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Description

Related Application

[0001] This application is a continuation-in-part of Provisional Application Serial No. 60/153,127, filed September 8,
1999, and Provisional Application Serial No. 60/123,013, filed March 5.1999.

Field of the Invention

[0002] The present invention is directed towards novel prodrugs that generate phosph(on)ate compounds which are
biologically active or are further phosphorylated to produce biologically active compounds, to their preparation, to their
synthetic intermediates, and to their uses. More specifically, the invention relates to the area of substituted cyclic 1,3-pro-
panyl esters wherein the cyclic moiety contains at least one amino attached to the phosphorus.

Background of the Invention

[0003] The following description of the background of the invention is provided to aid in understanding the invention,
but is not admitted to be, or to describe, prior art to the invention.
[0004] Free phosphorus and phosphonic acids and their salts are highly charged at physiological pH and therefore
frequently exhibit poor oral bioavailability, poor cell penetration and limited tissue distribution (e.g. CNS). In addition,
these acids are also commonly associated with several other properties that hinder their use as drugs, including short
plasma half-life due to rapid renal clearance, as well as toxicities (e.g. renal, gastrointestinal, etc.) (e.g. Antimicrob
Agents Chemother 1998 May; 42(5): 1146-50). Phosphates have an additional limitation in that they are not stable in
plasma as well as most tissues since they undergo rapid hydrolysis via the action of phosphatases (e.g. alkaline phos-
phatase, nucleotidases).
[0005] Prodrugs of phosphorus-containing compounds have been sought primarily to improve the limited oral absorp-
tion and poor cell penetration. In contrast to carboxylic acid proesters, many phosphonate and phosphate esters fail to
hydrolyze in vivo, including simple alkyl esters. The most commonly used prodrug class is the acyloxyalkyl ester, which
was first applied to phosphate and phosphonate compounds in 1983 by Farquhar et al., J Pharm. Sci. 72(3):324 (1983).
[0006] Cyclic phosphonate and phosphate esters have also been described for phosphorus-containing compounds.
In some cases, these compounds have been investigated as potential phosphate or phosphonate prodrugs. Hunston
et al., J Med. Chem. 27: 440-444 (1984). The numbering for these cyclic esters is shown below:

The cyclic 2’,2’-difluoro-1’,3’-propane ester is reported to be hydrolytically unstable with rapid generation of the
ring-opened monoester. Starrett et al. J. Med. Chem. 37: 1857-1864 (1994).
[0007] Cyclic 3’,5’-phosphate esters of araA, araC and thioinosine have been synthesized. Meier et al., J. Med. Chem.
22: 811-815 (1979). These compounds are ring-opened through the action of phosphodiesterases which usually require
one negative charge.
[0008] Cyclic 1’,3’-propanyl phosphonate and phosphate esters are reported containing a fused aryl ring, i.e. the
cyclosaligenyl ester, Meier et al., Bioorg. Med. Chem. Lett. 7: 99-104 (1997). These prodrugs are reported to generate
the phosphate by a "controlled, non-enzymatic mechanism[s] at physiological pH according to the designed tandem-re-
action in two coupled steps". The strategy was purportedly used to deliver d4-T monophosphate to CEM cells and CEM
cells deficient in thymidine kinase infected with HIV-1 and HIV-2.
[0009] Unsubstituted cyclic 1’,3’-propanyl esters of the monophosphates of 5-fluoro-2’-deoxy-uridine (Farquhar et al.,
J. Med. Chem. 26: 1153 (1983)) and ara-A (Farquhar et al., J. Med. Chem. 28: 1358 (1985)) were prepared but showed
no in vivo activity. In addition, cyclic 1’,3’-propanyl esters substituted with a pivaloyloxy methyloxy group at C-1’ was
prepared for 5-fluoro-2’-deoxy-uridine monophosphate (5-FdUMP; (Freed et al., Biochem, Pharmac. 38: 3193 (1989);
and postulated as potentially useful prodrugs by others (Biller et al., US 5,157,027). In cells, the acyl group of these
prodrugs underwent cleavage by esterases to generate an unstable hydroxyl intermediate which rapidly broke down to
the free phosphate and acrolein following a β-elimination reaction as well as formaldehyde and pivalic acid.
[0010] Unsubstituted cyclic phosphoramidate esters, i.e. cyclic phosphonate and phosphate esters wherein one of
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the ring oxygens is replaced with an NR, are also known. For example, cyclophosphamide (CPA) is representative of
a class of mustard oncolytics that utilize this prodrug moiety. Clarke et al Cancer Res. 49, 2344-2350 (1989) describe
the oxidative metabolism of CPA and identify the hepatic monooxygenase catalysts of drug activation. Although CPA
is activated primarily in the liver via a cytochrome P450-catalyzed oxidation, its biological activity is outside the liver.
CPA is an elective immunosuppressive agent as well as an oncolytic agent for extrahepatic cancers because one or
more of the intermediate metabolites produced following P450 activation diffuses out of the liver and into the circulation.
With time the intermediate(s) enter extrahepatic tissues and are thought to undergo a L;-elimination reaction to generate
acrolein and the active phosphoramide mustard. Both products are reported to be cytotoxic to cells. The mustard
cytotoxicity results from alkylation of DNA (or RNA). Acroleizx is reported to exert its toxicity via several mechanisms,
including depletion of glutathione, alkylation of DNA and proteins via a Michael reaction. In addition, acrolein produces
other toxicities such as the dose-limiting bladder toxicity commonly observed with cyclophosphamide therapy. Since the
toxicity of these agents often hampers their use as chemotherapy agents, numerous strategies are under investigation
that are designed to enhance P450 activity in or near tumors and thereby localize the activation and antiproliferative
effect of these agents to the tumor. One strategy uses retroviruses or other well known techniques for introducing genes
into target tissues (e.g. Jounaidi et al., Cancer Research 58, 4391 (1998)). Other strategies include the placement of
encapsulated cells engineered to produce cytochrome P450s (e.g. Lohr et aL, Gene Therapy 5, 1070 (1998)) at or near
the tumor.
[0011] Unsubstituted cyclic phosphoramidate esters have also been prepared as potential prodrugs of the nucleosides
araA and 5-fluoro-2’-deoxyuridine (Farquhar et aL, J. Med. Chem. 28, 1358 1361 (1985);1. Med. Chem 26, 1153-1158
(1983)). The compounds were studied in a mouse model of leukemia where it was assumed that if the prodrug trans-
formation was similar to cyclophosphamide, then these agents would be useful for treating a variety of cancers including
leukernias as well as carcinomas of the colon, breast and ovary. In addition, since some of the mechanisms that account
for tumor cell drug resistance entail a decrease in the enzymes used to synthesize the pnonophosphate, the strategy
was expected to possibly be beneficial in treating drug resistant tumors. The compounds were only "marginally effective"
in prolonging life span in the mouse model,
[0012] A variety of substituted 1’,3’ propanyl cyclic phosphoramidates, wherein 1’ represents the carbon alpha to the
nitrogen were prepared as cyclophosphamide analogs (Zon, Progress in Med. Chem. 19, 1205 (1982)). For example,
a number of 2’- and 3’-substituted proesters were prepared in order to decrease the propensity of the α,β-unsubstituted
carbonyl by-product to undergo a Michael reaction. 2’-Substituents included methyl, dimethyl, bromo, trifluoromethyl,
chloro, hydroxy, and methoxy whereas a variety of groups were used at the 3’-position including phenyl, methyl, trifluor-
omethyl, ethyl, propyl, i-propyl, and cyclohexyl. Analogs with a 3’-aryl group e.g. trans-4-phenylcyclophosphamide were
"moderately effective in L1210 test system and showed no activity in vivo" G. Zu Prog. Med. Chem. 19: 205-246 (1982).
A variety of 1’-substituted analogs were also prepared. In general these compounds were designed to be "preactivated"
cyclophosphamide analogs that bypass the oxidation step by already existing as a 1’-substituted analog capable of
producing the final compound, e.g. hydroperoxide and 1-thioether. A series of 1’-aryl analogs were also prepared in
order to enhance the oxidation potential. In contrast to the 1’-hydroperoxy analogs, the 1’-aryl compounds exhibited
either no activity or very poor activity in the standard anticancer in vivo screen assay, i.e. the mouse L1210 assay. The
lack of activity was postulated to arise from the steric hindrance of the phenyl and therefore limited oxidation of the
prodrug. Support for this postulate was the potent activity of the acyclic phenyl keto analog which exhibited activity
similar to cyclophosphamide. Luderman et al. J. Med. Chem. 29: 716 (1986).
[0013] Cyclic esters of phosphorus-containing compounds are reported in the chemical literature, however they were
not tested as prodrugs in biological systems. These cyclic esters include:

[1] di and tri esters of phosphoric acids as reported in Nifantyev et al., Phosphorus, Sulfur Silicon and Related
Elements, 113: 1 (1996); Wijnberg et al., EP-180276 A1;
[2] phosphorus (III) acid esters. Kryuchkov et al., Izv. Akad. Nauk SSSR, Ser. Khim. 6: 1244 (1987). Some of the
compounds were claimed to be useful for the asymmetric synthesis of L-Dopa precursors. Sylvain et al., DE3512781
A1;
[3] phosphoramidates. Shih et al., Bull. Inst. Chem. Acad. Sin, 41: 9 (1994); Edmundson et al., J. Chem. Res.
Synop. 5: 122 (1989); and
[4] phosphonates. Neidlein et al., Heterocycles 35: 1185 (1993).

[0014] Numerous phosphorus-containing compounds are known to exhibit pharmacological activity but remain far
from optimal due to one or more of the above-described limitations. Some of the activities described include phosphonic
acids that are useful as antihypertensives and therapy for heart failure via inhibition ofNEP 24.11, phosphonic acids that
are useful for treating a variety of CNS conditions (stroke, epilepsy, brain and spinal cord trauma, etc.) via binding to
excitory amino acid receptors (e.g. NMDA receptor), bisphosphonic acids that are useful for treating osteoporosis,
phosphonic acids that are useful as lipid lowering agents (e.g. squalene synthase inhibitors), phosphonates that are
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useful in treating inflammation (e.g. collagenase inhibitors), phosphonates and phosphates that are useful in treating
diabetes, cancer and parasitic and viral infections.
[0015] Phosphates and phosphonates that are known to be particularly useful in glucose lowering activity and therefore
are anticipated to be useful in treating diabetes are compounds that bind to the AMP site of fructose 1,6-bisphosphatase
(FBPase) as described in US 5,658,889, WO 98/39344, WO 98/39343, and WO 98/39342. Other examples of phos-
phorus-containing drugs include squalene synthetase inhibitor (e.g. BMS 188494).
[0016] A large class of drugs known to be active against hepatitis are generally nucleoside or nucleotide analogs that
are phosphorylated inside cells to produce the biologically active triphosphate. Examples include Lamivudine (3TC) and
Vidarabine (araA). In each case, the drug interferes with viral replication via the triphosphate form through either inhibition
of the viral DNA polymerases or DNA chain termination. Some specificity for virus-infected cells is gained by both
preferential phosphorylation of the drug by virally-encoded kinases as well as by specific inhibition of viral DNA polymer-
ases. Nevertheless, many of the nucleoside-based drugs are associated with significant non-hepatic toxicity. For ex-
ample, araA frequently produces neurological toxicity (40%) with many patients showing myalgia or a sensory neuropathy
with distressing pain and abnormalities in nerve conduction and a few showing tremor, dysarthria, confusion or even
coma. Lok et al., J. Antimicrob. Chemotherap. 14: 93-99 (1984). In other cases, the efficacy and/or therapeutic index
of nucleosides is compromised by poor phosphorylation efficiencies and therefore low levels of the biologically active
triphosphate (e.g. Yamanaka et al., Antimicrob. Agents and Chemother. 43, 190 (1999)).
[0017] Phosphonic acids also show antiviral activity. In some cases the compounds are antivirals themselves (e.g.
phosphonoformic acid), whereas in other cases they require phosphorylation to the disphosphate, e.g. 9-(2-phosphonyl-
methoxyethyl)adenine (PMEA, Adefovir). Frequently, these compounds are reported to exhibit enhanced activity due
to either poor substrate activity of the corresponding nucleoside with viral kinases or because the viral nucleoside kinase
which is required to convert the nucleoside to the monophosphate is down regulated viral resistance. Monophosphates
and phosphonic acids, however, are difficult to deliver to virally-infected cells after oral administration due to their high
charge and in the case of the monophosphate instability in plasma. In addition, these compounds often have short
half-lives (e.g. PMEA, Adefovir) due in most cases to high renal clearance. In some cases, the high renal clearance can
lead to nephrotoxicities or be a major limitation in diseases such as diabetes where renal function is often compromised.
[0018] Liver cancer is poorly treated with current therapies. In general, liver tumors are resistant to radiotherapy,
respond poorly to chemotherapy and are characterized by a high degree of cell heterogeneity. Oncolytic nucleosides
such as 5-fluoro-2’ -deoxyuridine, have also shown a poor response against primary liver cancers.

Summary of the Invention

[0019] The present invention is directed towards novel prodrugs that generate phosph(on)ate compounds, their prep-
aration, their synthetic intermediates, and their uses. In one aspect, the invention is directed towards the use of the
prodrugs in the manufacture of a medicament to enhance oral drug delivery. Another aspect of the invention is directed
to the use of the prodrugs in the manufacture of a medicament to enhance the level of the biologically active drug in the
liver. Another aspect of the invention is the use of the prodrugs in the manufacture of a medicament to treat diseases
that benefit from enhanced drug distribution or specificity to the liver and like tissues and cells, including hepatitis, cancer,
liver fibrosis, malaria, other viral and parasitic infections, and metabolic diseases where the liver is responsible for the
overproduction of the biochemical end product, e.g. glucose (diabetes); cholesterol, fatty acids and triglycerides (hyper-
lipidemia) (atherosclerosis) (obesity). In another aspect, the prodrugs are used in the manufacture of a medicament to
prolong pharmacodynamic half-life of the drug. In addition, the prodrug methodology of the current invention is used in
the manufacture of a medicament to achieve sustained delivery of the parent drug. In another aspect, the prodrugs are
used in the manufacture of a medicament to increase the therapeutic index of the drug. Another aspect of the invention
is the use of the prodrugs in the manufacture of a medicament for use in combination with techniques that elevate P450
activity in specific tissues. In another aspect of the invention, a method of making these prodrugs is described. A further
aspect is the novel intermediates to these prodrugs. In another aspect, the prodrugs are also useful in the manufacture
of a medicament for delivery of diagnostic imaging agents to the liver.
[0020] One aspect of the present invention concerns compounds that are converted in vitro or in viva to the corre-
sponding M-PO3

2-, MP2O0
3-, MP3O9

4-, and MP(O)(NHR6)O-. Thus, the present invention provides a compound which
is a prodrug which, when administered to a biological system, is converted by a P450 enzyme in the liver or in other
tissue containing P450 enzpoaes to generate a biologically active agent which is MPO3

2-, MP2O6
3-, MP3O9

4- or
MP(O)(NHR6)O- but is not an FBPase inhibitor, wherein the prodrug compound is of the formula I:
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wherein:

V is selected from the group consisting of aryl, substituted aryl, heteroaryl, or substituted heteroaryl;
W, and W’ are independently selected from the group consisting of-H, alkyl, aralkyl, alicyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; or
together W and W’ are connected via an additional 2-5 atoms to form a cyclic group, optionally containing 0-2
heteroatoms; or
together V and W’ are connected via an additional 3 carbon atoms to form an optionally substituted cyclic group
containing 6 carbon atoms and substituted with one substituent selected from the group consisting of hydroxy,
acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said additional carbon
atoms that is three atoms from a Y attached to the phosphorus;
each Y is independently selected from the group consisting of -O-, -NR6- with the proviso that at least one Y is -NR6-;
R6 is selected from the group consisting of -H, and lower alkyl, acyloxyalkyl, alkoxycarbonyloxy alkyl and lower acyl;
M is selected from the group that when attached to PO3

2-, P2O6
3-, P3O9

4- or P(O)(NHR6)O- is a biologically active
agent but is not an FBPase inhibitor, and is attached to the phosphorus in formula I via a carbon, oxygen, sulfur or
nitrogen atom;
with the provisos that:

1) M is not -NH(lower alkyl), -N(lower alkyl)2, -NH(lower alkylhalide), -N(lower alkylhalide)2, or -N(lower alkyl)
(lower alkylhalide); and
2) R6 is not lower alkylhalide; or a pharmaceutically acceptable salt thereof, where "lower" denotes up to 10
carbon atoms, and "hetero-" denotes the presence of from 1 to 4 heteroatoms, wherein a heteroatom is an
oxygen, nitrogen or sulfur atom.

The present invention provides several novel methods of making the prodrugs of the present invention. One method
relies on the reaction of the following novel P(III) reagent:

G’=O, NR L=leaving groups such as -NR2, halogen
The resulting phosphite is then oxidized to the cyclic phosphoramidate.
[0021] A second method relies on the reaction of a novel P(V) reagent:
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G’=O, NH  L’=leaving groups such as -NR2, -O-aryl, halogen
[0022] A third method relies on reacting another novel P(V) compound with a diamine or amino alcohol:

L" = halogen
[0023] Since these compounds have asymmetric centers, the present invention is directed not only to racemic and
diastereomeric mixtures of these compounds,but also to individual stereoisomers, The present invention also includes
pharmaceutically acceptable and/or useful salts of the compounds of formula I, including acid addition salts.

