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1
NUCLEOSIDLES WITII ANTIVIRAL AND
ANTICANCER ACTIVITY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/75 . filed Jan. 29. 2013, which is a
continuation of 17.S. patent application Ser. No. 11/721.325.
filed Aug. 18, 2009. which issucd as U.S, Pat. No. 8,399,428
on Mar. 19, 2013, which is a National Stage Application of
PCTUS2005/044442, filed Dec. 8. 2005 and published as
WO 2006/063149 on Jun, 15, 2006, which claims priority to
U.S. Provisional Application Ser. No. 60/634.677, filed on

Dec. 9, 2004, which applications and publications are incor- !

porated by reference herein.
GOVERNMENT FUNDING

The invention described herein was made with US. Gov-
ernment support under grant CA 89615 awarded by the
National Institutes of Health, National Cancer Institute. The
United States Government has certain rights in the invention.

BACKGROUND OF THE INVENTION
Histidine triad enzymes are a superfamily of relatively

small (MW 28-34 Kda), homodimeric nucleoside monophos-
phate hydrolases and transferases containing an active site

motif related to His-X-ITis-X-His-X-X, where X is a hydro- 3

phobic amino acid (Bieganowski, P. et al., ./ Biol. Chem.,
2002, 277. 10852-10860). The HINT branch is the most
ancient branch, having representatives in all forms of life
(Bieganowski, P, el al., J Biol. Chent., 2002, 277, 10852-

10860: and Brenner. C.. et al., Nature Struc. Biol,, 1997, 4, 3

231-238).

The signature histidine triad residues were shown 1o be
largely responsible for stabilizing binding to the phosphates,
while the base appeared to be sandwiched between two phe-
nylalanines and wn isoleucine (Brenner. C., et al., Natwre
Strue. Biol., 1997.4,231-238: and Lima, C. D.. etal., Science.
1997, 278. 286-290). Further inspection revealed that N-7
and O-4 for guanosine and N-7 and N-4 for adenosine are
almost completely solvent exposed., while fittle. if any, spe-

cific binding interactions surrounding N-2 and N-3 were 43

obscrved. Hydrogen bonding interactions were observed
between Asp-43 and both of the 2'- and 3™-hydroxyl groups,
which is consistent with the reduced ability of 2'-deoxy
nucleoside phosphoramidates to serve as substrates.

Although LINTS have been associated only recently with 56

adenosine phosphoramidase activity. nucleoside phosphora-
midase activity has been observed in partially purified
extracts from rabbit liver, whole cells and extracts of the
human T-leukemia, CEM cells, peripheral blood mono-
nuclear cells (PBMCs) and green monkey Vero cells (Led-
neva, R.K.. etal., 1970. Dokl. Akad. Nawuk Sssr 193, 1308-10:
Dudkin, S. M., et al.. 1971, Febs 16, 48-50; Abraham, T. W.,
etal., 1996,/ Med. Chem. 39,4569-4575: Abraham, T. W., et
cleosides Nucleotides 16, 2079-2092: Chang,

2001, J. Med. Chem. 44, 223-231).

Sl etal,

1.S. Pat. No. 6,475.985 reports certain specific nucleoside
phosphoramidate analogs having anticancer and‘or antiviral
properties. There continucs to be an interest in phosphorami-
date nucleoside analogs due to their demonsirated utility a
prodrugs of antiviral and anticancer nucleoside monophos-
phates, or pronucleotides (McGuigan, C., etal.. 1993, Bivorg.
Med. Chem. Lent. 3. 1207-1210; Balzarini, L, et al. 1996,

n
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Mol. Pharmacol. 30, 1207-1213: Chang. S. L.. et al.. 2000.
Nueleasides, Nucleotides & Nucleic Acids 19, 87-100: Kim,
1.. Drontle. et al.. 2004, Nucleos. Nucleot. Nucleic Acids 23.
483-493; and Kiein. M. G., et al., 1998, Exp. Cell. Res. 244,
26-32).

[n spite of the above reports, there is currently a need for
chemotherapeutic agents with antiviral and or anticancer
propertics. In particular there is a need for agents that arc
selectively activated at the sight of a discase or virus.

SUMMARY OF THE INVENTION

Although, the nature of the enzyme responsible Jor phos-
phoramidate hydrolysis has not been determined, direct evi-
dence ol intracellular P—N bond hydrolysis by a putative
phosphoramidase was demonsirated by studies of the intrac-
cllular metabolism of fluorodeoxyuridine phospboramidates
with permcablized cells and O labeled AZT tryptophan
methyl ester phosphoramidate with capillary L.C-liS1-MS/

7 MS.

Recently. hHINTI has been isolated and cloned by a com-
bination of alfinity chromatography and T7 phage display o
human phosphoramidase. Early studies have demonstrated
that the enzyme will efficiently hydrolyze guanosine, adenos-

5 inc and to a limited extent uridine and cytosine phosphora-

midates containing primary amines. hEINTI has been shown
10 be over-expressed in breast, lung and ovarian cancer tissues
relative 1o normal tissues. Recently, it has been shown that
human breast cancer has at least 6-times more expressed
hHINT! activity than normal breast tissues. In addition, itis
known that the hFINT1 is overexpressed in the liver and
brain. Consequently, antiviral or anticancer phosphorami-
dates that are substrales for h[IINTs should facilitate the
design of tissue specilic antiviral and anticancer phosphora-
midate based therapeutics.

Inspection of the active site of hHINTT has revealed that
hydrogen bonding, ion pairing or polar interactions at the 2'-
and 3-positions preferentially interact with the active site
residue Asp-43, which is consistent with the reduced ability
of 2'-deoxy nucleoside phosphoramidates to serve as sub-
strates. In addition, phosphoramidates with a D-amino acid
arc hydrolyzed at least 20-fold more efficiently than phospho-
ramidates containing L-amino acids. Consequently, com-
pounds containing 1) an electropositive group at the 2'-posi-
tion, andfor 2) a group having a stereochemistry that
corresponds to that of an N-linked D-amino acid on the phos-
phorous are especially good substrates for hIIINTT.

“The present invention provides compounds that act as anti-
viral and or anticancer agents. Accordingly there is provided
a compound of the invention which is a compound of formula
I:

o}
|p[ X R
< i
Rs// o
Rs
RO Rs
R Re
wherein:

R, is adenine, guanine, cylosine, thymine. 3-deazaadenine,

5 oruracil, optionally substituted by 1, 2, or 3 U; wherein each

U is independently halo, hydroxy, (C,-Cglatkyl, (C5-Cgley-
cloatkyl. {C,-Cglalkoxy. (C5-Cy)eycloalkyloxy, (C,-Cgal-
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3
kanoyl, (C,-Cglalkanoyloxy. trifluoromethyl, hydroxy(C,-
Cylalkyl. —(CH,),_yP=O)OR,), aryl. aryl(C-Calkyl,
or NR\R.

R, and R are each independently hydrogen. halo, hydroxy.
(C,-Cylalkyl. (C5-Coeycloalkyi, (C,-Cpalkoxy, (C,-C)ey-
cloatkyloxy, (C,-Cy)alkanoyl, (C,-Cglalkanoyloxy, trifluo-
romethyl, azido, cyano, —N(R)C(E=ONR,I(R,,).
—NR)C(==0)OR,,,. or NR_ R . provided that onc of R,
and R, is hydroxy halo, (C,-C,)alkoxy, (C5-Cyeycloalky-
loxy, trifluoromethyl, eyano, or NR R .:

Ry is hydrogen, halo. hydroxy, (C,-C,alkyl, (C +-Caley-
cloalkyl, (C,-Cyalkoxy, (Cs-Cyeycloalkyloxy, (C,-Cgal-
kanoyl, (C,-Calkanoyloxy. trifluoromethyl, azido. cyano,
—NRIC=ON(R,, XR,,), or
NR, R,

Ry is hydrogen, (C,-Cglalkyl, (C4-C i )eycloalkyl, aryl, aryl
(C,-Cplalkyl. or 2-cyanocthyl;

Ry is an amino acid, a peptide, or NR R,,;

R; is hydrogen., halo, hydroxy, (C,-Cyalkyl, (C 3-Coley- 2

cloalkyl, (C,-Coalkoxy, (C;-Cgleycloalkyloxy. (C,-Cyal-
kanoyl. (C,-Coalkanoyloxy, triflvoromethyl, azido. cyano.
—NRICE=ONR,IR,,), —NRIC(z=0I0R or
NR,R,.:

X is oxy, thio, or methylenc;

each R, and R, is independently hydrogen, (C 1-Coyulkyl,
(C3-Cyeycloalkyl, aryl, or Het; or R, and R, togetherwith the
nitrogen to which they are attached form a nitrogen-linked
Het:

each R,, is independently hydrogen or (C,-C,)alkyl;

R, and R, are each independently hydrogen, (C 1-Colalkyl,
(C5-Cgleycloalkyl, phenyl, benzyl. phenetlhyl, or (C,-C,)al-
kanoyl; or R, and R, together with the nitrogen to which they
are attached are pyrrolidino, piperidino or morpholino;

R. is hydrogen, (C,-Cy)alkyl. (C;-Cy)eyeloalkyl, phenyl,
benzyl, or phenethyl;

R,, and R, are each independently hydrogen, (C,-Cg)
alkyl. (C;-Cyp)eycloalkyl, phenyl, benzyl, or phenethyl:orR
and R,,,, together with the nitrogen to which they are attached
are pyrrolidino, piperidino or morpholine:

