfigngionpfal 1

R CO-(

s%%i)nfehtc at an asymmetric carbon atom in a chemical structure as drawn.

15 The term "pharmaceuticaily acceptable salt"” refers to any salt derived from an

inorganic and/or organic acid or base.

Contemplated compounds

It is generally contemplated that compounds according to the inventive subject matter
include at least a portion of the L-isomer of Ribavirin™ (i.e., Levovirin), and if is preferred
20 that contemplated compounds will be converted to Levovirin in vifro and/or in vivo. It is also
contemplated that compounds according to the inventive subject matter may be prepared by
covalently binding at least one modifying or masking group to at least one hydroxyl group on

the sugar moiety and/or the amino group on the carboxamide function on the triazole ring.

Consequently, contemplated compounds of the inventive subject matter particularly
25  include compounds according to formula (I), in which some or all of the hydroxy! groups
and/or amino groups are modified by a protecting group:



011 CHBOCO0O0 11 11 RCS-(CH2)T-OCO0 11 R SSJ%O%PZQQ&

S-S (x2),--0C 011 RGCX-CBS 8 1 4 SEP 2004 WO 01/ 68634 I 108769
in which Xis 0 or S and Ris C-d g alkyl, alkenyl, ‘alki(ngl, aryl, or
aral kyl, AYQY¥¥%thi ch nay be straight or branched. In sPFMUSYBIRer

cont enpl at ed conpounds, the nucl eoside analog is a nucleotide in which the
am no group in the carboxam de group and/or the phosphate group on the C5
oxygen are 5 nodified with a maskimg gPoup, and has a structure according
to formula (111): 0 11 O- ORZ CRz@ﬁggyein Rl is Hor a nmasking group of
the amino group, and R2 and R2' are?in endently a masking group of the
phosphat e group havi ng any one of the *@‘ OW ng structures: R S-S-(c2)2 0

11 R CGXCH o —OR:

oy
RyO  ORs

wherein R; is a masking group of the amino group; R, is H, -C{O)R, or -P(O)(OR’),, wherein
R is C;-Cy7 alkyl, alkenyl, or alkynyl, and R’ is a masking group of the phosphate group; R3
and Ry’ are independently H or C;-Cig acyl, wherein R; and R, are not hydrogen at the same

5 time.

In other contemplated nucleoside analogs, the amino group of the carboxamide
finction on the triazole ring is modified with a masking group, and such analogs may have a
structure according to formula (II):

Ry, O
N
/
o Jﬁq
N
N (In
o OH

HO OH

10  wherein Ry is a masking group having any one of the following structures:

I It
Re—C—0—(CHg}y—C—

0 9
R— C——X@—CHZ—O—C-—

i I

R—C—S—(CHp)y—~0—C—
1

R—S5—8—C—

i
R—8-—5—(CHp)y-0—C—

Il
R—C—X—CHy—



10 in which Xis O or S, and Ris d-ds al kyl, alkenyl, alkynyl, aryl, or
aral kyl, all of which may be straight or branched. Alﬁd‘:r@éﬁjgaﬂlr

cont enpl at ed conpounds nay have a structure according to formula (I1V}, in
whi ch t he VMI803gr oup of the carboxam de function in theP€FUEAIMEI| s
optionally protected, and in which the Co-atom of the ribose noiety maybe
derivatized with various 15 substituents: R, NH OR2 HO OH 9 14SEP200k WO
01/ 6803 WSOH | [ I:('l]]@mﬂﬁé.?' gl ou i no

gr oup, é}lﬁ% S ﬁ?}a%ﬁ%@%@?%@%}’%ﬁ@%f the 1(’)I oW néglétef‘gﬁi{aﬁfgg] 00

U n R bEshaightorp@echdd--0- P-OR ~1-S-(CH2)2-O0 a0 n RO-P- ROO n MC
in which Ris C1-Cl s alkyl, alkenyl, alkynyl, aryl, or aralkyl, all of

whi ch maybe str.aj ghi or ' | ' ed. f al kyl,
akenyl - ar 1t SEhertoprere B @S RE e MG &, BB i

chol est aligdmind ghtiup dnihie cRrbdemiidagiowe andder the plusbhate goup od 8rei Gsbddygen i ch  may
optignal ly conprise a.linker). ]Jn further alternative ects of the

i nvent i VePdEias; a%ﬁ?@?"%ﬁ%‘?i}? EWW"F‘?IGE%B%% "pl aced at
different positions on the sugar or base of the conpound. In preferred
aspects, the 0 ‘

Ry,
: (m
N\N>\ O )
1l
o 0—}!>—0R2
OR;'
O OH :

H

wherein R, is H or a masking group of the amino group, and R, and Ry' are independently a
masking group of the phosphate group having any one of the following structures:

0
I
R—C—XOmr R—5—S—(CHy)y—

1
R—5—5 CHy— R—C—X—CHr—

10  inwhich X is O or S, and R is C;-Cyg alkyl, alkenyl, alkynyl, aryl, or_ara]kyl, all of which may
be straight or branched.

Alternatively, contemplated bompounds may have a structure acéording to formula
(IV), in which the amino group of the carboxamide function in the triazole is optionally
protected, and in which the Cs'-atom of the ribose moiety may be derivatized with various

15  substituents:

Ry 0
,NJ<F
H N
\ Iv)
N\N>

ORy

HO oOH



10 substituents or -ligands may be placed on the 2", 3, 4, or 5,
position of the sugar portion of the nucleoside. In q:ReSé§Etzﬂ tive
aspects, the substituents or |igands can be placed on e e rtion
(i.e., th&Q68%4| e) of the nucleoside to nodify the basBCHEFLBH Wi t hout
di srupting the aromaticity or conjugation within the heterocyclic ring.
Especially contenpl ated substituents include hal ogens, polar and non-pol ar
groups, wWHeedERPRIH bica ARG R6kY SR drhiBo GFRPPad RYTE 2 LRuptiading adnshdigsi C
groups. For exanple, contenpl ated substituents include -CN, -O, -COOH,
-CHO, - dholloymprspctugs:c. Al ternatively, it should al so be appreciated that
om ssion of one or nore substituents may result in particularly desirable
physi co- chem cal propertie% of conteﬁplated nol ecal es. For exanpl e, where
cont enpl at ed conpounds i nt-er-actcayi-bhr-nael eosi gebnbict eoti de netabolism 20
2' -, and/or 3'-deoxyriboseRn@¥yh6mEn$oned. Var izags | i gands maybe
covalently linked to a parti§ul ar position on the sugar and/or base (i.e.

the triazole ring) of contenplated conpounds, wherein the |igands may
conprise a 10 1 SEP200O~ 68034 PCT/ US01/08%64 drug or a non-drug. For
exanpl e, contenplated dru L e cytostati é-&gents, antirnetabolites,

i munonodul ators, antiviral agent%,- etc., while non-drugs include polyners
(e.g., PEG, resins, and various npieties that may alter solubility,

pol arity, charge, etc.- Coipbgpl_éi_gands or substituents can al so be

designed to conprise a certsg stze¢ or 5 length, or even to reflect a
specific polarity. Consequently, contenplated |igands or substitu ents may
i ncl ude al kyl, al kyl ene, al cohol ¥ {"ni nes, ami des, sul fones, sulfides,
esters, ketones, carboxylic aciq§9bgﬁtal ions, transition netal ions,
aromati ¢ conmpounds, heterocyclic aromatic conpounds, cyclic conpounds,

het erocycl i ¢ conpounds, heteroacyclic conpounds, and amino acids. 10 In

still fnwhish ReisitheGrpplyle allkampadinyloryh peaahyb altiof whichspayde shaighiear,
conpQun | . . i i | tﬂ%ﬁ’ Vo be desi gned
to bg nS%%g%%ﬁ%%g%ﬁﬂﬁgﬁvhggﬁ&ﬂﬁﬁﬁﬁgF%yﬁE%% ehp ap% Eﬁ%@é%ﬁf@@ﬁ'which may or
may not hydwbhetéc grddp {d.@ncblestatrd ta witasin B derivativiegaredshplicranid Berivdése whiell t o
target a part.ic angart r argan of a patient, such as the liver, brain,
or st omded OPEPREW ] 9&%9%*@ nt enpl at ed conpounds may al so be designed to
target a 15 particul ar subcel lular conpartnent such as the nucleus or the
m t ochondr i aIn fieseslieaiitivy aspkdts of the Boaitbrphbtadudils sulstinteats|oe igoddpoands  may
i nclude substituents and .or |ligands tqQ bec reac ivetgr t.0 chang&
bi ol ogi CaIPlaged FAESTowPONHPRSGFEE SHERF OF 1es Sbe FRTRLHT™ PRAFTRA SBSHp BFt rrent
tar g t %ﬁi)sltiémeﬂfs o:r@'rgﬂﬁs pRfy R BIAEOSh BB, ¥, BT 0:93 fosiibn B seQF PO SF e he
respective target.
Peet nucleosidegln other alternative aspects, the substituents or ligands can be placed on the base
portion (i.e., the triazole) of the nucleoside to modify the base portion without disrupting the
aromaticity or conjugation within the heterocyclic ring. Especially contemplated substituents
inclnde halogens, polar and non-polar groups, nucleophilic and electrophilic groups, and
15  acidic and basic groups. For example, contemplated substituents incInde -CN, -Cl, -COOH,

-CHO, -CH=CH, C(O)NHo, etc.