Definitions

[0024] In accordance with the present invention and as used herein, the following terms are defined with the following
meanings, unless explicitly stated otherwise.
[0025] The term "aryl" refers to aromatic groups which have 5-14 ring atoms and at least one ring having a conjugated
pi electron system and includes carbocyclic aryl, hetetocyclic aryl and biaryl groups, all of which may be optionally
substituted. Suitable aryl groups include phenyl and furan-2,5-diyl.
[0026] Carbocyclic aryl groups are groups wherein the ring atoms on the aromatic ring are carbon atoms. Carbocyclic
aryl groups include monocyclic carbocyclic aryl groups and polycyclic or fused compounds such as optionally substituted
naphthyl groups.
[0027] Heterocyclic aryl or heteroaryl groups are groups having from 1 to 4 heteroatoms as ring atoms in the aromatic
ring and the remainder of the ring atoms being carbon atoms. Suitable heteroatoms include oxygen, sulfur, and nitrogen.
Suitable heteroaryl groups include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl pyrrolyl, pyridyl-N-oxide, pyrimidyl,
pyrazinyl, imidazolyl, and the like, all optionally substituted.
[0028] The term "biaryl" represents aryl groups containing more than one aromatic ring including both fused ring
systems and aryl groups substituted with other aryl groups. Such groups may be optionally substituted. Suitable biaryl
groups include naphthyl and biphenyl.
[0029] The term "alicyclic" means compounds which combine the properties of aliphatic and cyclic compounds. Such
cyclic compounds include but are not limited to, aromatic, cycloalkyl and bridged cycloalkyl compounds. The cyclic
compound includes heterocycles. Cyclohexenylethyl and cyclohexylethyl are suitable alicyclic groups. Such groups may
be optionally substituted.
[0030] The term "optionally substituted" or "substituted" includes groups substituted by one to four substituents, in-
dependently selected from lower alkyl, lower aryl, lower aralkyl, lower alicyclic, hydroxy, lower alkoxy, lower aryloxy,
perhaloalkoxy, aralkoxy, heteroaryl, heteroaryloxy, heteroarylalkyl, heteroaralkoxy, azido, amino, guanidino, amidino,
halo, lower alkylthio, oxo, acylalkyl, carboxy esters, carboxyl, -carboxamido, nitro, acyloxy, aminoalkyl, alkylaminoaryl,
alkylaryl, alkylaminoalkyl, alkoxyaryl, arylamino, aralkylamino, phosphono, sulfonyl, -carboxamidoalkylaryl, -carboxam-
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idoaryl, hydroxyalkyl, haloalkyl, alkylaminoalkylcarboxy-, aminocarboxamidoalkyl-, cyano, lower alkoxyalkyl, lower per-
haloalkyl, and arylalkyloxyalkyl. "Substituted aryl" and "substituted heteroaryl" preferably refers to aryl and heteroaryl
groups substituted with 1-3 substituents. Preferably these substituents are selected from the group consisting of lower
alkyl, lower alkoxy, lower perhaloalkyl, halo, hydroxy, and amino.
[0031] The term "-aralkyl" refers to an alkylene group substituted with an aryl group. Suitable aralkyl groups include
benzyl, picolyl, and the like, and may be optionally substituted. "Heteroarylalkyl" refers to an alkylene group substituted
with a heteroaryl group.
[0032] The term "-alkylaryl" refers to an aryl group substituted with an alkyl group. "Lower -alkylaryl" refers to such
groups where alkyl is lower alkyl.
[0033] The term "lower" referred to herein in connection with organic radicals or compounds respectively defines such
as with up to and including 10, preferably up to and including 6, and advantageously one to four carbon atoms. Such
groups may be straight chain, branched, or cyclic.
[0034] The terms "arylamino" (a), and "aralkylamino" (b), respectively, refer to the group -NRR’ wherein respectively,
(a) R is aryl and R’ is hydrogen, alkyl, aralkyl or aryl, and (b) R is aralkyl and R’ is hydrogen or aralkyl, aryl, alkyl.
[0035] The term "acyl" refers to -C(O)R where R is alkyl and aryl.
[0036] The term "carboxy esters" refers to -C(O)OR where R is alkyl, aryl, aralkyl, and alicyclic, all optionally substituted.
[0037] The term "carboxyl" refers to -C(O)OH.
[0038] The term "oxo" refers to =O in an alkyl group.
[0039] The term "amino" refers to -NRR’ where R and R’ are independently selected from hydrogen, alkyl, aryl, aralkyl
and alicyclic, all except H are optionally substituted; and R and R1 can form a cyclic ring system.
[0040] The term "-carboxylamido" refers to -CONR2 where each R is independently hydrogen or alkyl.
[0041] The term "halogen" or "halo" refers to -F, -Cl, -Br and -I.
[0042] The term "alkylaminoalkylcarboxy" refers to the group alkyl-NR-alk-C(O)-O-where "alk" is an alkylene group,
and R is a H or lower alkyl.
[0043] The term "alkyl" refers to saturated aliphatic groups including straight-chain, branched chain and cyclic groups.
Alkyl groups may be optionally substituted. Suitable alkyl groups include methyl, isopropyl, and cyclopropyl.
[0044] The term "cyclic alkyl" or "cycloalkyl" refers to alkyl groups that are cyclic of 3 to 10 atoms, more preferably 3
to 6 atoms. Suitable cyclic groups include norbornyl and cyclopropyl. Such groups may be substituted.
[0045] The term "heterocyclic" and "heterocyclic alkyl" refer to cyclic groups of 3 to 10 atoms, more preferably 3 to 6
atoms, containing at least one heteroatom, preferably 1 to 3 heteroatoms. Suitable heteroatoms include oxygen, sulfur,
and nitrogen. Heterocyclic groups may be attached through a nitrogen or through a carbon atom in the ring. The hete-
rocyclic alkyl groups include unsaturated cyclic, fused cyclic and spirocyclic groups. Suitable heterocyclic groups include
pyrrolidinyl, morpholino, morpholinoethyl, and pyridyl.
[0046] The term "phosphono" refers to -PO3R2, where R is selected from the group consisting of -H, alkyl, aryl, aralkyl,
and alicyclic.
[0047] The term "sulphonyl" or "sulfonyl" refers to -SO3R, where R is H, alkyl, aryl, aralkyl, and alicyclic.
[0048] The term "alkenyl" refers to unsaturated groups which contain at least one carbon-carbon double bond and
includes straight-chain, branched-chain and cyclic groups. Alkenyl groups may be optionally substituted. Suitable alkenyl
groups include allyl. "1-alkenyl" refers to alkenyl groups where the double bond is between the first and second carbon
atom. If the 1-alkenyl group is attached to another group, e.g. it is a W substituent attached to the cyclic phosphoramidate,
it is attached at the first carbon.
[0049] The term "alkynyl" refers to unsaturated groups which contain at least one carbon-carbon triple bond and
includes straight-chain, branched-chain and cyclic groups. Alkynyl groups may be optionally substituted. Suitable alkynyl
groups include ethynyl. "1-alkynyl" refers to alkynyl groups where the triple bond is between the first and second carbon
atom. If the 1-alkynyl group is attached to another group, e.g. it is a W substituent attached to the cyclic phosphoramidate,
it is attached at the first carbon.
[0050] The term "alkylene" refers to a divalent straight chain, branched chain or cyclic saturated aliphatic group.
[0051] The term "acyloxy" refers to the ester group -O-C(O)R, where R is H, alkyl, alkenyl, alkynyl, aryl, aralkyl, or
alicyclic.
[0052] The term "aminoalkyl-" refers to the group NR2-alk- wherein "alk" is an alkylene group and R is selected from
H, alkyl, aryl, aralkyl, and alicyclic.
[0053] The term "alkylaminoalkyl-" refers to the group alkyl-NR-alk- wherein each "alk" is an independently selected
alkylene, and R is H or lower alkyl. "Lower alkylaminoalkyl-" refers to groups where each alkylene group is lower alkylene.
[0054] The term "arylaminoalkyl-" refers to the group aryl-NR-alk- wherein "alk" is an alkylene group and R is H, alkyl,
aryl, aralkyl, and alicyclic. In "lower arylaminoalkyl-", the alkylene group is lower alkylene.
[0055] The term "alkylaminoaryl-" refers to the group alkyl-NR-aryl- wherein "aryl" is a divalent group and R is H, alkyl,
aralkyl, and alicyclic. In "lower alkylaminoaryl-", the alkylene group is lower alkyl.
[0056] The term "alkoxyaryl-" refers to an aryl group substituted with an alkyloxy group. In "lower alkyloxyaryl-", the
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alkyl group is lower alkyl.
[0057] The term "aryloxyalkyl-" refers to an alkyl group substituted with an aryloxy group.
[0058] The term "aralkyloxyalkyl-" refers to the group aryl-alk-O-alk- wherein "alk" is an alkylene group. "Lower ar-
alkyloxyalkyl-" refers to such groups where the alkylene groups are lower alkylene.
[0059] The term "alkoxy-" or "alkyloxy-" refers to the group alkyl-O-.
[0060] The term "alkoxyalkyl-" or "alkyloxyalkyl-" refer to the group alkyl-O-alk- wherein "alk" is an alkylene group. In
"lower alkoxyalkyl-", each alkyl and alkylene is lower alkylene.
[0061] The terms "alkylthio-" and "alkylthio-" refer to the groups alkyl-S-.
[0062] The term "alkylthioalkyl-" refers to the group alkyl-S-alk- wherein "alk" is an alkylene group. In "lower alkylth-
ioalkyl-" each alkyl and alkylene is lower alkylene.
[0063] The term "alkoxycarbonyloxy-" refers to alkyl-O-C((O)-O-.
[0064] The term "aryloxycarbonyloxy-" refers to aryl-O-C(O)-O-.
[0065] The term "alkylthiocarbonyloxy-" refers to alkyl-S-C(O)-O-.
[0066] The terms "amido" or "carboxamido" refer to NR2-C(O)- and RC(O)-NR1-, where R and R1 include H, alkyl,
aryl, aralkyl, and alicyclic. The term does not include urea, -NR-C(O)-NR-.
[0067] The term "carboxamidoalkylaryl" and "carboxamidoaryl" refers to an aryl-alk-NR1-C(O), and ar-NR1-C(O)-alk-,
respectively where "ar" is aryl, "alk" is alkylene, R1 and R include H, alkyl, aryl, aralkyl, and alicyclic.
[0068] The term "hydroxyalkyl" refers to an alkyl group substituted with one -OH. The term "haloalkyl" and "alkylhalide"
refers to an alkyl group substituted with one halo. Preferably, the halo is in the 2-position.
[0069] The term "cyano" refers to -C≡N.
[0070] The term "nitro" refers to -NO2.
[0071] The term "acylalkyl" refers to an alkyl-C(O)-alk-, where "alk" is alkylene.
[0072] The term "aminocarboxamidoalkyl-" refers to the group NR2-C(O)-N(R)-alk- wherein R is an alkyl group or H
and "alk" is an alkylene group. "Lower aminocarboxamidoalkyl-" refers to such groups wherein "alk" is lower alkylene.
[0073] The term "heteroarylalkyl" refers to an alkyl group substituted with a heteroaryl group.
[0074] The term "perhalo" refers to groups wherein every C-H bond has been replaced with a C-halo bond on an
aliphatic or aryl group. Suitable perhaloalkyl groups include -CF3 and -CFCl2.
[0075] The term "guanidino" refers to both -NR-C(NR)-NR2 as well as -N=C(NR2)2 where each R group is independently
selected from the group of -H, alkyl, alkenyl, alkynyl, aryl, and alicyclic, all except -H are optionally substituted.
[0076] The term "amidino" refers to -C(NR)-NR2 where each R group is independently selected from the group of -H,
alkyl, alkenyl, alkynyl, aryl, and alicyclic, all except -H are optionally substituted.
[0077] The term "pharmaceutically acceptable salt" includes salts of compounds of formula I and its prodrugs derived
from the combination of a compound of this invention and an organic or inorganic acid or base. Suitable acids include HCl.
[0078] The term "prodrug" as used herein refers to any compound that when administered to a biological system
generates a biologically active compound as a result of spontaneous chemical reaction(s), enzyme catalyzed chemical
reaction(s), and/or metabolic chemical reaction(s), or a combination of each. Standard prodrugs are formed using groups
attached to functionality, e.g. HO-, HS-, HOOC-, R2N-, associated with the drug, that cleave in vivo. Standard prodrugs
include but are not limited to carboxylate esters where the group is alkyl, aryl, aralkyl, acyloxyalkyl, alkoxycarbonyloxyalkyl
as well as esters of hydroxyl, thiol and amines where the group attached is an acyl group, an alkoxycarbonyl, aminoc-
arbonyl, phosphate or sulfate. The groups illustrated are exemplary, not exhaustive, and one skilled in the art could
prepare other known varieties of prodrugs. Such prodrugs of the compounds of formula I, fall within the scope of the
present invention. Prodrugs must undergo some form of a chemical transformation to produce the compound that is
biologically active or is a precursor of the biologically active compound. In some cases, the prodrug is biologically active,
usually less than the drug itself, and serves to improve drug efficacy or safety through improved oral bioavailability,
pharmacodynamic half-life, etc. The biologically active compounds include, for example, anticancer agents, antiviral
agents, and antibiotic agents.
[0079] The term "bidentate" refers to an alkyl group that is attached by its terminal ends to the same atom to form a
cyclic group. For example, propylene imine contains a bidentate propylene group. The structure
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has a plane of symmetry running through the phosphorus-oxygen double bond when R6=R6, V=W, W’=H, and V and
W are either both pointing up or both pointing down.
[0080] The term "cyclic 1’,3’-propane ester", "cyclic 1,3-propane ester", "cyclic 1’,3’-propanyl ester", and "cyclic 1,3-pro-
panyl ester" refers to the following:

[0081] The phrase "together V and W are connected via an additional 3 carbon atoms to form an optionally substituted
cyclic group containing 6 carbon atoms and substituted with one substituent selected from the group consisting of
hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said additional
carbon atoms that is three atoms from a Y adjacent to V includes the following:

[0082] The structure above has an acyloxy substituent that is three carbon atoms from a Y, and an optional substituent,
-CH3, on the new 6-membered ring. There has to be at least one hydrogen at each of the following positions: both
carbons alpha to the carbon labeled "3"; and the carbon attached to "OC(O)CH3" above.
[0083] The phrase "together W and W’ are connected via an additional 2-5 atoms to form a cyclic group, optionally
containing 0-2 heteroatoms, and V must be aryl, substituted aryl, heteroaryl, or substituted heteroaryl" includes the
following:

[0084] The structure above has V=aryl, and a spiro-fused cyclopropyl group for W and W’.
[0085] The term "phosphoramidite" refers to compounds attached via C, O, S, or N to the phosphorus in -P(YR)(YR)
including cyclic forms, where Y is independently -O- or -NR6-, but where at least one Y is -NR6-.
[0086] The term "phosphoramidate" refers to compounds attached via C, O, S, or N to the phosphorus in -P(O)(YR)(YR),
including cyclic forms, where Y is independently -O- or - NR6-, but where at least one Y is -NR6-.
[0087] The term "cyclic phosphoramidate" refers to phosphoramidates where - P(O)(YR)(YR) is
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[0088] The carbon attached to V must have a C-H bond.
[0089] The term "carbocyclic sugar" refers to sugar analogs that contain a carbon in place of the oxygen normally
found in the sugar ring. It includes 5-membered rings such as ribofuranosyl and arabinofuranosyl sugars wherein the
ring oxygen is replaced by carbon.
[0090] The term "acyclic sugar" refers to sugars that lack a ring, e.g. ribofuranosyl ring. An example is 2-hydrox-
yethoxymethyl in place of the ribofuranosyl ring.
[0091] The term "L-nucleoside" refers to enantiomer of the natural β-D-nucleoside analogs.
[0092] The term "arabinofuranosyl nucleoside" refers to nucleoside analogs containing an arabinofuranosyl sugar,
i.e. where the 2’-hydroxyl of ribofuranosyl sugars is on the opposite face of the sugar ring.
[0093] The term "dioxolane sugar" refers to sugars that contain an oxygen atom in place of the 3’ carbon of the
ribofuranosyl sugar.
[0094] The term "fluorinated sugars" refers to sugars that have 1-3 carbon-fluorine atoms.
[0095] The term "P450 enzyme" refers to cytochrome enzymes that oxidize organic compounds and includes naturally
occuring P450 isozymes, mutants, truncated enzymes, post-transcriptase modified enzymes, and other variants.
[0096] The term "liver" refers to liver and to like tissues and cells that contain the CYP3A4 isozyme or any other P450
isozyme found to oxidize the phosphoramidates of the invention. Based on Example F, we have found that prodrugs of
formula VI and VIII are selectively oxidized by the cytochrome P450 isoenzyme CYP3A4. According to DeWaziers et
al. (J. Pharm. Exp. Ther., 253, 387-394 (1990)), CYP3A4 is located in humans in the following tissues (determined by
immunoblotting and enzyme measurements):

Thus, "liver" more preferably refers to the liver, duodenum, jejunum, ileum, colon, stomach, and esophagus. Most
preferably, liver refers to the liver organ.
[0097] The term "hepatic" refers to the liver organ cells and not cells from the duodenum, for example.
[0098] The term "enhancing" refers to increasing or improving a specific property. It includes the situation where
originally there was no activity.
[0099] The term "liver specificity" refers to the ratio:

as measured in animals treated with the drug or a prodrug. The ratio can be determined by measuring tissue levels of
the parent drug or drug metabolite(s) including the biologically active drug metabolite or both at a specific time or may
represent an AUC based on values measured at three or more time points.

Tissues % of liver activity

Liver 100
Duodenum 50
jejunum 30
ileum 10
colon <5 (only P450 isoenzyme found)
stomach <5
esophagus <5
kidney not detectable
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[0100] The term "increased or enhanced liver specificity" refers to an increase in the liver specificity ratio in animals
treated with the prodrug relative to animals treated with the parent drug.
[0101] The term "enhanced oral bioavailability" refers to an increase of at least 50% of the absorption of the dose of
the parent drug or prodrug(not of this invention) from the gastrointestinal tract. More preferably it is at least 100%.
Measurement of oral bioavailability usually refers to measurements of the prodrug, drug, or drug metabolite in blood,
tissues, or urine following oral administration compared to measurements following systemic administration.
[0102] The term "parent drug" refers to MH for phosphoramidates where M is connected to -P(O)(YR)(YR) via oxygen,
sulfur or nitrogen and to M-PO3

2- when M is connected to -P(O)(YR)(YR) via carbon. For example, AZT can be thought
of as a parent drug in the form of MH. In the body AZT is first phosphorylated to AZT-PO3

2- and then further phosphorylated
to form AZT-triphosphate, which is the biologically active form. The parent drug form MH only applies when M is attached
via N, S, or O. In the case of PMEA, the parent drug form is M-PO3

2-.
[0103] The term "drug metabolite" refers to any compound produced in vivo or in vitro from the parent drug, or its
prodrugs.
[0104] The term "pharmacodynamic half-life" refers to the time after administration of the drug or prodrug to observe
a diminution of one half of the measured pharmacological response. Pharmacodynamic half-life is enhanced when the
half-life is increased by preferably at least 50%.
[0105] The term "pharmacokinetic half-life" refers to the time after administration of the drug or prodrug to observe a
diminution of one half of the drug concentration in plasma or tissues.
[0106] The term "therapeutic index" refers to the ratio of the dose of a drug or prodrug that produces a therapeutically
beneficial response relative to the dose that produces an undesired response such as death, an elevation of markers
that are indicative of toxicity, and/or pharmacological side effects.
[0107] The term "enhancing the level of the biologically active drug" refers to increasing the level of the biologically
active drug in the liver relative to the level achieved after administration of the parent drug where the same mode of
administration is used for both the prodrug and the parent drug.
[0108] The term "cancer expressing a P450 enzyme" refers to tumor cells having a specific activity, either with or
without an agent that induces the P450 activity in the tumor cells, of at least 5% of the liver specific activity.
[0109] The term "low levels of enzymes" refers to levels below that necessary to produce the maximal response of
the biologically active agent.
[0110] The term "inadequate cellular production" refers to levels that are below that necessary to produce the maximal
response of the biologically active agent. For example, the response may be viral titre.
[0111] The term "sustained delivery" refers to an increase in the period in which there is a prolongation of therapeu-
tically-effective drug levels due to the presence of the prodrug.
[0112] The term "bypassing drug resistance" refers to the loss or partial loss of therapeutic effectiveness of a drug
(drug resistance) due to changes in the biochemical pathways and cellular activities important for producing and main-
taining the biologically active form of the drug at the desired site in the body and to the ability of an agent to bypass this
resistance through the use of alternative pathways and cellular activities.
[0113] The term "FBPase inhibitors" refers to compounds that inhibit the human enzyme fructose 1,6-bisphosphatase
with an IC50 of at least 100 mM and lower glucose in a normal 18-hour fasted rat following a 100 mg/kg dose i.v. The
biologically active FBPase inhibitors are M-PO3

2- wherein M is connected via a carbon, or via an oxygen when MH is a
imidazole containing nucleoside analog.
[0114] The term "biologically active drug or agent" refers to the chemical entity that produces the biological effect. In
this invention, biologically active agents refers to M-PO3

2-, M-P(O-)NHR6-, MP2O6
3-, or MP3O9

4- where M can be the
same M as in the parent drug or a metabolite.
[0115] The term "therapeutically effective amount" refers to an amount that has any beneficial effect in treating a
disease or condition.
[0116] The term "decreased activity of the phosphorylating enzyme" includes decreased production of the enzyme,
mutations that lead to decreased efficiency (lower Km or Vmax), or enhanced production of endogenous inhibitors of the
enzyme.
[0117] The term "phosph(on)ate" refers to compounds attached via C, O, S, or N to PO3

2- or P(O)(NHR6)O-. The
counterion may be H+ or a metal cation.
[0118] The term "nucleoside" refers to a purine or pyrimidine base, including analogs thereof, connected to a sugar,
including heterocyclic and carbocyclic analogs thereof.
[0119] The following well known drugs are referred to in the specification and the claims.
Abbreviations and common names are also provided.

araA; 9-b-D-arabinofuranosyladenine (Vidarabine)
AZT; 3’-azido-2’,3’-dideoxythymdine (Zidovudine)
d4T; 2’,3’-didehydro-3’-deoxythymidine (Stavudine)
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ddI; 2’,3’-dideoxyinosine (Didanosine)
ddA; 2’,3’-dideoxyadenosine
ddC; 2’,3’-dideoxycytidine (Zalcitabine)
L-ddC; L-2’,3’-dideoxycytidine
L-FddC; L-2’,3’-dideoxy-5-fluorocytidine
L-dT; b-L-thymidine (NV-02B)
L-dC; b-L-2-deoxycytidine (NV-02C)
L-d4C; L-3’-deoxy-2’,3’-didehydrocytidine
L-Fd4C; L-3’-deoxy-2’,3’-didehydro-5-fluorocytidine
3TC; (-)-2’,3’-dideoxy-3’-thiacytidine; 2’R,5’S(-)-1-[2-(hydroxymethyl)oxathiolan-5-yl]cytosine
(Lamivudine)
1-b-D-ribofuranosyl-1,2,4-triazole-3-carboxamide (Ribavirin)
FIAU; 1-(2-deoxy-2-fluoro-b-D-arabinofuranosyl)-5-iodouridine
FIAC; 1-(2-deoxy-2-fluoro-b-D-arabinofuranosyl)-5-iodocytosine
BHCG; (6)-(1a,2b,3a)-9-[2,3-bis(hydroxymethyl)cyclobutyl] guanine
FMAU; 2’-Fluoro-5-methyl-b-L-arabino-furanosyluracil
BvaraU; 1-b-D-arabinofuranosyl-E-5-(2-bromovinyl)uracil (Sorivudine)
E-5-(2-bromovinyl)-2’-deoxyuridine
TFT; Trifluorothymidine (Trifluorothymidine)
5-propynyl-1-arabinosyluracil (Zonavir)
CDG; carbocyclic 2’-deoxyguanosine
DAPD; (-)-B-D-2,6-diaminopurine dioxolane
FDOC; (-)-B-D- 5-fluoro-1-[2-(hydroxymethyl)-1,3-dioxolane]cytosine
d4C; 3’-deoxy-2’,3’-didehydrocytidine
DXG; dioxolane guanosine
FEAU; 2’-deoxy-2’-fluoro-1-b-D-arabinofuranosyl-5-ethyluracil
FLG; 2’,3’-dideoxy-3’-fluoroguanosine
FLT; 3’-deoxy-3’-fluorothymidine
FTC; (-)-cis-5-fluoro-1-[2-(hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine
5-yl-carbocyclic 2’-deoxyguanosine (BMS200,475)
[1-(4’-hydroxy-1’,2’-butadienyl)cytosine] (Cytallene)
Oxetanocin A; 9-(2-deoxy-2-hydroxymethyl-beta-D-erythro-oxetanosyl)adenine
Oxetanocin G; 9-(2-deoxy-2-hydroxymethyl-beta-D-erythro-oxetanosyl)guanine
ddAPR: 2,6-diaminopurine-2’,3’-dideoxyriboside
3TC; (-)-2’,3’-dideoxy-3’thiacytidine; (2R, 5S) 1-[2-(hydroxymethyl)-1,3-oxathiolane-5-yl] cytosine (Lamivudine)
Cyclobut A; (+/-)-9-[(1 beta,2 alpha,3 beta)-2,3-bis(hydroxymethyl)-1-cyclobutyl]adenine
Cyclobut G; (+/-)-9-[(1 beta,2 alpha,3 beta)-2,3-bis(hydroxymethyl)-1-cyclobutyl]guanine (Lobucavir)
5-fluoro-2’-deoxyuridine (Floxuridine)
dFdC; 2’,2’-difluorodeoxycytidine (Gemcitabine)
araC; arabinosylcytosine (Cytarabine)
bromodeoxyuridine
IDU; 5-iodo-2’-deoxyuridine (Idoxuridine)
CdA; 2-chlorodeoxyadenosine (Cladribine)
F-ara-A; fluoroarabinosyladenosine (Fludarabine)
ACV; 9-(2-hydroxyethoxylmethyl)guanine (Acyclovir)
GCV; 9-(1,3-dihydroxy-2-propoxymethyl)guanine (gancyclovir)
9-(4-hydroxy-3-hydroxymethylbut-1-yl)guanine (Penciclovir)
(R)-9-(3,4-dihydroxybutyl)guanine (Buciclovir)
phosphonoformic acid (Foscarnet)
PPA; phosphonoacetic acid
PMEA; 9-(2-phosphonylmethoxyethyl) adenine (Adefovir)
PMEDAP; 9-(2-phosphonylmethoxyethyl)-2,6-diaminopurine
HPMPC; (S)-9-(3-hydroxy-2-phosphonylmethoxypropyl) cytosine (Cidofovir)
HPMPA; (S)-9-(3-hydroxy-2-phosphonylmethoxypropyl) adenine
FPMPA; 9-(3-fluoro-2-phosphonylmethoxypropyl) adenine
PMPA; 9-[2-(R)-phosphonylmethoxy)propyl] adenine (Tenofovir)
araT; 9-b-D-arabinofuranosylthymidine
FMdC; (E)-2’-deoxy-2’(fluoromethylene)cytidine
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AICAR; 5-aminoimidazole-4-carboxamido-1-ribofuranosyl

Detailed Description of the Invention

[0120] The invention is directed to the use of new cyclic phosphoramidate methodology which allows compounds to
be efficiently converted to phosph(on)ate containing compounds by P450 enzymes found in large amounts in the liver
and other tissues containing these specific enzymes. This methodology can be applied to various drugs and to diagnostic
imaging agents. More specifically, the invention is directed to the use of prodrugs that undergo non-esterase-mediated
hydrolysis reactions to produce MP(O)(NHR6)O- which is either biologically active or is transformed into the biologically
active agent M-PO3

2-, M-P2O6
3- or M-P3O9

4-. Because highly charged phosph(on)ate containing compounds are not
readily absorbed in the gastrointestinal tract, this prodrug methodology can be used to enhance absorption after oral
administration.
[0121] In another aspect of the invention, this prodrug methodology can also be used to enhance the pharmacodynamic
half life relative to the parent drug because the cyclic phosph(on)ates of the invention can avoid metabolism by enzymes
which metabolize the parent drug. Similarly, prodrugs of the invention can enhance the pharmacodynamic half-life of
the phosph(on)ate-containing compound because the prodrug avoids clearance pathways used to clear negative-
ly-charged compounds from the bloodstream.
[0122] In another aspect of the invention, this prodrug methodology can also be used to achieve sustained delivery
of the parent drug because oxidation of the novel prodrugs proceeds in the liver at different rates and therefore selection
of prodrugs that oxidize slowly but at a rate suitable for maintaining therapeutically effective levels will produce a sustained
therapeutic effect.
[0123] The novel cyclic 1,3-propanylester methodology of the present invention may also be used to increase the
distribution of a particular drug or imaging agent to the liver which contains abundant amounts of the P450 isozymes
responsible for oxidizing the cyclic 1,3-propanylester of the present invention so that the free phosph(on)ate is ultimately
produced. Accordingly, this prodrug technology should prove useful in the treatment of liver diseases or diseases where
the liver is responsible for the overproduction of the biochemical end product such a glucose, cholesterol, fatty acids
and triglycerides. Such diseases include viral and parasitic infections, liver cancer, liver fibrosis, diabetes, hyperlipidemia,
and obesity. In one aspect, preferably the disease is not diabetes. In addition, the liver specificity of the prodrugs should
also prove useful in the delivery of diagnostic agents to the liver. High levels of the biologically active drug are achieved
in tissues expressing P450 enzymes capable of cleaving the prodrug due to significant retention by these cells of the
activated prodrug, subsequent prodrug cleavage intermediates as well as the biologically active drug. In addition, high
levels of the biologically active drug are achieved relative to the levels achieved after administration of the parent drug
when the parent drug is poorly phosphorylated in the tissue or has a relatively short pharmacokinetic half-life due to
metabolism or other clearance mechanisms.
[0124] The use of certain prodrug analogs of cyclophosphamide are also envisioned for treatment of cancers of the
GI tract (e.g. primary and seconary liver cancers) as well as cancers where cytochrome P450s are introduced artificially,
e.g. by retrovirus and other well known gene therapy strategies as well as via implanted cells engineered to express
cytochrome P450s.
[0125] These specific P450 enzymes are also found in other specific tissues and cells, and thus this methodology
may also be used to increase the delivery of these agents to those tissues.
[0126] In another aspect of the invention, the characteristic that most of the cyclic phosphoramidates of the present
invention are metabolized in the liver to produce the phosph(on)ate can enable the use of the prodrug methodology of
the present invention in the manufacture of a medicament to increase the therapeutic index of various drugs which have
side effects related to the amount of the drug or its metabolites which are distributed in extrahepatic tissues. Increased
therapeutic index can also result from increased liver levels of the biologically active agent and therefore greater efficacy
relative to the parent drug administered at similar doses.
[0127] In another aspect of the invention, prodrugs can be used in the manufacture of a medicament to deliver
phosph(on)ates to tissues that generate suboptimal levels of phosph(on)ates and their associated higher phosphorylated
metabolites due to poor substrate activity of the parent compound and/or poor expression of enzymes used to phos-
phorylate the parent compound. Poor expression of the phosphorylating enzyme occurs naturally or from down regulation
of the phosphorylating enzyme following chronic administration of the drug or other agents.
[0128] In another aspect of the invention, novel phosphoramidite and phosphoramidate intermediates are described.
[0129] In another aspect, methods of preparing the cyclic phosphoranudate prodrugs are described.
[0130] These aspects are described in greater detail below.