R, is hydrogen, (C,-Cy)alkyl, (C 3-Cs)eycloalkyl. phenyl,
benzyl. or phenethyl;

R, is hydrogen (C,-Cpalkyl, (C;-Cg)eycloalkyl, phenyl.
benzyl, or phenethyl;

R,. is hydrogen, (C,-Cpalkyl, (C,-C sJeycloalkyl, phenyl,
benzyl, or phenethyl;

whereinany (C,-CgJalkyl of R;-R,, R, R, R, R,.R..R.
R Rope R Ry and R, is optionally substituted with one
or more (e.g. 1, 2, 3, or 4) halo, hydroxy, (C,-Calkoxy,

s

(C5-Cg)eycloalkyloxy, (Ci-Cyalkanoyl, (C,-Cglalkanoy- s

lexy, trifluoromethyl, azido, cyano, oxo (==0), (C,-C¢)alkyl,
(C5-Cgeycloalkyl, (C,-Cg)eycloalkyl(C,-Cyalkyl, (C 1Ce)
alkyl-S—(C,-Cyalkyl-, aryl, Het, aryl(C,-Cgalkyl, or et
(C,-Colalkyl, or NR R . wherein each R, and R, is inde-
pendently hydrogen, (C,-Cgalkyl,

phenyl, benzyl, or phenethyl;
and wherein any aryl or Het may optionally be substituted
with one or 0,10 more substituents selected from the group

consisting of halo, hydroxy, (C,-Cyalkyl, (C4-Cg)eycloalkyl,
(C,-Cglalkoxy, (C4-Cq)eycloalkyloxy., (C,- Jalkanoyl. (C,-
Cylalkanoyloxy, wifluoromethyl, triffuoromethoxy, nitro,
cyano, and amino;

or a pharmaceutically acceptable salt thereof. In one
embodiment the invention provides a compound of formula
(1); provided that R, and R; are each not hydroxy when R, is
adenine. guanine, cytosine, thymine, or uracil. X is oxy, Ry is
an amino acid or a peptide; Ry is hydrogen, and R, is hydro-

(C5-Celeycloalkyl, s

3

w0

[

9

¥
b

s

w
T

40

Z

tn
A

60

o
b

aon: and: provided R is not 3-deazaadenine, when R, is
hydroxy: R, is hydroxy; R, is hydrogen, R; anitrogen linked
radical of formula 111

Ry

RO

wherein R, is benzyl or 3-indolylmethyl: and R, is methyl: x
is oxy. Rg is hydrogen, and R, is hydrogen

The invention also provides a method for treating a viral
infection in an animal comprising administering an effective
amount of a compound of formula I or a pharmaccutically
acceptable salt thercof 10 an animal (c.¢. a mammal) in need
of such treatment.

The invention also provides a method for weating HCV in
ananimal comprising administering an effective amount of a
compound of formula I or a pharmaceutically acceptable salt
thereol (o an animal in need of such treatment.

The invention also provides a method for treating 2 meta-
bolic liver disorder {e.g. hemochromatosis, cirrohsis, Wil-
son’s disease, biliary atresia, hepatitis, or any other genetic or
environmentally induced liver discase) in an animal compris-
ing administering an effcctive amount of a compound of
formula I or a pharmaceutically acceptable salt thereof to an
animal in need of such trcatment.

The invention also provides a method for treating a cancer
in the liver of an animal comprising administering an effec-
tiveamount of a compound of formula Lora pharmaceutically
acceptable salt thereof to an animal in need of such treatment.

"The invention also provides a method for treating cancer in
the brain ol an animal comprising administering an elfective
amount of a compound of formula | or a pharmaceutically
acceptable salt thereof'to an animal in need of such treatment.

The invention also provides a method for treating breast
cancer, lung cancer or ovarian cancer in an animal comprising
administering an effective amount of a compound of formula
Tora pharmaccutically acceptable salt thereof 10 an animal in
need of such treatment.

"The invention also provides the use of a compound of
formula | or a pharmaceutically acceptable salt thereof to
prepare a medicament for treating a viral infection in a mam-
mal.

The invention also provides the use of a compound of
formula I or a pharmaceutically acceptable salt thereof 1o
prepare a medicament for treating HCV in 2 mammal.

The invention also provides the use of a compound of
formula 1 or a pharmaceutically aceeptable salt thereof to
prepare a medicament for treating a metabolic liver disorder
in & mammal,

The invention also provides the use of a compound of
formula I or a pharmaceutically acceptable salt thercof to
prepare a medicament for treating a cancer in the liver of a
mammal.

“The invention also provides the use of a compound of
formula 1 or a pharmaceutically acceptable salt thereof o
prepare a medicament for treating cancer in the brain of a
manumnal

The invention also provides the use of a compound of
formula 1 or a pharmaceutically acceptable salt thereof 10
prepare a medicament useful for treating breast cancer, lung
cancer or ovarian cancer in a mammal.
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5
BRIEF DESCRIPTION OF THE FIGURLS

FIG. 1 Illustrates the synthesis of representative com-
pounds of the invention.

FIG. 2 llustrates starting materials vseful for preparing
compounds of the invention.

FIG. 3 Hlustrates compounds useful in the methods of the
invention.

F1G. 4 Hiustrates the preparation of compounds of the
invention.

DETAILED DESCRIPTION

The following definitions are used, unless otherwise
described: halo is fluoro, chioro. brome, or iodo. Alkyl
alkoxy, etc. denote both straight and branched groups; but
reference to an individual radical such as “propyl” embraces
only the straight chain radical, a brnched chain isomer such
as “isopropyl” being specifically referred to. Aryl denotes a
phenyl radical or an ortho-fused bicyclic carbocyclic radical
having about nine to ten ring atoms in which at least one ring
is aromatic. Het encompasses a radical of a monocyclic.
bicyelic, or tricyclic ring system containing a wtal of 3-20
atoms, including one or more (e.g., 1. 2. 3,4, 5, or 6) carbon
atoms, and one or more (e.g., 1, 2, 3, or 4) heteroatoms
selected from oxygen, sulfur, and N(X) wherein X is ubsentor
is H, O, (C,-C)alkyl, phenyl or benzyl, wherein one or more
ring carbons of Het can optionally be substituted with oxo
(==0): Heteroary! encompasses a radical attached via a ring
carbon of 2 monocyclic aromatic ring containing five or six
ring atoms consisting of carbon and one to four heteroatoms
each selected from the group consisting of non-peroxide oxy-
gen, sulfor, and N(X) wherein X is absent or is L1 O.(C,-Cy)
alkyl. phenyl or benzyl, as well as a radical of an ortho-fused
bicyclic heterocycle of about eight to ten ring atoms derived
therefrom, particularly a benz-derivative or one derived by
fusing a propylene, trimethylene, or tetramethylene diradical
thereto. The term Het encompasses Heteroaryl.

The term “amino acid.” compriscs the residues of the natu-
ral amino acids (e.g. Ala, Arg, Asn, Asp, Cys, Glu. GIn. Gly,
His, Uy}, Hyp. lle, Lew, Lys, Met, Phe, Pro. Ser. Thr. Trp. Tyr,
and Val) in D or L form, as well as unnatural amino acids (e.g.
phosphoserine, phosphothreonine, phosphotyrosiae, hydrox-
yproline, gamma-carboxyglutamate; hippuric acid, octahy-
droindole-2-carboxylic acid. statine, 1.2,3.4,-tetrahydroiso-
quinoline-3-carboxylic  acid,  penicillamine, ornithine,
citruline, o-methyl-alanine, para-benzoylphenylalanine,
phenylglycine, propargylglycine, sarcosine, and tert-butylg-
lvcine). The term also comprises natural and unnatural amino
acids protected at the carboxy terminus (¢.g. as a (C,-Cyg)
alkyl, phenyl or benzyl ester or as an amide, such as for
example, a mono-(C,-Cglalkyl or di-(C,-Cgalkyl amide.
Other suitable carboxy protecting groups are known to those
skilled in the art (See for example. T. W. Greene, Protecting
Groups In Organic Synthesis; Wiley: New York. 1981, and
references cited therein). An amino acid can be linked to the
remainder of a compound of the invention through the car-
boxy terminus, the amino terminus, or through any other
convenient point of attachment. Preferably, when Ry is an
amino acid, the amino acid is linked to phosphorous through
the amino nitrogen, forming a phosphoramidate. The tetm
animal includes birds, reptiles and mammals. Tn one specific
cmbodiment of the invention the animal is a human.

The term “peptide” describes a sequence of 2 to 25 amino
acids (e.g. as defined hereinabove) or peptidyl residues. The
sequence may be linear or cyclic. A peptide can be Tinked to
the remainder of a compound of formula I through the car-
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boxy terminus. the amino terminus, or through any other
convenient point of attachment. Preferably a peptide com-
prises 2 10 23, or 5 to 20 amino acids. Peptide derivatives can
be prepared using techniques that are well known in the an,
for example. using solid phase peptide synthesis techniques.
In oric embodiment, when Ry is a peptide, the peptide is linked
10 phosphorous through the N-terminal nitrogen, forming a
phosphoramidate. In another embodiment, when R isapep-
tide, the peptide is linked to phosphorous through the N-ter-
minal nitrogen, formiing a phosphoramidate, and the carbon
adjacent o the N-terminai nitrogen has the configuration of a
D-amine acid.