Alternatively, it should also be appreciated that omission of one or more substituents
may result in particularly desirable physico-chemical properties of contemplated molecules.
For example, where coniemplated compounds interact with nucleoside/nucleotide metabolism,

20 2%, and/or 3'-deoxyribose may be employed.

Various ligands may be covalently linked to a particular position on the sugar and/or

base (i.e. the triazole ring) of contemplated compounds, wherein the ligands may comprise a

10



Uses of contenplated conpounds 20 It is contenpl ated taat o[ﬁ}fs
according to fornmulae I1-1V may be used to treat a wd lyaéwyf ll-

conditions, and in fact any condition which responds positively to

adm ni st r O Y&8W4of one or nore of such conpounds. AnongPeVHEN/BHongs it is
specifically contenplated that conpounds according to the inventive
subject matter may be used to treat an infection, an infestation, a cancer

or 1 UNDfruglor #RoRdhRl ma&emgie,smm&) dtéd driigd MElubesyteicoppitgt ed that 25
contenpl ated conpounds may be used to target conditions or diseases in

speci f i entipejehelitesfimmunezopelators, eyipyirabagentis Lierayiilg nonragssipglds pelymettan) |
such as j. hWVer: Qr . : ot | - treated with
t he con{)éd%%d%@éfﬂr S]fnl%’eangslglslg%?ﬁ %Iﬁ%égﬁa?g{ﬁyg?%giaﬁggﬁf@g%%@gf %@%ég?fhcyt ial virus
(RSV), hepatitis B virus (HBV), hepatitis C virus (HCV), herpes sinplex
type 1 and 2Contempleteddigaidsar substitvenipean Jlsorbetdesigred theppenseneasipisisedrs,

herpgs 30 zoster. . hu i odef i ci ' H Mgl virus,
nant ann DEPod SRR s R o kil ol B S R o6 7o
fever), ciitwpap inphpie lalkyialiyishealdohbly) aminesaahidss, salfichet,snlfidss, ekiafseledtates,ons
contenplated.to he treated with the.conpounds of th resent, i nvention
ol udecBPoLYs Bsi it Seis, TN FR S BEUM RN RICOTLP BRG] (| o
i nf est akéﬁﬁimd%%ﬁrc%nﬁbuﬂdd,n&%&o?@ﬁ% eiicah@d néterobyclié edtipinile) Ghd 8@idbhose
caused by a virus, and the 5 effect may involve inhibiting the

transf of¢idt.i on of virus-infected cells to a neoplastic state, inhibiting
the spread of viruses fromtransforned cells to other normal cells and/or

arrggting  t REHATONAD cOftehlatéd abledi B A TRANER! dubjecANhRiaBRRuARd Ot her

di seases contenplated to be treated include arthritis, psoriasis, bowel
di sease acdordiaghiolthe iivertive gshiedt mstier manAlsd sl desigpediodsi"tareafepacifii dFagout y

arthritis, rhe | r.ej | I | gi ant
cell ar }édrnﬁl%.]’sc gﬂia' ’El?e&yt&%%@éé& %‘%.ﬁj&&gﬁ%e %ﬂ)etﬁ%l%e atéi me? ﬁosgg%@%n%e%éti ng a
mamral  ({ipselk anaiedesighetmanirgétangartipulr pahareorganeof aiatiadt, such ecthe diver, an

I nfestation, a cancer, or, aut oi e di sease onprises admnistering a
t her ape GF4 §F PPy /e glgfy‘f‘)&ieﬂpg%?‘f‘ipnﬁofué IP%,yeEﬁ lgB‘:f‘P@%gEt a

phar §ac ghticaiat subHudir BbiBarinent QIERAY I naslery & thdmitocHoherid. Moaiquitalysitbj ect
matter. 15 In X et anot her aspect, a nmethod of treating.a manmmal (preferably

a human)s esipmplaieksthatryiiphle eemepaupds may elpdpabstituents gaderdizapdsie Bpgaeact i cal | y
eTiect! ¥ae n&f?{a{: - g%%@(@{c%ﬁgﬁ Gith reﬁgcg/b@ ng':} @l RnR1E PEPAE LR pat iR €SeN

(D

i nventi on. ect ate to nodul ati on "of sone
port i ontafetichly omtanged botgan npenenirysy stiboff suck paepauinily inrhsdespattiveriargét.

Uses of contemplated compounds

20 It is contemplated that compounds according to formulae I-IV may be used to treat 2
wide variety of conditions, and in fact any condition which responds positively to administra-
tion of one or more of such compounds. Among other things it is specifically contemplated
that compounds according to the inventive subject matter may be used to treat an infection, an
infestation, a cancer or tumor or an autoimmune disease. It is further contemplated that

25  contemplated compounds may be used to target conditions or diseases in specific organs of a

patient (typically a mammal, preferably a human), such as the liver or the heart.

Infections contemplated to be treated with the compounds of the present invention
include respiratory syncytial virus (RSV), hepatitis B virus (HBV), hepatitis C virus (HCV),
herpes simplex type 1 and 2, herpes genitalis, herpes keratitis, herpes encephalitis, herpes

30  zoster, human immunodeficiency virus (HIV), influenza A virus, hantann virus (hemorrhagic

11



| ynphoki nes profiles of Type 1 and Type 2 with respect to one an ég
Where nodul ation of 20 Type 1 and Type 2 | ynphoki nes dchu ﬁ

contenpl ated that the nodul ati on may include suppression of both Type 1 and
Type 2, oM™Q®#M on in expression of Type 1 cytokines aREVUSH&{f®ati on of
expression of Type 2 cytoldnes. In general, the nost preferred uses
according to the present invention are those in which the active conpounds
are rel aljey eﬁtﬁnin%ﬁ?ﬂﬁxﬁa%ﬁ&( Wn:{eﬁ'ﬁesnﬂﬂl‘ eln flkQgion€ Qdnkdinpldted e
relatively nore active agai nst the tar nthis respect, it is

especi altiegteduith mheas@mgmgwﬁthe PERSER g?wcl&tdn prtezegn gHestaions 2 Wel eased
stabili r ﬁ&%ﬁ h could lead to better pharnacokinetics.
Thi s re%é 1ﬁan a a# ecauseﬁﬁinucle05|des may not be recognized by
enzynes, and therefore may have | onger half-lives. 12 1k SEP200 WO 01/ 68034
PCTI uso 1/ 087 68ndets arsurhonstehegempleted sy eaéad intude thosrrouseddyacemr.dinddha o t he

pres venti.on.w e .4 m kS, euti cal
for I at ?tmagnjaw&hedl@#b%ﬁﬁ E=ppr o‘f)’f‘ S{O%%fb{r}%foco?ﬁpéﬁﬁg{s& aaﬁegﬁtﬂ%?ée %tl on may
take pl agfibigh@iteyprep@o®vifustsaiidny tréhsfierinsd lcasu; ts otherhamnebesls ahdpeatdsting,

i ntravenous, I nt rarruscul ar | i nt rast ernal injection or infusion

t echni qﬁl&sr wiofymstrapsierms C%@ rectally, topically and so forth,
and in dosage unit formulations cont a| ning conventional non-toxic

phar maceut i ¢ ukimAf&6 RhBHhG Bdhidel eérﬁemlﬁﬁije&l‘btﬂﬁtseatealﬁdcl\l@mﬂ)has psbiyasigy of

exanple, it is contenplated that conpounds accordin pr.esent

i nventi bawekdisages, § F;EEI‘%}?@EP% IHP%W;&P&&S@WS%%M&HQ% ttsaﬂﬁ}mﬁ@bdept abl e
car rjper . o tradsPRnGAGE RURAS Ik cHRE aNEgp 8 adtitgNnt i on can be

adm n| ster e{éi o“ﬁé‘?’%%s Sﬂar maco%%ﬂlo gl gal If/1 alg%ept abl e salts. Because the
conpounds of the present invention are nostly water soluble, they can be

adm ni st er ed Gonsaquemshyousiethod af feajisg él‘lt?g]%l@@@ﬁbﬂﬁéa bignap having écﬁlcer »Buf f er ed
t H 5 3naJ
b?cgr Eor?’g]t m?e(’%%iatl%m%&%n i nm]gée}né{lﬁdgL or 1 yalg%é C%ngmé cour se, BIEED.

€S or used for this one of
or di nar ythekpduticdlly ahdver ptbph)ma;jucaﬁychffeytl‘tetwmmtwﬁﬁl Izharmwsuwal trnteinihgat eachi ngs
of the specifi atlgnto r,OVI ﬁ}?t ufﬁfornulatlonsfor a 15 particular
T Gdr Ty

rout e of°°%d Ceorame &0, G VS Yeﬁu the conpositions of the present
invention unstable or conpromising their therapeutic activity. In

par tiiscul ar, HgetiBethéd s8psct, amaifiod diereaiirgrsmanmabimpafenbly atlvmaehaempriskem nor e

S L N A O 9 T Rl

wel I wi té&h i #tﬁa QnSHioRAd ¥f BE biekert BrveRgonalnt thislabpdeStha lefect wedylreluiettdi n t he
ordinary s of the art to 20 nodify the route of adnini stratlon and

dosage rmgiu&@wnotf sempportipr of the meBmss & HaPRe HEEEs cwnscialpmagdationet .
phar macokl BelleS aldiE REEE G TGP ESpdcPlo dHR%hSMER. DARES heddtioafdrect 1N

20  Type 1 and Type 2 lymphokines occurs, it is contemplated that the modulation may include

suppression of both Type 1 and Type 2, or reduction in expression of Type 1 cytokines and
stimulation of expression of Type 2 cytokines.