Phosphoramidate Drugs:

[0131] Compounds of the formula M-P(O)(NHR6)O- are useful compounds for binding to nucleotide binding sites,
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such as AMP-binding sites, and certain sites known to recognize negatively charged compounds, e.g. carboxylic and
phosphonic acids. Enzymes that catalyze the addition of water to a carbonyl compound, specifically a peptide carbonyl,
an ester, a ketone or an aldehyde, are of particular interest since these enzymes recognize compounds that have a
tetrahedral group containing a negatively charged oxygen. An example is the zinc metalloproteinase class of enzymes
which add water across a peptide carbonyl using a zinc-assisted catalytic mechanism. These enzymes are inhibited by
phosphoramidates, e.g. NEP 24.11 is inhibited by the natural product Phosphoramidon. The prodrug strategy can provide
a useful means for delivery of these compounds orally, or delivery of certain compounds to the liver in order to achieve
greater efficacy or a greater therapeutic window. Enzymes inhibitors that may be suitable for delivery as prodrugs include
certain phosporamidates that inhibit NEP24.11, collagenase, stromolysin, gelatinase, ACE, endothelin converting en-
zyme, and metalloproteinases involved in matrix remodeling such as occurs in Rheumatoid arthritis and osteoarthritis
and in the heart following an acute myocardial infarction, and tumor metastasis.

Phosphonic Acids and Phosphoric Acids:

[0132] Cleavage of the prodrug of formula I produces the phosphoramidate M-P(O)(NHR)O- which in some cases is
further converted to the corresponding M-PO3

2- via either chemical hydrolysis or enzyme catalyzed hydrolysis (phos-
phatases, amidases). The product M-PO3

2- can either be the drug or itself may be further metabolized to produce higher
order phosphates, e.g. M-P2O6

3- or M-P3O9
4- via cellular kinases. In some cases the intermediate M-P(O)(NHR)O- may

be converted to higher order phosphates via initial conversion to M-H.

Enhancing Oral Bioavailability

[0133] The invention pertains to certain cyclic phosphoramidates and their use to deliver, most preferably via oral
administration, a therapeutically effective amount of the corresponding phosph(on)ate compounds, preferably to an
animal in need thereof. Prodrugs of the invention enhance oral bioavailability of certain drugs by changing the physical
property of the drug as a consequence of the prodrug moiety and its substituents V, Z, W, and W’. The active drug may
be M-P(O)(NHR6)0- or M-PO3

2-. Alternatively, both may instead undergo further metabolism, e.g. phosphorylation by
kinases to form M-P2O6

3- and/or M-P3O9
4- as the active drug substance.

[0134] Compounds containing a free phosphonic acid or a phosphoric acid group generally exhibit poor (<2%) oral
bioavailability since these groups are highly charged at physiological pH. Charged groups on compounds with molecular
weights greater than 250 Daltons impede passive diffusion across cell membranes as well as absorption across the gut
epithelial cell layer. Neutral prodrugs of these compounds have therefore been studied since these compounds would
be more lipophilic and therefore more likely to exhibit improved intestinal permeability. Although many prodrug classes
have been reported, few have been found that exhibit properties suitable for drug development.
[0135] The most common prodrug class, and the class almost exclusively used for clinical candidates, is the acyloxy-
alkyl esters. These prodrugs, however, often exhibit only a modest improvement in oral bioavailability due to poor
aqueous stability, poor stability to acidic/basic pH and rapid degradation by esterases in the gastrointestinal tract (Shaw
& Cundy, Pharm. Res. 10, (Suppl), S294 (1993). Another class of prodrugs are the bis-aryl prodrugs (e.g. DeLombert
et al. J. Med. Chem. 37, 498 (1994)) which have shown in a few isolated cases to provide good to modest improvements
in oral bioavailability. The major limitation with this class of compounds is that the prodrug ester often is degraded to
the monoacid rapidly in vivo but conversion to the parent drug occurs only slowly (sometimes over days) if at all. The
prodrugs of the invention exhibit improved properties that lead to enhanced oral bioavailability relative to the parent
drug. Several characteristics of the present cyclic phosphoramidate prodrugs may contribute to their ability to enhance
oral bioavailability. First, the prodrugs exhibit good stability in aqueous solutions across a wide range of pHs. (Example
A) This pH stability prevents immediate hydrolysis in the mouth and GI tract prior to absorption. The pH stability can
also be beneficial during formulation of the product.
[0136] Second, the prodrugs are resistant to esterases and phosphatases which are abundant in the gastrointestinal
tract. Because much of the administered dose remains intact in the G.I. tract, the compound remains less highly charged
than a free phosph(on)ate which means more of the drug can be absorbed by passive diffusion and enter the blood
stream. (Example B)
[0137] Last, the prodrug can limit metabolism at other sites on the molecule. For example, the prodrugs of the invention
eliminate metabolism of the purine base of araA by adenosine deaminase which is also abundant in the GI tract. (Example
B) The amine of araA which is normally deaminated by the enzyme is protected by the cyclic phosphate moiety which
is located on the 5’-ribofuranosyl hydroxyl. Reduced metabolism at other sites of the molecule enables more of the drug
to circulate in the blood stream. Although not all of these properties will be applicable to every prodrug of every drug,
each of these properties can enable more drug to survive the GI tract and be available for absorption.
[0138] The novel prodrug strategy of the invention will be useful for the oral delivery of drugs that act in the liver as
well as certain drugs that act on targets located in the vascular system or extrahepatic tissues. Because the highest
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concentration of CYP3A4 (the enzyme responsible for activating the novel prodrugs) is in the liver, the biologically active
drug has a high concentration in the liver, relative to other tissues. In one aspect, parent drugs which act in the liver are
preferred.
[0139] However, some of the phosph(on)ates are exported by organic anion transporters in the liver and enter the
blood stream. Many phosph(on)ates in the blood stream are cleared quickly by the kidneys. Such compounds probably
will not reach therapeutic levels in extrahepatic tissues. However, there are some phosph(on)ates and phosphates that
are able to remain in circulation because they are not rapidly cleared by the kidneys (e.g. NEP inhibitors). Such compounds
are able to achieve therapeutically effective levels in blood and extrahepatic tissues. Thus, in another aspect, oral delivery
to extrahepatic tissues of phosph(on)ates which are not cleared by the kidneys is preferred. Thus, such parent drugs
that act at sites accessible to the free phosph(on)ic acid such as targets within the vasculature system, or enzyme or
receptor targets that are located on cell membranes which are exposed to the blood or fluid in the intrastitial space are
preferred. Targets suitable for this aspect of the invention would be targets in which the phosphonic acid administered
parenterally (e.g. via i.v. injection) produces a pharmacological or biochemical response expected to be useful for treating
a disease condition. Since the inhibitors exhibit poor oral bioavailability (<2%), prodrugs of the type described in this
invention could enhance the oral bioavailability and produce the phosphonic acid following prodrug cleavage in the liver.
Suitable circulating drug levels are expected after prodrug cleavage in the liver, since the liver is known to excrete
phosphonic acids into the circulation.
[0140] Oral bioavailability can also be calculated by comparing the area under the curve of prodrug, parent drug,
and/or metabolite concentration over time in plasma, liver, or other tissue or fluid of interest following oral and i.v.
administration. (Example P)
[0141] For example, for drugs excreted renally in large amounts, oral bioavailability can be measured by comparing
the amount of the parent drug or metabolite excreted in the urine, for example, after oral and i.v. administration of the
prodrug. A lower limit of oral bioavailability can be estimated by comparison with the amount of parent drug excreted in
the urine after administration of the prodrug (p.o.) and the parent drug (i.v.). Prodrugs of the invention show improved
oral bioavailability across a wide spectrum of prodrugs, with many preferably showing increases of 1.5 to 10-fold in oral
bioavailability. More preferably, oral bioavailability is enhanced by at least 2-fold compared to the parent drug.
[0142] Agents are known that inhibit CYP3A4 in the gastrointestinal tract. For example, grapefruit juice is known to
decrease the activity putatively via a component in the grapefruit juice (e.g. Bergamottin; Chem Res Toxicol 1998, 11,
252-259) which results in the inactivation and/or down regulation of the enzyme. Since only GI CYP3A4 is affected, the
oral absorption of the prodrugs of this invention should be enhanced. A combination of agents that inhibit, inactivate, or
downregulate P450s that metabolize the prodrugs will have the effect of enhancing their absorption and thereby making
more prodrug available for metabolism in the liver. The net effect of the combination would therefore be to deliver more
drug to the liver after oral absorption.

Sustained Delivery

[0143] Drugs that undergo rapid elimination in vivo often require multiple administrations of the drug to achieve ther-
apeutically-effective blood levels over a significant period of time. Other methods are also available including sustained
release formulations and devices. Prodrugs that breakdown over time can also provide a method for achieving sustained
drug levels. In general, this property has not been possible with the known phosph(on)ate prodrugs since either they
undergo rapid hydrolysis in vivo (e.g. acyloxyalkyl esters) or very slow conversion (e.g. di-aryl prodrugs).
[0144] The cyclic phosphoramidates of the invention are capable of providing sustained drug release by providing a
steady release of the drug over time. For example, most phosphates undergo dephosphorylation in vivo within minutes
after systemic administration via the action of phosphatases present in the blood. Similarly, acyloxyalkyl esters of these
phosphates undergo rapid esterase-mediated hydrolysis to the phosphate which then is rapidly dephosphorylated. Some
prodrugs of the current invention may enable prolonged drug delivery since many of the present prodrugs are oxidized
slowly over time to the phosph(on)ate in the livers (Example S). Suitably positioned, prodrug moieties can prevent or
slow systemic metabolism associated with the parent drug.
[0145] Sustained delivery of the drugs is achievable by selecting the prodrugs of formula I that are hydrolyzed in vivo
at a rate capable of maintaining therapeutically effective drug levels over a period of time. The cleavage rate of the drug
may depend on a variety of factors, including the rate of the P450 oxidation, which is dependent on both the substituents
on the prodrug moiety, the stereochemistry of these substituents and the parent drug. Moreover, sustained drug pro-
duction will depend on the rate of elimination of the intermediate generated after oxidation and the rate and availability
of the prodrug to the liver, which is the major site of oxidation. Identification of the prodrug with the desired properties
is readily achieved by screening the prodrugs in an assay that monitors the rate of drug production in the presence of
the major P450 enzyme involved in the metabolism, in the presence of liver microsomes or in the presence of hepatocytes.
These assays are illustrated in Examples C, D, F, G, I, J, respectively.
[0146] It is contemplated that prodrugs of the present invention could be combined to include, for example, one prodrug
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which produces the active agent rapidly to achieve a therapeutic level quickly, and another prodrug which would release
the active agent more slowly over time.

Improved Pharmacodynamic Half-Life

[0147] The pharmacodynamic half-life of a drug can be extended by the novel prodrug methodology as a result of
both its ability to produce drug over a sustained period and in some cases the longer pharmacokinetic half-life of the
prodrug. Both properties can individually enable therapeutic drug levels to be maintained over an extended period
resulting in an improvement in the pharmacodynamic half-life. The pharmacodynamic half-life can be extended by
impeding the metabolism or elimination pathways followed by the parent drug. For some drugs, the prodrugs of the
present invention are able to avoid the metabolism or elimination pathways associated with the parent drug and thereby
exist as the prodrug for extended periods in an animal. High levels of the prodrug for an extended period result in
sustained production of the parent drug which can result in an improvement in the drug pharmacodynamic half-life.
[0148] An example of the ability of the prodrug class to impede metabolic pathways associated with the parent drug
is shown by the araAMP prodrugs. In comparison to araAMP, prodrugs show no ara-hypoxanthine ("araH") which is the
known metabolic byproduct of araA produced in e.g. plasma and the gastrointestinal tract after oral or i.v./administration.
AraAMP on the other hand is rapidly and nearly completely converted to araH, which is produced by first dephosphor-
ylation to araA via phosphatases followed by deamination of the base via adenosine deaminase. The prodrug moiety
prevents both dephosphorylation and deamination from occurring.
[0149] A common route of elimination of phosph(on)ate drugs is via the kidneys and a transporter that recognizes
anionic compounds. Complete elimination of phosphonate and phosphate containing drugs from the circulation often
occurs only minutes after drug administration. The prodrugs of this invention slow the elimination of these drugs by
masking the negative charge until after oxidation and hydrolysis in liver and like tissues.

Enhanced Selective Delivery of Agents to the Liver and Like Tissues

[0150] Delivery of a drug to the liver with high selectivity is desirable in order to treat liver diseases or diseases
associated with the abnormal liver properties (e.g. diabetes, hyperlipidemia) with minimal side effects.
[0151] Analysis of the tissue distribution of CYP3A4 indicates that it is largely expressed in the liver (DeWaziers et
al., J. Pharm. Exp. Ther. 253: 387 (1990)). Moreover, analysis of tissue homogenates in the presence of prodrugs
indicates that only the liver homogenate cleaves the prodrug and to a lesser degree homogenates from tissues in the
upper GI. Kidney, brain, heart, stomach, spleen, muscle, lung, and testes showed no appreciable cleavage of the prodrug
(Example D).
[0152] Evidence of the liver specificity was also shown in vivo after both oral and i.v. administration of the prodrugs.
Administration of a prodrug of araAMP i.v. gives liver levels of the bioactive drug araATP greater than achieved by an
equivalent dose of either araA or araAMP. In contrast, the prodrug fails to produce detectable amounts of the araA
by-product araH, which, as reported in the literature, is readily detected after either araA or araAMP administration.
Similarly, the prodrug achieves high liver levels without production of the metabolite araH after oral administration. Since
the prodrugs are cleaved by liver abundant enzymes, oral administration may enable even higher liver specificity via a
first pass effect.
[0153] The prodrugs described in this invention can be tailored such that the elimination step is fast and therefore the
product is produced near the site of oxidation, which for these prodrugs is in the liver or other P450-expressing tissue/cells.
[0154] In some cases liver specificity will be achieved most optimally using prodrugs of highly reactive drugs, which
after production, act locally at a fast rate relative to diffusion out of the liver.
[0155] Agents that induce P450 activity, e.g. CYP3A4 activity, are known. For example, rifampicin, glucocorticoids,
phenobarbital, erythromycin are known to enhance CYP3A4 activity in rat and human livers following. P450 activity can
be monitored in humans by non-invasive methods e.g. via [14C] erythromycin breath test. These studies are useful in
the identification of agents that activate CYP3A4 in humans. Accordingly, for prodrugs where drug delivery is limited by
prodrug metabolism rate (e.g. rate of clearance of prodrug is fast relative to rate of prodrug cleavage), agents such as
rifampicin can be used in combination or as adjuncts or pre-treatments to enhance CYP3A activity in the liver and thereby
to increase liver drug levels. (Examples J and O)

Prodrug Cleavage Mechanism

[0156] The prodrugs of the current invention are simple, low molecular weight modifications of the drug which enable
liver-selective drug delivery on the basis of the their sensitivity to liver-abundant enzymes. The prodrug cleavage mech-
anism is postulated to entail an oxidation and β-elimination based on studies analyzing reaction requirements and
products. In some cases, M-P(O)(NHR6)O- is further metabolized to M-PO3

2- and M-P3O9
4-. Prodrugs are stable to
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aqueous solution across a broad pH range and therefore do not undergo a chemical cleavage process to produce the
parent drug. In addition the prodrugs are stable to esterases and blood proteins. In contrast, the prodrugs are rapidly
cleaved in the presence of liver microsomes from rats (Example C) and humans (Examples D and F). The drug is also
produced in freshly isolated rat hepatocytes where it is detected as the corresponding phosph(on)ate and/or biologically
active agent (Examples G and J). Moreover, when the parent drug is an FBPase inhibitor, the production of the drug is
supported by the ability of the prodrug to result in potent gluconeogenesis inhibition (Example I).
[0157] Possible specific enzymes involved in the cleavage process were evaluated through the use of known cyto-
chrome P450 inhibitors (Example E). The studies indicate that the isoenzyme cytochrome CYP3A4 is responsible based
on ketoconozole inhibition of drug formation.
[0158] The biologically active agent is detected in the liver following administration of drugs of formulae VI-VIII, shown
below:

[0159] Prodrugs of the following formulas are particularly preferred.
[0160] Prodrugs of formula VI cleave to generate aryl vinyl ketone whereas prodrugs of formula VIII cleave to generate
phenol (Example L). The mechanism of cleavage could proceed by the following mechanisms, shown for compounds
where one Y is NR6.
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[0161] Although the esters in the invention are not limited by the above mechanisms, in general, each ester contains
a group or atom susceptible to microsomal oxidation (e.g. alcohol, benzylic methine proton), which in turn generates an
intermediate that breaks down to the parent compound in aqueous solution via β-elimination of the M-P(O)(YH)2. This
species is either the active component or is further transformed via chemical or enzymatic processes to M-PO3

2-,
M-P2O6

3-, or M-P3O9
4-. Furthermore, although these specific prodrugs are cleaved by CYP3A4, other prodrugs in the

class may be substrates for other P450s. Small changes in structure are known to influence substrate activity and P450
preference. The identification of the isoenzyme(s) activating the prodrug is accomplished according to the procedure
described in Example B.
[0162] Alternatively, cyclic phosphoramidates can serve as a prodrug of phosph(on)ates or higher order phosph(on)at-
es since intermediate phosphoramidates can be converted to MPO3

2-, MP2O6
3-, or MP3O9

4- via the action of phos-
phatases/amidases which can produce MH or MPO3

2- which in turn can be phosphorylated by kinases to the biologically
active

compound.

Increased Therapeutic Index

[0163] The prodrugs of this invention can significantly increase the therapeutic index ("TI") of certain drugs. In many
cases, the increased TI is a result of the high liver specificity. For example, araA and araAMP are known to produce
significant systemic side effects and these side effects are associated with blood levels of the araA byproduct araH.
Presumably the side effects are a result of toxicities of araH or araA in extrahepatic tissues (e.g. nerves) which produce
e.g. the neuropathies associated with the drug in man (>40% of patients receiving araA). Prodrugs of araA show a
substantial shift in the liver (araATP)/urine (araH) ratio in comparison with araAMP.
[0164] Renal toxicity is a common toxicity associated with phosphonic acids. The toxicity results from transport, e.g.
via the organic anion transporters located on the basolateral membrane of the renal proximal tubule, of the negatively
charged drug into e.g. tubular cells which then accumulate the drug to high concentrations unless there is an equally
efficient transport of the drug out of the cell via luminal transport mechanisms (e.g., anion exchange or facilitated diffusion).
Many examples have been reported in the literature of nephrotoxic phosphonic acids, e.g. PMEA and HPMPA. The
novel prodrug of PMEA shows only small amounts of PMEA in the urine relative to either PMEA or bisPOM PMEA at
doses that achieved comparable liver drug levels.
[0165] Another common toxicity associated with phosphonic acid drugs is gastrointestinal toxicity via in some cases
GI erosions. Prodrugs of the current invention can decrease GI toxicities, especially toxicities produced by direct action
of the drug on the GI tract after oral adminstration. Similar to the kidney, gut epithelial cells have organic anion transporters
which can result in high intracellular drug levels an cytotoxicity. Since the negatively charged phosph(on)ate is not
revealed until after absorption and cleavage in the liver, prodrugs of this invention reduce gut toxicity.
[0166] Severe toxicities are also associated with nearly all anticancer agents. In an effort to decrease these toxicities
during treatment of primary or secondary liver cancers, drugs are sometimes administered directly into the portal artery
in order to increase liver drug exposure. Since oncolytic drugs typically are associated with significant side effects, local
administration enables greater hepatic uptake and thereby decreased extrahepatic toxicities. To further increase liver
uptake, chemoembolization is sometimes used in conjunction with hepatic artery drug infusion. The high liver specificity
of the prodrugs in the current invention suggest that systemic side effects will be similarly minimized by the novel prodrug
approach.
[0167] Moreover, primary and secondary liver cancers are particularly resistant to both chemotherapy and radiother-
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apy. Although the mechanism for the resistance is not completely understood, it may arise from increased liver gene
products that lead to rapid metabolism and/or export of chemotherapeutic agents. In addition, the liver, which is generally
associated with xenobiotic metabolism and generation of cytotoxic intermediates, is equipped by nature with multiple
protective mechanism so that damage from these intermediates are minimized. For example, the intracellular concen-
tration of glutathione is very high in the liver relative to other tissues presumably so that intermediates capable of alkylating
proteins and DNA are detoxified through a rapid intracellular reaction. Consequently, the liver may be resistant to
chemotherapeutic agents because of these mechanisms and therefore require higher than normal concentrations of
the oncolytic agent to achieve success. Higher liver concentrations require higher doses of the drug which commonly
result in extrahepatic toxicities.
[0168] Prodrugs of the current invention can be effective against these cancers because they enable higher levels of
the biologically active drug through a variety of mechanisms. For example, the high liver specificity can enable higher
doses since the dose-limiting extrahepatic side effects are reduced. Second, sustained delivery of the prodrug can
enable high drug levels to be maintained over a sustained period. Third, in some cases, the parent drug is poorly
phosphhorylated in the target cells. The prodrugs of this invention can bypass this step and deliver the phosph(on)ate
which in some cases is further metabolized to the biologically active agent. Last, the therapeutic index can sometimes
be further enhanced by co-administration of CYP inducers (e.g. rifampicin, glucocorticoids, phenobarbital, erythromycin)
which can enhance conversion in the liver and thereby enable higher levels of the biologically active drug without
increasing the dose (Examples J and O). These benefits of the prodrugs enable successful therapy of liver diseases,
such as primary and secondary liver cancers as well as other liver diseases.