The term “viral infection” includes human immunodefi-
ciency virus (HIV). herpes simplex virus-2 (HSV-2), varicel-
lazoster, vaceinia, human cytomegalovirus, ebola, hepatitis B
(HBWV), hepatitis C (HCV) and the like.

1t will be appreciated by those skilled in the art that com-
pounds ofthe invention having a chiral center may existinand
be isolated in optically active and racemic forms. Some com-
pounds may exhibit polymorphism. Itistobe understood that
the present invention encompasses any racemic, aptically-
active. polymorphic. or stereoisomeric form, or mixtures
thereof of o compound of the invention, which pos the
useful propertics described herein. it being well known in the
art how 1o prepare optically active forms (for example, by
resolution of the racemic lorm by recrystallization tech-
niques. by synthesis from optically-uctive starting malerials,
by chiral synthesis, or by chromatographic separation using a
chiral stationary phase) and how to determine antiviral activ-
ity using the standard tests described herein, or using other
similar tests which are well known in the art.

Specific values listed below for radicals, substituents, and
ranges. are for illustration only: they do not exclude other
defined values or other values within defined ranges for the
radicals and substitvents

Specifically. (C;-Cglalkyl can be methyl, ethyl, propyl,
isopropyl. butyl. iso-butyl. scc-butyl, peatyl, 3-pentyl, or
hexyly (C,-Cgleyeloalkyl can be cyclopropyl, cyelobutyl,
cyclopentyl. or eyclohexyls (C5-Cy)eyeloalkyl(C ~Cgralkyl
can be cyclopropyimethyl. cyclobutylmethyl, cyclopentylm-
ethyl. cyclohexylmethyl, 2-cyclopropylethyl, Z-cyclobutyl-
cthyl. 2-cyclopentylethyl. or 2-cyclohexylethyl: (C,-Cy)
alkoxy can be methoxy. cthoxy, propoxy, isoprapoxy. butoxy,
iso-butoxy, scc-butoxy, pentoxy. 3-pentoxy, or hexyloxy:
(C,-Cgalkanayl can be acewyl. propanoyl or butanoyl:
hydroxy(C,-Cgatkyl can be hydroxymethyl, 1-hydroxy-
cthyl, 2-hydroxyethyl. 1-hydroxypropyl, 2-hydroxypropyl.
3-hydroxypropyl. 1-hydroxybutyl, 4-hydroxybuiyl, 1-hy-
droxypentyl. 3-hydroxypentyl, 1-hydroxyhexyl. or 6-hy-
droxyhexyl; (C,-C, Jalkanoyloxy can be acetoxy. propanoy-
loxy, butanoyloxy, isobutanoyloxy, pentanoyloxy, or
hexanoyloxys: aryl can be phenyl, indenyl. or naphthyl: and
heteroaryl can be furyl, imidazolyl, wiazolyl. triazinyl.
oxazoyl, isoxavoyl, thiazolyl, isothiazoyl, pyrazolyl, pyrro-
Iyl, pyrazinyl. tetrazolyl, pyridyl, (or its N-oxide), thienyl,
pyrimidinyl (or its N-oxide), indolyl, isoquinolyl (or its N-ox-
ide) or quinoly! (or its N-oxide).

A specific value for R, is (C,-Cyalkyl optionaily substi-
wited with one or more halo. hydroxy, (C,-Cgatkoxy. (Cs-
Ceycloalkyloxy, (C,-CJatkanoyl. (C,-Calkanoyloxy, tri-
fluoromethyl, azido, eyano. (C,-Cglalkyl, (C5-Cg)eycloalkyl,
(Ca-Cleyeloalkyl(C,-Coalkyl,  (C,-Coalkyl-8—(C,-Co)
alkyl-. aryl, Het, arvl(C,-Calkyl, or Het(C,-Cyalkyl, or
NR_.R,,: wherein o and R, is independently hydro-
gen, (C,-Cglatkyl. (C3-Cyeycloatkyl, phenyl, benzyl, or
phenethyl.

5
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A specific value for R, is (C,-C,alkyl] optionally substi-
wted with one or more halo, hydroxy, (C,-Cglatkoxy. (C,-
Coalkanoyl. (C-Cglalkanoyloxy, triflucromethyl, cyano.
aryl. or Het,

A specific value for R, is (C,-C,)alkyl optionally substi- 3

tuted with one or more aryl or Het,

A specific value for R, is (C,-C)alkyl substituted with a
phenyl. naphthyl. pyridyl indolyl, iscindolyl, furyl, thienyl,
pyrrolyl. benzofuranyl, benzothicnyl, imidazolyl. thiazoyl,
pyrrolidinyl, piperidinyl, piperazinyl, or morpholino ring,
which ring is optionally substituted with one or more sub-
stituents selected from the group consisting of halo, hydroxy,
(Cy-Cylalkyl, (C-Cyeyeloalkyl, (C-Cylalkoxy. (C4-Cg)ey-
cloalkyloxy, (C,-Cgulkanoyl, (C,-C, syalkanoyloxy, trifluo-
romethyl, trifluoromethoxy. nitro, cyano, and amino.

A specific value for R, is (C,-Cyalky! substituted with a
phenyl or indolyl ring. which ring is optionally substituted
with one or more substituents selected from the group con-

sisting of halo, hydroxy, (C,-C,alkyl, (C3-Cyleycloalkyl, 2

(C-Cyalkoxy, (C,-Ceyeloalkyloxy, (C -Colalkanoyl, (C,-
Celalkanoyloxy. triflucromethyl. trifluoromethoxy. nitro,
cyano, and amino.

A specific value for R, is (C,-Cg)alkyl substituted with a
phenyl ring.

A specific value for R, is (C,-C)alky] substituted with an
indolyl ring.

A specific value for R, is phenylmethyl, phenethyl,
indolylmethyl, or 2-indolylethyl.

A specific value for R,, is 2-indol-3-ylethyl.

A specific value for R,, is hydrogen.

A specific compound of formula (I) has the formula
Rys—B. wherein BB is a phosphorous-linked 9-beta-D-ara-
binofuranosyladenosine monophosphate, 9-beta-D-arabino-
furanosylguanosine monophosphate, or 9-beta-D-arabino-

furanosyleylosine monophosphate and wherein R has any of

the values defined herein.

A specific value for Ry is NR R, wherein R, is 2-indol-3-
ylethyl: and R, is hydrogen.

A specific value for R, is guanine. cytosine, thymine,
3-deazaadenine, or uracil, optionally substituted by 1, 2, or 3
U: wherein each U is independently halo, hydroxy, (C,-Cy)
alkyl. (C5-Cpleyeloalkyl. (C,-C p)alkoxy, (C3-Cyeycloalky-
loxy, (C,-Cglalkanoyl. (Cy-Cylalkanoyloxy. trifluoromethyl,
hydroxy(C,-Cgalkyl, ~(CI,),_P(- OYOR,), aryl, aryl
(Ci-Caalkyl. or NR\R .

A specific value for R, is adenine, cytosine, thymine,
A-deazaadenine, or vracil, optionally substituted by 1.2,0r3
Us wherein each U is independently halo. hydroxy, (C,-C,)
alkyl, (C5-Cgeyeloalkyl. (C,-Cyalkoxy, (Cy-Cyleycloalky-
loxy, (C,-Cyalkanoyl, (C,-C,)alkanoyloxy, trifluoromethyl,
hydroxy(C,-Clalkyl, —(CHa), P(=0)OR,,), aryl, aryl
(C-Cyatkyl, or NR.R .

Aspecific value for R, is adenine, guanine, cytosine. thym-
ine, or vracil, optionally substituted by 1, 2. or 3 U; wherein
cach U isindependently halo, hydroxy, (C,-Cy)alkyl, (C,-Cy)
cycloalkyl. (C,-Cg)alkoxy, Cyleycloatkyloxy, (C,-Cgal-
kanoyl, (C,-Cg)alkanoyloxy. triflucromethyl, hydroxy(C,-
Cealkyl, —(CH,), P(==0)OR, ), aryl. aryl(C | -Cyalkyl,
OF jpitre

A specific value for R, is cylosine, thymine. 3-deazaad-
enine, or uracil, optionally substituted by 1,2, 0r3 U; wherein
cach U isindependently halo, hydroxy, (C,-Cylalkyl, (C5-Cg)
cycloalkyl, (C,-Cylalkoxy, (C 3-CsJeycloalkyloxy, (C,-Cal-
kanoyl. (C,-Cglalkanoyloxy, trifluoromethyl, hydroxy(C,-
Celatkyl, —(CH,),_P(==0)(OR,), aryl. aryl(C,-Cgalkyl,

OF nppye

8

A specific value for R, is 3-deazaadenine optionally sub-
stituted by 1, 2. or3 U; wherein each U is independently halo,
hydroxy, (C,-Cgalkyl. (C5-Cyeycloalkyl, (C,-Calkoxy,
(C5-Coleycloalkyloxy, (C,-Cglalkanoyl, (C-Cgalkanoy-
loxy. wifluoromethyl, hydroxy(C,-Colalkyl,  (CH,), P
(== O)OR, ), aryl, aryl(C,-Clalkyl, or NR R .

Aspecific value for R, is adenine, guunine, ¢ytosine, thym-
ine. 3-deazaadenine, or uracil.

A specific value for R, is guanine. cvtosine, thymine,
3-deazaadenine, or uracil.

A specific value for R, is cytosine, thymine. 3-deazaad-
enine, or uracil.