In general, the most preferred uses according to the present invention are those in
which the active compounds are relatively less cytotoxic to the non-target host cells and
25  relatively more active against the target. In this respect, it is especially advantageous that
contemplated L-nucleosides have increased stability over D-nucleosides, which could lead to
better pharmacokinetics. This result may attain because L-nucleosides may not be recognized

by enzymes, and therefore may have longer half-lives.
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patients. ' Thus contenpl ated conpounds are presented to a cell (or target
cell) invivo or invitro in a concentration range of‘]b t ggﬂiyt 1 OnM
to about 1 referably between 100nM 25 and 500M, and_nbst preferably
bet ween SMAHEYoM \Wiere the adninistration of cont enpFHP&Y BB pounds is
in vitro, adm xing in any suitable formis contenplated. For exanple,
wher e conpounds according to the inventive subject matter are solid,

adm xi ng maylt ibforther doatcipthtdidthaddnpguidi accedinglio the greserd snventivbewille t abl et)
to the ggg:unl Al ternatively, mhereﬁﬁgnte )| ateq are dissolved or are

i qui d, PHERSITTRYIARY ADRORRAEPhamaccale oRy2n8 T SR ARAPRIERS f or m
(e.g., §M£EFTE£%ﬁsﬁdﬁr$%tM£& dd1§, AEGBLEY (iAthaAs Slhcaemismep! at ed
conpounds s in vivo, presentation of contenplated conpounds is

cont enplmgtetidns, intwmemous,Lintrzumseulfudy, fy antchstsrnal myaetipm el wisosdprbalqueddry exanpl e,

where co nds accor dj the 4S5F ~ / /08769
vent | PUPEHR B10 SR LT e 4pReltind So It it ook b AR BiF iy

pat i ent colMehtisrabhinvidkic, pharmagedticdllyrayefisblel catakweljhvand, andgekicled by t he
patient, or where the compound is a liquid, contenplated conpounds or

formul ati ons_conpri.sing.such ¢ un be injected l.ngested, or

ot herwi se Iogal“f?;;/' % 11‘3:;"3}5{3%“39?[&9@?'13@%?8{& K gér %089I%§iglt? ﬂéﬁﬁgfﬁeﬂ be

par ti culgichtiorfdanbe Ghratutded in Aliméx e 0QEY a flaghdsetically aenprabRicatktd Fopnpounds
invitro and in vivo (including dosage, frequency, and route) can be

est abl i SkERPloqthenmpayRds @f theRpert MEFRUQR Cab3AnMBI eres qrally %Swglma%‘vg?%d

bi ol,gg %&kn)eaéc@ﬁatge EQts. BEAMR R codiffufidd S8 DinedeAdintattictltembsiyswad anti viral
effect, “virus l'oa and/ or propagation can be si r’rﬂ%_@m)m tore bggf numer ous
met hods seleble, theyosen beradmirdstensd intravepopsiRin phorplogias ¢ pdntiendgigp belfergler e t he
10 desired gf f.ect s an d | ' ssion
of Type St ier a7 83 . RAAAREN BRlokn Lo GRE M el 08 SRS

t echni quasbewsel fdrnowpuiposd. E cpescs one of ordinaryiskillriy tiekart nay modiffethart . Stil |

ot her caontenpl ated, uses, of ,t he_.conmpounds inpclude use as .internediates in
the ohdmEtoRy HiRELRS eopitse RE e T Bo0rRe TP R EGe L EHEIE e hat ar e,
i N 4491 Nl Rht oot haminidthebRRaHblt GerRBRR the 0bmpasiticts bE thelpiéspaifFentibor eover,
conbi nation therapies wth adm nistration of at |east one of the

cont enpluastatle cvepmepremising fbeintherapensic asvtyo thasrtipHan Hiedeeftificdiprr g &gt i ve
i ngr edi ggx{smﬁ rcﬁn@h%%[s 1SRG RS soggs?e iggﬁﬁe%l) Bﬁ%%h?&ém&t&%ngﬁgjma

e :
phar mac Ica ctive agents may mnistered separately or foget her
and wherbeagkifyncsmgishedtgpainat mbdificdtions (rall faoowilationfestarifgitionneron Hay argr

separat %lerl \%n[r}m? e o%jga?rgr'sldll in the art. It is also well within the ordinary skill of the art to
20  modify the route of administration and dosage regimen of a particular compound in order to

manage the pharmacokinetics of the present compounds for maximum beneficial effect in

patients.

Thus contemplated compounds are presented to a cell (or target cell) in vivo or in vitro

in a concentration. range of between about 10nM to about 1mM, preferably between 100nM

25  and 500uM, and most preferably between SuM and SobpM. Where the administration of
contemplated compounds is in vifro, admixing in any suitable form is contemplated. For
example, where é:ompounds according to the inventive subject matter are solid, admixing may
be performed by adding the solid (e.g., as powder or tablet) to the medium. Alternatively,
where contemplated are dissolved or are liquid, admixing may be done in a continuous or

30 discontinuous form (e.g., by pipetting). Similarly, where the administration of contemplated
compounds is iz vive, presentation of contemplated compounds is contemplated in any

suitable form and/or formulation (supra). For example, where compounds according to the
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Exanpl es of other drugs or active ingredients contenplated to b fective
in conbination with a nodul ator selected from Formul a 1408E|C3)Br§ﬂﬁ 2 are
anti-viral agents such as interferon, including but not limted to
interferofVQUASYy rib avirin, acyclovir, and AZTTM  aRETUPUASH® agents
such as tolnaftate, FungizoneTM LotrimnTM McelexTM Nystatin and 25
Anphot eraci n; anti-parasitics such as Mntezol TM Nicl oci deTM Ver noxTM

and Fl agwlediMe subjetvahatfed 8R1s61iE dGdbletSndy BepadseitidMo the faridnt. BMeatvétiazy meT™M
anti-tunor agents such as, interferon ,a and -r, Adri ag&(‘%; inTM _ Cyt oxanTM
qS

| nur an TRPLidviagxhbr diesplited and ingeited v pationt, 9% where themepape Mi9er mat ol ogi ¢
agents %B&gﬁgﬁlﬁte@iﬁlggwt&ﬁ%% tgﬁ&lﬁﬁ?&ﬁfcbﬁ%sﬂ?g E\%%Pﬁ%(bumﬁ W@g’ﬁ“@( soral enTM

coal tar sa c acid; mgraine preparations such as érgotamine 30
conpoundisgestsd, @r ofhesvismidealiymmdios sysisracdipadmingstered.st ed above, incl uding
cyclosporins, 14 1 4 SEP 2004 WO 01/68034 PCT/ USOL/ 08769 Di prosoneTM

hydr @corti . ' i i . i
o ol B PRIty et Mag R Holer Fimolfor SARMRIANLOIBOARS | 0
above cai gigonhé s vivd fadindingdpsege; fbqiresy, suttouts cdrl 1% estibéshell Gthontiidud L10 and

guanosi rebarPsleh b snmaelRs RrobElHa! ARt SP BRRE PRt nt er for ons
such as v7AGtdlbEEc & RNStivikdl FERSAtus I&aaq\éaa:ﬂoﬁpﬂofagah;ia@ Bérl BROSTPIS nddikkored
cycloli %nans. Particularly contenpl at ed exanpl es of therapeutic agents

i ncl ude baigarenus mathody well kiavarinityeart g LREPrBan g09tBer Froplniie BFst em or

assqegi at Lt 8["@1:@51& = | 9480 ' anal ogs,
2', qg' - f%@%ﬁ%&% eosl es?1 ?ﬁltaer %ﬁu%?:%hgﬁg@ n?ﬁ?%ﬁ%ﬁ)ﬁ? sucﬁgg(g& °
a- i nt er fiypo? cytbkioer a@s bk monsedivediIdSAics ofhef isduiigues arell kogwh & thgpeusen ofCer t ai n

conpounds,.10 ac or%n to the present invention may be effective for
enhanci ﬁﬂ%glﬁﬁﬂﬂ i“gal activity of certain agents according to the

present invention by reducing the netabolismor inactivation of other
conpounds ang@titl stieticdnteraylated nsea dfitheicempoens ingtude REsas inteemetbatesshfilect .

Synthesis of contenplated c ounds An emplary .synthetic hene for
tri-o aé‘g? céltsé”ath?ﬁgi/p t‘?ﬁfﬁﬂ‘gga%fdér?fﬁﬂ ecggé ag@o%%?tf%eé&ngﬁq’ﬁm%%rfﬁski ng group
of tiRe amdrifeufs éRlks or FordaRk plupescbel ow. O HZN N HZN N, N~\ HO CH OH Ac20/ Py
HCl / Et her

Moreover, combination therapies with administration of at least one of the
contemplated compounds and at least one other pharmaceutically active ingredient are also
_contemplated. The contemplated compound and the pharmaceutically active agenis may be
administered separately or together and when administered separately this may occur

20  simultaneously or separately in any order.