Byproduct Toxicity

[0169] Prodrugs of the invention are also useful because they generate byproducts that are either non-toxic or rapidly
detoxified. Some of the byproducts generated by prodrugs of the invention are not considered to be highly toxic at doses
expected to be used in the clinic, especially given that the byproduct would be generated in the liver (e.g. phenol). Other
byproducts generated by the prodrugs of this invention, e.g. aryl vinyl ketone, can be considered as alkylating agents
and therefore could produce either or both cytotoxicity and genotoxicity. These toxicities, however, are eliminated for
prodrugs activated in the liver since: 1) the byproduct is produced at or near the site of prodrug activation; and 2) natural
defense mechanisms exist at the site of byproduct generation and are able to completely detoxify the byproduct. Other
mechanisms may also assist in the detoxification of the byproduct, including reactions that lead to oxidation, reduction
or transformation (e.g. sulfation) of the byproduct.
[0170] The primary defense system expected to protect cells from the prodrug byproduct involves the natural thiol
glutathione and possibly an enzyme that catalyzes the addition of glutathione to electrophiles, i.e. glutathione S-trans-
ferase (GST). Glutathione and GST are always co-expressed with CYPs as part of a natural defense mechanism that
protects the cell from highly reactive oxygen species generated during CYP-mediated oxidation of organic compounds.
CYPs are expressed in certain cells (primarily hepatocytes) to oxidize organic compounds and thereby assist in their
elimination from the body. Tissue distribution studies show that CYP3A4 as well as most other P450s are expressed
highest in the liver followed by the small intestine. All other tissues have <<2% of the liver CYP3A4 activity. Similarly,
analysis of glutathione levels indicates that the liver (10 mM) and GI have nearly 1000-fold higher glutathione levels
than other tissues. These levels of glutathione are still high even in diseased livers.
[0171] Glutathione reacts rapidly with vinyl ketones, and any alkylating agent, to generate a conjugate which is then
eliminated via the bile or kidney. Alkylation of other proteins or nucleic acids in the cell is not expected in cells with
glutathione since glutathione is a much better nucleophile than heteroatoms on the bases of nucleic acids and exists at
much higher concentration than thiol groups on the surface of proteins.
[0172] By products such as acrolein can produce bladder toxicity which these prodrugs can prevent by their ability to
generate the byproduct within the hepatocyte. Examples M and N are useful for testing for byproduct toxicity, which is
not expected in the liver as long as hepatic glutahione levels remain >20% of normal. Glutathione is readily measured
in hepatocytes as well as in vivo (Examples M and N). Cytotoxicity is detected in hepatocytes via testing of cell viability
with trypan blue and by analyzing for elevation of live enzymes. In vivo, liver toxicity is evaluated by analysis of liver
enzyme elevation in the plasma.

Non-Mutagenic Prodrugs

[0173] Prodrugs of the invention are elevated by a postulated mechanism involving an initial oxidation followed by a
β-elimination reaction. In some cases, e.g. certain prodrugs of formula VI and formula VII, the biproduct of the reaction
is an α,β-unsaturated carbonyl compound, e.g. vinyl phenyl ketone for prodrugs where V= Ph, Z, W and W’ = H.
Compounds can act as Michael acceptors and react with nucleophiles via a Michael addition. Mutagenesis is observed
with some α-β-unsaturated ketones and certain toxicities arise from Michael addition adducts (e.g. acrolein produces
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bladder toxicities). The degree to which these activities limit the use of compounds of Formula VI is dependent on the
severity of the toxicity and the indicated disease.
[0174] Prodrugs that produce non-toxic and non-mutagenic biproducts are especially preferred for the treatment of
chronic diseases (e.g. diabetes). Frequently, it is difficult to predict the mutagenic properties of a compound. For exalmplc,
a number ofacrylates have been shown to produce positive mutagenic responses as indicated by increased chromosome
aberrations and micronucleus frequencies in cultured L5179Y mouse lymphoma cells (Dearfield et al., Mutagenesis 4,
381-393 (1989)). Other acrylates, however, are negative in this test (J. Tox. Envir. Health, 34, 279-296 (1991)) as well
as in the Ames test and the CHO assay which measures newly induced mutations at the hypoxanthine-guanine phos-
phoribosyltransferase (hgprt) locus (Mutagenesis 6, 77-85 (1991)). Phenyl vinyl ketone lacks teratogenic activity in rat
embryos in culture suggesting that it may not be mutagenic nor highly toxic (Teratology 39, 31-37 (1989)).
[0175] Since mutagenicity and toxicity are not highly predictable properties, non-mutagenic prodrugs of formula I and
their associated by-products can be readily identified by conducting well known in vitro and in vivo assays. For example,
compounds can be tested in non-mammalian cell assays such as the Ames test, a fluctuation test in Kl. pneumoniae,
a forward mutation assay with S. typhimurium, a chromosome loss assay in Saccharomyces cerevisiae , or a D3
recombinogenicity assay in Saccharomyces cerevisiae. Compounds can also be tested in mammalian cell assays such
as the mouse lymphoma cells assay (TK+/- heterozygotes of L5178Y mouse lymphoma cells), assays in Chinese hamster
ovary cells (e.g. CHO/HGPRT assay), and an assay in rat liver cell lines (e.g. RL1 or RL4). Each of these assays can
be conducted in the presence of activators (e.g. liver microsomes) which may be of particular importance to these
prodrugs. By conducting these assays in the presence of the liver microsomes, for example, the prodrug produces
products, such as phenol or vinyl ketone. The mutagenicity of the by-product is measured either directly or as a prodrug
where the results are compared to the parent drug alone. Assays in liver cell lines are a preferred aspect of the invention
since these cells have higher glutathione levels, which can protect the cell from damage caused by a Michael acceptor,
as well as greater levels of intracellular enzymes used to detoxify compounds. For example, the liver contains reductases
that with some by-products might result in reduction of the carbonyl.
[0176] A variety of end points are monitored including cell growth, colony size, gene mutations, micronuclei formation,
mitotic chromosome loss, unscheduled DNA synthesis, DNA elongation, DNA breaks, morphological transformations,
and relative mitotic activity.
[0177] In vivo assays are also known that assess the mutagenicity and carcinogenicity of compounds. For example,
a non-mammalian in vivo assay is the Drosophila sex-linked recessive lethal assay. Examples of mammalian in vivo
assays include the rat bone marrow cytogenetic assay, a rat embryo assay, as well as animal teratology and carcino-
genicity assays.

Kinase Bypass

[0178] Nucleosides are often converted in cells to mono-, di- and tri-phosphates with the latter usually acting as the
biologically active species. In some cases, the triphosphate is a potent inhibitor of the target enzyme but poor to modest
efficacy is achieved in vivo because administration of the nucleoside fails to achieve sufficiently high levels of the
biologically active phosphate. Often the failure to achieve high levels of the phosphate is because the nucleoside is a
poor substrate of the enzymes that catalyze the phosphorylation reaction. Other reasons include the low natural levels
of the phosphorylating enzyme in the target cell which may represent low natural expression levels or be a result of
chronic therapy with the drug or another drug which results in enzyme down regulation. In some cases, drug resistance
results from a decrease in activity of the enzymes responsible for synthesis of a nucleoside monophosphate (e.g. kinases
such as thymidylate kinase or enzymes in the biosynthesis pathway of 5-fluoro-2’-deoxy UMP). In other cases nucleoside
transporters are downregulated leading to lower intracellular nucleoside drug concentration and therefore less nucleoside
is available for phosphorylation. Similarly, increased expression of multidrug resistant gene product is postulated to
increase the export of nucleotides from cancer cells. Administration of the prodrug generates the monophosphate by a
different pathway avoiding the pathways that cause the resistance to the parent drug. Thus, the prodrugs of the present
invention can achieve a therapeutic effect in cells resistant to the parent drug. Some drugs as the mono- or triphosphate
analogs are highly potent inhibitors of the target enzyme (e.g. HBV polymerase) but are poorly effective in cells or in
vivo due to poor phosphorylation. (Example H) These drugs are especially preferred drugs since the prodrug strategy
delivers the monophosphate. Frequently, the first phosphorylation of the nucleoside is the rate-limiting step whereas
phosphorylation of the monophosphate to the triphosphate by mammalian kinases is rapid and relatively insensitive to
structural variations.

Ring-Substituted Cyclophosphamide Analogs for Treatment of Certain Cancers:

[0179] Cyclophosphamide (CPA) and Ifosfamide (IF) are commonly used oncolytic drugs that undergo initial activation
in the liver via a P450 mechanism (CYP2B6 and CYP3A4) to intermediate 7. This intermediate exists in equilibrium with
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the ring-opened species (8), which is the penultimate intermediate for a variety of metabolic pathways, including a
β-elimination reaction that generates the alkylating mustard 9 and acrolein. The latter reaction sequence occurs via a
non-enzymatic reaction and is thought to proceed with a t1/2 of≈30-40 minutes at neutral pH.

[0180] Intermediates 8 and 9 are relatively lipophilic and long-lived. As a consequence, a significant proportion of the
activated CPA "escapes" the liver and enters the general circulation. Both the oncolytic activity and the drug-associated
side effects are due to extra-hepatic breakdown. Uptake of the intermediate by tumor cells and generation of the mustard
results in inhibition of cell proliferation. Similarly, mylosuppression and decreased white cells are side effects associated
with CPA therapy that result from inhibition of extra-hepatic cell proliferation.
[0181] CPA and IF are under investigation in conjunction with methods useful for the introduction of cytochrome P450s
artificially, e.g. by retrovirus and other well known gene therapy strategies as well as via implanted cells engineered to
express cytochrome P450s for the treatment of cancer. The hope is that with cells that express the CYP near the tumor,
a more local and therefore a potentially more beneficial therapy is possible. Prodrugs of this invention have the advantage
for treating primary and secondary liver cancers as well as for tumors with enhanced P450 activity since they generate
the active oncolytic agent more locally, i.e. with less "escape" from the tissue containing the P450 activity. The reasons
for the greater local effect are due to differences in the prodrug cleavage intermediates which include: (1) a ring-opening
reaction that is rapid and irreversible; and (2) the ring-opened product, which can be negatively charged
(M-P(O)(NHR6)O-) and therefore unable to exit the cell via passive diffusion.

Types of Parent Drugs

[0182] Various kinds of parents drugs can benefit from the prodrug methodology of the present invention. Parent drugs
of the form MH, which are phosphorylated to become the biologically active drug are well suited for use in the prodrug
methodology of the present invention. There are many well known parent drugs of the form MH which become biologically
active via phosphorylation. For example, it is well known that antitumor and antiviral nucleosides are activiated through
phosphorylation. These compounds include LdC, LdT, araA; AZT; d4T; ddI; ddA; ddC; L-ddC; L FddC; L-d4C; L-Fd4C;
3TC; ribavirin; 5-fluoro-2’-deoxyuridine; FIAU; FIAC; BHCG; L FMAU; BvaraU; E-5-(2-bromovinyl-2’ deoxyuridine; TFT;
5-propynyl-l arabinosyluracil; CDG; DAPD; FDOC; d4C; DXG; FEAU; FLG; FLT; FTC; 5-yl-carbocyclic 2’deoxyguano-
sine; oxetanocin A; oxetanocin G; Cyclobut A, Cyclobut G; dFdC; araC; bromodeoxyuridine; IDU; CdA; FaraA; Cofor-
mycin, 2’-deoxycoformycin; araT; tiazofurin; ddAPR; 9-(arabinofuranosyl)-2,6 diaminopurine; 9-(2’-deoxyribofurano-
syl)-2,6 diaminopurine; 9-(2’-deoxy 2’fluororibofuranosyl)-2,6-diaminopurine; 9 (arabinofuranosyl)guanine; 9-(2’ deox-
yribofuranosyl)guanine; 9-(2’-deoxy 2’fluororibofuranosyl)guanine; FMdC; 5,6 dihydro-5-azacytidine; 5-azacytidine;
5-aza 2’deoxycytidine; AICAR; ACV, GCV; penciclovir; (R)-9-(3,4 dihydroxybutyl)guanine; cytallene; PMEA, PMEDAP,
HPMPC, HPMPA, FPMPA, and PMPA.
[0183] In one preferred aspect, the compounds of formula I does not include compounds where MH is araA or
5-fluoro-2’-deoxyuridine.
[0184] Preferred antiviral drugs include:

LdC, LdT, araA; AZT; d4T; ddI; ddA; ddC; L-ddC; L FddC; L-d4C; L-Fd4C; 3TC; ribavirin; FIAU; FIAC; BHCG;
L-FMAU; BvaraU; E-5-(2 bromovinyl-2’-deoxyuridine; TFT; 5-propynyl 1-arabinosyluracil; CDG; DAPD; FDOC; d4C;
DXG; FEAU; FLG; FLT; FTC; 5-yl-carbocyclic 2’deoxyguanosine; cytallene; oxetanocin A; oxetanocin G; Cyclobut
A, Cyclobut G; bromodeoxyuridine; IDU; araT; tiazofurin; ddAPR; 9-(arabinofuranosyl)-2,6 diaminopurine; 9-(2’-de-
oxyribofuranosyl)-2,6 diaminopurine; 9-(2’-deoxy 2’fluororibofuranosyl)-2,6-diaminopurine; 9 (arabinofurano-
syl)guanine; 9-(2’ deoxyribofuranosyl)guanine; 9-(2’-deoxy 2’fluororibofuranosyl)guanine; FMdC; 5,6 dihydro-5-aza-
cytidine; 5-azacytidine; 5-aza 2’deoxycytidine; ACV, GCV; penciclovir; (R) 9-(3,4-dihydroxybutyl)guanine; cytallene;
PMEA; PMEDAP; HPMPC; HPMPA; FPMPA; PMPA; foscarnet; and phosphonoformic acid.

[0185] In one preferred aspect, MH does not include araA.
[0186] More preferred antiviral drugs include:
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araA; AZT; d4T; ddI; ddA; ddC; L-ddC; L FddC; L-d4C; L-Fd4C; 3TC; ribavirin; FIAU, FIAC; L-FMAU; TFT; CDG;
DAPD; FDOC; d4C; DXG;.FEAU; FLG; FLT; FTC; 5-yl carbocyclic 2’deoxyguanosine; cytallene; oxetanocin A;
oxetanocin G; Cyclobut A, Cyclobut G; araT; ACV, GCV; penciclovir; PMEA; PMEDAP; HPMPC; HPMPA; PMPA;
foscarnet.

[0187] In one preferred aspect, MH does not include araA.
[0188] Most preferred antiviral drugs include:

3TC;
penciclovir;
FMAU;
DAPD;
FTC;
Cyclobut G;
ACV;
GCV;
PMEA;
HPMPA;
5-yl-carbocyclic 2’deoxyguanosine;
ribavirin

[0189] Preferred anticancer drugs include:

dFdC; 2’,2’-difluorodeoxycytidine (gemcitabine);
araC ;arabinosylcytosine (cytarabine);
F-ara-A ; 2-fluoroarabinosyladenosine (fludarabine); and
CdA ; 2-chlorodeoxyadenosine (cladribine).
2’-deoxy-5-iodouridine
Coformycin
2’-deoxycoformycin
Tiazofurin
Ribavirin
5-fluoro-2’deoxyuridine
9-(arabinofuranosyl)-2,6-diaminopurine
9-(2’-deoxyribofuranosyl)-2,6-diaminopurine
9-(2’-deoxy-2’-fluororibofuranosyl)-2,6-diaminopurine
9-(arabinofuranosyl)-guanine
9-(2’-deoxyribofuranosyl)-guanine
9-(2’-deoxy-2’-fluororibofuranosyl)-guanine

[0190] In one preferred aspect, MH does not include 5-fluoro-2’-deoxyuridine.
[0191] In one aspect, preferably the compounds of formula I are not used in the treatment of diabetes.
[0192] More preferred anticancer drugs include:

dFdC;
araC;
FaraA;
CdA;
5-fluoro 2’deoxyuridine;
GCV;
5,6-dihydro-5-azacytidine;
5-azacytidine; and
5-aza-2’-deoxycytidine.

[0193] In one preferred aspect, MH does not include 5-fluoro-2’-deoxyuridine.
[0194] Drugs containing a phosphonic acid (C-PO3

2-) moiety are also suitable parent drugs advantageously used in
the present invention. These drugs are biologically active either in the form of MPO3

2-, MP2O6
3-, or MP3O9

4-. Phosphonic
acids that are also suitable for this prodrug delivery strategy include protease inhibitors that are useful for example as
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antihypertensives, anticancer or anti-inflammatory agents. The novel prodrug methodology can be applied to NEP
inhibitors, (DeLambert et al., J Med. Chem. 37:498 (1994)), ACE inhibitors, endothelin converting enzyme inhibitors,
purine nucleoside phosphorylase inhibitors, inhibitors of metalloproteases involved in tumor metastasis, and inhibitors
of collagenase (Bird et al., J Med. Chem. 37, 158-169 (1994). Moreover, phosphonic acids useful as NMDA antagonists
which are useful for treating a variety of conditions, including stroke, head trauma, pain, and epilepsy. Other phosphonic
acids that could benefit from the prodrug strategies are phosphonic acids reported by Squibb that inhibit squalene
synthase, by Hoechst that are immunomodulators, by Merck that are antidepressants, by Ciba-Geigy and Marion Merrel
Dow that are immunosuppressants via inhibition of purine nucleoside phosphorylase, and by Bristol-Myers Squibb,
Gilead that are antivirals. Certain antibiotics might be suitable, especially antibiotics such as D-alanine racemase inhibitors
and fosfomycin and associated analogs.
[0195] The following compounds and their analogs can be used in the prodrug methodology of the present invention:

NEP Inhibitors

[0196] (S)-3-[N-[2- [(phosphonomethyl)amino]-3-(4-biphenylyl)propionyl]amino]propionic acid by DeLombaert et al.
in J Med Chem. 1994 Feb 18;37(4):498-511

Collagenase Inhibitors

[0197] N,[N-((R)-1-phosphonopropyl(-(S)-leucyl]-(S)-phenylalanine N-methyl amide by Bird et al. in J Med Chem 1994
Jan 7;37(1):158-69

Angiotensin Coverting Enzyme Inhibitors

[0198] (IR)-1-(N-(N-acetyl-L-isoleucyl)-L-tyrosyl)amino-2-(4-hydroxyphenyl)ethy 1- phosphonic acid by Hirayama et
al. in Int J Pept Protein Res 1991 Jul;38(1):20-4.

Endothelin Inhibitor

[0199] CGS 26303 by DeLombaert et al., Biochem Biophys Res Commun 1994 Oct 14;204(1):407-12
(S, S)-3-Cyclohexyl-2-[[5-(2, 4-difluorophenyl)-2-[(phosphonomethyl)amino]pent-4-ynoyl]amino] propionic acid by Wal-
lace et al., J Med Chem 1998 Apr 23;41(9):1513-23
(S, S)-2-[[5-(2-fluorophenyl)-2-[(phosphonomethyl)amino]pent-4-ynoyl]amino]-4-methylpentanoic acid
(S, S)-2-[[5-(3-fluorophenyl)-2-[(phosphonomethyl)amino]pent-4-ynoyl]+++amino]-4-methylpentanoic acid

NMDA/AMPA Antagonists

[0200] N-phosphonoalkyl-5-aminomethylquinoxaline-2,3-diones as described in Bioorg Med Chem Lett. 1999 Jan
18;9(2):249-54
3-(2-carboxypiperazin-4-yl)-1-propenyl-1-phosphonic acid by Bespalov et al. in Eur J Pharmacol 1998 Jun
26;351(3):299-305
[2-(8,9-dioxo-2,6-diazabicyclo[5.2.0]non-1(7)-en-2-yl)-ethyl]phosphonicacidD,L-(E)-2-amino-4-[3H]-propyl-5-phospho-
no-3-pentenoic acid
6,7-dichloro-2(1H)-oxoquinoline-3-phosphonic acid by Desos et al. in J Med Chem. 1996 Jan 5;39(1):197-206.
cis-4-(phosphonomethyl)piperidine-2-carboxylic acid (CGS 19755)

Purine Nucleoside Phosphorylase Inhibitors

[0201] [7-(2-amino-1,6-dihydro-6-chloro-9H-purin-9-yl)-1,1-difluoroheptyl]phosphonic acid and [4-(5-amino-6,7-dihy-
dro-7-oxo-3H-1,2,3,-triazolo[4,5-d]-pyrimidin-3-yl)butyl]phosphonic acid.
[[[5-(2-amino-1,6-dihydro-6-oxo-9H-purin-9-yl)pentyl]phosphinico]methyl)phosphonic acid by Kelly et al. in JMed Chem
1995 Mar 17;38(6):1005-14
(2-[2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-yl)methyl]-phenyl]ethenyl) -phosphonic acid by Weibel et al. in Biochem
Pharmacol. 1994 Jul 19;48(2):245-52.
9-(3,3-Dimethyl-5-phosphonopentyl)guanine by Guida et al. in J. Med Chem 1994 Apr 15;37(8):1109-14.
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Alanine Racemase Inhibitors

[0202] DL-(1-Amino-2-propenyl)phosphonic acid by Vo-Quang et al. in J Med Chem 1986 Apr;29(4):579-81

Squalene Synthase Inhibitors

[0203] 1-Hydroxy-3-(methylpentylamino)-propylidene-1,1-bisphosphonic acid by Amin et al. in Arzneimittelforschung.
1996 Aug;46(8):759-62.
BMS188494 is POM prodrug of BMS 187745 by Dickson et al. in J Med Chem. 1996 Feb 2;39(3):661-4.

Treatment of Cancer:

[0204] The prodrug strategy in the current invention encompasses several features that are advantageously used in
cancer therapies. Many of the known anticancer drugs are nucleosides that undergo phosphorylation to the monophos-
phate which frequently is further converted to the triphosphate. The prodrug strategy increases the effectiveness of
these drugs because the prodrug is cleaved by liver-abundant enzymes and therefore higher levels of the active metabolite
are achieved in the liver relative to extrahepatic tissues. The net effect is greater efficacy and/or a greater therapeutic
index. In some cases, the prodrug strategy also increases the effectiveness of these drugs by bypassing well-known
resistance mechanisms including mechanisms involved in the uptake, intracellular biosynthesis of the active metabolite,
export and metabolism of the monophosphate. Examples of preferred drug candidates that are specifically amenable
to the strategy include, e.g. dFdC, araC, F-ara, and CdA, and 5-fluoro-2’-deoxyuridine ("5-FU"). In one aspect, MH is
not 5-FU.
[0205] Some prodrugs may result in some accumulation of the monophosphate in cells. Certain monophosphates are
useful for the treatment of cancers, e.g. monophosphates that are potent inhibitors of thymidylate synthase (TS) and
IMP dehydrogenase. Some TS inhibitors are reported to be moderately effective in treating liver cancers. For example,
5-FU and 5-FdUMP are effective. These drugs, however, are plagued by drug resistance and severe side effects. To
avoid the latter, 5-FU analogs are often delivered via the portal artery to achieve the highest possible liver levels.
Accordingly, 5-FdUMP and associated analogs are suitable targets for the prodrug strategy. Other nucleosides such as
ribavirin, tiazofurin and coformycin and analogs thereof are also suitable targets for the prodrug strategy.
[0206] Liver cancers are also very resistant to radiotherapy. One method for enhancing radiotherapy is to administer
radiosensitizers. Radiosensitizers such as 2’-deoxy-5-iodouridine are nucleosides suitable for the prodrug technology
since the prodrugs will be cleaved by only P450 containing cells. After cleavage the monophosphate can be further
phosphorylated to the triphosphate and trapped inside the cell making the cell more sensitive to radiotherapy.

Treatment of Viral Infections:

[0207] Drugs useful for treating viruses that infect the liver and cause liver damage, e.g. hepatitis virus strains, exhibit
similar properties to the anticancer nucleoside drugs in terms of efficacy, side effects and resistance. Prodrugs of these
nucleosides would therefore be useful in treating hepatitis. In some cases, the drugs are already targeted for hepatitis
(e.g. araA, 3TC, L-FMAU, FTC, BMS 200,475). The prodrugs of these compounds could enhance the efficacy, increase
the therapeutic index, improve the pharmacodynamic half-life and/or bypass drug resistance. Prodrugs of other agents
used to treat viral infections other than hepatitis may also be made useful by administration of the prodrugs of this
invention since these drugs are good antivirals (e.g. acyclovir, but useful for other viral infections because they are
phosphorylated to the monophosphono by a viral kinase. The monophosphate is converted to the biologically active
triphosphate by mammalian kinases. Accordingly, delivery of the monophosphate using this clan of prodrugs enables
treatment of hepatitis by drugs normally used to treat other viral infections.