A specific value for R, is cytosine, thymine, or uracil.
15 A specilic value for R is a nitrogen linked rudical of

formula VT:

5

10

Vi

R, Ry
LA :

A

[N
o

wherein R, is hydrogen. halo, (C Colalkyl, (C-Cpey-
cloalkyl, or trifluoromethyl; and R, is hydrogen, (C,-C,)
30 alkyl. (C;-Cg)eycloalkyl. trifluoromethyl. hydroxy(C,-C,)
alkyl, or —(CH,), ,P(==0)OR,),.
A specific value for R, is hydroxy.
A specific value for R, is halo.
A specific value for R, is {luoro,
A specific value for R, is chloro.
A specilic value for R, is (C,-C,alkoxy.
A specific value for R, is methoxy.
A specitic value for R, triffuoromethyl.
A specific value for R, is cyano.
A specific value for R, is amino, merhylamino, dimethy-
lamino, ethylamino, or dimethylamino.
A specific value for R, is hydroxy.
A specific value for R is hydrogen.
A specific value for R; is halo.
A specific value for R, is fluoro.
A specific value for R is chioro.
A specific value for R; is triftucromethyl.
A specific value for R, is azido
s¢ Aspecific value for R, is cyano.
A specific value for R; is amino, methylamino, dimethy-
lamino, cthylamino, or dimethylamino.
A specific value for R, is hydrogen.
A specific value for R, is methy] or ethyl.
55 Aspecific value for R, is 2-cyanoethy).
A specific value for Ry is an amino acid.
A specific value for Ry is a peptide.
A specific value for Ry is a nitrogen linked radical ol
formula H:

35

40

460

R,

65 R,/‘\N"“
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wherein:

R,, is hydrogen, (C,-C,)alkyl (C5-C)eycloalkyl, (C5-Cy)
cveloalkyl(C,-Cyalkyl. (C,-Clalkyl-S --(C,-Cyalkyl-,
arvl, heteraaryl, aryl(C, -CJalkyl, or heteroaryl(Cy-Co)alkyl;
wherein any aryl or heteroaryl may optionally be substituted
with 1. 2, 0r3 Z:

each 7, is independently halo, hydroxy, (C,-Cglalkyl, (C,-
Ceyeloatkyl, (C,-Cglalkoxy. (C5-Cyleycloatkyloxy. (C,-
Cylalkanoyl, (C,-Cyalkanoyloxy. trifluoromethyl. trifluo-
romethoxy, nitro, cyano, or anino: and

R, is hydrogen or (C,-Csalkyl that is optionally substi-
tuted with one or more (e.g. 1, 2, 3. or 4) halo, hydroxy,
(C,-C g atkoxy. (C5-Cgeycloalkyloxy, (C,-Cglalkanoyl, (C,-
Calkanoyloxy, ui fluoromethyl, azido, cyano, oxo (=0) or
NR,R,.. A specific value for Ry is (C,-Cs)alkyl optionally
substituted with one or more (e.g. 1, 2, 3, or 4) halo, hydroxy,
(C,-Calkoxy, (C1-Cyeycloalkyloxy. (C, -Cglalkanoyl (C-
Cgatkanoyloxy. trifluoromethyl, azido. cyano, oxo (=M or
NR, R,

A specific value for Ry, is hydrogen, (C,-Cyatkyl, phenyl-
methyl, or 3-indolyimethyl.

A specific value for R, is phenylmethyl.

A specific value for Ry, is 3-indolylmethyl.

A speeilic compound is a compound wherein the carbon
bearing R, has the (R) absolute configuration.

A specific value for Ry is a nitrogen linked radical of

formula Hl:

m
Ry
RO
i
(8]
wherein Ry, is hydrogen. (C,-Cgalkyl, (C4-Cyleycloalkyl,
(Cy-Coleyeloalkyl(C,-Calkyl,  (C,-Cglalkyl- (C,-Cy)

alkyl-, aryl. heteroaryl, aryl(C;-Cgalkyl, or heteroaryl(C -
Calkyl: wherein any aryl or heteroaryl may optionally be
substitnted with 1, 2, or 3 7; R, is hydrogen, (C,-Cgalkyl,
phenyl, benzyl, or phenethyl; and wherein each Z is indepen-
dently halo. hydroxy, (C,-Cgalkyl, (C 1-Cg)eycloalkyl, (C,-
Cylalkoxy. -Cgeveloalkyloxy, (C-Cyalkanoyl, (Cy-Cq)
alkanoyloxy. trifluoromethyl, triflvoromethoxy. nitro, cyano,
or amino

A specilic value for R,, is hydrogen, (C,-Cy)alkyl. phenyl-
methyl, or 3-indolylmethyl.

A specific value for R, is phenylmethyl.

A specific value for Ry, is 3-indolylmethyl.

A specilic value for R, is hydrogen or (C 1-CoJalkyl.

A specific value for R, is hydrogen or alkyl: and R, is halo,
hydroxy, (C,-Cglaikyl, (Cs-Cgleycloalkyl, (C,-Cgalkoxy,
(C,-C)eyeloalkyloxy,  (C;-Cpalkanoyl (C,-C,)atkanoy-

loxy, trifluoromethyl, azido, cyano, —N(ROCE=ON(R,,) 3

(R,;). ~MNRIC(==OYOR, .. or NR, R,

A specific value for R, is hydrogen or (C,-CyJalkyl.

A specific compound is a compound wherein Ry is hydro-
aen or alkyl: and R is halo, hydroxy, (C-Cgalkyl. (C5-Cy)
evcloalkyl, (C,-Cglalkoxy. (C5-Cgleycloalkyloxy, (C,-Cglal-
kanoyl, (C,-Cyalkanoyloxy, trifluorometlryl, azido, cyano,
—NRJCEONR IR, —NR)CE=OOR,.., or
NR, R

A specilfic compound is (2-(3-indolyD)-1(R)-methylcar-
bamoylethyl)-phosphoramidic acid mono (1-B-arabinofura-
nosyladenosine)ester; or a pharmaceutically acceptable salt
thercot.
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In one specific embodiment the invention provides a com-
pound of formula I:

1
Q
|I! X Ry
Rs// o
Re
RO R

wherein:

R, is adenine, guanine, cytosine, thymine, 3-deazaadenine,
or uracil. optionally substituted by 1, 2, or 3 U: wherein cach
U is independently halo, hydroxy, (C,-Cgalkyl, (C3-Celey-
cloalkyl. (C,-Cglalkoxy, (Cy-Cyleycloalkyloxy,
kanoyl, (C,-C,lalkanoyloxy, trifluoromethyl, hydroxy(C,-
Coalkyl, —(CH,), PE=0)OR,,), aryl, aryl(C-Colalkyl,
or NR.R,:

R, and R, are each independently hydrogen. halo, hydroxy,
(C,-Cyatkkyl, (C5-Coeycloalkyl, (C, -Coalkoxy, (C5-Coey-
cloalkyloxy, (C,-Cgalkanoyl, (C,-Cqalkanoyloxy. trifluo-
romethyl, azido, cyano. NIRC = OINR IR,
—N(R.)C(==0)OR,,... or NR_R,,.. provided thut one of R,
and Ry is hydroxy halo. (Cy-Cplalkoxy. (C5-Celeycloalky-
foxy, triflucromethyl, cyano, or NR, R

R, is hydrogen, halo, hydroxy, (C;-C GJalkyl. (C5-Cley-
cloalkyl, (C,-Cpalkoxy, (C5-Cyleycloalkyloxy, (C,-Cyral-
kanoyl, (C,-Cgalkanoyloxy, trifluworometh azido, cyano,
A NRICEOINR, IR, —NRICE=O0R,,. or
NR, R,

R, is hydrogen. (C,-Cyalkyl, (C5-Cgleycloalkyl, aryl, aryl
(C,-Cyalkyl, or 2-cyanoethyl;

R is NR,R,:

R, is hydrogen, halo, hydroxy, (C,-Cyatkyl, (C4-Crley-
cloalkyl. (C,;-Cyalkoxy, (Cy-Cgleycloatkyloxy. (C,-Cglal-
kanoyl, (C,-Cgalkanoyloxy, tifluoromethyl, azido, cyano.
—NRC(E=0WNR,IR,,). —NRICE=OOR, .. or
NR, R,

X is oxy, thio, or methylene;

each R, and R,, is independently hydrogen, (C,-Cglatkyl.
(C5-Cy)eycloalkyl,aryl, or Het;or R, and R, together with the
nitrogen to which they are attached form a nitrogen-linked
Het:

each R, is independemly hydrogen or (C,-C alkyl

R, and R, are each independently hydrogen, (C;-Cgjalkyl.
(C4-CyJeycloalkyl, phenyl, benzyl. phenethyl, or (C,-Cyal-
kanoyl: or R, and R, together with the nitrogen to which they
are aitached are pyrrolidino, piperidino or morpholino;

R, is hydrogen. (C;-Cylalkyl, (C3-Cgeycloalkyl, phenyl,
benzyl, or phenethyl;

R,, and R, are each independently hydrogen, (C,-Cy)
alkyl, (C;-Cg)eyeloalkyl, phenyl, benzyl, or phenethyl or R,
and R, together with the nitrogen to which they are attached
are pyrrolidino, piperidino or morpholino:

R, is hydrogen, (C,-Cglatkyl, (C5-Celeycloalkyl, phenyl,
benzyl, or phenethyl;