Examples of other drugs or active ingredients contemplated to be effective in
combination with a modulator selected from Formula 1 or Formula 2 are anti-viral agents such
as interferon, including but not limited to interferon a and vy, ribavirin, acyclovir, and AZT™,;
anti-fungal agents such as tolnaftate, Fungizone™, Lotrimin™, Mycelex™, Nystatin and

25  Amphoteracin; anti-parasitics such as Mintezol™, Niclocide™, Vermox™, and Flagyl™,
bowel agents such as Immodium™, Lomotil™ and Phazyme™; anti-tumor agents such as
interferon a and v, Adriamycin™, Cytoxan™, Imuran™, Methotrexate, Mithracin™,
Tiazofurin™, Taxol™; dermatologic agents such as Aclovate™, Cyclocort™, Denorex™,
Florone™, Oxsoralen™, coal tar and salicylic acid; migraine preparations such as ergotamine

30 compounds; steroids and immunosuppresants not listed above, including cyclosporins,
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maybe nodified with a masking group of the am no grou‘b)lf

according to the foll owi ng scheme. H2N Retinoic acid N, (COCl

Leyovi ri nWOMARBS3HC] / Et her HO 15 OH ORetinoic acid 14 SEPPQUUSMINEI01/ 68034
PCTI USOL/ 08769 The followi ng further 5 -derivatives of Levovirin may be
prepared in a procedure simlar to that described in C. Sergheraert, C
Pierl ot p;  RGdroXorikiaii By ok " Copicdrt isdaREMMd ;

a26- 530 HEEP ey Bietor R=U—I§{D?fCI—’Il2[_§;1 o PR R d'gza) g ot

R=N- CH2 agetts2tGGhBuln, dd-othcRddgs vbish arayinobmiceli 6t axde the ebokanategatti¢sve 5 Ot her
groups for .Rinclude bjle_acids Iy ds,. C | cid d.vitamns. A
Ja byl PERAREBKEES S si oy Nk T R ko AR 4 SRt e PR Se: 0 11
C HOB Ygrugs &£PAZDVERC] & withstifutod gobddsine healofd2 BHlideoxynucleosides, interleukin TI,

5  interferons such as IoB-interferons, tucaresol, levamisole, isoprinosine and cyclolignans.

AcO OQAc OAc Alternatively, a 5 -retinoyl derivative of Levoviri whi ch
S br 2B8ted
) 20

Particularly contemplated examples of therapeutic agents include agents that are
effective for the modulation of immune system or associated conditions such as AZT, 3TC,
8-substituted guanosine analogs, 2’, 3’-dideoxynucleosides, interieukin I, interferons, such as
o-interferon, tucaresol, levamisole, isoprinosine and cyclolignans. Certain compounds

10  according to the present invention may be effective for enhancing the biological activity of
certain agents according to the present invention by reducing the metabolism or inactivation of

other compounds and as such, are co-administered for this intended effect.

Svnthesis of contemplated compounds

An exemplary synthetic scheme for tri-O-acetylated Levovirin (which may be
15 modified with a masking group of the amino group) is depicted below.

O . O
HoN HoN
2 JSZ’N\ 2 JS"N
N. >’ N\N>
0 OH  acomy o OAc
HCVEther
HO 0OH AcO OAc

Altematively, a 5-retinoyl derivative of Levovirin (which may be modified with a
masking group of the amino group) is prepared according to the following scheme.

0

“

Coct o
Retinoic acid (__._Ei.;_,. o ORetinoic acid

15



5'-Amino acid ester derivatives may be prepared as show ZE‘L?\,ZQE%N

Z- Aniino acid DCC1LDVAP/ Levovirin Pd/ C/ HC11D oxane HO d—l iy} d 16 1 4
SEP 2004 WD 01/ 68034 PCT/ US01/ 08769 Where specific delivery of

cont enpl a8 dounds to the liver and the biliary syst®a/PR0L08ES| red,
targeting of the endogenous bile acid transport systemis an attractive
candi date. Consequently, bile acid (or cholic acid) conjugates of

Levovi rin arehennesing!fhthet 90degRhat 6L Madirinthai Be ypakdias iaprotaiuree _
acconpl i shed as repréesented bel ow. 112N N OCholic Acid Cholic Acid EDGD

API Levo#imilanio thitdpsoribehinC. 5 crabenaet, . &iplohtA- drirtat YpHepseMe fomaitigpfophosphat e

deri vat h/{éﬁ.scﬁe% eghshoys It is especially contenplated that protecting
atrve chiarges o

t he neg ’one or nore phosphate groups wth neutral
substituents may formnore |ipophilic derivatives, which are expected to
revert back to the corresponding Ophosphat es once inside a cell. 10 HO OH
wherein R includes al kyl groupgi-such as CH3C(O S- CH2CH2-;

(CH3) 2CHC( O S- CH2CH2-;  (CH3) 3CC( Oy)S-CH2CH2e;  ( CH3) 3CC( O) OCH2- ;

CoH5C( O) S- CH2CH2- or HOCH2CH2SS- 2- . AEn no aci d phosphoramn dates are

yet another class of contenpl ated prpd ‘thRt may 15 be synthesized as

;
descri bed bel ow ©
HO OH

R=CH>-(CH2)13CH3s
R*O-CHQ-(CHz)BCHg,

R=N-CH,-(CHz)13CHj3

R=Cholesterol or Cholesterol derivative
5 Other groups for R include bile acids, lipids, cholic acid, and vitamins.

A salicylic acid-based prodrug of Levovirin may be obtained as follows:

O

o "

o
0
N\N
O s
o 0
HO EDCJ'DI\.'I.AP."Lev.n:avi'rink
HCVEther -
HO OH

5'.Amino acid ester derivatives may be prepared as shown below:

0=0Q

“a=o

0

HzNJSFIX\

N

~

OAmino acid
DCC/DMAP/Levovirin O

Pd/C/HC)/Dioxane

Z-Amino acid

HO OH

16



17 14 sEP Zook WD 01.168034 H2N . PCTIUSOL./08769 0 If 0O-- P- | OH HO
OH wherein R includes al kyl, al kenyl, aryl, or al karyl ? %E{tﬁ %ﬂlph may
further include one or nore functional groups or subst Stil

further c3WYUMBP4t ed nonophosphate prodrug forns of LevByl’PPH/ 08768 shovvn
bel ow. 0 H2 9"’11':'% Nirfdz

N, N - Car bonl;lwzll | n?%ofle} HC|fF%| ox Iﬁtg%ﬂ%—( %%e%%%@@ﬁ%bmar%s Stemllg OR
Sal i cyl desirefdangding of ttotniddgenpuodleungist tfisposiaystem in ametpbetiveiserdidatel as

fol I ows Ccml_lsze'c}luezl;lI )I\(! bile acid (or cholic acid) conjugates of Levovirin are especially contemplated and

their synthesis may be accomplished as represented below:

(8]
N
2 # N
D
.. EDC/DMAP/Levovirin OCholic Acid
Cholic Acid - > Q
HCDioxane
5 HO OH

. Preparation of protected 5’-monophosphate derivatives are shown below. It is especially
contemplated that protecting the negative charges of one or more phosphate groups with neutral
substituents may form more lipophilic derivatives, which are expected to revert back to the

corresponding phosphates once inside a cell.

"0

HzNJgU\

I 03_ P—N(iP1), 18- 'I‘etmzolelTHF/Levovmn o O—P-—(O—\——‘ )
2

0]
ot
( 1 CICHH,CO5/CHCl,
S HCVDioxane

10

wherein R, includes alkyl groups such as CHgC(O)S—CHgCHz-; (CH;),CHC(O)S-CH>CH3-;
(CHg)aCC(O)S-CHzCHg-; (CHg)gCC(O)OCHz-; CGHsC(O)S-CHzCHz— or HOCHQCHQSS"
* CH;CH,-. ?

" Amino acid phosphoramidates are yet another class of contemplated prodrugs that may
15  be synthesized as described below:
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OIL O rY N I" O HOOH 11 OP-OH | OHDCC, fBuOB H20 HCU wher ei n
Ri may be CH3, Phenyl, H or a sugar noiety (e.g., gl QCQDB%E& gﬁ@*

shoul d further be appreciated that contenpl ated prodrug forns al so | ncl ude
di phosphat™® Wf§%¥r i phosphate fornms, 10 which may bypassPeHESY0878

met abolic steps withim a cell. The follow ng exagples illustrate Ilpophi lic

nucl eot i de prodrug%2 i ch maybe pr epar ed as depi cted bel ow. 18 14 SEP200~
WO 01/ 68034 H2N H2RFO o_v oM -0 Y9 oM _ bM U H/THF OM

HCVDi oxene HO OH in whic x |s g_,) or CI—%J"and M i sf NBud+. RLT/ US01108769 O O
O-(CH)-CH8 OP-OP- OP-0_d1lom 0 PhosphoWat e ptddrugs of
Levovirin may be prepar ed® Ilog{% ng ZEopeseLdur e, as |ne(quI

HCVDioxane

’ MeO
HO OH Ho od o]

wherein R includes alkyl, alkenyl, aryl, or alkaryl, all of which may further include one
or more fimctional groups or substituents. Still further contemplated monophosphate prodmg

forms of Levovirin are shown below:

0

i
HoN ' HyN
? J»—N ? JS]-N\ |
O—P—OH R-S-SPu-CHOH/ 0—P—0—Cli, §—8—R
0, ] N,N-Carbonyldiimidazole _ | O P |
OH HCUDioxane - OH ' 7
HO OH

5 | HO OH

Salicylate-based nucleotide prodrugs of Levovirin may be obtained as follows:

o]

H-ZN HzN
N ‘ N
) I m N ) i
0—P—OH °°°“‘ 0—P—0
0. ] DCC, tBuCH, H;O 0 |
OH HCUDioxane CH
. R,00C
.HO .CH

wherein Ry may be CH3; Phenyl, H, or a sugar moiety (e.g., glucopyranose). It should further be
appreciated that contemplated prodrug forms also include diphosphate and triphosphate forms,

10  which may bypass one or more metabolic steps within a cell.