Use for the delivery of diagnostic agents:

[0208] Nucleoside diagnostic agents, e.g. uridine analogs with the 5H substituted with Tc, are useful as the prodrugs
of this invention as liver diagnostic agents. These compounds are converted first to the monophosphate and then onto
the triphosphate in cells that contain P450 activity, specifically CYP3A4 activity. Since nearly all of the activity is in the
liver, diagnostic agents of this type will primarily be metabolized in the liver and accumulate in cells that metabolize the
prodrug. Accordingly, liver tumors that have no CYP3A4 activity or tumors such as hepatocellular carcinomas which
have approximately 50% of the normal activity may be differentiated from normal liver tissue.
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Agents Used to Modulate CYP Activity

[0209] A variety of methods may be used to enhance the in vivo activity of compounds of formula I. For example,
various drugs are known that enhance cytochrome P450 (CYP) activity. Enhancement frequently entails increased gene
transcription. Four families of CYPs are particularly susceptible to induction, namely CYP1-4. Induction is purportedly
via receptors that are activated by various xenobiotics. For example, CYP1 gene activation frequently involves activation
of the Ah receptor by polycyclic aromatic hydrocarbons. CYP2-4 are activated via orphan nuclear receptors. Data
suggests that the nuclear receptor CAR (constitutively Active Receptor) is responsible for phenobarbital CYP activation,
especially CYP2 genes. The pregnane nuclear receptors (PXR or PAR or SXR) are thought to activate CYP3A genes
whereas the PPAR (peroxisome proliferator activate receptor) is linked to CYP4 gene activation. All three xenobiotic
receptors are highly expressed in the liver which accounts for the liver specificity of the P450 gene induction.
[0210] Xenobiotics known to induce CYP3 genes include phenobarbital, a variety of steroids, e.g. dexamethasone,
antibiotics, e.g. rifampicin, and compounds such as pregnenolone-16a carbonitrile, phenytoin, carbamazepine, phenylb-
utazone, etc. A variety of methods are known that enable identification of xenobiotics that induce P450s, including a
reporter gene assay in HepG2 cells (Ogg et al., Xenobiotica 29, 269-279 (1999). Other inducers of the CYP3A subfamily
are known that act at the post-transcriptional level either by mRNA or protein stabilization, e.g. clotrimazole, TA and
erythromycin. Compounds known to induce CYPs or identified in in vitro assays are then used to enhance CYP activity
in vivo. For example, CYP activity is monitored in rats pretreated with CYP modulators by e.g. evaluating liver microsomes
over a period of time to determine the optimal pre-treatment period, dose and dosing frequency. Rats with enhanced
CYP activity, especially the CYP activity responsible for activation of the prodrugs (e.g. CYP3A4), are then treated with
compounds of formula 1. Enhanced CYP activity can then lead to enhanced prodrug conversion and liver specificity.
For example, enhanced metabolism of cyclophosphamide was found with pre-treatment with phenobarbital (Yu et al.,
J. Pharm. Exp. Ther. 288, 928-937 (1999).
[0211] In some cases, enhanced CYP activity may lead to unwanted drug metabolism. For example, enhanced activity
of CYPs not involved in prodrug activation can result in increased drug metabolism and therefore decreased efficacy.
In addition, increased CYP activity in other tissues, e.g. CYP3A4 in the gastrointestinal tract, could result in decreased
prodrug absorption and liver drug levels. Inhibitors of CYP activity are known that might be useful in minimizing unwanted
drug metabolism. For example, grapefruit juice is known to inactivate gastrointestinal CYP3A4 and to result in enhanced
absorption of numerous drugs metabolized by CYP3A4. CYP inhibitors are also known for many of the CYP subfamilies
that can be useful for attenuating unwanted drug metabolism while maintaining CYP activity important for prodrug
cleavage. For example, the CYP3A inhibitor TAO was used to modulate cyclophosphamide metabolism in vivo in a
manner that decreased the formation of toxic metabolites that do not contribute to its antitumor activity.

Methods for Monitoring Patient P450 Activity

[0212] CYP activity is known to exhibit significant differences across individuals. The range for CYP3A4 is 5- to 20-fold
although most individuals are within a 3-fold range. Modest decreases are noted for individuals with liver disease (30-50%)
or advanced age (25-50%). Differences for gender are even more modest(<25%). Methods for phenotyping an individual’s
CYP activity are known and could be useful in predicting who should receive drugs that modulate CYP activity. Evasive
procedures include liver biopsy. Non evasive procedures have been reported, including an "erythromycin breath test"
which is based on the exhalation of 14CO2 generated from the CYP3A-mediated N-demethylation of radiolabeled
erythromycin (iv). (Watkins, Pharmacogenetics 4, 171-184 (1994)).

Gene Therapy

[0213] Introduction into tumor cells genes that encode for enzymes not normally expressed represents a new thera-
peutic strategy for increasing the therapeutic effectiveness of anticancer chemotherapies. The general strategy entails
expression of an enzyme that catalyzes the breakdown of a prodrug of an anticancer drug thereby localizing the drug
in or near the tumor mass and limiting exposure elsewhere. The strategy has been demonstrated using the HSV-TK
gene wherein the thymidylate kinase specifically expressed in the transfected cells activates ganciclovir to the mono-
phosphate which is then converted by other kinases to the tumor cell killing triphosphate. A similar strategy uses the
bacterial cytosine deaminase gene for conversion of 5-fluorouracil to 5-fluorocytosine. Other genes have been considered
including carboxypeptidase G2, nitro reductase, purine nucleoside phosphorylation, etc. In addition, CYP gene transfer
has been explored as a way to enhance the chemotherapeutic effect of cyclophosphamide and ifosfamide, two drugs
known to be activated by CYPs. For example, human breast cancer cells were sensitized by transfection with the CYP2B
1 gene (Chen et al., Cancer Research, 56, 1331 1340 (1996)). The advantage of this strategy relative to the HSV-TK
gene strategy is that the product of the CYP catalyzed oxidation readily diffuses outside of the tumor cell and into nearby
cells. In contrast to monophosphate products of the HSV-TK strategy, the product can enter cells that are not in cell-cell
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contact and therefore produce a more widespread tumor killing effect (Chen and Waxman, Cancer Research, 55, 581-589
(1995)).
[0214] Compounds of formula 1 can be made more effective by using gene therapy to introduce the gene that encodes
the CYP specifically involved in prodrug cleavage. The specific CYP that breaks down the prodrug is readily determined
using some or all of the following steps: 1) demonstrate prodrug cleavage using human microsomes; 2) classify the
subfamily by comparing activity with microsomes induced with various subfamily specific inducers (e.g. CYP3 enzymes
are induced with a variety of steroids, e.g. dexamethasone, antibiotics, e.g. rifampicin, and compounds such as preg-
nenolone-16a carbonitrile, phenytoin, carbamazepine, phenylbutazone, etc.; 3) identify the CYP or CYPs responsible
for prodrug activation by using known CYP subfamily specific inhibitors (e.g. troleandomycin, erythromycin, ketoconazole
and gestodene) and/or by using neutralizing antibodies; 4) confirm CYP subfamily by demonstrating tumover via the
recombinant enzyme.
[0215] Genes are introduced to the tumor using a suitable vector (e.g. retroviral vectors, adenoviral vectors) or via
direct DNA injection. P450 activity can also be introduced into or near the tumor mass using cells engineered to express
P450s. Preferred are encapsulated cells (e.g. Lohr et al., Gene Therapy 5: 1070 (1998)) The compounds of formula I
are then introduced following significant enhancement of the CYP activity in the tumor.
[0216] Especially preferred are those prodrugs disclosed in the invention that are converted to the parent phosph(on)ate
in cells and tissues, especially hepatocytes and liver, as indicated by measurement of the intracellular drug metabolites
in hepatocytes using the procedure described in Examples G and J.

Preferred Compounds

[0217] The compounds of the invention are substituted 6-membered cyclic 1,3 propane prodrugs of certain phos-
ph(on)ates as represented by Formula I:

wherein:

V is selected from the group consisting of aryl, substituted aryl, heteroaryl, or substituted heteroaryl;
W, and W’ are independently selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; or
together W and W’ are connected via an additional 2-5 atoms to form a cyclic group, optionally containing 0-2
heteroatoms; or
together V and W’ are connected via an additional 3 carbon atoms to form an optionally substituted cyclic group
containing 6 carbon atoms and substituted with one substituent selected from the group consisting of hydroxy,
acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said additional carbon
atoms that is three atoms from a Y attached to the phosphorus;
each Y is independently selected from the group consisting of -O-, -NR6- with the proviso that at least one Y is -NR6-;
R6 is selected from the group consisting of -H, and lower alkyl, acyloxyalkyl, allcvxycarbouyloxy alkyl and lower acyl;
M is selected from the group that when attached to PO3

2-, P2O6
3-, P3O9

4- or P(O)(NHR6)O- is a biologically active
agent but is not an FBPase inhibitor, and is attached to the phosphorus in formula I via a carbon, oxygen, sulfur or
nitrogen atom;
with the provisos that:

1) M is not -NH(lower alkyl), -N(lower alkyl)2, -NH(lower alkylhalide), -N(lower alkylhalide)2, or -N(lower alkyl)
(lower alkylhalide); and
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2) R6 is not lower alkylhalide; or a phannaceutically acceptable salt thereof, where "lower" denotes up to 10
carbon atoms, and "hetero-" denotes the presence of from 1 to 4 heteroatoms, wherein a heteroatom is an
oxygen, nitrogen or sulfur atom.

In general, preferred substituents, V, W, and W’ of formula I are chosen such that they exhibit one or more of the following
properties:

(1) enhance the oxidation reaction since this reaction is likely to be the rate determining step and therefore must
compete with drug elimination processes.
(2) enhance stability in aqueous solution and in the presence of other non-P450 enzymes;
(3) enhance cell penetration, e.g. substituents are not charged or of high molecular weight since both properties
can limit oral bioavailability as well as cell penetration;
(4) promote the β-elimination reaction following the initial oxidation by producing ring-opened products that have
one or more of the following properties:

a) fail to recyclize;
b) undergo limited covalent hydration;
c) promote β-elimination by assisting in the proton abstraction;
d) impede addition reactions that form stable adducts, e.g. thiols to the initial hydroxylated product or nucleophilic
addition to the carbonyl generated after ring opening; and
e) limit metabolism of reaction intermediates (e.g. ring-opened ketone);

(5) lead to a non-toxic and non-mutagenic by-product with one or more of the following characteristics. Both properties
can be minimized by using substituents that limit Michael additions, e.g.:

a) W groups that sterically block nucleophilic addition to the β-carbon;

b) V groups that contain groups that add to the α,β-unsaturated ketone to form a ring; and

c) groups that enhance detoxification of the by-product by one or more of the following characteristics:

(i) confine to liver; and
(ii) make susceptible to detoxification reactions (e.g. ketone reduction); and

(6) capable of generating a pharmacologically active product.

Suitable alkyl groups include groups having from 1 to about 20 carbon atoms. Suitable aryl groups include groups having
from 1 to about 20 carbon atoms. Suitable aralkyl groups include groups having from 2 to about 21 carbon atoms.
Suitable acyloxy groups include groups having from 1 to about 20 carbon atoms. Suitable alkylene groups include groups
having from 1 to about 20 carbon atoms. Suitable alicyclic groups include groups having 3 to about 20 carbon atoms.
Suitable heteroaryl groups include groups having from 1 to about 20 carbon atoms and from 1 to 4 heteroatoms, preferably
independently selected from nitrogen, oxygen, and sulfur- Suitable heteroalicyclic groups include groups having from 2
to about twenty carbon atoms and from 1 to 5 heteroatoms, preferably independently selected from nitrogen, oxygen,
phosphorous, and sulfur.
[0218] In compounds of formula I, preferably one Y is -O- and one Y is -NR6-. When only one Y is -NR6, preferably
the Y closest to W and W’ is -O-. In another aspect, preferably the Y closest to V is -0-.
[0219] In another aspect, both Y groups are -NR6-.
[0220] More preferred are compounds wherein one Y is -O-, and
V is selected from the group consisting of aryl, substituted aryl, heteroaryl, and substituted heteroary, and W, and W’
are independently selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, 1-alkenyl, and 1-alkynyl, or
together V and W are connected via an additional 3 carbon atoms to form an optionally substituted cyclic group containing
6 carbon atoms and substituted with one substituent selected from the group consisting of hydroxy, acyloxy, alkoxycar-
bonyloxy, alkylthiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said additional carbon atoms that is three
atoms from a Y attached to the phosphoras.
[0221] More preferred V groups of formula VI are aryl, substituted aryl, heteroaryl, and substituted heteoaryl. Preferably,
one Y is -O-. Particularly preferred aryl and substituted aryl groups include phenyl, and phenyl substituted with 1-3
halogens. Especially preferred are 3,5-dichlorophenyl, 3-bromo-4-fluorophonyl, 3-chlorophenyl, and 3-bromophenyl.
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[0222] It is also especially preferred when V is selected from the group consisting of monocyclic heteroaryl and
monocyclic substituted heteroaryl containing at least one nitrogen atom. Most preferred is when such heteroaryl and
substituted heteroaryl is 4-pyridyl, and 3-bromopyridyl, respectively.
[0223] In another particularly preferred aspect, and Y group is -O-, W, and W’ are H, and V is phenyl substituted with
1-3 halogens. Especially preferred are 3,5-dichlorophenyl, 3-bromo-4-fluorophenyl, 3-chlorophenyl, and 3-bromophenyl.
[0224] It is also especially preferred when V is selected from the group consisting of heteroaryl and substituted het-
eroaryl.
[0225] Most preferred is when such heteroaryl is 4-pyridyl.
[0226] In another aspect, it is preferred when together V and W are connected via an additional 3 carbon atoms to
form an optionally substituted cyclic group containing 6 carbon atoms and monosubstituted with one substituent selected
from the group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and aryloxycarbonyloxy attached
to one of said additional carbon atoms that is three atoms from a Y attached to the phosphorus. In such compounds, it
is more preferred when together V and W form a cyclic group selected from the group consisting of -CH2-CH(OH)-CH2-,
CH2CH(OCOR3)-CH2-, and -CH2CH(OCO2)R3)-CH2-,
[0227] Preferred W and W’ groups include H, R3, aryl, substituted aryl, heteroaryl, and substituted aryl. Preferably,
W and W’ are the same group. More preferred is when W and W’ are H. In one aspect, prodrugs of formula VI which,
in addition, are preferred:

wherein
V is selected from the group consisting of aryl, substituted aryl, heteroaryl, and substituted heteroaryl. More preferred
are such compounds where M is attached to the phosphorus via an O or N atom. Especially preferred are 3,5-dichlo-
rophenyl, 3-bromo-4-fluorophenyl, 3-chlorophenyl, 3-bromophenyl. Preferably Y is -O- Particularly preferred aryl and
substituted aryl groups include phenyl and substituted phenyl. Particularly preferred heteroaryl groups include monocyclic
substituted and unsubstituted heteroaryl groups. Especially preferred are 4-pyridyl and 3-bromopyridyl.
[0228] Certain W and W’ groups are advantageous in decreasing the propensity of the by-product, vinylaryl ketone
to undergo Michael additions. Preferred are groups that donate electrons to the vinyl group which is a known strategy
for decreasing the propensity of α,β-unsaturated carbonyl compounds to undergo a Michael addition.
[0229] The W and W’ group(s) impede the addition reaction to the β-carbon or destabilize the product
[0230] In one preferred embodiment, W’ is -H, W and V are both the same aryl, substituted aryl, heteroaryl, or substituted
heteroaryl, and both Y groups are the same-NR6-, such that the phosphonate prodrug moiety:

has a plane of symmetry through the phosphorous-oxygen double bond.
[0231] In another preferred embodiment, W and W’ are H and V is selected from the group consisting of aryl, substituted
aryl, heteroaryl, substituted heteroaryl. Preferably, such compound have M attached via oxygen. Most preferred are
such compounds where oxygen is in a primary hydroxyl group. Also more preferred, are those compounds where V is
phenyl or substituted phenyl.
[0232] In one aspect, tumor cells expressing a P450 enzyme can be treated by administering a cyclophosphamide
analog according to the invention.
[0233] Preferably, the tumor cell is a hepatocellular carcinoma. These cyclophosphamide analogs can also be used
to treat tumor cells by enhancing the activity of a P450 enzyme that oxidizes cyclophosphamide analogs and by admin-
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istering the cyclophosphamide analogs.
[0234] In another aspect, the P450 activity is enhanced by the administration of a compound that increases the amount
of endogenous P450 enzyme. Preferably, the comopund that increases the amount of endogenous P450 enzyme is
selected from the group consisting of phenobarbitol, dexamethasone, rifampicin, phentoin, and preganolon-16α-car-
bonitrile.
[0235] More preferred, are those compounds where V is an optionally substituted monocyclic heteroaryl containing
at least one nitrogen atom. Preferably such compounds have M attached via oxygen. Most preferred are such compounds
where said oxygen is in a primary hydroxyl group. Especially preferred are such compounds where V is 4-pyridyl.
[0236] Preferably, oral bioavailability is at least 5%. More preferably, oral bioavailability is at least 10%.
[0237] P450 oxidation can be sensitive to stereochemistry which might either be at phosphorus or at the carbon
bearing the aromatic group. The prodrugs of the present invention have two isomeric forms around the phosphorus.
Preferred is the stereochemistry that enables both oxidation and the elimination reaction. Preferred is the cis-stereo-
chemistry. In contrast the reaction is relatively insensitive to the group M since cleavage occurred with a variety of
phosphonate, phosphate and phosphoramidates. The atom in M attached to phosphorus may be O, S or N. The active
drug is M-PO3

2-, MP2O6
3, or MP3O9

4- useful for treatment of diseases in which the liver is a target organ, including
diabetes, hepatitis, liver cancer, liver fibrosis, malaria and metabolic diseases where the liver is responsible for the
overproduction of a biochemical end products such as glucose (diabetes), cholesterol, fatty acids and triglycerides
(atherosclerosis). Moreover, M-PO3

2-, MP2O6
3-, or MP3O9

4- may be useful in treating diseases where the target is
outside the liver in tissues or cells that can oxidize the prodrug.
[0238] Other preferred M groups include drugs useful in treating diabetes, cancer, viral infections, liver fibrosis, parasitic
infections, hypertension, and hyperlipidemia.
[0239] The following compounds and their analogs can be used in the prodrug methodology of the present invention.
[0240] In one preferred aspect, M is attached to the phosphorus in formula I via an oxygen atom. Preferably, M is a
nucleoside. Preferably, M is attached via an oxygen that is in a primary hydroxyl group on a ribofuranosyl or an arab-
inofuranosyl group. Preferably such compounds include LdT, LdC, araA; AZT; d4T; ddI; ddA; ddC; L-ddC; L FddC;
L-d4C; L-Fd4C; 3TC; ribavirin; 5-fluoro 2’deoxyuridinc; FIAU; FIAC; BHCG; L FMAU; BvaraU; E-5-(2-bromovinyl-2’
deoxyuridine; TFT; 5-pmpynyl-1 arabinosyluracil; CDG; DAPD; FDOC; d4C; DXG; FEAU; FLG; FLT; FTC; 5-yl-carbo-
cyclic 2’deoxyguanosine; oxetanocin A; oxatanocin G; Cyclobut A, Cyclobut G; dFdC; araC; bromodeoxyuridine; IDU;
CdA; FaraA; Coformycin, 2’,deoxycoformycin; araT; tiazofurin; ddAPR; 9-(arabionfuranosyl)-2,6 diaminopurine; 9-(2’-de-
oxyibofuranosyl)-2,6 diaminopuriane; 9-(2’-deoxy 2’fluororibofuranosyl)-2,6-diaminopurein; 9 (arabinofuranosyl)gua-
nine; 9-(2’ deoxyribofuranosyl)guanine; 9-(2’-deoxy 2’fluororibofuranosyl)guanine; FMdC; 5,6 dihydro-5-azacytidine;
5-azacytidine; 5-aza 2’deoxycytidine; or AICAR. In another aspect, it is preferred when M is attached via an oxygen in
a hydroxyl on an acyclic sugar it is preferred when such MH is ACV, GCV; penciclovir; (R)-9-(3,4 dihydroxybutyl)guanine;
or cytallene.
[0241] In one preferred aspect, the compounds in formula I do not include compounds where MH is araA or
5-fluoro-2’-deoxyuridine.
[0242] In general, it is preferred that when M is attached via an oxygen, said oxygen is in a primary hydroxy group.
In such an instance, it is preferred that MH is araA; AZT; d4T; ddI; ddA; ddC; L-ddC; L FddC; L-d4C; L-Fd4C; 3TC;
ribavirin; 5-fluoro 2’deoxyuridine; FIAU; FIAC; BHCG; L FMAU; BvaraU; E-5-(2-bromovinyl-2’ deoxyuridine; TFT; 5-pro-
pynyl-1 arabinosyluracil; CDG; DAPD; FDOC; d4C; DXG; FEAU; FLG; FLT; FTC; 5-yl-carbocyclic 2’deoxyguanosine;
oxetanocin A; oxetanocin G; Cyclobut A, Cyclobut G; dFdC; araC; bromodeoxyuridine; IDU; CdA; FaraA; Coformycin,
2’-deoxycoformycin; araT; tiazofurin; ddAPR; 9-(arabinofuranosyl)-2,6 diaminopurine; 9-(2’-deoxyribofuranosyl)-2,6 di-
aminopurine; 9-(2’-deoxy 2’fluororibofuranosyl)-2,6-diaminopurine; 9 (arabinofuranosyl)guanine; 9-(2’ deoxyribofuran-
osyl)guanine; 9-(2’-deoxy 2’fluororibofuranosyl)guanine; FMdC; 5,6 dihydro-5-azacytidine; 5-azacytidine; 5-aza 2’deox-
ycytidine; AICAR; ACV, GCV; penciclovir; (R)-9-(3,4 dihydroxybutyl)guanine; or cytallene.
[0243] In another aspect, MH is araA.
[0244] In another aspect, MH is 5-fluoro-2’-deoxyuridine.
[0245] In another aspect, compounds of formula I wherein M is attached to the phosphorus in formula I via a carbon
atom are preferred. In such compounds, preferably M-PO3

2- is phosphonoformic acid, or phosphonoacetic acid.
[0246] In another preferred aspect, MPO3

2-, MP2O6
3-, or MP3O9

4- is useful for the treatment of diseases of the liver
or metabolic diseases where the liver is responsible for the overproduction of a biochemical end product. Preferably,
such disease of the liver is selected from the group consisting of diabetes, hepatitis, cancer, fibrosis, malaria, gallstones,
and chronic cholecystalithiasis. It is more preferred when treating such diseases that MH, MPO3

2-, MP2O6
3-, or MP3O9

4-

is an antiviral or anticancer agent.
[0247] Preferably, the metabolic disease that MPO3

2-, MP2O6
3-, or MP3O9

4- are useful for diabetes, atherosclerosis,
and obesity.
[0248] In another aspect, it is preferred when the biochemical end product is selected from the group consisting of
glucose, cholesterol, fatty acids, and niglycerides. More preferred is when MP(O)(NHR6)O- or MPO3