R, is hydrogen (C,-Cqalkyl, (C;-Cqleycloalkyl, phenyl.
benzyl, or phenethyl;

R, is hydrogen, (C,-Cglalkyl. (C5-Cgyeycloalkyl, phenyl.
benzyl, or phenethyl;

wherein any (C,-Calkyl of R, R R R R R R R
R,.. R, Ru R, and R, is optionally substituled with one
or more (e.g. 1, 2, 3, or 4) halo, hydroxy, (C,-Cglalkoxy.
(C5-Cyeycloalkyloxy, (C,-Cyalkanoyl. (C,-Cg)alkanoy-
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loxy. trifluoromethyl. azido, cyano, oxa (- O}, (C-Calkyl,
(C5-Cy)eyeloalkyl (C5-Cyleveloalkyl{C,-C Jalkyl, (C,-C)
alkyl-S-(C,-Cplalkyl- aryl. Het. aryl(C,-Calkyl. or Het
(C)-Cglalkyl. or NR,,R . wherein euch R, and R . is inde-
pendently  hydrogen.  (C,-C,)alkyl, (C5-Cpeycloalkyl,
phenyl, beazyl, or phenethyl:

and wherein any aryl or Het may optionally be substituted
with one or more substituents selected from the group con-
sisting of halo. hydroxy, (C,-Calkyl. (Cs-Cpeyeloalkyl,
(C,-Cgalkoxy, (C3-Cyleycloalkyloxy. (C-Calkanoyl, (-
Calalkanoyloxy, trifluoromethyl. tr Huoromethoxy, nitro,
cyano, and amino;

or a pharmaccutically aceeptable salt thereof,

In one specilic embodiment the invention provides a com-
pound of formula I:

0
.
: R
R;// o '
Re
RO r-

wherein:

R, is adenine. guanine. cytosine, thymine, 3-deazaadenine.
or uracil, optionally substituted by 1. 2, or 3 U: wherein cach
U is independently halo, hydroxy,
cloalkyl, (C-Cgalkoxy. (C5-Coeycloalkyloxy, (C,-Cyal-
kanoyl, (C,-Cy)alkanoyloxy. trifluoromethyl. hydroxy(C,-
Cgalkyl. —(CH,) PE=0)OR, ), aryl. aryi(C-C alkyl,
or NR.R:

R, and R arc cach independently hvdrogen. halo. hydroxy.
(C-Clalkyl. (C4-Cgleveloalkyl, (C,-Cyjalkoxy. (C;-Cgley-
cloalkyloxy. {C,-C)alkanoyl. (C,-Cylatkanovioxy, trifluo-
romethyl,  azido.  cyano. NRICC=OINR IR ).
—NRICE=0)OR,,.. or NR_ R . provided that one of R,
and Ry is hydroxy halo, (C',-Coalkoxy. (C5-Cgleycloalky-
loxy. trifluoromethyl. cyano, or NR, R, .

Ry is hydrogen. halo. hydroxy. (C,-C,alkyl. (C4-Chley-
cloalkyl, (C,-Cgalkoxy, (C,-Cgleycloalkyloxy. (C,-Cpal-
kanoyl, (C,-Clalkanoyloxy. tritfuoromethyl, azido. eyano,
—NRICE SOINR IR, —NERICEOOR,,,  or

A

R, ishydrogen, (C,-Calkyl. (C3-Cylevelealkyl, aryl. aryl
(C,-Cylalkyl, or 2-cyanvethyl:

Rs is an amino acid. a peptide. or NR R,

R, is hydrogen. halo, hydroxy, (C -Colalkyl, (C4-Cy)ey-
cloalkyl, (C,-Cjlalkoxy, (Cx-Cgleyeloalkyloxy, (C,-Cyal-
kanoyl, (C,-Cgalkanoyloxy. triflioromethyl, azido, cyano,
—NRICE=OINR IR,,,),  —NRIC (==O)OR . or
NRR,.;

X is oxy, thio, or methylenc:

cach R, and R, is independently hydrogen. (Cy-Coralkyl,
(C5-Coeyeloalkyl, arvl. or aryl(C,-Catkyl: or R, and R,
together with the nitrogen to which they arc attached form a
pyrrolidino. piperidine or morpholine:

each R, is independently hydrogen or (€ -Cllalkyl:

R, and R, ure each independently hydrogen, (C-CgJalkyl,
(Cs-Cgleycloalkyl, phenyl. benzyl, phenethyl. or (C,-Cyal-
kanoyl: or R and R, together with the nitrogen to which they
are attached are pyrrolidino, piperidino or morpholino;

R. is hydrogen, (C,-Cy)alkyl, (C5-Cy)eycloalkyl, phenyl.
benzyl. or phenethyl:

J

3
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C,-Colalkyl, (C5-Cyley- ~
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R, and R, arc cach independently hydragen, (C-Cy)
alkyl. (C,-C)eycloalkyl, phenyl. benzyl, or phenethylorR,,,
and R, together with the nitrogen to which they are attached
are pyrrolidino, piperidine or morpholino:

R, is hydrogen, (C)-Cgalkyl. (C,- Cg)eycloalkyl. phenyl,
benzyl, or phenethyl:

R, is hydrogen (C,-C,)alkyl, (C5-Cyleyeloalkyl, phenyl,
benzyl, or phenethyl;

R, is hydragen, (C,-Cg)alkyl. (Cs-Cyieycloalkyl. phenyl.

‘ benzyl, or phenethyl:

wherein any (C,-Cgalkyl of R;-R5, R, R, R..R,R.R,,
R Ruge R R and R, is optionally substituted with one

or more (e.g. 1, 2, 3, or 4) halo, hydroxy, (C-Cgalkoxy,
(C5-Cyleyeloalkyloxy, (C,-Cyalkanoyl, (C,-Cyalkanoy-

3 loxy. trifluoromethyl, azido, cyano, oxo (=0}, (C 1-Cgalioyl.

(Cs-Coleyeloalkyl, (C5-C s)eycloalkyl(C,-Cpalkyl, (C,-Cy)
alkyl-8—(C,-CJalkyl-, aryl, heteroaryl, arvl(C +-ColalkyL or
heteroaryl(C,-Cglalkyl. or NR,, Rz whercin cach R, and

R, is independently hydrogen, (C-Cylalkyl. (C,-Cpley-

0 cloalkyl, phenyl, benzyl, or phenethyl;

and wherein any aryl or heteroaryl may optionally be sub-
stituted with one or more substituents selected from the aroup
consisting of halo, hydroxy, (C,-Cy)alkyl, (C5-Cyleycloalkyl,
(C-Coalkoxy, (C5-Cqleycloalkyloxy. (C,-Cglalkanoyl, -

§ Cglalkanoyloxy, triflucromethyl, trifluoromethoxy. nitro,

cyano, and amino;

or a pharmaceutically acceptable salt thercof:

provided that R, and R; are each not hydroxy when R, is
adenine, guanine, cytosine, thymine, or uracil, X is oxy, Ry is
hydrogen, and R, is hydrogen; and; provided R, is not 3-dea-
zaadenine, when R, is hydroxy: R, is hydroxy; R, is hydro-
gen: Ry a nitrogen linked radical of formula 1H:

RO
it

[¢]
wherein R,, is benzyl or 3-indolylmethyl; and R, is methyl: x

is oxy, R, is hydrogen. and R, is hydrogen.
Processes for preparing compounds of formula 1 are pro-

5 vided as further embodiments of the invention and are illus-

trated by the following procedures in which the meanings of
the generic radicals are as given above unless otherwise quali-
fied,

As illustrated in FIG. 4, a compound of formula T can be

¢ prepared from a corresponding compound of formula 43 by

removal of the hydroxy protecting group “pg” (e.g. a silyl
protecting group such as a trimethylsily] group).

The preparation of amine acid phosphoramidates of
3-deaza adenosine and 3-deaza aristeromycin is shown in
FI1G. 1. Direct phosphorylation of DZA and DZAri can be
accomplished using phosphorus oxychloride in triethylphos-
phate, vielding the monophosphates 3 and 4 in 81% and 67%,
respectively (Yoshikawa et al., Terrahedron Len., 50:5065-
5068 (1967); Yoshikawa ct al., Buil. Chem. Soc. Jpn.,
42:3505-3508 (1969)). Construction of the phosphorami-
dates was based on a procedure by Moffatt and Khorana, in
which they describe the dicyclohexylearbodiimide (DCCy-
mediated coupling of adenosine S'-menophosphate to p-ani-
sidine (Moffatt et al., J. Am. Chem. Soc., 83:649-658 (1961)).

5 The monophosphates (3 and 4) were then coupled with DCC

in refluxing ter-BuOH/H,O to the carbomethoxy esters of
L-phenylalanine and L-tryptophan. The crude product mix-
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wires were purified by reverse phase HPLC on a C8 semi-prep
column, to give 3-7 in a yield of 8-30%.

As illustrated in FIG. 4, reaction of a nucleoside of formula
38, wherein B is any suitable nucleoside buse and R" and R™
are each independently hydrogen, halo. hydroxy. (C,-C,)
alkylL (C C,-Calkoxy. (C5-Coleveloalky-
loxy, (C,-Cg)alkanoyl, (C,-Cglalkanoyloxy. tritluoromethyl.
azido. cyano, or NR R, with a phosphite of formula 39.
wherein cach R is independently a suitable radical (e.g. (C,-
Cgalkyl aryl, benzyl, or phencthyl, and preferably wherein
each R is phenyl). yields an H-phosphate salt of formula 40
wherein (M) is a suitable counterion (e.g. triethylammo-
nium); protection of the oxygen in compound 40 with a suit-
able protecting group “Pg” {e.g. a silyl protecting group such
as trimethylsilyl or tert-butyldimethylsilyl) gives a compound
of formula 41; reatment with jodine gives a highly reactive
compound of formula 42, which can conveniently be reacted
directly with an amino acid or peptide to give the nucleoside
phosphoramidate of formula 1.