The following examples itlustrate lipophilic mucleotide prodmgs, which may be prepared

as depicted below:

18



bel ow. H2N H2N DMsO DCC OH HZN O 11 P--OPh OPh 5 H2N O P-?A %no If
PPOH OHHZNO n Ro-S(CHY-OROPh 0 p O(CH)2s G R lp SEF 20U% o) 2
S-C R Oher Fosm bl e prodrugs include the conbinations of the g)roups shown

in PCT pat¥htVe8%H4p| i cati on WO 98/39342, WO 98139343, WO BEFE8IAA93nd WO
99/ 45016 H2N 19 14 SEP 2004 0 _
HZNJg,—N HZNJSF
S . L N 98
b odd o"rTEel °'ZI.°" o_ O 1~—0—P—0—P—O—(C—(CHX—CH,
0 o T oM OM oM O -
HCI/Dioxane
HO OH HO OH

in which X is O or CHy, and M is NBuy'.

Phosphonate prodrugs of Levovirin may be prepared following a procedure as outlined

below;
) 0 @
HzN’%f-N HZN)SX'N HzNJSrI\& .
N. ) N, > N. 9
————

% o

N

o P—-— OH . o If,,r“ OPh
Ple'HCUDmxane . 3
OPh

5 ' | X OXO

N

o}
P—OH i(!) Il
O 0 P—0O—({CHg) 5—C—R
n-u—s-(cn),—ua 3
?

(CH)p 5— b r

Other possible prodrugs include the combinations of the groups shown in PCT patent
application WO 98/39342, WO 98/39343, WO 98/39344 and WO 99/45016.
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WO 01/ 68034 PCTI USOL/ 08769 It is still further preferred that where
contenpl ated conpounds are orally adm ni stered, that sg hfﬁpjp?ugfﬂs w | |
substantially remai n unchanged (i.e., nore than 75% prefle e than
85% and m%’ﬁﬁ?ﬁf erably nore than 95% renai n unchanged) PEFPHPEIHe passage

t hrough theyi Jﬁﬁlsﬁzl-—tﬂ I | b dd M ch
conpounds w FII e tra%é’ 6%%1?%#3 E.it aécchnl\[/%p%{ %ﬂ%?@%ﬁé?fagggoss Et?{g&!

i nt esti dat sushlcbmpaunds filh stbissantiaiiycemein uhttengads{. e pimoractha B %4 preferablywnble be
converted hack to the parent nucl egside ar nucl eofi.de. nsequent | enzyne
AR R R A R e b A L
enzynes teNkiesthal tradk,r226 & ib edmord Prbfeet tiag %dh%bﬂ:boﬂﬁs@ﬁﬂ%@&am%ﬂﬁ&dms with

di sul fide reductase activity, and ras-Fanesyl protein transferase

act i at &stipely aF egsvelyroress tholetepinel welbsnd fptliye erpepp Grrsygsmicfarculghon,
coumar i Qﬁﬁgé s&vgﬁ&%m%o e belofeidhBleBsi OGS cleBE R Udﬂ&?}&iﬂ&hé&%i@ GLiaieh

(Dts)-based prodrugs, reduCtase nedi ated prodrugs, acyl oxybenzyl
oxycar borodrugs asepgiallyrcontsplated-ahd particylbrlyprofesica enzymes fnaludsantpacoldirlary s,

D0t DR B T et e AR e s PR B B et B ez

pr odr ug$rapi@aRRastivatedprodvgd by esterases, which is foll owed by
| act oni zati on, thereby releasing the Levovirin. R may be CH3, fatty acids,

chol.esterol,_cholic, acids, or bile acids. Alternatively, coumarinic,acid
oy 1B used’ FEF SraRls, focamiiad ps GElF cotmiruRRrd Pooisn SRHITH fse

f ol | owi shoigactissuatinoht (Sic oo Hlodm O b RBORMIRGT HIRKE0BLE L.
Simlarly, it is contenplated that salicylate based prodrugs. may include an
act i vat isyrathongibaserbiprofat, srcingsyh eraigin Brnshasg DT uesa FUeC] idastthni sm

Bot h hy ) I §ﬁﬁﬁ i cyl ates of Levovirin are shown bel ow,
and it gég%yst%@nggé fﬁ%t t gyﬁgiynthesis will 5 substantially follow the
synt heti c schene shown above for coumarinic acid by substituting salicylic
acid for coumarinic acid. RL may be CHS, faﬁﬁ%rﬁcids, chol esterol, -cholic

acids, and bile 0 0
i) HN [\

N
C—Q
Rz/ N, >\ RI/
DCC/DMAP/Levovirin N
HO—C Y 2:: HCVEther o No—
g

0

HO OH
HZNI%_’N Arascs

| N\N> OH
: +
0
HO OH
15  Such coumarin based prodrugs are easily cleaved by esterases, which is followed by
lactonization, thereby releasing the Levovirin. R; may be CHj, fatty acids, cholesterol, cholicl

acids, or bile acids. Alternatively, coumarinic acid may be used to mask the amide finction of

Levovirin to produce the following prodrug:

20



acids. 0 11 C HNO { R CEO HO OH OH H2N HO OH 0 Wh
di sul fi de-reductase activated prodrugs are preferred, tigMS)ElE)CQIUB&yI

(Dts)-bas rodrug forms maybe synthesi zed, whi ch in the
correspon%ﬁh(&%g??@l eosi de by enzyne- actlvat ed reductlon \(A%*}g%ﬁﬁ?g{fgfurther

I ncl ude esterase action). H2N O 11 oS HO CH Further contenpl ated
reduct ase- nedi at ed prodrugs . cI ea\ze y a conbi nation of esterases and
reduct ases and are contenpl a %g’ e correspondi ng nucl eosi de, and
21 1 1t SEP 2004 WO 01/ 68034 PC /USOl/O 69\ exenpl ary prodrugs are depicted
bel ow i n which RL may be CH3, f&ty aC|d‘§NchoI egterol cholic acids, and

bile acids. NN N H214 OH 0 /C<~O o

HO OH

Similarly, it is contemplated that salicylate based prodrugs may includes an activation
step that includes a neighboring group catalysis mechanism. Both hydroxy! and amide masked
salicylates of Levovirin are shown below, and it is contemplated that their synthesis will

5  substantially follow the synthetic scheme shown above for coumarinic acid by substituting
salicylic acid for coumarinic acid. R; may be CHs, fatty acids, cholesterol, cholic acids, and bile

acids.

1o 0
HN HQN’S‘
N N ;
0
o N >\ N. > 1l
& N N oC
N OH
R, © 0 o
' o
¢
HO OH HO OH o077y

Where disulfide-reductase activated prodrugs are preferred, dithiosuccinoy! (Dts)-based
10  prodrug forms may be synthesized, which will result in the corresponding nucleoside by
enzyme-activated reduction (which may firther include esterase action).

O

e 0
\( HZNJSFN :

Further contemplated reductase-mediated prodrugs are cleaved by a combination of

esterases and reductases and are contemplated to yield the corresponding nucleoside, and

21



0 CEQ\/S~S~ f2~ ~HVHOOHO If R CEOMs-SHOO 't - HN OH
OHHOOHS5 RNHOOHO 11 O-C-OCHH O 11 S-S 11 1&%@?20(54

4- Acyl oxybenzyl oxycar bonyl - based prodrugs may be prepared by usi ng t he
protectind"O Y8 strategy used to block amino group of BnYUEHYRG aci ds'

act or o SRR PRl RERATER n AREANR AERACH TR BRSNS FEL

chol est ecidd, ancbitd dcdsaci ds, and bile acids. 10 0 HZN HO OH

OH

HO OH

O

ol

Q=0

N,
N

0
PN -
%—z/—o O—CHz—QS_S\/\O’C‘R

5 . HO OH

4-Acyloxybenzyloxycarbonyl-based prodrugs may be prepared by using the protecting
group strategy used to block amino group of any amino acids and is represented in the scheme
below. These prodrugs are cleaved by esterases giving back the free nucleos_ide. R; may be CHj,

fatty acids, cholesterol, cholic acids, and bile acids.

0 ﬁ | ) ﬁ O
C C
. R |
N N
N\N> ‘ N\N>
o NaHCOYDMF/EO oH
O l? .o i O,
A u——@ﬁ oS '
10 HO OH HO OH
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OH NaHCO31DMS/HHO 0 A( O--(,Y ' WC C HO OH OH 22 6EP2004 01/ 68034
PCT/ US01/ 08769 Ras-Farnesyl protein transferase activﬁtﬁe(ﬁél%omﬂ S maybe
especi al | y _advant ageous where tunor cells or tunor nasses are targeted,
and exerrp?(ﬁ?ﬂ}”ﬁpﬁdr ugs of this type are represented bel SGIUFHESEY HO OH

H2N HO OH 5 succinic, acid base rodru re pr by the

Fol Lowi ng sy Rt PGy RiREis RS Sorall ot ity i ERESR M adsh® (1o ¢
aci ds, ehehith@obeilser tuidNsses fkd tged, lahd Giemiplay pyodrinp b gés type alzased

pr odrugs may bﬁb%epared from Levovirin, and such pro- drugs are depicted

bel ow, _IFPLERiE Wis CH3, fatty acids, cholesterol, cholic acids, or bile
acids. RN 10 HOOHO /~ OICl11 -R1 O

0

it
HN,_ i : 0
PP’ ¢ iy ‘
I N , HN
0 ) N
N‘N 2 N\N)\
ras-SH CH
0 - — o [—OH
o}
HO OH -
5 Succinic acid based prodrugs are represented by the following structure, wherein R; is

CHj;, fatty acids, cholesterol, cholic acids, or bile acids.