2- is an AMP activated
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protein kinase activator.
[0249] In one preferred embodiment, W’ is -H, W and V are both the same aryl, substituted aryl, heteroaryl, or substituted
heteroaryl such that the phosphonate prodrug moiety:

has a plane of symmetry.
[0250] In another preferred embodiment, W and W’ are H, and V is selected from the group consisting of aryl, substituted
aryl, heteroaryl, substituted heteroaryl. Preferably, such compound have M attached via oxygen. Most preferred are
such compounds where oxygen is in a primary hydroxyl group.
[0251] Also more preferred, are those compounds where V is phenyl or substituted phenyl. Most preferred are such
compounds where said oxygen is in a primary hydroxyl group.
[0252] Preferably, such compounds have M attached via oxygen.
[0253] Also more preferred, are those compounds where V is an optionally substituted monocyclic heteroaryl containing
at least one nitrogen atom. Preferably such compounds have M attached via oxygen. Most preferred are such compounds
where said oxygen is in a primary hydroxyl group.
[0254] Especially preferred are such compounds where V is selected from the group consisting of phenyl substituted
with 1-3 halogens, and 4-pyridyl. In these compounds it is also preferred when MH is selected from the group consisting
of LdT, LdC, araA; AZT; d4T; ddI; ddA; ddC; L-ddC; L FddC; L-d4C; L-Fd4C; 3TC; ribavirin; 5-fluoro 2’deoxyuridine;
FIAU; FIAC; BHCG; L FMAU; BvaraU; E-5-(2-bromovinyl-2’ deoxyuridine; TFT; 5-propynyl-1 arabinosyturacil; CDG;
DAPD; FDOC; d4C; DXG; FEAU; FLG; FLT; FTC; 5-yl-carboxyclic 2’deoxyguanosine; oxetanocin A; oxetanocin G;
Cyclobut A, Cyclobut G; dFdC; araC; bromodeoxyuridine; IDU; CdA; FaraA; Coformycin, 2’-deoxycoformycin; araT;
tiazofurin; ddAPR; 9-(arabinofuranosyl)-2,6 diaminopurine; 9-(2’-deoxyribofuranosyl)-2,6 diaminopurine; 9-(2’-deoxy
2’fluororibofuranosyl)-2,6-diaminopurine; 9 (arabinofuranosyl)guanine; 9-(2’ deoxyribofuranosyl)guanine; 9-(2’-deoxy
2’fluororibofuranosyl)guanine; FMdC; 5,6 dihydro-5-azacytidine; 5-azacytidine; 5-aza 2’deoxycytidine; AICAR; ACV,
GCV; penciclovir; (R)-9-(3,4 dihydroxybutyl)guanine; or cytallene. Particularly preferred are such compounds where V
is selected from the group consisting of phenyl substituted with I-3 halogens and 4-pyridyl and MH is selected from the
group consisting of araA; AZT; d4T; 3TC; ribavirin; 5 fluoro-2’deoxyuridine; FMAU; DAPD; FTC; 5-yl-carbocyclic 2’de-
oxyguanosine; Cyclobut G; dFdC; araC; IDU; FaraA; ACV; GCV; or penciclovir.
[0255] Also preferred is when MH is selected from the group consisting of ACV, GCV; penciclovir; (R)-9-(3,4 dihy-
droxybutyl)guanine; cytallene.
[0256] When W’ and W are H and V is aryl, substituted ayl, heteroaryl, or substituted heteroaryl,it is also preferred
when M is attached to the phosphorus via a carbon atom. Preferred are such compounds wherein MPO3

2- is selected
from the group consisting of phosphonoformic acid, and phosphonoacetic acid. Also preferred are MH is selected from
the group consisting of PMEA, PMEDAP, HPMPC, HPMPA, FPMPA, and PMPA.
[0257] Preferably, oral bioavailability is at least 5%. More preferably, oral bioavailability is at least 10%.
[0258] P450 oxidation can be sensitive to stereochemistry which might either be at phosphorus or at the carbon
bearing the aromatic group. The prodrugs of the present invention have two isomeric forms around the phosphorus.
Preferred is the stereochemistry that enables both oxidation and the elimination reaction. Preferred is the cis stereo-
chemistry. In contrast, the reaction is relatively insensitive to the group M since cleavage occurred with a variety of
phosphonate, phosphate and phosphoramidates. Accordingly, the group M represents a group that as part of a compound
of formula I enables generation of a biologically active compound in vivo via conversion to the corresponding M-PO3

2-.
The atom in M attached to phosphorus may be O, S, C or N. The active drug may be M-PO3

2- or a metabolite of M-PO3
2-

such as the triphosphate useful for treatment of diseases in which the liver is a target organ, including diabetes, hepatitis,
liver cancer, liver fibrosis, malaria and metabolic diseases where the liver is responsible for the overproduction of a
biochemical end products such as glucose (diabetes), cholesterol, fatty acids and triglycerides (atherosclerosis). More-
over, M-PO3

2- and MP(O)(NHR6)O- may be useful in treating diseases where the target is outside the liver but accessible
to a phosph(on)ate. Preferred M groups are groups in which M is a nucleoside and the phosphate is attached to a
hydroxyl, preferably a primary hydroxyl on a sugar or sugar-analog. More preferred M groups include LdC, LdT, araA;
AZT; d4T; ddl; ddA; ddC; L-ddC; L FddC; L-d4C; L-Fd4C; 3TC; ribavirin; 5-fluoro 2’deoxyuridine; FIAU; FIAC; BHCG;
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L FMAU; BvaraU; E-5-(2-bromovinyl-2’ deoxyuridine; TFT; 5-propynyl-1 arabinosyluracil; CDG; DAPD; FDOC; d4C;
DXG; FEAU; FLG; FLT; FTC; 5-yl-carbocyclic 2’deoxyguanosine; oxetanocin A; oxetanocin G; Cyclobut A, Cyclobut G;
dFdC; araC; bromodeoxyuridine; IDU; CdA; FaraA; Coformycin, 2’-deoxycoformycin; araT; tiazofurin; ddAPR; 9-(arab-
inofuranosyl)-2,6 diaminopurine; 9-(2’-deoxyribofuranosyl)-2,6 diaminopurine; 9-(2’-deoxy 2’fluororibofuranosyl)-2,6-di-
aminopurine; 9 (arabinofuranosyl)guanine; 9-(2’ deoxyribofuranosyl)guanine; 9-(2’-deoxy 2’fluororibofuranosyl)guanine;
FMdC; 5,6 dihydro-5-azacytidine; 5-azacytidine; 5-aza 2’deoxycytidine; AICAR; ACV, GCV; penciclovir; (R)-9-(3,4 di-
hydroxybutyl)guanine; or cytallene. Especially preferred are lobucavir, FTC, 3TC, BMS 200,475; DAPD, DXG, L-FMAU,
LdC, LdT, ribavirin, F-ara-A, araC, CdA, dFdC, 5-fluoro-2’-deoxyuridine, ACV, GCV, and penciclovir.
[0259] The preferred M groups include phosphonic acids useful for treating viral infections. Such preferred antivirals
include PMEA; PMEDAP; HPMPC; HPMPA; FPMPA; PMPA; foscarnet; phosphonoformic acid. More preferred are
PMEA, PMPA, HPMPC, and HPMPA. Especially preferred are PMEA and PMPA.
[0260] Other preferred M groups include phosphonic acids useful in treating diabetes, liver fibrosis, e.g. collagenase
inhibitors such as reported in Bird et al., J. Med. Chem. 37, 158-169 (1994), parasitic infections, diseases responsive
to metalloprotease inhibition (e.g. hypertension, liver, cancer), and hyperlipidemia.
[0261] In another aspect, preferred MH groups including L-nucleosides. Preferred L-nucleosides include FTC, 3TC,
L-FMAU, LdC, and LdT.
[0262] In one aspect, preferred MH groups are acyclic nucleosides. Preferred acyclic nucleosides include ACV, GCV;
penciclovir; (R)-9-(3,4 dihydroxybutyl)guanine; and cytallene. More preferred are ACV; GCV, and penciclovir.
[0263] In another aspect, preferred MH groups include dideoxy nucleosides. Preferred dideoxy nucleosides include
AZT; d4T; ddI; ddA; ddC; L-ddC; L-FddC; L d4C; L-Fd4C; d4C; and ddAPR. More preferred are AZT; d4T; ddI; and ddC.
[0264] In another aspect, preferred MH groups include arabinofuranosyl nucleosides. Preferred are araA; araT; 5-pro-
pynyl-1-arabinosyluracil; araC; FaraA; 9-(arabinofuranosyl)-2,6 diaminopurine; and 9-(arabinofuranosyl)guanine. More
preferred are ara A; araC; and FaraA.
[0265] In another aspect, preferred MH groups include carbocyclic nucleosides. Preferred are 5-yl-carbocyclic 2’de-
oxyguanosine; CDG; cyclobut A; cyclobut G; and BHCG. More preferred are 5-yl-carbocyclic 2’deoxyguanosine; and
cyclobut G.
[0266] In another aspect, preferred MH groups include fluorinated sugars on the nucleosides. Preferred fluorinated
sugars include FLT; FLG; FIAC; FIAU; FMAU; FEAU; dFdC; 9-(2’-deoxy-2’fluororibofuranosyl) 2,6-diaminopurine; and
9-(2’-deoxy 2’fluororibofuranosyl)guanine. More preferred are L-FMAU; and dFdC.
[0267] In another aspect, preferred MH groups include dioxolane nucleosides. Preferred dioxolane nucleosides include
DAPD; DXG; and FDOC. More preferred is DAPD and DXG.
[0268] In another aspect, preferred MH and MP03

2- for treating viral infections include lobucavir, FTC, 3TC, BMS
200,475; DAPD, DXG, L-FMAU, LdC, LdT, ribavirin, ACV, GCV, penciclovir, PMEA, and PMPA.
[0269] In another aspect, preferred MH groups for treating cancer include F-ara-A, araC, CdA, dFdc, and 5-fluoro-2’-de-
oxyuridine.
[0270] The following prodrugs are preferred compounds of the invention. The compounds are shown without depiction
of stereochemistry since the compounds are biologically active as the diastereomeric mixture or as a single stereoisomer.
Compounds named in Table 1 are designated by numbers assigned to the variables of formula VIa using the following
convention: M1.V.L1.L2 where Y is NH and Y’ is oxygen; M1 is a variable that represents compounds of the formula
M-H which have a specific hydroxyl group that is phosphorylated with a group P(O)(Y-CH(V)CH2CH2-Y’) to make
compounds of formula VIa or M1 is a variable that represents phosphonic acids of the formula M-PO3

2- which are
transformed to compounds of formula VIa by replacing two oxygens in the PO3

2- group with Y-CH(V)CH2CH2-Y’. V is
an aryl or heteroaryl group that has 2 substituents, L1 and L2, at the designated positions.
[0271] Variable M1 is divided into three groups with the structures assigned to each group listed below:
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Variable M1: Group M11:

[0272]

1) 3TC where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
2) (-)FTC where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
3) L-FMAU where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
4) Penciclovir where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl that is phosphorylated in cells.
5) BMS 200,475 where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
6) L(-)Fd4C where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
7) Lobucavir where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl that is phosphorylated in cells.
8) DXG where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
9) LdC where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.

Variable M1: Group M12:

[0273]

1) ddI where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
2) LdT where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
3) ddC where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
4) AZT where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
5) d4T where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
6) DAPD where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
7) L-FddC where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
8) Ribavirin where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
9) CdA where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl

Variable M1: Group M13:

[0274]

1) Ganciclovir where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl that is phosphorylated in cells.
2) Acyclovir where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
3) Cytarabine where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl.
4) Gemcitabine where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl
5) Fludarabine where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl
6) Floxuridine where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl
7) HPMPC where -P(O)(Y-CH(V)CH2CH2-Y’) replaces the PO3

= group.
8) PMEA where -P(O)(Y-CH(V)CH2CH2-Y’) replaces the PO3

= group.
9) PMPA where -P(O)(Y-CH(V)CH2CH2-Y’) replaces the PO3

= group.

Variable V: Group V1

[0275]

1) 2-(L1)-3(L2) phenyl
2) 2-(L1)-4(L2) phenyl
3) 2-(L1)-5(L2) phenyl
4) 2-(L1)-6(L2) phenyl
5) 3-(L1)-4(L2) phenyl
6) 3-(L1)-5(L2) phenyl
7) 3-(L1)-6(L2) phenyl
8) 2-(L1)-6(L2)-4-chlorophenyl
9) 3-(L1)-5(L2) 4-chlorophenyl
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Variable V: Group V2

[0276]

1) 2-(L1)-3(L2) 4-pyridyl
2) 2-(L1)-5(L2) 4-pyridyl
3) 2-(L1)-6(L2) 4-pyridyl
4) 3-(L1)-5(L2) 4-pyridyl
5) 3-(L1)-6(L2) 4-pyridyl
6) 2-(L1)-4(L2) 3-pyridyl
7) 2-(L1)-5(L2) 3-pyridyl
8) 2-(L1)-6(L2) 3-pyridyl
9) 4-(L1)-5(L2) 3-pyridyl

Variable V: Group V3

[0277]

1) 4-(L1)-6(L2) 3-pyridyl
2) 5-(L1)-6(L2) 3-pyridyl
3) 3-(L1)-4(L2) 2-pyridyl
4) 3-(L1)-5(L2) 2-pyridyl
5) 3-(L1)-6(L2) 2-pyridyl
6) 4-(L1)-5(L2) 2-pyridyl
7) 4-(L1)-6(L2) 2-pyridyl
8) 3-(L1)-4(L2)-2-thienyl
9) 2-(L1)-5(L2) 3-furanyl

Variable L1

[0278]

1) hydrogen
2) chloro
3) bromo
4) fluoro
5) methyl
6) isopropyl
7) methoxy
8) dimethylamino
9) acyloxy

Variable L2

[0279]

1) hydrogen
2) chloro
3) bromo
4) fluoro
5) methyl
6) isopropyl
7) methoxy
8) dimethylamino
9) acyloxy

[0280] Preferred compounds are compounds listed in Table 1 using groups M1 and V1. For example, compound
1.3.6.7 represents structure 1 of group M11, i.e. 3TC; structure 3 of group V1, i.e. 2-(L1)-5-(L2) phenyl; structure 6 of
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variable L1, i.e. isopropyl; and structure 7 of variable L2, i.e. methoxy. The compound 1.3.6.7, therefore is 3TC with the
P(O)(Y-CH(V)CH2CH2Y’)attachedtotheprimaryhydroxylgroupbeing{[1-(2-I-propyl-5-methoxyphenyl)-1,3-propyl]phos-
phoryl.
[0281] Preferred compounds are also compounds listed in Table 1 using groups M11 and V2.
[0282] Preferred compounds are also compounds listed in Table 1 using groups M11 and V3.
[0283] Preferred compounds are also compounds listed in Table 1 using groups M12 and V1.
[0284] Preferred compounds are also compounds listed in Table 1 using groups M12 and V2.
[0285] Preferred compounds are also compounds listed in Table 1 using groups M12 and V3.
[0286] Preferred compounds are also compounds listed in Table 1 using groups M13 and V1.
[0287] Preferred compounds are also compounds listed in Table 1 using groups M13 and V2.
[0288] Preferred compounds are also compounds listed in Table 1 using groups M13 and V3.
[0289] Preferred compounds are represented by all of the above named compounds with the exception that Y is
oxygen and Y’ is NH.
[0290] Preferred compounds are represented by all of the above named compounds with the exception that Y and Y’
are NH.
[0291] Preferred compounds are represented by all of the above named compounds with the exception that Y is NCH3
and Y’ is oxygen.
[0292] Preferred compounds are represented by all of the above named compounds with the exception that Y is
oxygen and Y’ is NCH3.