Suitable protecting groups “Pg” are known in the art, for
example see T. W. Greene, Protecting Graups In Organic
Synthesis; Wiley: New York. 1981, and references cited
therein. Jt may also be convenient to protect other function-
alities in the intermediate compounds formulac 38-43 with
suitable protecting groups that can be removed at a conve-
nient point in the synthetic scheme.

In cases where compounds are sullicienily basic or acidic
1o form stable nontoxic acid or base salts, administration of
the compounds as salts may be appropriate. I
pharmaceutically acceptable salts are organic acid addition
salts formed with acids which form a physiological accept-
able anion. for example, tosylate, methanesulfonate, acetate,
citrate, malonate, tartarate, succinate, benzoate, ascorbate,
a-ketoglutarate, and a-glycerophosphate. Suitable inorganic
salts may also be formed, including hydrochloride, sulfate.
nitrate, bicarbonate, and carbonate salts.

Pharmaceuticaily acceptable salts may be obtained using
standard procedurcs well known in the art, for example by
reacting a sulliciently basic compound such as an amine with
a suitable acid affording a physiologically acceptable anion.
Alkali metal (for example, sodium, potassium or lithium) or
alkaline earth metal (for example calcinm) salts of carboxylic
acids can also be made.

‘The compounds of the invention can be formulated as
pharmaceutical compositions and administered to a mamima-
ljan host. such as a human patient in a variety of forms
adapted to the chosen route of administration, i.c.. orally or
parenterally, by intravenous, intramuscular, topical or subcu-
taneous routes.

Thus, the present compounds may be systemicaily admin-
istered, e.g., orally, in combination with a pharmaccutically
acceptable vehicle such as an inert diluent or an assimilable
edible carrier. They may be enclosed in bard or soft shell
gelatin capsules, may be compressed into tablets, or may be
incorporated directly with the food of the patient’s diet. For
oral therapeutic administration, the active compound may be
combined with one or more excipients and used in the form of
ingestible tablets, buccal tablets, troches, capsules. clixirs,
suspensions. syrups, wafers, and the like. Such compositions
and preparations should contain at least 0.1% of active com-
pound. The percentage of the compositions and preparations
may. of course, be varied and may conveniently be between
about 2 to about 60% of the weight of a given unit dosage
form. The amount of active compound in such therapeutically
usetunl compositions is such that an effective dosage level will
be obtained.
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‘Ihe wablets, roches, pills, capsules, and the like may also
contain the following: binders such as gum tragacanth. aca-
cia, corn starch or gelatin: excipients such as dicalcium phos-
phate; a disintegrating agent such as corn starch. potato
starch, alginic acid and the like: a lubricant such as magne-
sium stearate: and a swectening agent such as sucrose, frue-
wse, lactose or aspartame or a {lavoring agent such as pep-
permint, oil of wintergreen, or cherry flavoring may be added.
When the unit dosage form is a capsule, it may contain, in
addition to materials of the above type, a liquid carricr, such
as a vegetable oil or a polyethylene glycol. Various other
materials may be present as coatings or 1o otherwise modifly
the physical form of the solid unit dosage form. For instance.
tablets, pills, or capsules may be coated with gelatin, wax.
shellac or sugar and the like. A syrup or elixir may contain the
active compound, sucrose or fructose as a sweetening agent.
methyl and propylparabens as preservatives, a dye and fla-
voring such as cherry or orange flavor. Of course, any material
used in preparing any unit dosage form should be pharma-
ceutically acceptable and substantially non-toxic in the
amounts employed. [n addition. the active compound may be
incorporated into sustained-release preparations and devices.

The active compound may also be administered intrave-
nously or intraperitoneally by infusion or injection. Solutions
of the active compound or its salts can be prepared in water,
optionally mixed with a nontoxic surfactant. Dispersions can
also be prepared in glycerol, liquid polyethylene glycols,
triacetin, and mixtures thereof and in oils. Under ordinary
conditions of storage and use, these preparations contain a
preservative to prevent the growth of microorganisms.

‘Ihe pharmaceutical dosage forms suitable for injection or
infusion can include sterile aqueous solutions or dispersions
or sterile powders comprising the active ingredient which are
adapted for the extemporancous preparation of sterile inject-
able or infusible solutions or dispersions. optionally encap-
sulated in liposomes. In all cases, the ultimate dosage form
must be sterile, fiuid and stable under the conditions of manu-
facture and storage. The liquid carrier or vehicle can be a
solvent or lquid dispersion medivm comprising, for
example, water, ethanol, a polyol (for example, glycerol,
propylene glycol, liquid polyethylene glycols, and the like).
vegetable oils, nontoxic glyceryl esters, and suitable mixtures
thereof. The proper fluidity can be maintained, for example,
by the formation of liposomes, by the maintenance of the
required particle size in the case of dispersions or by the use
of surfactants. The prevention of the action of microorgan-
isms can be brought about by various antibacterial and anti-
fungal agents, for example, parabens, chlorobutanol, phenol.
sorbic acid, thimerosal, and the like. In many cases, it will be
preferable 10 include isolonic agents, for example, sugars,
buffers or sodium chloride. Prolonged absorption of the
injectable compositions can be broughtabout by the use in the
compositions of agents delaying absorption, for example.
aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating
the active compound in the required amount in the appropri-
ate solvent with various of the other ingredients enumerated
above, as required, followed by filter sterilization, In the case
of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum
drying and the freeze drying techniques, which yield a pow-
der of the active ingredient plus any additional desired ingre-
dient present in the previously sterile-filtered solutions.

For topical administration, the present compounds may be
applied in pure form, i.e., when they are liquids. However, it
will generally be desirable 1o administer them to the skin as
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compositions or formulations. in combination with a derma-
tologically acceptable carrier. which may be a solid or a
liquid.

Useful solid carriers include finely divided solids such as
tale, clay. microcrystalline cellulose, silica, alumina and the
like. Uselul liquid carriers include water, alcohols or glyeols
or water-alcohol/glycol blends. in which the present com-
pounds can be dissolved or dispersed at effective levels,
optionally with the aid of non-taxic surfactants. Adjuvants
such as fragrances and additional antimicrobial agents can be
added 10 optimize the properties for a given use. The resultant
liquid compositions can be applied from absorbent pads, used
10 impregnate bandages and other dressings, or sprayed onto
the affected area using pump-type or aerosol sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty
acid salts and esters, fatty alcohols, modified celluloses or
modified mineral materials can also be emploved with liquid
carriers to form spreadable pastes. gels, ointments. soaps, and
the like, for application directly to the skin of the user.

Iixamples of useful dermatological compositions which 2

can be used to deliver the compounds of formula I to the skin
are known to the art: for example, see Jacquet et al. (U.S. Pat.
No. 4.608,392), Geria (1.S. Pat. No. 4,992.478), Smith et al.
(U.8. Pat. No. 4,559,157) and Wortzman (U.S. Pat. No. 4.820,
508).

Useful dosages of the compounds of formula | can be
determined by comparing their in vitro activity, and in vivo
activity in animal models. Methods for the extrapolation of’
effective dosages in mice, and other animals, 1o humans are
known to the art; for example, see U.8. Pat. No. 4,938,949

Generally, the concentration of the compound(s) of for-
mula I in a liquid composition. such as a lotion, will be from
about 0.1-25 wi-%, preferably from about 0.5-10 wt-%. The
concentration in a semi-solid or solid composition such as a
gel or a powder will be about 0.1-5 wt-%. preferably about
0.5-2.5 wt-%.

The amount of the compound. or an active salt or derivative
thereof, required for use in reatment will vary not only with
the particular salt selected but also with the route of admin-
istration, the nature of'the condition being treated and the age
and condition of the patient and will be ultimately at the
discretion of the attendant physician or clinician.

In general, however, a suitable dose will be in the range of
from about 0.5 to about 100 mg/ke, e.g., from about 10 to
about 75 mg/kg of body weight per day, such as 3 to about 50
mg per kilogram body weight of the recipient per day, pref-
erably in the range of 6 to 90 mg/kg/day, most preferably in
the range of 15 to 60 mg/kg/day.

The compound is conveniently administered in unit dosage
forny; for example, containing 5 to 1000 mg, conveniently 10
to 750 mg, most conveniently, 30 to 500 mg of active ingre-
dient per unit dosage form.

Ideally, the active ingredient should be administered to
achieve peak plasma concentrations of the active compound

of from about 0.5 0 about 75 pM, preferably, about 110 50 55

1M, most preferably, about 2 to about 30 uM. This may be
achieved, for example, by the intravenous injection of a 0.05
to 5% solution of the active ingredient, optionally in saline, or
orally administered as a bolus containing about 1-100 mg of
the active ingredient. Desirable bloed levels may be main-
tained by continuous infusion lo provide about 0.01-3.0
mg/kg/hror by intermittent infusions containing about 0.4-15
mg/kg of the active ingredient(s).