HzN# :
N
>3 i
N“N & E R
O/ \/\O, 1
0O
HO . OH

Similarly, homoserine-based prodrugs may be prepared from Levovirin, and such pro-

drugs are depicted below, in which R, is CHa, fatty acids, cholesterol, cholic acids, or bile acids.

(o]
HQNJg]'
. N 0]

> % Y

, NN P! 0"
0
o \]/\/
NH;
10 . HO OH

In still further contemplated aspects of the inventive subject matter, phosphoamidate
based nucleosides and nucleotides, phosphonoformic acid based mucleosides and nucleotides,
nucleoside and nucleotide dimers, and further ras-farnesyl protein transferase activated prodrugs
are contemplated, and exemplary structures are as depicted below (in which R; may be CHs,

15  fatty acids, cholesterol, cholic acids, or bile acids):
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NH2 In still further contenpl ated aspects of the inventive ] matter,
phosphoam date based nucl eosi des and nucl eoti des, pho‘ﬂih(&]é 0r2& acid
based nucl eosi des and nucl eoti des, nucl eoside and nucleotide dinmers, and
further rEPPYR%yl protein transferase activated prodr B§EUSHYS769
contenpl at ed, ane,.exs ryostructures are depi cted below (in which Rl
maybe CH3, 15 fattyf aci ds,>~Ehol @sterol, cfiol i &acid® or bile acids): 23 1
4 3 EP 2044 WD 01/ 6B034 O0'Rmm3\/~ O |$Q O & ¥ SNO UO RYOC11
~\ RZ-OCllHNOO—IHOSO—IO i} 2- O C, N OH FP %—(SHOO—I

N,

N

~

S
\ OH OoH
=0 0 0

R _

HO OH HO OH

O

v o0

Rl_o—-c\g [8) Q -
PRl
0
N NS o
N N o
ORy FPP
HO OH HG OH '

[~ 43
N N
0 OH o Ol
HO OH HC OH

o
I}

?ﬁO(CH)SS(CHz)zOC T

N 272 fm#
N - N
/LN,N ' N )

°N
HC OH . HO OH

It should still further be appreciated that all of contemplated prodrugs may be
synthesized in their respective mono-, di-and triphosphate form, and their respective

phosphonate forms.



HOOHHO OHOH OHHNHO O 0 0 C N&O-(CH2)2-S- S--(CH-O , A HNt  HO
OH HO OH PCT/ USOL/ 08769 OH HO OH It should still furth rhy ﬁ%ﬁom ated
that all of contenplated prodrugs nmay be synthesized their Tespective
nmono-, di Y¥hHEPHphosphate form and their respective pREYNEYAEIE for ns.
24 14 SEP200 St | at ed
aspects of t%e%n%%ggééggﬁggtﬁ)%g '? glr@%nlﬁarEl %?iér édllgjsecf#aﬁ%’:%rg%% ﬁfmnay be
obt ai nedletyvirdemay e olthingd bihderamtiatez the amidednnation phthecarbopxaide gewugrthep. The

fol | ow exanpl es.illustrate exenpl.ar 1 no-nodi £i ed orodr.ug. forns of
Levou! r FHowETiptRagiplop it oy M - e B Doy fomif oS8
O

N
I N
LN’ N\N)
o O, —m WOH
RO OR b
Q ' 0
l i o
: —~NH c. |
BN
}z | 2 an o N
N [ e ] R )
N OR —— ©° 4 0=C “N
1.0 HC, Dioxane CH, o [—OH
RO OR wd b

An additional contemplated example of the formation of a prodrug from Levovirin is as
follows, in which the linker may comprise ligands such as lipids, alkyl groups, bile acid, and

vitamins, and wherein the masking moiety is covalently coupled to the linker:

0
o,
N,_N> 9 .
o, [~O—F—O—f Linker | Masking Moiety
OH
HO OH

10 For example, particularly contempiated linkers include alkyl, cholesterol, bile acid, various
lipids and lipid soluble vitamins (e.g., A, D, E, K), and exemplary prodrug forms of Levovirin

are outlined below:



00 o0-0c~cx,,DCC OC5 ROOROR >R 0 HT, Dioxaner%cyeggpdﬂbﬁ'onal

contenpl at ed exanple of the formation of a prodrug fro s as
foll ows, I stfi the linker may conprise |igands such aﬁCTlhblﬂ og'?ﬁy al kyl
groups, bile acid, and vitam ns, and wherein the maski ng noi e{
covalently . coupled to the linker: HBN O it O P---OH OH HO CH L| nker
Masking nmoiety 10 For exanple, partilcularly contenplated Iinkers include
al kyl, cholesterol, bile acid, VN ous ipids and |ipid soluble vitanns
(e.g9., A D E K, and exerrpl ary prodrgg forms of Levovirin are outlined
below. 25 14 S E P 2004 WD 01/68034 H2 R=Ra| kyl, Chol esterol, Bile
acid, Fat soluble vitamn, or other |ipxds = -C(O- or -00CCH2CH2CO

HO 0On

R Alkyl, Cholesterol, Bile acid, Fat soluble vitamin, or other lipids
= -C(0)- or -O0CCH,;CH,CO

COCH
e .
Rl1=R2=R3=Hor Ac

Derivatives of cholic acid Cholesterol derivative Vitamin D derivative

R1O™ " OR3

Alternatively, Levovirin phosphonate prodrugs may have structures as outlined below:

O

0 0
N o—}acﬁzo——<:>—X—C-R1 |

HO OR2
/@\r
L

Ri=R2=R3=HorAc - L=HOOCCH;CH,COO

X=0,8
R1 = Alkyl, lipids, bile acids, fat soluble vitansn, etc.

Rl O “1:.

Bile acid or detivatives Cholesterol derivative Vitamin I derivative
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R1=R2=R3=H or Ac Derivatives of cholic acid Chol ester$I c$ErEy '
PCTI USOL1/ 08769, Vitamn D derivative Alternatively, Le olt/' honat e
prodrugs structures as outlined bel ow H2N X= Ac Rl—
Al kyl | %%‘Bgl e acids, fat soluble vitanin, etc. le%%ﬁi\c
O PCH2 iﬁs!%ﬂﬁ:ﬂhe@'ﬂt&nh@@@%%@mm@; BbSHhaE peAnigs aldyrase SARLRES BT ol
derivative Vitamn D derivative 26 148&% C%< V\% 01/68034 PCTI USCL/ 08769 I n
still findlower alternative aspects, Levovirin nonophosphate prodrugs may
have structures as follows: HZNO It OROCH2-(~ ') -SSS-R 0 HO CH
R=Al kyl , Cholesterol, Bile acid, Fat soluble vitam n, or other lipids RIO"
Rl =R2=R3=Hor Ac Deri vatives of chol}jjc acid Chol esterol derivative
HzN)Kh'N\

N. O—-:I:L-O—CHZ S-SR

0 .

HO OH
&= Alkyl, Cholesterol, Bile acid, Fat soluble vitamin, or other lipids

SH :
P
-8 HS-§

Cholesterol derivative Vitamin D derivative

R;0"

R1=R2=R3=HorAc
Derivatives of cholic acid
Tn yet further contemplated aspects, Levovirin prodrugs may be polymerized via a

5  phosphate groups that couples the respective 2'- or 3™-hydroxyl group of the ribose with the 5'OH

group of the next ribose. Exemplary structures are given below (wherein the nucleoside is in the

L-configuration):
0 0
0-P=0 NH;
d PR
N
o}
RCOO HOOCCHCH,CO0 )
0 ORy 9
0-P=0 N
R S
NN coou
;Oi
0 ORl , 0 R10||l' ] 0R3
1
0-P=0 N
5 ¢ ])LNHZ
N-N Derivatives of cholic acid
o}
Ri=R2=R3=H
Rl=R2=R3=Ac
RCOO OBy . RI=HR2=AgR3=Ac
Rl1=AcR2=H,R3=Ac
= = =1
Rl=Ac RI=R2=Ac R3
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Vitam n D derivative In yet further contenpl ated aspe t; ﬁé let
prodrugs may be polynerized via a 5 phosphate groups tih tS pZ t he

respectiv hydr oxyl group of the ribose with t roup of
t he next %Y(g?)léﬁé&r“Exerrpl ary structures are given bel ow (ﬁ@@?@ﬂ?'ﬁg

nucl eosi de i 15%@«@5%@%@ vi3di gatives
of chol i c aci %AR%&%II%OQ&B%M&%%M%H R1= R3= Acgé@ Eﬁﬁ&éf

R1=I - | , Ronde, apepilic Rioietnerg sih ergmplagy pregiragyhane o REuqHre as depictal bty WO
01/ 6803% F@IE‘%‘%BQ&G@_C& %ﬁ\i' cularly contenpl ated aspect, the
Wit Le Fﬁ%r ; ( ( ;

nucl eosi 0gs are cou a adisulfide bond to a lipophilic
noi ety, and such exenpl ary prodrugs0 have a structure as depicted bel ow
(with Levovirin in the L-cénfiguratyon): RSS O ORlL O P=0 I I NN 1~
0O ORL 0-P=ON ‘0 <N 0-p=0 N NH;
~ s ¢ L
RSS N-
G
HSS
o ory 0
0-P=0 N~y
0 < | SSH
N’—
G
0 Ok ? R;0™ ™ ORg
G-P=0 N\('LNHZ
6 & . o
N- Derivatives of cholic acid
O
Ri1=R2=R3=H
RlI=R2=R3=Ac
RCOO ORg R1=H,R2=Ar, R3=Ac
Rl=AcR2=H,R3I=Ac
Rl =Ac R1=R2=Ac,R3=H
5 . Still further contemplated Levovirin prodrugs include phosphate esters with lipophilic

compounds as outlined below (with Levovirin in the L-configuration):

o
'
O CHs ? N.
il
1-c-x—l—o-1>-o
1
CH; OH
HO COR2
X=0,8
R2=H,Ac

R1=Alkyl, Yipids, bile acids, fat soluble vitamin, etc.