Table 1
1.1.1.1 1.1.1.2 1.1.1.3 1.1.1.4 1.1.1.5 1.1.1.6 1.1.1.7 1.1.1.8 1.1.1.9 1.1.2.1
1.1.2.2 1.1.2.3 1.1.2.4 1.1.2.5 1.1.2.6 1.1.2.7 1.1.2.8 1.1.2.9 1.1.3.1 1.1.3.2
1.1.3.3 1.1.3.4 1.1.3.5 1.1.3.6 1.1.3.7 1.1.3.8 1.1.3.9 1.1.4.1 1.1.4.2 1.1.4.3
1.1.4.4 1.1.4.5 1.1.4.6 1.1.4.7 1.1.4.8 1.1.4.9 1.1.5.1 1.1.5.2 1.1.5.3 1.1.5.4
1.1.5.5 1.1.5.6 1.1.5.7 1.1.5.8 1.1.5.9 1.1.6.1 1.1.6.2 1.1.6.3 1.1.6.4 1.1.6.5
1.1.6.6 1.1.6.7 1.1.6.8 1.1.6.9 1.1.7.1 1.1.7.2 1.1.7.3 1.1.7.4 1.1.7.5 1.1.7.6
1.1.7.7 1.1.7.8 1.1.7.9 1.1.8.1 1.1.8.2 1.1.8.3 1.1.8.4 1.1.8.5 1.1.8.6 1.1.8.7
1.1.8.8 1.1.8.9 1.1.9.1 1.1.9.2 1.1.9.3 1.1.9.4 1.1.9.5 1.1.9.6 1.1.9.7 1.1.9.8
1.1.9.9 1.2.1.1 1.2.1.2 1.2.1.3 1.2.1.4 1.2.1.5 1.2.1.6 1.2.1.7 1.2.1.8 1.2.1.9
1.2.2.1 1.2.2.2 1.2.2.3 1.2.2.4 1.2.2.5 1.2.2.6 1.2.2.7 1.2.2.8 1.2.2.9 1.2.3.1
1.2.3.2 1.2.3.3 1.2.3.4 1.2.3.5 1.2.3.6 1.2.3.7 1.2.3.8 1.2.3.9 1.2.4.1 1.2.4.2
1.2.4.3 1.2.4.4 1.2.4.5 1.2.4.6 1.2.4.7 1.2.4.8 1.2.4.9 1.2.5.1 1.2.5.2 1.2.5.3
1.2.5.4 1.2.5.5 1.2.5.6 1.2.5.7 1.2.5.8 1.2.5.9 1.2.6.1 1.2.6.2 1.2.6.3 1.2.6.4
1.2.6.5 1.2.6.6 1.2.6.7 1.2.6.8 1.2.6.9 1.2.7.1 1.2.7.2 1.2.7.3 1.2.7.4 1.2.7.5
1.2.7.6 1.2.7.7 1.2.7.8 1.2.7.9 1.2.8.1 1.2.8.2 1.2.8.3 1.2.8.4 1.2.8.5 1.2.8.6
1.2.8.7 1.2.8.8 1.2.8.9 1.2.9.1 1.2.9.2 1.2.9.3 1.2.9.4 1.2.9.5 1.2.9.6 1.2.9.7
1.2.9.8 1.2.9.9 1.3.1.1 1.3.1.2 1.3.1.3 1.3.1.4 1.3.1.5 1.3.1.6 1.3.1.7 1.3.1.8
1.3.1.9 1.3.2.1 1.3.2.2 1.3.2.3 1.3.2.4 1.3.2.5 1.3.2.6 1.3.2.7 1.3.2.8 1.3.2.9
1.3.3.1 1.3.3.2 1.3.3.3 1.3.3.4 1.3.3.5 1.3.3.6 1.3.3.7 1.3.3.8 1.3.3.9 1.3.4.1
1.3.4.2 1.3.4.3 1.3.4.4 1.3.4.5 1.3.4.6 1.3.4.7 1.3.4.8 1.3.4.9 1.3.5.1 1.3.5.2
1.3.5.3 1.3.5.4 1.3.5.5 1.3.5.6 1.3.5.7 1.3.5.8 1.3.5.9 1.3.6.1 1.3.6.2 1.3.6.3
1.3.6.4 1.3.6.5 1.3.6.6 1.3.6.7 1.3.6.8 1.3.6.9 1.3.7.1 1.3.7.2 1.3.7.3 1.3.7.4
1.3.7.5 1.3.7.6 1.3.7.7 1.3.7.8 1.3.7.9 1.3.8.1 1.3.8.2 1.3.8.3 1.3.8.4 1.3.8.5
1.3.8.6 1.3.8.7 1.3.8.8 1.3.8.9 1.3.9.1 1.3.9.2 1.3.9.3 1.3.9.4 1.3.9.5 1.3.9.6
1.3.9.7 1.3.9.8 1.3.9.9 1.4.1.1 1.4.1.2 1.4.1.3 1.4.1.4 1.4.1.5 1.4.1.6 1.4.1.7
1.4.1.8 1.4.1.9 1.4.2.1 1.4.2.2 1.4.2.3 1.4.2.4 1.4.2.5 1.4.2.6 1.4.2.7 1.4.2.8
1.4.2.9 1.4.3.1 1.4.3.2 1.4.3.3 1.4.3.4 1.4.3.5 1.4.3.6 1.4.3.7 1.4.3.8 1.4.3.9
1.4.4.1 1.4.4.2 1.4.4.3 1.4.4.4 1.4.4.5 1.4.4.6 1.4.4.7 1.4.4.8 1.4.4.9 1.4.5.1
1.4.5.2 1.4.5.3 1.4.5.4 1.4.5.5 1.4.5.6 1.4.5.7 1.4.5.8 1.4.5.9 1.4.6.1 1.4.6.2
1.4.6.3 1.4.6.4 1.4.6.5 1.4.6.6 1.4.6.7 1.4.6.8 1.4.6.9 1.4.7.1 1.4.7.2 1.4.7.3
1.4.7.4 1.4.7.5 1.4.7.6 1.4.7.7 1.4.7.8 1.4.7.9 1.4.8.1 1.4.8.2 1.4.8.3 1.4.8.4
1.4.8.5 1.4.8.6 1.4.8.7 1.4.8.8 1.4.8.9 1.4.9.1 1.4.9.2 1.4.9.3 1.4.9.4 1.4.9.5
1.4.9.6 1.4.9.7 1.4.9.8 1.4.9.9 1.5.1.1 1.5.1.2 1.5.1.3 1.5.1.4 1.5.1.5 1.5.1.6
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(continued)
1.5.1.7 1.5.1.8 1.5.1.9 1.5.2.1 1.5.2.2 1.5.2.3 1.5.2.4 1.5.2.5 1.5.2.6 1.5.2.7
1.5.2.8 1.5.2.9 1.5.3.1 1.5.3.2 1.5.3.3 1.5.3.4 1.5.3.5 1.5.3.6 1.5.3.7 1.5.3.8
1.5.3.9 1.5.4.1 1.5.4.2 1.5.4.3 1.5.4.4 1.5.4.5 1.5.4.6 1.5.4.7 1.5.4.8 1.5.4.9
1.5.5.1 1.5.5.2 1.5.5.3 1.5.5.4 1.5.5.5 1.5.5.6 1.5.5.7 1.5.5.8 1.5.5.9 1.5.6.1
1.5.6.2 1.5.6.3 1.5.6.4 1.5.6.5 1.5.6.6 1.5.6.7 1.5.6.8 1.5.6.9 1.5.7.1 1.5.7.2
1.5.7.3 1.5.7.4 1.5.7.5 1.5.7.6 1.5.7.7 1.5.7.8 1.5.7.9 1.5.8.1 1.5.8.2 1.5.8.3
1.5.8.4 1.5.8.5 1.5.8.6 1.5.8.7 1.5.8.8 1.5.8.9 1.5.9.1 1.5.9.2 1.5.9.3 1.5.9.4
1.5.9.5 1.5.9.6 1.5.9.7 1.5.9.8 1.5.9.9 1.6.1.1 1.6.1.2 1.6.1.3 1.6.1.4 1.6.1.5
1.6.1.6 1.6.1.7 1.6.1.8 1.6.1.9 1.6.2.1 1.6.2.2 1.6.2.3 1.6.2.4 1.6.2.5 1.6.2.6
1.6.2.7 1.6.2.8 1.6.2.9 1.6.3.1 1.6.3.2 1.6.3.3 1.6.3.4 1.6.3.5 1.6.3.6 1.6.3.7
1.6.3.8 1.6.3.9 1.6.4.1 1.6.4.2 1.6.4.3 1.6.4.4 1.6.4.5 1.6.4.6 1.6.4.7 1.6.4.8
1.6.4.9 1.6.5.1 1.6.5.2 1.6.5.3 1.6.5.4 1.6.5.5 1.6.5.6 1.6.5.7 1.6.5.8 1.6.5.9
1.6.6.1 1.6.6.2 1.6.6.3 1.6.6.4 1.6.6.5 1.6.6.6 1.6.6.7 1.6.6.8 1.6.6.9 1.6.7.1
1.6.7.2 1.6.7.3 1.6.7.4 1.6.7.5 1.6.7.6 1.6.7.7 1.6.7.8 1.6.7.9 1.6.8.1 1.6.8.2
1.6.8.3 1.6.8.4 1.6.8.5 1.6.8.6 1.6.8.7 1.6.8.8 1.6.8.9 1.6.9.1 1.6.9.2 1.6.9.3
1.6.9.4 1.6.9.5 1.6.9.6 1.6.9.7 1.6.9.8 1.6.9.9 1.7.1.1 1.7.1.2 1.7.1.3 1.7.1.4
1.7.1.5 1.7.1.6 1.7.1.7 1.7.1.8 1.7.1.9 1.7.2.1 1.7.2.2 1.7.2.3 1.7.2.4 1.7.2.5
1.7.2.6 1.7.2.7 1.7.2.8 1.7.2.9 1.7.3.1 1.7.3.2 1.7.3.3 1.7.3.4 1.7.3.5 1.7.3.6
1.7.3.7 1.7.3.8 1.7.3.9 1.7.4.1 1.7.4.2 1.7.4.3 1.7.4.4 1.7.4.5 1.7.4.6 1.7.4.7
1.7.4.8 1.7.4.9 1.7.5.1 1.7.5.2 1.7.5.3 1.7.5.4 1.7.5.5 1.7.5.6 1.7.5.7 1.7.5.8
1.7.5.9 1.7.6.1 1.7.6.2 1.7.6.3 1.7.6.4 1.7.6.5 1.7.6.6 1.7.6.7 1.7.6.8 1.7.6.9
1.7.7.1 1.7.7.2 1.7.7.3 1.7.7.4 1.7.7.5 1.7.7.6 1.7.7.7 1.7.7.8 1.7.7.9 1.7.8.1
1.7.8.2 1.7.8.3 1.7.8.4 1.7.8.5 1.7.8.6 1.7.8.7 1.7.8.8 1.7.8.9 1.7.9.1 1.7.9.2
1.7.9.3 1.7.9.4 1.7.9.5 1.7.9.6 1.7.9.7 1.7.9.8 1.7.9.9 1.8.1.1 1.8.1.2 1.8.1.3
1.8.1.4 1.8.1.5 1.8.1.6 1.8.1.7 1.8.1.8 1.8.1.9 1.8.2.1 1.8.2.2 1.8.2.3 1.8.2.4
1.8.2.5 1.8.2.6 1.8.2.7 1.8.2.8 1.8.2.9 1.8.3.1 1.8.3.2 1.8.3.3 1.8.3.4 1.8.3.5
1.8.3.6 1.8.3.7 1.8.3.8 1.8.3.9 1.8.4.1 1.8.4.2 1.8.4.3 1.8.4.4 1.8.4.5 1.8.4.6
1.8.4.7 1.8.4.8 1.8.4.9 1.8.5.1 1.8.5.2 1.8.5.3 1.8.5.4 1.8.5.5 1.8.5.6 1.8.5.7
1.8.5.8 1.8.5.9 1.8.6.1 1.8.6.2 1.8.6.3 1.8.6.4 1.8.6.5 1.8.6.6 1.8.6.7 1.8.6.8
1.8.6.9 1.8.7.1 1.8.7.2 1.8.7.3 1.8.7.4 1.8.7.5 1.8.7.6 1.8.7.7 1.8.7.8 1.8.7.9
1.8.8.1 1.8.8.2 1.8.8.3 1.8.8.4 1.8.8.5 1.8.8.6 1.8.8.7 1.8.8.8 1.8.8.9 1.8.9.1
1.8.9.2 1.8.9.3 1.8.9.4 1.8.9.5 1.8.9.6 1.8.9.7 1.8.9.8 1.8.9.9 1.9.1.1 1.9.1.2
1.9.1.3 1.9.1.4 1.9.1.5 1.9.1.6 1.9.1.7 1.9.1.8 1.9.1.9 1.9.2.1 1.9.2.2 1.9.2.3
1.9.2.4 1.9.2.5 1.9.2.6 1.9.2.7 1.9.2.8 1.9.2.9 1.9.3.1 1.9.3.2 1.9.3.3 1.9.3.4
1.9.3.5 1.9.3.6 1.9.3.7 1.9.3.8 1.9.3.9 1.9.4.1 1.9.4.2 1.9.4.3 1.9.4.4 1.9.4.5
1.9.4.6 1.9.4.7 1.9.4.8 1.9.4.9 1.9.5.1 1.9.5.2 1.9.5.3 1.9.5.4 1.9.5.5 1.9.5.6
1.9.5.7 1.9.5.8 1.9.5.9 1.9.6.1 1.9.6.2 1.9.6.3 1.9.6.4 1.9.6.5 1.9.6.6 1.9.6.7
1.9.6.8 1.9.6.9 1.9.7.1 1.9.7.2 1.9.7.3 1.9.7.4 1.9.7.5 1.9.7.6 1.9.7.7 1.9.7.8
1.9.7.9 1.9.8.1 1.9.8.2 1.9.8.3 1.9.8.4 1.9.8.5 1.9.8.6 1.9.8.7 1.9.8.8 1.9.8.9
1.9.9.1 1.9.9.2 1.9.9.3 1.9.9.4 1.9.9.5 1.9.9.6 1.9.9.7 1.9.9.8 1.9.9.9 2.1.1.1
2.1.1.2 2.1.1.3 2.1.1.4 2.1.1.5 2.1.1.6 2.1.1.7 2.1.1.8 2.1.1.9 2.1.2.1 2.1.2.2
2.1.2.3 2.1.2.4 2.1.2.5 2.1.2.6 2.1.2.7 2.1.2.8 2.1.2.9 2.1.3.1 2.1.3.2 2.1.3.3
2.1.3.4 2.1.3.5 2.1.3.6 2.1.3.7 2.1.3.8 2.1.3.9 2.1.4.1 2.1.4.2 2.1.4.3 2.1.4.4
2.1.4.5 2.1.4.6 2.1.4.7 2.1.4.8 2.1.4.9 2.1.5.1 2.1.5.2 2.1.5.3 2.1.5.4 2.1.5.5
2.1.5.6 2.1.5.7 2.1.5.8 2.1.5.9 2.1.6.1 2.1.6.2 2.1.6.3 2.1.6.4 2.1.6.5 2.1.6.6
2.1.6.7 2.1.6.8 2.1.6.9 2.1.7.1 2.1.7.2 2.1.7.3 2.1.7.4 2.1.7.5 2.1.7.6 2.1.7.7
2.1.7.8 2.1.7.9 2.1.8.1 2.1.8.2 2.1.8.3 2.1.8.4 2.1.8.5 2.1.8.6 2.1.8.7 2.1.8.8
2.1.8.9 2.1.9.1 2.1.9.2 2.1.9.3 2.1.9.4 2.1.9.5 2.1.9.6 2.1.9.7 2.1.9.8 2.1.9.9
2.2.1.1 2.2.1.2 2.2.1.3 2.2.1.4 2.2.1.5 2.2.1.6 2.2.1.7 2.2.1.8 2.2.1.9 2.2.2.1
2.2.2.2 2.2.2.3 2.2.2.4 2.2.2.5 2.2.2.6 2.2.2.7 2.2.2.8 2.2.2.9 2.2.3.1 2.2.3.2
2.2.3.3 2.2.3.4 2.2.3.5 2.2.3.6 2.2.3.7 2.2.3.8 2.2.3.9 2.2.4.1 2.2.4.2 2.2.4.3
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(continued)
2.2.4.4 2.2.4.5 2.2.4.6 2.2.4.7 2.2.4.8 2.2.4.9 2.2.5.1 2.2.5.2 2.2.5.3 2.2.5.4
2.2.5.5 2.2.5.6 2.2.5.7 2.2.5.8 2.2.5.9 2.2.6.1 2.2.6.2 2.2.6.3 2.2.6.4 2.2.6.5
2.2.6.6 2.2.6.7 2.2.6.8 2.2.6.9 2.2.7.1 2.2.7.2 2.2.7.3 2.2.7.4 2.2.7.5 2.2.7.6
2.2.7.7 2.2.7.8 2.2.7.9 2.2.8.1 2.2.8.2 2.2.8.3 2.2.8.4 2.2.8.5 2.2.8.6 2.2.8.7
2.2.8.8 2.2.8.9 2.2.9.1 2.2.9.2 2.2.9.3 2.2.9.4 2.2.9.5 2.2.9.6 2.2.9.7 2.2.9.8
2.2.9.9 2.3.1.1 2.3.1.2 2.3.1.3 2.3.1.4 2.3.1.5 2.3.1.6 2.3.1.7 2.3.1.8 2.3.1.9
2.3.2.1 2.3.2.2 2.3.2.3 2.3.2.4 2.3.2.5 2.3.2.6 2.3.2.7 2.3.2.8 2.3.2.9 2.3.3.1
2.3.3.2 2.3.3.3 2.3.3.4 2.3.3.5 2.3.3.6 2.3.3.7 2.3.3.8 2.3.3.9 2.3.4.1 2.3.4.2
2.3.4.3 2.3.4.4 2.3.4.5 2.3.4.6 2.3.4.7 2.3.4.8 2.3.4.9 2.3.5.1 2.3.5.2 2.3.5.3
2.3.5.4 2.3.5.5 2.3.5.6 2.3.5.7 2.3.5.8 2.3.5.9 2.3.6.1 2.3.6.2 2.3.6.3 2.3.6.4
2.3.6.5 2.3.6.6 2.3.6.7 2.3.6.8 2.3.6.9 2.3.7.1 2.3.7.2 2.3.7.3 2.3.7.4 2.3.7.5
2.3.7.6 2.3.7.7 2.3.7.8 2.3.7.9 2.3.8.1 2.3.8.2 2.3.8.3 2.3.8.4 2.3.8.5 2.3.8.6
2.3.8.7 2.3.8.8 2.3.8.9 2.3.9.1 2.3.9.2 2.3.9.3 2.3.9.4 2.3.9.5 2.3.9.6 2.3.9.7
2.3.9.8 2.3.9.9 2.4.1.1 2.4.1.2 2.4.1.3 2.4.1.4 2.4.1.5 2.4.1.6 2.4.1.7 2.4.1.8
2.4.1.9 2.4.2.1 2.4.2.2 2.4.2.3 2.4.2.4 2.4.2.5 2.4.2.6 2.4.2.7 2.4.2.8 2.4.2.9
2.4.3.1 2.4.3.2 2.4.3.3 2.4.3.4 2.4.3.5 2.4.3.6 2.4.3.7 2.4.3.8 2.4.3.9 2.4.4.1
2.4.4.2 2.4.4.3 2.4.4.4 2.4.4.5 2.4.4.6 2.4.4.7 2.4.4.8 2.4.4.9 2.4.5.1 2.4.5.2
2.4.5.3 2.4.5.4 2.4.5.5 2.4.5.6 2.4.5.7 2.4.5.8 2.4.5.9 2.4.6.1 2.4.6.2 2.4.6.3
2.4.6.4 2.4.6.5 2.4.6.6 2.4.6.7 2.4.6.8 2.4.6.9 2.4.7.1 2.4.7.2 2.4.7.3 2.4.7.4
2.4.7.5 2.4.7.6 2.4.7.7 2.4.7.8 2.4.7.9 2.4.8.1 2.4.8.2 2.4.8.3 2.4.8.4 2.4.8.5
2.4.8.6 2.4.8.7 2.4.8.8 2.4.8.9 2.4.9.1 2.4.9.2 2.4.9.3 2.4.9.4 2.4.9.5 2.4.9.6
2.4.9.7 2.4.9.8 2.4.9.9 2.5.1.1 2.5.1.2 2.5.1.3 2.5.1.4 2.5.1.5 2.5.1.6 2.5.1.7
2.5.1.8 2.5.1.9 2.5.2.1 2.5.2.2 2.5.2.3 2.5.2.4 2.5.2.5 2.5.2.6 2.5.2.7 2.5.2.8
2.5.2.9 2.5.3.1 2.5.3.2 2.5.3.3 2.5.3.4 2.5.3.5 2.5.3.6 2.5.3.7 2.5.3.8 2.5.3.9
2.5.4.1 2.5.4.2 2.5.4.3 2.5.4.4 2.5.4.5 2.5.4.6 2.5.4.7 2.5.4.8 2.5.4.9 2.5.5.1
2.5.5.2 2.5.5.3 2.5.5.4 2.5.5.5 2.5.5.6 2.5.5.7 2.5.5.8 2.5.5.9 2.5.6.1 2.5.6.2
2.5.6.3 2.5.6.4 2.5.6.5 2.5.6.6 2.5.6.7 2.5.6.8 2.5.6.9 2.5.7.1 2.5.7.2 2.5.7.3
2.5.7.4 2.5.7.5 2.5.7.6 2.5.7.7 2.5.7.8 2.5.7.9 2.5.8.1 2.5.8.2 2.5.8.3 2.5.8.4
2.5.8.5 2.5.8.6 2.5.8.7 2.5.8.8 2.5.8.9 2.5.9.1 2.5.9.2 2.5.9.3 2.5.9.4 2.5.9.5
2.5.9.6 2.5.9.7 2.5.9.8 2.5.9.9 2.6.1.1 2.6.1.2 2.6.1.3 2.6.1.4 2.6.1.5 2.6.1.6
2.6.1.7 2.6.1.8 2.6.1.9 2.6.2.1 2.6.2.2 2.6.2.3 2.6.2.4 2.6.2.5 2.6.2.6 2.6.2.7
2.6.2.8 2.6.2.9 2.6.3.1 2.6.3.2 2.6.3.3 2.6.3.4 2.6.3.5 2.6.3.6 2.6.3.7 2.6.3.8
2.6.3.9 2.6.4.1 2.6.4.2 2.6.4.3 2.6.4.4 2.6.4.5 2.6.4.6 2.6.4.7 2.6.4.8 2.6.4.9
2.6.5.1 2.6.5.2 2.6.5.3 2.6.5.4 2.6.5.5 2.6.5.6 2.6.5.7 2.6.5.8 2.6.5.9 2.6.6.1
2.6.6.2 2.6.6.3 2.6.6.4 2.6.6.5 2.6.6.6 2.6.6.7 2.6.6.8 2.6.6.9 2.6.7.1 2.6.7.2
2.6.7.3 2.6.7.4 2.6.7.5 2.6.7.6 2.6.7.7 2.6.7.8 2.6.7.9 2.6.8.1 2.6.8.2 2.6.8.3
2.6.8.4 2.6.8.5 2.6.8.6 2.6.8.7 2.6.8.8 2.6.8.9 2.6.9.1 2.6.9.2 2.6.9.3 2.6.9.4
2.6.9.5 2.6.9.6 2.6.9.7 2.6.9.8 2.6.9.9 2.7.1.1 2.7.1.2 2.7.1.3 2.7.1.4 2.7.1.5
2.7.1.6 2.7.1.7 2.7.1.8 2.7.1.9 2.7.2.1 2.7.2.2 2.7.2.3 2.7.2.4 2.7.2.5 2.7.2.6
2.7.2.7 2.7.2.8 2.7.2.9 2.7.3.1 2.7.3.2 2.7.3.3 2.7.3.4 2.7.3.5 2.7.3.6 2.7.3.7
2.7.3.8 2.7.3.9 2.7.4.1 2.7.4.2 2.7.4.3 2.7.4.4 2.7.4.5 2.7.4.6 2.7.4.7 2.7.4.8
2.7.4.9 2.7.5.1 2.7.5.2 2.7.5.3 2.7.5.4 2.7.5.5 2.7.5.6 2.7.5.7 2.7.5.8 2.7.5.9
2.7.6.1 2.7.6.2 2.7.6.3 2.7.6.4 2.7.6.5 2.7.6.6 2.7.6.7 2.7.6.8 2.7.6.9 2.7.7.1
2.7.7.2 2.7.7.3 2.7.7.4 2.7.7.5 2.7.7.6 2.7.7.7 2.7.7.8 2.7.7.9 2.7.8.1 2.7.8.2
2.7.8.3 2.7.8.4 2.7.8.5 2.7.8.6 2.7.8.7 2.7.8.8 2.7.8.9 2.7.9.1 2.7.9.2 2.7.9.3
2.7.9.4 2.7.9.5 2.7.9.6 2.7.9.7 2.7.9.8 2.7.9.9 2.8.1.1 2.8.1.2 2.8.1.3 2.8.1.4
2.8.1.5 2.8.1.6 2.8.1.7 2.8.1.8 2.8.1.9 2.8.2.1 2.8.2.2 2.8.2.3 2.8.2.4 2.8.2.5
2.8.2.6 2.8.2.7 2.8.2.8 2.8.2.9 2.8.3.1 2.8.3.2 2.8.3.3 2.8.3.4 2.8.3.5 2.8.3.6
2.8.3.7 2.8.3.8 2.8.3.9 2.8.4.1 2.8.4.2 2.8.4.3 2.8.4.4 2.8.4.5 2.8.4.6 2.8.4.7
2.8.4.8 2.8.4.9 2.8.5.1 2.8.5.2 2.8.5.3 2.8.5.4 2.8.5.5 2.8.5.6 2.8.5.7 2.8.5.8
2.8.5.9 2.8.6.1 2.8.6.2 2.8.6.3 2.8.6.4 2.8.6.5 2.8.6.6 2.8.6.7 2.8.6.8 2.8.6.9
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(continued)
2.8.7.1 2.8.7.2 2.8.7.3 2.8.7.4 2.8.7.5 2.8.7.6 2.8.7.7 2.8.7.8 2.8.7.9 2.8.8.1
2.8.8.2 2.8.8.3 2.8.8.4 2.8.8.5 2.8.8.6 2.8.8.7 2.8.8.8 2.8.8.9 2.8.9.1 2.8.9.2
2.8.9.3 2.8.9.4 2.8.9.5 2.8.9.6 2.8.9.7 2.8.9.8 2.8.9.9 2.9.1.1 2.9.1.2 2.9.1.3
2.9.1.4 2.9.1.5 2.9.1.6 2.9.1.7 2.9.1.8 2.9.1.9 2.9.2.1 2.9.2.2 2.9.2.3 2.9.2.4
2.9.2.5 2.9.2.6 2.9.2.7 2.9.2.8 2.9.2.9 2.9.3.1 2.9.3.2 2.9.3.3 2.9.3.4 2.9.3.5
2.9.3.6 2.9.3.7 2.9.3.8 2.9.3.9 2.9.4.1 2.9.4.2 2.9.4.3 2.9.4.4 2.9.4.5 2.9.4.6
2.9.4.7 2.9.4.8 2.9.4.9 2.9.5.1 2.9.5.2 2.9.5.3 2.9.5.4 2.9.5.5 2.9.5.6 2.9.5.7
2.9.5.8 2.9.5.9 2.9.6.1 2.9.6.2 2.9.6.3 2.9.6.4 2.9.6.5 2.9.6.6 2.9.6.7 2.9.6.8
2.9.6.9 2.9.7.1 2.9.7.2 2.9.7.3 2.9.7.4 2.9.7.5 2.9.7.6 2.9.7.7 2.9.7.8 2.9.7.9
2.9.8.1 2.9.8.2 2.9.8.3 2.9.8.4 2.9.8.5 2.9.8.6 2.9.8.7 2.9.8.8 2.9.8.9 2.9.9.1
2.9.9.2 2.9.9.3 2.9.9.4 2.9.9.5 2.9.9.6 2.9.9.7 2.9.9.8 2.9.9.9 3.1.1.1 3.1.1.2
3.1.1.3 3.1.1.4 3.1.1.5 3.1.1.6 3.1.1.7 3.1.1.8 3.1.1.9 3.1.2.1 3.1.2.2 3.1.2.3
3.1.2.4 3.1.2.5 3.1.2.6 3.1.2.7 3.1.2.8 3.1.2.9 3.1.3.1 3.1.3.2 3.1.3.3 3.1.3.4
3.1.3.5 3.1.3.6 3.1.3.7 3.1.3.8 3.1.3.9 3.1.4.1 3.1.4.2 3.1.4.3 3.1.4.4 3.1.4.5