The desired dose may conveniently be presented in a single
doseor as divided doses administered at appropriate intervals,
for example, as two, three. four or more sub-doses per day.
The sub-dose itself may be further divided, ¢.g.. into a number
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of diserete loosely spaced administrations; such as multiple
inhalations from an insulflator or by application ol a plurality
of drops into the eye.

Generally the phosphoramidate compounds of the inven-
tion are less toxic and have greater anti-cancer or anti-viral
activity than the corresponding parent nucleosides. Addition-
ally, phosphoramidates of the invention may be more solu-
able, more stable, have greater half-lives in vivo, or have
better tissue distribution than the corresponding parent
nucleosides.

The compounds of the invention can generally be prepared
using procedures similar to those described in U.S. Pat. No.
6.475,985,

The ability of & compound of the invention to act as an
antiviral agent may be determined using pharmacological
models which are well known to the art, or using Test A or B
described below.

Test A.

The antiviral activity of representative compounds of the
invention was determined with matched HiV-1 isolates and a
laboratory HIV-1 strain as previously described (D. L Mayers
etal.. Proc. Nall. Acad. Sci., USA, 1995,92.215-219:and C.
R. Wagner et al.. Bioorganic and Medicinal Chemistry Let-
fers, 1995, 5, 1819-1824).

Test B

The antiviral properties of compounds of the invention can
also be determined in PBMCs using a procedure similar 1o
thatdescribed by E. 1. Mclntee. etal. /. Med. Chent., 1997, 40,
3323-3331.

The invention will now be illusirated by the following
non-limiting Examples, wherein unless otherwise stated:
NMR (‘' Hand *'P) specira were recorded on Varian VXR-300
and G Omega-300 spectrometers: an external standard of
85% H,P0, was used for all >'P-NMR spectra; ESI mass
spectra were obtained on a Finnigan TSQ 7000 mass spec-
trometer: analytical T1.C was performed on Analtech Silica
Gel GHLF (0.25 mm) or Machery-Nagel Polygram Sil
G/UV 5, (0.2 mm) plates: concentration under reduced pres-
sure refers w solvent removal on a Buchi rotary evaporator;
high vacuum refers to <1072 psi attained with a DuoSeal
mechanical pump: all solvents were reagent grade and used as
received unless noted: and 3-deaza adenosine and 3-deaza
aristeroniyein (which can be prepared using procedures simi-
lar to those described by J. A. Montgomery, et al. J. Med.
Chem., 1982, 25, 626-629; and I. A. Montgomery, et al.
Heterocyel Chem." 1977, 14, 195, were obtained from Walter
Reed Army Institute of Research, Washington, D.C.

Test C

The anti-cancer properties of the compounds of the inven-
tion can be evaluated using the following assay.

CCRF-CEM cells were grown in medium containing
RPMI 1640 supplemented with 10% heat-inactivated fetal
bovine serum, penicillin (124 units/m] of medium) and strep-
tomycin (0.125 mg/ml of medium). A stock solution of 10°
cells was made using Trypan Blue Dye Exclusion Method as
a means of counting the cells. The following concentrations
of test compounds were made: 250, 200, 100, 10, 1. 0.1, 0.01
and 0.001 pM. The cell stock (30 pl, 5x10* cells) was incu-
bated with 50 i of cach of the compounds in triplicate in a
96-well plate. The cells were incubated with the compound at
37° C.ina 10% CO,-90% air environment for 48 hr. A
negative control was also done where the cells were incubated
in drug-free medium.

Cell viability was determined by adding 20 ul of MTS
reagent and incubating the cells for 4 hr alier which the
absorbance was found at 490 nm. Data for represemtative
compounds is shown below.
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Compound 10560 (M3 (i) Tablet 1 mytablet
113 1ziid “orppound X° 100
13 < actose 15
114 Povidoue 1508

AnA 384 =134 sedium

line celiulose

Magnesium stearate

10 30
Example |
(1§} Tahlet 2 mgrablet
Representative compounds of the invention can be pre-
, P - e cirgle . *Compount X° 2003
pared using a pracedure similar 1o the one below. A
i 5 Micreerystatline celivio
Coupling of Ara-A 5-monophosphate (I eq) and amino ™ Starch 3
acid methyl ester (1.1 eq) was carried out using EDC.HCT (5 Sodium starch glycolate 15.0
eq) and N-methyl-morpholine (5 eq) bulfered at pH=6.94. Magnesium stearai S.u
The reaction was monitored by silica TLC (5:3:0.5 CHCly: .
MeOH:H,0). After completion, the reaction was concen- 004
trated and purified via silica column. The Ara-A phosphora- .
. . (i) Capsule mg’capsuie
midate morpholine salt was passed through a Na+ exchange
column to generate the sodium salt. “Compound X* o
Callordal silivon dioxide
. 55 o
Ixample 2 = Lactese
Pregelatinized starch
Muagnesitm stearate
Representative compounds of the invention can be pre-
paved using a procedure similar to those described by 1. Chou G000
etal., TheJournal of Biological Chemistry, 2005,280. 15356~ 30
15361. The following compounds were prepared using sucha (iv) Injection 1 (1 mg/ml; mg/ml
procedure. -
*Componnd X {free acid fonmn) L0
Dibasie sodium phosphate 12.0
Theoretical Eror s Monobasic sodium phosphate
35 A
Compound Nucleotide Amino Acid mass V- HE {ppony Sodinum chloride
1N Sodium hydroxide sofution
e AMP L-TrpCOOMe 3461508 U8 (pI adjustmen to 7.0-7.3) Q.8
101 AMP L-TrpCONMe 3471824 49 Water for injection s ad1ml
102 AMP L-TrpCONH, 5331668 3331660 0.3 ater for iyecho s -
103 AMP D-TpCOOMe 461508 546.1513 1.0
104 AMP Tryptantne 488,147 488.14% o7 ¥ (v} Injection 2 (10 mg/mly mgiml
1035 GMP L-TrpCOOMe 36 562.1468 3.0
106 GMP L-TipCONMe 363 5631813 71 *Compennd X (free acid fom) 14
07 GMP L-.I pr()Mi_, ;4/.14§ 3471444 -30 Monohasic sodinnt phosphare 0.3
Wy GMP DIpCOOMe 5621451 .1462 1o PN '
109 GMP Tryplamise 5041307 Dibasic sadium phosphate in
116 IMP L-TpCOOMe  547.1342 43 Polyethylene glyeal 409 ‘
1t IMP D-TipCOOMe 5471342 GIN Sodium hydroxide solution
11z IMP Trypramine fb‘)'l%z\ {(pH adjusunent to 7.0-7.3) q.s.
113 L-TrpCOOMe ?“6'1?("8 Water for mjection q.s.ad tml.
114 D-TpCOOMe 546.1308
115 Tryptamine 4881447 i
16 L-TpCONMe  320.1597 50 iy Aerasal mgran
117 D-TrpCOOMe 521.1437
118 TMP Tryptamine 463.1383 ‘Compound X°
o cmp DTHCO0Me Oteic acid
120 CMp L-TpCONE, Trichloromonofluoremethane 3
121 CMP Tryptamine . - - SN
122 UMP D-TrpCOOMe 55 Dfdllorodx. uoromethane 10,0000
123 UMP Tryptamine 4651175 Dichiorotetraffuoroctia 0.0
A denosite, G = Guanosine, L= inosine, T = thymidioe, U = widine, Ara
D-arabinofuranesyladencsine Trp = tryptophun COOME = smbometioxy ester, CONMe = . ! R R .
wethyl amide The above formulations may be obtained by conventional
*Mast of compounds were analyzed innegative mode except compotnds 101, 102,and 104, . T
procedures well known in the pharmaceutical art.
66
All publications. patents. and patent documents are cor-
porated by reference herein, as though individually incorpo-
Fxample 3 rated by reference. The invention has been described with
reference to various specific and preferred embodiments and
The following illustrate representative pharmaceutical o5 techniques. However, it should be understood that many

dosage forms, containing a compound of formula I (*Com-
pound X°), for therapeutic or prophylactic use in humasns.

variations and modifications may be made while remaining
within the spitit and scope of the invention.
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What is claimed is:
1. A compound of formula I;

0
o
!{5// g '
. Rg
RO R:

wherein:

R, is guanine. cytosine, thymine. 3-deazaadenine, or
uracil, optionally substituted by 1. 2, or 3 U: wherein
cach U is independently halo, hydroxy, (C -Colalkyl,
(Cx-Cyleyeloalkyl. (C,-Cyalkoxy, (C5-Cexeycloalky-
loxy, (C,-Cgalkanoyl, (C,-C galkanoyloxy, trifluorom-
ethyl, hydroxy(C,-Cglalkyl, -~ (CH,), 4PE=0)(OR,,),,
aryl. ary(C-Cylalkyl, or NR R :

R, is halo: ’

Rg and R; are independently H or (C, -Cgralkyl:

R, is hydroxy:

R, is hydragen, (C,-Cgalkyl, (Cs-Cgleycloalkyl, aryl, aryl
(C,-Cyralkyl, or 2-cyanoethyl:

Ry s an amino acid;

X is oxy. thio, or methylene;

cach R, is independently hydrogen or (C,-C ‘aalkyl;