COOCH
p
RjO™ "ORy L L
Rl=R2=R3=Hor Ac L= HOOCCH,CHyCO0
Bile acid or derivatives Cholesterol derivative Vitamin D derivative
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R2=R3=Ac RI=H, R2=Ac,R3=Ac Rl = Ac RR= H, R3=Ac Rl :Rﬂ:

further contenpl ated Levovirin prodrugs include phosphate esters w

| i pophi | i &Vowﬁfﬁﬂunds as outlined bel ow (with Levovirin Fr/Ppg/ 876

L- confi gur at z8).; X5 TG © 5 1%‘[@6 =0 Qs "1 Ac
Rl =Alkyl, lipi slf: E%%egaggidg%%b%ﬁat ?gﬁgﬁ%ﬁgﬂ%ﬁ fr%),me C. Q%leéoR%nR??lza r Ac

| . . =Hoo @BEHACHREOCrBehplated Ldvayirinpoimgs inebavehclusiver as|depieteil beloi@iti t ami n
D derivatijve.28 14. SEP. 2004 WO 01/ 68034 PCF/ US01/ 08769 Where it is

especi aHPYP UL AGL-EORHERARORE | i hophi lic noiety is coupled to Levovirin via
a disulfide bond, contenplated Levovirin prodru.gs may have a structure as
depicted below (with Levovirin in the L-gonfiguration): HO OH R=Al kyl,
Chol esterol, Bile acid, Fat soluble vitasnt N\g)r ot her |ipids

an 0
0 N
R-S—S—I—-O—P—O
n Q.
- ciz O

HO COH
R = Alkyl, Cholesterol, Bile acid, Fat soluble vitamin, or other lipids

H SH
»
, e
" ORy HS-8 HS—§ ,

Rl=R2=R3=HurAc

IO RCOO ORL Rl1= Ac Ess Derivatives of cholic acid R =R2=R3=
Ac S@?@E&U@*&i I
W t

R0"

Cholesterol derfvative Vitamin D derivative
Derivatives of cholic acid

5 It is generally éontemplated that bio-transformations for the above synthetic schemes
may be applied to all contemplated nucleoside pro-drugs are as follows (with Levovirin in the

L-configuration):

Rl—S-S—‘—O—'E:'-O
' CH; OH
HO ORp

R1=Lipids, Alkyl, Bile acid,
Ry =H, Ac

‘ Glutathione

HaN
chy O
Ry —8H H-S—-l—O-—I:—O
CHy OH

0
J\rN>
R
Nay
o

X=0.8 HO OH
)

L

HN ’u\lr N\)

i o Ny
n
s=< Ho—B-0
Cily oH
HO oH
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S,SH R10i""- " " nOR3 HS-S R =R2=R3=Hor Ac Derivatives, of cholic acid
Chol esterol derivative 51t is generally contenpl ated t']1al,t SEP 20011-

bi o- transfornatl ons for the above synthetic schenes

cont enpl at’¥Q U eosi de pro-drugs are as follows (with L@VHW

plied to all
BTN ( he

EI fgn;'(:lggr at| A‘?(&)natl‘}é%"\l::< Cﬂ%teﬁdbm— ofmgid?ls %%ﬂ&k‘tﬂ@ Fgeﬂeﬂal é&h&ﬁe as“' kyI

Vit am nomhdedbdm(wﬁxmomﬁlmﬂﬁbpmmen] CH3 0 H2N u HO-P-O I
29 1 4 S E P 2004
o 4]
. HzN/lKI‘I;{N\) ‘
HO o N Masking RO
HO OH RO
Ribavirin R=H, Acy], Lipids derivativ

Bioiransformation 1 l

O

1
HO- ]|? ~0 o ¢ HO
OH
HO OH HO
Ribarvirin monophosphate
An inhibitor of IMP dehydrogenase

C BN J\r N\> rastormations T ,lkﬁ’
0 Ney Biotransformation N

In further alternative aspects, bio-transformations may be performed as follows:

30
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WO 01/68034 PCT/ US01108769 Alternatively, contenpl at ec‘ gi gﬁpam rmati ons
may follow the general schene as outlined bel ow (W th IL&vawliri ‘N the

L-configu i - Ribavirin H2ZN A-H, Acyl, Lipids derivat]j

Bi otransfm'{géﬂ 1 0Z7 Biotransformation 2 It HO PTO BR9'B7%% barvirin
nmonophosphate An inhibitor of | MP dehydrogenased H2N HO OH In further
alternative aspects, bio-transformations nay1l_§§ enf ormed as follows: 30 14
SEP 20k WD 01/ 68034 PCT/ USCL/ 08769 oHZ2Ns) G 0 4R¥-Cx-~ --0--O CHg OH
x=0,S R = Lipids, Alkyl, Bile aﬁli_drx_IRZo:—iLId AC, It R1-C-OH X=0,S HO CH
and in still further alternative aspects; tdwe Bfo-¥ransformation may be
performed as shown bel ow XIjCO)SOR’Z

HO  ORy
R.I =Lipids, Alkyl, Bile acid,
Ry =H, A¢
1 lipases, esterases
(o]
Y
9 CHz (6] N "N>
i3
Ry—C-OH H—X——l—O—P—O o
T
CH; OH
X=0,8 HO  OH
l 0
oy
CH; [»] N. >
i3
X=< . HO—P-0 o
CH3 (!)H
X=0,8§ HO OH

and in still further alternative aspects, the bio-transformation may be performed as shown below:
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31 1 4 SEP 2004 WD 01/ 68034 PCTI USOL/ 08769 HO OH R =R1kyl,
d ut at hi one,
R- Al kyl ,

bile acid,

n R-c-X
| i pas es,

HZN OH HO OR HO OH 32 14Syy2~~h

etc

b,

Or;

s 0 R

noueuzymatics: O R- SH
| ipids, vitam n, be acid,
COXK H x4/ )-CH -0 - P—OO(HZN

HzNJ\r s
R-8-— s-@—cazo -B-o

R = Alkyl, lipids, vitamin, bile acid, etc.

N‘N

HQ OH

1 Glutathione, nonenzymatice
o]
Ao
0 9
" - n N"N
-8 C zuo-—}:-o-\g-o-?‘
OH

R-8H

HO OH
X=0,5 NI o

R.= ATkyl, lipids, vitamin, bile acid, ¢le.
L lipases, esterases

o)

HZN’L,/ \>

R-COOH —@—Cﬂg_-—o l’ o]
g
HO OH
l o
o
o |2
n N‘N
XGCHZ HD—II’—QW
OH

HO OH
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WO 01/ 68034 PCT/ USOL/ 08769 Thus, specific enbodi ments and a % zﬁghons of
nucl eosi de anal og prodrugs have been disclosed. It shoul %g p

however, skilled in the art that many nore besi des
t hose aI ré’g%lybﬁg %CI‘I bed are possible w thout departing frk)gjrrﬁ%?%éogl?%ventl ve
concepts her gh, sﬁléhﬁcl RRBIn e a8 RpEIRkticRlor ticledsiRIaai105 Brodiies M@e Been be
restricted except in the spirit 5 of the aﬁ pended cl ai ns. Moreover, in

i nt er pr disclogedoishould be éiﬁ@fﬁﬁf: ihgwevesio e sllledindhe.yt thal MaEREs  shoul d be

I nterpr RO qﬁg%n QRkext. In
part|cu?%?ﬂihpﬁgh%%gﬁgﬁ&%gkgr|se%gbgngg?gﬁmgggﬁﬁgﬁhg ouldhﬁg |nterpreted as
referrlmgmkpmémemnﬁhsgweﬂnmp@hsnmngoﬂmgﬁépswmntmtﬁ@ﬁmGX@huqueuﬂmmpmn

i ndi cati t hat .t ref enced eI ments,, ..C be

or esdnt o1 B sBeeird ot FLof ey iae T o e B Sl SRl Bl ery o,
steps tl%ﬁéul@b@m reRd i ﬁ&%fdﬁdés@f:@sﬁ![&zﬁdmeﬁ&n&ﬂm thetcoﬁeﬂﬂ 6 pidicalbgi m 1.
A conpound according to formula (; OR3 wherein RL is a

1 R3'
maski ng T ST ‘GPMPRESa#d SORPBHRE %bﬁ@@é’? F’Pt?@Iqt"sd qqrefﬁ]ﬁm&ﬁ? H6YsREd radi cal ,
C( O) R, cgfngofeﬁ%&% %aﬁﬂﬁéﬂﬂw‘@nﬁaﬁn&lm@iﬁhﬁé 1641 the ?elf&@lﬂﬁéh eleBlen@l kynyl,

I ng group of the phosp ate group; R3' are
i ndepenwemmblgentswmep@ma&bs Peaset; oratitizegh or e Mvamotb@ eémen#sopommen@en at
t he sanme_ti e 2, SR d claiml wherein RL is selectedfromthe
ar OL}P ﬁg‘ieg%tpﬁgareo%oqeg%%? ﬂpo%r/%lg% an0| c acid,
par a- acet yl oxybenzyl oxycar bonyl , para acetyldlsulf decar bonyl ; and mhereln
R2, R3 and R3' are independently H or acetyl. 3. The conpound of claim?2
wherein R3 and R3'" are H 4. The conpound of claim2 wherein R2 is
hydrogen. 5. The conpound of claim2 wherein R1L is a maski ng group
conprising a carbonyl function. 6. The conmpound of claim1l wherein R3 and
R3' are hydrogen, and wherein R2 conprises a phosphate. 7. A conpound
according to fornmula (11)
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HO OH 34 14 SEP 200 wherein R is a masking group of the am no group having
a structure selected fromthe group consisting of 0 O |1 11
RCO(CH)4-C0 11 011 It RG-X/ \CH2 GCO0OO0 1111 R—C—S—-%-OC
0 11 R--SS-G0 11 RS-S-(CH)2-0-CO0 11 R—C—X—CHZ‘};bfaﬁjE n X
is Oor S, and Ris a C1-C 8 al kyl, alkenyl, alkynyl, aryl, or aralkyl. 8.
The conmpound of claim 7 wherein the masking group conprises a disulfide
bond. 9. The conpound of claim7 whefddimst he naski ng group i s sel ected

fromtheywgrepisp: consisting of 0 0 11 Il RCo-(CH2)4 Co o RGC--X-\ CHf
0-CG , and 0 O 11 11

1. A compound according to formula (1)
Rix, O
)“4&'
H N\

I

N, o

o Ok
RsO  ORs

wherein R; is a masking group of the amino group; wherein R is H, an amino acid
radical, -C(O)R, or -P(O)(OR”)2, wherein R is C;-Ci5 alkyl, all;cnyl, or alkynyl,
and R’ is a masking group of the phosphate group; Rz and R3' are independently

H or C;-Cis acyl; and wherein Ry and R, are not hydrogen at the same time.

2. The compound of claim 1 wherein R, is selected from the group consisting of
acetyloxypentanoic acid, para-acetyloxybenzyloxycarbonyl, para-

acetyldisulfidecarbonyl; and wherein Ry, R3 and R3' are independently H or acetyl.
3. The compound of claim 2 wherein R3 and Rj3' are H.

4. The compouhd of claim 2 wherein R; is hydrogen.

5. The compound of claim 2 wherein R; is a masking group comprising a carbonyl

function.
6. The compound of claim 1 wherein R3 and Ry' are hydrogen, and wherein R, comprises 2

phosphate.
7. A compound according to formula (II)

Rn, 2
NJgr
H N\
N, N) ¢ )
o [OH
HO OH
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RCS-(CH2)2 OG- ;and wherein Xis O or S, and Ris a Cl1-C18 al kyl,

al kenyl , al kynyl, aryl, or aralkyl. 10. A conpound according to formnmula
(rrr)y o1t OT-OR2 OR2' HO OH .35 14 SEP 200k wherein RI’[iJ;s SIEP %[]%ski ng
group of the am no group, and wherein R2 and R2' are independently a

nmaski ng gr oupwbtreinda iphowskiag erayp of Preraminn group beying 8 sirectusselseted fofr e t he

group consisting o RS-SCH2 RS-S-(CH2)1 01 | RCX-CHZ ;
and wherein X is Oémgpégnsmaag is C -C8 alkyl, alkenyl, alkynyl, aryl, or
aralkyl. 11. The conpound of claim 10 wherein R is a masking group. 12.
The conmpound of claim 10 whereinr -—DS-((&I;)I{FES—RI ng group conprising a

di sul fide bond. 13. A conpound according to formula (IV) R, NH OR2 HO CH
wherein R, is H or a masking groupoof t am no @r oup, and wherein R2 is a
group having a structure sel ect pde-fx @-@Hr-sonsi sting of 0 0 O

I il
R—C—8—(CHy);—0—C—

O
Il

R—8—38—C—

I
R—8—8—(CHy)y—O—C——

»

1]
R—C—X—CHr— .ang

wherein X is O or S, and R is a C;-Cyg alkyl, alkenyl, alkynyl, aryl, or aralkyl.
8. The compound of claim 7 wherein the masking group comprises a disulfide bond.
9. The compound of claim 7 wherein the masking group is selected from the group

consisting of

il l
R—C—O0—(CH)y—C— |

? 9
R—c~x4©—c1~12—o—c—— and

R—g—s_(CHz)z"O—g_ : and
wherein X is O or S, and R is a C;-Cy; alkyl, alkenyl, alkynyl, aryl, or aralkyl.

10. A compound according to formula (II)

R 0
VN
)

N

b

O_If" OR, (1) -

ORy'

0.

HO OH
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11l R--G-S-(CH2)2--OP- ROP- RCGS-(CH2)2-ORO 1100 || MC
and 36 A 4 SEP 2004 wherein Ris CE-C18 al kyl, al kenyl, alkyn {3 |, or
aral kyl, and wherein Mis alkyl, alkenyl, alkynyl, ar aI'HqI é% yﬁﬁﬁér a
hydr ophobi ¢ group. 14. The conmpound of claim 13 wherein the hydrophobic
group is sel esheeid RomH drea gaskiny grognat the aminogrowp, ahdivhereack dandaR baree aci d,

a chol esterol deriyvativ dayvitamn D..derivative. 15.. The conpound of
claim 14 wherei n RECERAFIYATssKeCEPARRIRS BRosPictr ErmB R kRe ASERF IRy a
manmal having a Vi gdctdd¥dig tHeQRowPdmtisghgék  Provi ding a pharmaceuti cal
conposition that includes a conpound selected fromthe group consisting of

a compound according to clai mi1, npound according to claim7 a
conpound according to clai mRTE;* Shpound—acéorfdimg.to claim 13; and
adm ni stering the pharmaceutical composition to the manmal . 17. The net hod
of claim 16 wherein the viral inf hon conprisé&s an infection with an HCV
virus or an HBV virus, and W®hér&i el RF<$-&—8hmang,g 18. A net hod of

nodul ating a | ynphoki ne profile ina mammal conprising: providing a

phar maceut i calyheRMPIRSE ©ioe 8, ¥t id Mt HAEs/1 alleayp altayisayEe ek adikiyi.om t he
group consi sting of a conpound according to claim1, a conpound accordi ng
to claim7 a_conpound according to,clajim10, and a conpound according to
claim 131 anah%(%ﬂﬁll?ﬂuélfié’gf’lﬁﬁnﬂﬂ@’hﬁﬁé{’r%{?é‘d’f‘."fs@é‘ﬁ EYHposition to the mamal
in a dosage effective to reduce expression of a type |I cytokine and
stinmul at g2expressdmpbudf of ik 0 gv%lel‘éiﬂ Rkisfnaskihg oft\® dBRipgiReheQf disdIAHbAA.

wherein the manmmal 1s a human.

13. A compound according to formula (IV)

Ry 0
N
Fl
. Jgrg\
N, (IV)
N
o OR;
HO oOH

wherein R, is H or a masking group of the amino group, and wherein R, is a groﬁp
having a structure selected from the group consisting of

ﬁ il (I)l
R—C—8—(CHg)=0—P— R—0—P-—
R—C—S—(CH);—0 R—O

R — :
/P,O . M—C— , and
o\

»
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14.

15.

16.

17.

18.

19.

A4 SEP 2004

wherein R is C;-Cyz alkyl, alkenyl, alkynyl, aryl, or aralkyl, and wherein M is alkyl,
alkenyl, alkynyl, aralkyl, aryl, or a hydrophobic group.

The compound of claim 13 wherein the hydrophobic group is selected from the group
consisting of a cholic acid, a bile acid, a cholesterol derivative and a vitamin D

derivative.
The compound of claim 14 wherein R, comprises a phosphate.

A method of treating a mammal having a viral infection comprising:
providing a phaﬁnaceutical composition that includes a compound selected from the
group consisting of a compound according to claim 1, a compound according to
claim 7 a compound according to claim 10, and a compound according to claim
-13; and

administering the pharmaceutical composition to the mammal.

The method of claim 16 wherein the viral infection comprises an infection with an HCV

virus or an HBV virus, and wherein the mammal is a human.

A method of modulating a lymphokine profile in a mammal cofnprising:

providing a pharmaceutical composition that includes a compound selected from the
group consisting of a compound according to claim 1, a compound according to
claim 7 a compound according to claim 10, and a compound according to claim
13; and

administering the pharmaceutical composition to the mammal in a dosage effective to
reduce expression of a type 1 cytokine and stimulate expreséion of a Type 2

cytokine.

The méthod of claim 18 wﬁerein the mammal is a human.
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