R, and R are each independently hydrogen, (C,-Cgalkyl,
(C4-Cp)eyeloalkyl, phenyl, benzyl, phenethyl. or (C,-
Colalkanoyl; or R, and R, together with the nitrogen to
which they are attached are pyrrolidine, piperidino or
morpholino;

wherein any (C,-Cglalkyl of R, R,-R, R, R, and R, is
optionally substituted with one or more halo, hydroxy,
(C,-Coyulkoxy,  (Cy-Cyeycloalkyloxy, (C 1-Coal-
kanoyl, (C,-Cylalkanoyloxy, trifluoromethyl, azido,
cyano. oxo (==0), (C;-Cplalkyl, (C;-Cyeycloalkyl,
(C5-Coleyeloalkyl(C-Cplalkyl, (C,-Cyalkyl-S—(C -
Cslalkyl-, aryl, heteroaryl. alkyl(C,-Cyalkyl, or het-
eroaryl(C,-Cylalkyl, or NR,,R_ .2 wherein each R,;and
R, is independently hydrogen, (C-Cplalkyl, (C4-C,)
cycloalkyl, phenyl, benzyl, or phenethyl;

and wherein any aryl or heteroaryl may optionally be sub-
stituted with one or more substituents selecled from the
group consisting of halo. hydroxy, (C,-Cgalkyl, (C;-
Celeyeloalkyl, (C,-Cglalkoxy. (C5-Cyleyeloalkyloxy,
(C,-Cplalkanoyl, (C,-C,)alkanoyloxy, trifluoromethyl,
trifluoromethoxy, nitro, cyano, and amino;

or &t pharmaceutically acceptable sall thereof,

2. The compound or salt of claim 1 wherein R, is guanine,

cytosine, thymine, 3-deazaadenine. or uracil.

3. The compound or salt of claim 1 wherein R, is cytosine,

thymine. 3-deazaadenine. or vracil.

4. The compound or salt of claim 1 wherein R, is cytosine,

thymine. or uracil.

$.The compound or saltof claim 1 wherein R, is a nitrogen

linked radical of formula VI:

Vi

a

10

5

20

wherein R, is hydrogen, halo. (C,-C,)alkyl. (Ca-Cgley-
cloalkyl. or trifluoromethyl: and R, is hydrogen. (C-C,)
alkyl. (C;-Coeyeloalkyl. trilluoromethyl. hydroxy(C,-C,)
alkyl. or —(CH,), ,P(=0XOR,,),.

6. The compound or salt ol ¢laim 1 wherein R, is fluora.

7. The compound er saltof claim 1 wherein Ry is a nitrogen
linked radical of formula I11:

jite

RO

H

)

wherein R,, is hydrogen, (C,-Cgalkyl, (C ~-Coleveloalkyl,
(C5-Cgleycloalkyl(C,-C, )alkyl, (C,-Cpalkyl-S—(C,-C,)
alkyl-, aryl, heteroaryl, aryl(C,-Cgalkyl, or heteroaryl(C, -

© Cpalkyl; wherein any aryl or heteroaryl may optionally be

H

&

o
b

n
=3

66

substituted with 1, 2. or 3 7; R, is hydrogen, (C,-C, )alkyl,
phenyl, benzyl, or phenethyl; and wherein cach 7 is indepen-
dently hale, hydroxy, (C,-Calkyl, (C;-Cyleyeloalkyl. {C,-
Coatkoxy. (C5-Cgleyeloalkyloxy, (C,-Cg)alkanoyl, (C,-Cy)
alkanoyloxy, trifluoromethyl, trilluoromethoxy, nitro, cyana,
or amino.

8. The compound or salt of claim 7 wherein R, is hydrogen,
(C,-Cglalkyl, phenylmethyl, or 3-indolylmethy].

9. The compound or salt of claim § wherein R, is H oor
(C,-Cplalkyl.

10. The compound or salt of claim 8 wherein the carbon
bearing R, has the (R) absolute configuration.

11. The compound or salt of claim 1 wherein Riis a
(C,-Cyalkyl ester of L-alanine.

12. The compound or salt of claim 11 wherein R, is hydro-
gen.

13. A method for treating a viral infection in an animal
comprising administering to an animal in need of such treat-
ment an effective amount of a compound or salt of formula |
according to claim 1.

14. The method of claim 13 wherein R, is guanine.
cylosine, thymine, 3-deazaadenine, or uracil.

15. The method of claim 13 wherein R, is cytosine, thym-
ine, 3-deavaadenine, or uracil.

16. The method of claim 13 wherein R, is cylosine, thym-
ine, or uracil.

17.The method of claim 13 wherein R, isa nitrogen linked
radical of formula VI:

VI

wherein R, is hydrogen, halo, (C,-Calkyl. (C-Coley-

5 cloalkyl, or trifluoromethyl; and R, is hydrogen. (C,-C,)

alkyl. (C;-Cq)eyeloalkyl. trifluoromethyl, hydroxy(C,-Cy)
alkyl. or —(CH,), ,P(==O)}OR,,),.
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18. The method of claim 13 wherein R, is fluoro.
19. The method of claim 13 wherein R is a nitrogen linked
radicid of formula TIT

m

)

wherein R, is hydrogen, (C,-Cgalkyl. (C-Cyleycloalkyl,
(C5-Cpreyeloalky(C-Cgatkyl,  (C,-Cylalkyl-S—(C;-Cy)
alkyl-, aryL heteroaryl, ary}(C,-Cglalkyl, or heteroaryl(C, -
CgJalkyly wherein any aryl or heteroaryl may optionally be
substituted with 1, 2, or 3 Zi R, is hydrogen, (C,-Cpatkyl,
phenyl. benzyl, or phenethyl; and wherein each Z is indepen-
dently halo. hydroxy, (C,-Cgalkyl, (C4-Cgeycloalkyl, (C,-

w

0

0

22

Coalkoxy. (Ca-Cgeyeloalkyloxy, (C,-Cgalkanoyl (C;-Cy)
atkanoyloxy, trifluoromethyl, irifluoromethoxy. nitro. cyano.
or amino.

20. The method of claim 19 wherein R, is hydrogen. (C,-
Cayalkyl, phenylmethyl. or 3-indolylmethyl.

21. The method of claim 20 wherein R, is H or {C,-C,)
alkyl.

22. The method of claim 20 wherein the carbon bearing R,
has the (R) absolute configuration.

23. The method of claim 13 wherein Ry is a (C,-C)alkyl
ester of T-alanine.

24. The method of claim 23 wherein R, is hydrogen.

25. The method of claim 13 wherein the viral infection is
caused by [HCV.

26. The method of claim 13 wherein the animal is a human.

27. The method of claim 26 wherein the compound or salt
of formula 1 is orally administered.

28. A pharmaceutical composition comprising a com-
pound or salt of formula T as described in claim 1 and a
pharmacewtically acceptable vehicle or carrier.

ETEE I 2
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 8,815,830 B2 Page | of |
APPLICATION NO. 1 14/229292

DATED cAugust 26,2014

INVENTOR(S) : Carston R. Wagner

Itis certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:
In the Specification
In column 1, lines 20-23, delete “The invention described herein was made with U.S. Government
support under grant CA 89615 awarded by the National Institutes of Health, National Cancer Institute.
The United States Government has certain rights in the invention.” and insert ~-This invention was
made with government support under CA089615 awarded by the National Institutes of Health, The
government has certain rights in the invention.--, therefor.
Incolumn 1, line 50, delete “HINTS” and insert --HINTs--, therefor.
In column 3, line 58, after “or™, delete “0.10™, therefor.

In column 6, line 24, after “thereof”, insert -~ --, therefor.

In column 9, lines 55-56, delete “-N(ROC(=0)N(R,.)(Ry).” and insert - -N(R)C(EOIN(R (R ).
therefor.

Incolumn 11, line 38, delete “-N(R)C(=0)N(R,}(R.).” and insert — -NR)CEOIN(R(Rap), -
therefor.

Signed and Sealed this
Eleventh Day of November, 2014

Dectatle % Loe

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Office
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PATENT NO.
APPLICATION NO.
DATED
INVENTOR(S)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

8,815,830 B2
147229292

: August 26, 2014
: Wagner

Page | of |

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

In Column 19, Linc 37, in Claim 1, delete “alkyl{(C,-Cs)alkyl” and inscrt -- aryl(Ci-Ce)alkyl --,

therefor.

Signed and Sealed this
Fourth Day of June, 2019

Poitc oo

Andrei Tancu
Director of the United States Patent and Trademark Office
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0 INTER PARTES REVIEW CERTIFICATE (3264th)

United States Patent

Wagner

(10) Number:
@3y Certificate Issued:

US 8,815,830 K1

Oct. 6, 2023

(54)

oy

(72)

NUCLEOSIDES WITH ANTIVIRAL AND
ANTICANCER ACTIVITY

Applicant: Carston R. Wagner

Inventor: Carston R. Wagner

Trial Number:

1PR2017-01712 filed Jun. 30, 2017

Inter Partes Review Certificate for:

Patent No.: 8,815,830

Issued: Aug. 26, 2014
Appl. No.:  14/229,292
Filed: Mar. 28, 2014

The results of IPR2017-01712 are reflected in this inter
partes review certificate under 35 U.S.C. 318(b).
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INTER PARTES REVIEW CERTIFICATE
U.S. Patent 8,815,830 K1

Trial No. IPR2017-01712

Certificate Issued Oct. 6,2023

1

AS A RESULT OF THE INTER PARTES
REVIEW PROCEEDING. IT HAS BEEN
DETERMINED THAT:

Claims 1-9, 11-21 and 23-28 are cancelled.

I T ]
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