3.1.4.6 3.1.4.7 3.1.4.8 3.1.4.9 3.1.5.1 3.1.5.2 3.1.5.3 3.1.5.4 3.1.5.5 3.1.5.6
3.1.5.7 3.1.5.8 3.1.5.9 3.1.6.1 3.1.6.2 3.1.6.3 3.1.6.4 3.1.6.5 3.1.6.6 3.1.6.7
3.1.6.8 3.1.6.9 3.1.7.1 3.1.7.2 3.1.7.3 3.1.7.4 3.1.7.5 3.1.7.6 3.1.7.7 3.1.7.8
3.1.7.9 3.1.8.1 3.1.8.2 3.1.8.3 3.1.8.4 3.1.8.5 3.1.8.6 3.1.8.7 3.1.8.8 3.1.8.9
3.1.9.1 3.1.9.2 3.1.9.3 3.1.9.4 3.1.9.5 3.1.9.6 3.1.9.7 3.1.9.8 3.1.9.9 3.2.1.1
3.2.1.2 3.2.1.3 3.2.1.4 3.2.1.5 3.2.1.6 3.2.1.7 3.2.1.8 3.2.1.9 3.2.2.1 3.2.2.2
3.2.2.3 3.2.2.4 3.2.2.5 3.2.2.6 3.2.2.7 3.2.2.8 3.2.2.9 3.2.3.1 3.2.3.2 3.2.3.3
3.2.3.4 3.2.3.5 3.2.3.6 3.2.3.7 3.2.3.8 3.2.3.9 3.2.4.1 3.2.4.2 3.2.4.3 3.2.4.4
3.2.4.5 3.2.4.6 3.2.4.7 3.2.4.8 3.2.4.9 3.2.5.1 3.2.5.2 3.2.5.3 3.2.5.4 3.2.5.5
3.2.5.6 3.2.5.7 3.2.5.8 3.2.5.9 3.2.6.1 3.2.6.2 3.2.6.3 3.2.6.4 3.2.6.5 3.2.6.6
3.2.6.7 3.2.6.8 3.2.6.9 3.2.7.1 3.2.7.2 3.2.7.3 3.2.7.4 3.2.7.5 3.2.7.6 3.2.7.7
3.2.7.8 3.2.7.9 3.2.8.1 3.2.8.2 3.2.8.3 3.2.8.4 3.2.8.5 3.2.8.6 3.2.8.7 3.2.8.8
3.2.8.9 3.2.9.1 3.2.9.2 3.2.9.3 3.2.9.4 3.2.9.5 3.2.9.6 3.2.9.7 3.2.9.8 3.2.9.9
3.3.1.1 3.3.1.2 3.3.1.3 3.3.1.4 3.3.1.5 3.3.1.6 3.3.1.7 3.3.1.8 3.3.1.9 3.3.2.1
3.3.2.2 3.3.2.3 3.3.2.4 3.3.2.5 3.3.2.6 3.3.2.7 3.3.2.8 3.3.2.9 3.3.3.1 3.3.3.2
3.3.3.3 3.3.3.4 3.3.3.5 3.3.3.6 3.3.3.7 3.3.3.8 3.3.3.9 3.3.4.1 3.3.4.2 3.3.4.3
3.3.4.4 3.3.4.5 3.3.4.6 3.3.4.7 3.3.4.8 3.3.4.9 3.3.5.1 3.3.5.2 3.3.5.3 3.3.5.4
3.3.5.5 3.3.5.6 3.3.5.7 3.3.5.8 3.3.5.9 3.3.6.1 3.3.6.2 3.3.6.3 3.3.6.4 3.3.6.5
3.3.6.6 3.3.6.7 3.3.6.8 3.3.6.9 3.3.7.1 3.3.7.2 3.3.7.3 3.3.7.4 3.3.7.5 3.3.7.6
3.3.7.7 3.3.7.8 3.3.7.9 3.3.8.1 3.3.8.2 3.3.8.3 3.3.8.4 3.3.8.5 3.3.8.6 3.3.8.7
3.3.8.8 3.3.8.9 3.3.9.1 3.3.9.2 3.3.9.3 3.3.9.4 3.3.9.5 3.3.9.6 3.3.9.7 3.3.9.8
3.3.9.9 3.4.1.1 3.4.1.2 3.4.1.3 3.4.1.4 3.4.1.5 3.4.1.6 3.4.1.7 3.4.1.8 3.4.1.9
3.4.2.1 3.4.2.2 3.4.2.3 3.4.2.4 3.4.2.5 3.4.2.6 3.4.2.7 3.4.2.8 3.4.2.9 3.4.3.1
3.4.3.2 3.4.3.3 3.4.3.4 3.4.3.5 3.4.3.6 3.4.3.7 3.4.3.8 3.4.3.9 3.4.4.1 3.4.4.2
3.4.4.3 3.4.4.4 3.4.4.5 3.4.4.6 3.4.4.7 3.4.4.8 3.4.4.9 3.4.5.1 3.4.5.2 3.4.5.3
3.4.5.4 3.4.5.5 3.4.5.6 3.4.5.7 3.4.5.8 3.4.5.9 3.4.6.1 3.4.6.2 3.4.6.3 3.4.6.4
3.4.6.5 3.4.6.6 3.4.6.7 3.4.6.8 3.4.6.9 3.4.7.1 3.4.7.2 3.4.7.3 3.4.7.4 3.4.7.5
3.4.7.6 3.4.7.7 3.4.7.8 3.4.7.9 3.4.8.1 3.4.8.2 3.4.8.3 3.4.8.4 3.4.8.5 3.4.8.6
3.4.8.7 3.4.8.8 3.4.8.9 3.4.9.1 3.4.9.2 3.4.9.3 3.4.9.4 3.4.9.5 3.4.9.6 3.4.9.7
3.4.9.8 3.4.9.9 3.5.1.1 3.5.1.2 3.5.1.3 3.5.1.4 3.5.1.5 3.5.1.6 3.5.1.7 3.5.1.8
3.5.1.9 3.5.2.1 3.5.2.2 3.5.2.3 3.5.2.4 3.5.2.5 3.5.2.6 3.5.2.7 3.5.2.8 3.5.2.9
3.5.3.1 3.5.3.2 3.5.3.3 3.5.3.4 3.5.3.5 3.5.3.6 3.5.3.7 3.5.3.8 3.5.3.9 3.5.4.1
3.5.4.2 3.5.4.3 3.5.4.4 3.5.4.5 3.5.4.6 3.5.4.7 3.5.4.8 3.5.4.9 3.5.5.1 3.5.5.2
3.5.5.3 3.5.5.4 3.5.5.5 3.5.5.6 3.5.5.7 3.5.5.8 3.5.5.9 3.5.6.1 3.5.6.2 3.5.6.3
3.5.6.4 3.5.6.5 3.5.6.6 3.5.6.7 3.5.6.8 3.5.6.9 3.5.7.1 3.5.7.2 3.5.7.3 3.5.7.4
3.5.7.5 3.5.7.6 3.5.7.7 3.5.7.8 3.5.7.9 3.5.8.1 3.5.8.2 3.5.8.3 3.5.8.4 3.5.8.5
3.5.8.6 3.5.8.7 3.5.8.8 3.5.8.9 3.5.9.1 3.5.9.2 3.5.9.3 3.5.9.4 3.5.9.5 3.5.9.6
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(continued)
3.5.9.7 3.5.9.8 3.5.9.9 3.6.1.1 3.6.1.2 3.6.1.3 3.6.1.4 3.6.1.5 3.6.1.6 3.6.1.7
3.6.1.8 3.6.1.9 3.6.2.1 3.6.2.2 3.6.2.3 3.6.2.4 3.6.2.5 3.6.2.6 3.6.2.7 3.6.2.8
3.6.2.9 3.6.3.1 3.6.3.2 3.6.3.3 3.6.3.4 3.6.3.5 3.6.3.6 3.6.3.7 3.6.3.8 3.6.3.9
3.6.4.1 3.6.4.2 3.6.4.3 3.6.4.4 3.6.4.5 3.6.4.6 3.6.4.7 3.6.4.8 3.6.4.9 3.6.5.1
3.6.5.2 3.6.5.3 3.6.5.4 3.6.5.5 3.6.5.6 3.6.5.7 3.6.5.8 3.6.5.9 3.6.6.1 3.6.6.2
3.6.6.3 3.6.6.4 3.6.6.5 3.6.6.6 3.6.6.7 3.6.6.8 3.6.6.9 3.6.7.1 3.6.7.2 3.6.7.3
3.6.7.4 3.6.7.5 3.6.7.6 3.6.7.7 3.6.7.8 3.6.7.9 3.6.8.1 3.6.8.2 3.6.8.3 3.6.8.4
3.6.8.5 3.6.8.6 3.6.8.7 3.6.8.8 3.6.8.9 3.6.9.1 3.6.9.2 3.6.9.3 3.6.9.4 3.6.9.5
3.6.9.6 3.6.9.7 3.6.9.8 3.6.9.9 3.7.1.1 3.7.1.2 3.7.1.3 3.7.1.4 3.7.1.5 3.7.1.6
3.7.1.7 3.7.1.8 3.7.1.9 3.7.2.1 3.7.2.2 3.7.2.3 3.7.2.4 3.7.2.5 3.7.2.6 3.7.2.7
3.7.2.8 3.7.2.9 3.7.3.1 3.7.3.2 3.7.3.3 3.7.3.4 3.7.3.5 3.7.3.6 3.7.3.7 3.7.3.8
3.7.3.9 3.7.4.1 3.7.4.2 3.7.4.3 3.7.4.4 3.7.4.5 3.7.4.6 3.7.4.7 3.7.4.8 3.7.4.9
3.7.5.1 3.7.5.2 3.7.5.3 3.7.5.4 3.7.5.5 3.7.5.6 3.7.5.7 3.7.5.8 3.7.5.9 3.7.6.1
3.7.6.2 3.7.6.3 3.7.6.4 3.7.6.5 3.7.6.6 3.7.6.7 3.7.6.8 3.7.6.9 3.7.7.1 3.7.7.2
3.7.7.3 3.7.7.4 3.7.7.5 3.7.7.6 3.7.7.7 3.7.7.8 3.7.7.9 3.7.8.1 3.7.8.2 3.7.8.3
3.7.8.4 3.7.8.5 3.7.8.6 3.7.8.7 3.7.8.8 3.7.8.9 3.7.9.1 3.7.9.2 3.7.9.3 3.7.9.4
3.7.9.5 3.7.9.6 3.7.9.7 3.7.9.8 3.7.9.9 3.8.1.1 3.8.1.2 3.8.1.3 3.8.1.4 3.8.1.5
3.8.1.6 3.8.1.7 3.8.1.8 3.8.1.9 3.8.2.1 3.8.2.2 3.8.2.3 3.8.2.4 3.8.2.5 3.8.2.6
3.8.2.7 3.8.2.8 3.8.2.9 3.8.3.1 3.8.3.2 3.8.3.3 3.8.3.4 3.8.3.5 3.8.3.6 3.8.3.7
3.8.3.8 3.8.3.9 3.8.4.1 3.8.4.2 3.8.4.3 3.8.4.4 3.8.4.5 3.8.4.6 3.8.4.7 3.8.4.8
3.8.4.9 3.8.5.1 3.8.5.2 3.8.5.3 3.8.5.4 3.8.5.5 3.8.5.6 3.8.5.7 3.8.5.8 3.8.5.9
3.8.6.1 3.8.6.2 3.8.6.3 3.8.6.4 3.8.6.5 3.8.6.6 3.8.6.7 3.8.6.8 3.8.6.9 3.8.7.1
3.8.7.2 3.8.7.3 3.8.7.4 3.8.7.5 3.8.7.6 3.8.7.7 3.8.7.8 3.8.7.9 3.8-8.1 3.8.8.2
3.8.8.3 3.8.8.4 3.8.8.5 3.8.8.6 3.8.8.7 3.8.8.8 3.8.8.9 3.8.9.1 3.8.9.2 3.8.9.3
3.8.9.4 3.8.9.5 3.8.9.6 3.8.9.7 3.8.9.8 3.8.9.9 3.9.1.1 3.9.1.2 3.9.1.3 3.9.1.4
3.9.1.5 3.9.1.6 3.9.1.7 3.9.1.8 3.9.1.9 3.9.2.1 3.9.2.2 3.9.2.3 3.9.2.4 3.9.2.5
3.9.2.6 3.9.2.7 3.9.2.8 3.9.2.9 3.9.3.1 3.9.3.2 3.9.3.3 3.9.3.4 3.9.3.5 3.9.3.6
3.9.3.7 3.9.3.8 3.9.3.9 3.9.4.1 3.9.4.2 3.9.4.3 3.9.4.4 3.9.4.5 3.9.4.6 3.9.4.7
3.9.4.8 3.9.4.9 3.9.5.1 3.9.5.2 3.9.5.3 3.9.5.4 3.9.5.5 3.9.5.6 3.9.5.7 3.9.5.8
3.9.5.9 3.9.6.1 3.9.6.2 3.9.6.3 3.9.6.4 3.9.6.5 3.9.6.6 3.9.6.7 3.9.6.8 3.9.6.9
3.9.7.1 3.9.7.2 3.9.7.3 3.9.7.4 3.9.7.5 3.9.7.6 3.9.7.7 3.9.7.8 3.9.7.9 3.9.8.1
3.9.8.2 3.9.8.3 3.9.8.4 3.9.8.5 3.9.8.6 3.9.8.7 3.9.8.8 3.9.8.9 3.9.9.1 3.9.9.2
3.9.9.3 3.9.9.4 3.9.9.5 3.9.9.6 3.9.9.7 3.9.9.8 3.9.9.9 4.1.1.1 4.1.1.2 4.1.1.3
4.1.1.4 4.1.1.5 4.1.1.6 4.1.1.7 4.1.1.8 4.1.1.9 4.1.2.1 4.1.2.2 4.1.2.3 4.1.2.4
4.1.2.5 4.1.2.6 4.1.2.7 4.1.2.8 4.1.2.9 4.1.3.1 4.1.3.2 4.1.3.3 4.1.3.4 4.1.3.5
4.1.3.6 4.1.3.7 4.1.3.8 4.1.3.9 4.1.4.1 4.1.4.2 4.1.4.3 4.1.4.4 4.1.4.5 4.1.4.6
4.1.4.7 4.1.4.8 4.1.4.9 4.1.5.1 4.1.5.2 4.1.5.3 4.1.5.4 4.1.5.5 4.1.5.6 4.1.5.7
4.1.5.8 4.1.5.9 4.1.6.1 4.1.6.2 4.1.6.3 4.1.6.4 4.1.6.5 4.1.6.6 4.1.6.7 4.1.6.8
4.1.6.9 4.1.7.1 4.1.7.2 4.1.7.3 4.1.7.4 4.1.7.5 4.1.7.6 4.1.7.7 4.1.7.8 4.1.7.9
4.1.8.1 4.1.8.2 4.1.8.3 4.1.8.4 4.1.8.5 4.1.8.6 4.1.8.7 4.1.8.8 4.1.8.9 4.1.9.1
4.1.9.2 4.1.9.3 4.1.9.4 4.1.9.5 4.1.9.6 4.1.9.7 4.1.9.8 4.1.9.9 4.2.1.1 4.2.1.2
4.2.1.3 4.2.1.4 4.2.1.5 4.2.1.6 4.2.1.7 4.2.1.8 4.2.1.9 4.2.2.1 4.2.2.2 4.2.2.3
4.2.2.4 4.2.2.5 4.2.2.6 4.2.2.7 4.2.2.8 4.2.2.9 4.2.3.1 4.2.3.2 4.2.3.3 4.2.3.4
4.2.3.5 4.2.3.6 4.2.3.7 4.2.3.8 4.2.3.9 4.2.4.1 4.2.4.2 4.2.4.3 4.2.4.4 4.2.4.5
4.2.4.6 4.2.4.7 4.2.4.8 4.2.4.9 4.2.5.1 4.2.5.2 4.2.5.3 4.2.5.4 4.2.5.5 4.2.5.6
4.2.5.7 4.2.5.8 4.2.5.9 4.2.6.1 4.2.6.2 4.2.6.3 4.2.6.4 4.2.6.5 4.2.6.6 4.2.6.7
4.2.6.8 4.2.6.9 4.2.7.1 4.2.7.2 4.2.7.3 4.2.7.4 4.2.7.5 4.2.7.6 4.2.7.7 4.2.7.8
4.2.7.9 4.2.8.1 4.2.8.2 4.2.8.3 4.2.8.4 4.2.8.5 4.2.8.6 4.2.8.7 4.2.8.8 4.2.8.9
4.2.9.1 4.2.9.2 4.2.9.3 4.2.9.4 4.2.9.5 4.2.9.6 4.2.9.7 4.2.9.8 4.2.9.9 4.3.1.1
4.3.1.2 4.3.1.3 4.3.1.4 4.3.1.5 4.3.1.6 4.3.1.7 4.3.1.8 4.3.1.9 4.3.2.1 4.3.2.2
4.3.2.3 4.3.2.4 4.3.2.5 4.3.2.6 4.3.2.7 4.3.2.8 4.3.2.9 4.3.3.1 4.3.3.2 4.3.3.3
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(continued)
4.3.3.4 4.3.3.5 4.3.3.6 4.3.3.7 4.3.3.8 4.3.3.9 4.3.4.1 4.3.4.2 4.3.4.3 4.3.4.4
4.3.4.5 4.3.4.6 4.3.4.7 4.3.4.8 4.3.4.9 4.3.5.1 4.3.5.2 4.3.5.3 4.3.5.4 4.3.5.5
4.3.5.6 4.3.5.7 4.3.5.8 4.3.5.9 4.3.6.1 4.3.6.2 4.3.6.3 4.3.6.4 4.3.6.5 4.3.6.6
4.3.6.7 4.3.6.8 4.3.6.9 4.3.7.1 4.3.7.2 4.3.7.3 4.3.7.4 4.3.7.5 4.3.7.6 4.3.7.7
4.3.7.8 4.3.7.9 4.3.8.1 4.3.8.2 4.3.8.3 4.3.8.4 4.3.8.5 4.3.8.6 4.3.8.7 4.3.8.8
4.3.8.9 4.3.9.1 4.3.9.2 4.3.9.3 4.3.9.4 4.3.9.5 4.3.9.6 4.3.9.7 4.3.9.8 4.3.9.9
4.4.1.1 4.4.1.2 4.4.1.3 4.4.1.4 4.4.1.5 4.4.1.6 4.4.1.7 4.4.1.8 4.4.1.9 4.4.2.1
4.4.2.2 4.4.2.3 4.4.2.4 4.4.2.5 4.4.2.6 4.4.2.7 4.4.2.8 4.4.2.9 4.4.3.1 4.4.3.2
4.4.3.3 4.4.3.4 4.4.3.5 4.4.3.6 4.4.3.7 4.4.3.8 4.4.3.9 4.4.4.1 4.4.4.2 4.4.4.3
4.4.4.4 4.4.4.5 4.4.4.6 4.4.4.7 4.4.4.8 4.4.4.9 4.4.5.1 4.4.5.2 4.4.5.3 4.4.5.4
4.4.5.5 4.4.5.6 4.4.5.7 4.4.5.8 4.4.5.9 4.4.6.1 4.4.6.2 4.4.6.3 4.4.6.4 4.4.6.5
4.4.6.6 4.4.6.7 4.4.6.8 4.4.6.9 4.4.7.1 4.4.7.2 4.4.7.3 4.4.7.4 4.4.7.5 4.4.7.6
4.4.7.7 4.4.7.8 4.4.7.9 4.4.8.1 4.4.8.2 4.4.8.3 4.4.8.4 4.4.8.5 4.4.8.6 4.4.8.7
4.4.8.8 4.4.8.9 4.4.9.1 4.4.9.2 4.4.9.3 4.4.9.4 4.4.9.5 4.4.9.6 4.4.9.7 4.4.9.8
4.4.9.9 4.5.1.1 4.5.1.2 4.5.1.3 4.5.1.4 4.5.1.5 4.5.1.6 4.5.1.7 4.5.1.8 4.5.1.9
4.5.2.1 4.5.2.2 4.5.2.3 4.5.2.4 4.5.2.5 4.5.2.6 4.5.2.7 4.5.2.8 4.5.2.9 4.5.3.1
4.5.3.2 4.5.3.3 4.5.3.4 4.5.3.5 4.5.3.6 4.5.3.7 4.5.3.8 4.5.3.9 4.5.4.1 4.5.4.2
4.5.4.3 4.5.4.4 4.5.4.5 4.5.4.6 4.5.4.7 4.5.4.8 4.5.4.9 4.5.5.1 4.5.5.2 4.5.5.3
4.5.5.4 4.5.5.5 4.5.5.6 4.5.5.7 4.5.5.8 4.5.5.9 4.5.6.1 4.5.6.2 4.5.6.3 4.5.6.4
4.5.6.5 4.5.6.6 4.5.6.7 4.5.6.8 4.5.6.9 4.5.7.1 4.5.7.2 4.5.7.3 4.5.7.4 4.5.7.5
4.5.7.6 4.5.7.7 4.5.7.8 4.5.7.9 4.5.8.1 4.5.8.2 4.5.8.3 4.5.8.4 4.5.8.5 4.5.8.6
4.5.8.7 4.5.8.8 4.5.8.9 4.5.9.1 4.5.9.2 4.5.9.3 4.5.9.4 4.5.9.5 4.5.9.6 4.5.9.7
4.5.9.8 4.5.9.9 4.6.1.1 4.6.1.2 4.6.1.3 4.6.1.4 4.6.1.5 4.6.1.6 4.6.1.7 4.6.1.8
4.6.1.9 4.6.2.1 4.6.2.2 4.6.2.3 4.6.2.4 4.6.2.5 4.6.2.6 4.6.2.7 4.6.2.8 4.6.2.9
4.6.3.1 4.6.3.2 4.6.3.3 4.6.3.4 4.6.3.5 4.6.3.6 4.6.3.7 4.6.3.8 4.6.3.9 4.6.4.1
4.6.4.2 4.6.4.3 4.6.4.4 4.6.4.5 4.6.4.6 4.6.4.7 4.6.4.8 4.6.4.9 4.6.5.1 4.6.5.2
4.6.5.3 4.6.5.4 4.6.5.5 4.6.5.6 4.6.5.7 4.6.5.8 4.6.5.9 4.6.6.1 4.6.6.2 4.6.6.3
4.6.6.4 4.6.6.5 4.6.6.6 4.6.6.7 4.6.6.8 4.6.6.9 4.6.7.1 4.6.7.2 4.6.7.3 4.6.7.4
4.6.7.5 4.6.7.6 4.6.7.7 4.6.7.8 4.6.7.9 4.6.8.1 4.6.8.2 4.6.8.3 4.6.8.4 4.6.8.5
4.6.8.6 4.6.8.7 4.6.8.8 4.6.8.9 4.6.9.1 4.6.9.2 4.6.9.3 4.6.9.4 4.6.9.5 4.6.9.6
4.6.9.7 4.6.9.8 4.6.9.9 4.7.1.1 4.7.1.2 4.7.1.3 4.7.1.4 4.7.1.5 4.7.1.6 4.7.1.7
4.7.1.8 4.7.1.9 4.7.2.1 4.7.2.2 4.7.2.3 4.7.2.4 4.7.2.5 4.7.2.6 4.7.2.7 4.7.2.8
4.7.2.9 4.7.3.1 4.7.3.2 4.7.3.3 4.7.3.4 4.7.3.5 4.7.3.6 4.7.3.7 4.7.3.8 4.7.3.9
4.7.4.1 4.7.4.2 4.7.4.3 4.7.4.4 4.7.4.5 4.7.4.6 4.7.4.7 4.7.4.8 4.7.4.9 4.7.5.1
4.7.5.2 4.7.5.3 4.7.5.4 4.7.5.5 4.7.5.6 4.7.5.7 4.7.5.8 4.7.5.9 4.7.6.1 4.7.6.2
4.7.6.3 4.7.6.4 4.7.6.5 4.7.6.6 4.7.6.7 4.7.6.8 4.7.6.9 4.7.7.1 4.7.7.2 4.7.7.3
4.7.7.4 4.7.7.5 4.7.7.6 4.7.7.7 4.7.7.8 4.7.7.9 4.7.8.1 4.7.8.2 4.7.8.3 4.7.8.4
4.7.8.5 4.7.8.6 4.7.8.7 4.7.8.8 4.7.8.9 4.7.9.1 4.7.9.2 4.7.9.3 4.7.9.4 4.7.9.5
4.7.9.6 4.7.9.7 4.7.9.8 4.7.9.9 4.8.1.1 4.8.1.2 4.8.1.3 4.8.1.4 4.8.1.5 4.8.1.6
4.8.1.7 4.8.1.8 4.8.1.9 4.8.2.1 4.8.2.2 4.8.2.3 4.8.2.4 4.8.2.5 4.8.2.6 4.8.2.7
4.8.2.8 4.8.2.9 4.8.3.1 4.8.3.2 4.8.3.3 4.8.3.4 4.8.3.5 4.8.3.6 4.8.3.7 4.8.3.8
4.8.3.9 4.8.4.1 4.8.4.2 4.8.4.3 4.8.4.4 4.8.4.5 4.8.4.6 4.8.4.7 4.8.4.8 4.8.4.9
4.8.5.1 4.8.5.2 4.8.5.3 4.8.5.4 4.8.5.5 4.8.5.6 4.8.5.7 4.8.5.8 4.8.5.9 4.8.6.1
4.8.6.2 4.8.6.3 4.8.6.4 4.8.6.5 4.8.6.6 4.8.6.7 4.8.6.8 4.8.6.9 4.8.7.1 4.8.7.2
4.8.7.3 4.8.7.4 4.8.7.5 4.8.7.6 4.8.7.7 4.8.7.8 4.8.7.9 4.8.8.1 4.8.8.2 4.8.8.3
4.8.8.4 4.8.8.5 4.8.8.6 4.8.8.7 4.8.8.8 4.8.8.9 4.8.9.1 4.8.9.2 4.8.9.3 4.8.9.4
4.8.9.5 4.8.9.6 4.8.9.7 4.8.9.8 4.8.9.9 4.9.1.1 4.9.1.2 4.9.1.3 4.9.1.4 4.9.1.5
4.9.1.6 4.9.1.7 4.9.1.8 4.9.1.9 4.9.2.1 4.9.2.2 4.9.2.3 4.9.2.4 4.9.2.5 4.9.2.6
4.9.2.7 4.9.2.8 4.9.2.9 4.9.3.1 4.9.3.2 4.9.3.3 4.9.3.4 4.9.3.5 4.9.3.6 4.9.3.7
4.9.3.8 4.9.3.9 4.9.4.1 4.9.4.2 4.9.4.3 4.9.4.4 4.9.4.5 4.9.4.6 4.9.4.7 4.9.4.8
4.9.4.9 4.9.5.1 4.9.5.2 4.9.5.3 4.9.5.4 4.9.5.5 4.9.5.6 4.9.5.7 4.9.5.8 4.9.5.9
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(continued)
4.9.6.1 4.9.6.2 4.9.6.3 4.9.6.4 4.9.6.5 4.9.6.6 4.9.6.7 4.9.6.8 4.9.6.9 4.9.7.1
4.9.7.2 4.9.7.3 4.9.7.4 4.9.7.5 4.9.7.6 4.9.7.7 4.9.7.8 4.9.7.9 4.9.8.1 4.9.8.2
4.9.8.3 4.9.8.4 4.9.8.5 4.9.8.6 4.9.8.7 4.9.8.8 4.9.8.9 4.9.9.1 4.9.9.2 4.9.9.3
4.9.9.4 4.9.9.5 4.9.9.6 4.9.9.7 4.9.9.8 4.9.9.9 5.1.1.1 5.1.1.2 5.1.1.3 5.1.1.4
5.1.1.5 5.1.1.6 5.1.1.7 5.1.1.8 5.1.1.9 5.1.2.1 5.1.2.2 5.1.2.3 5.1.2.4 5.1.2.5
5.1.2.6 5.1.2.7 5.1.2.8 5.1.2.9 5.1.3.1 5.1.3.2 5.1.3.3 5.1.3.4 5.1.3.5 5.1.3.6
5.1.3.7 5.1.3.8 5.1.3.9 5.1.4.1 5.1.4.2 5.1.4.3 5.1.4.4 5.1.4.5 5.1.4.6 5.1.4.7
5.1.4.8 5.1.4.9 5.1.5.1 5.1.5.2 5.1.5.3 5.1.5.4 5.1.5.5 5.1.5.6 5.1.5.7 5.1.5.8
5.1.5.9 5.1.6.1 5.1.6.2 5.1.6.3 5.1.6.4 5.1.6.5 5.1.6.6 5.1.6.7 5.1.6.8 5.1.6.9
5.1.7.1 5.1.7.2 5.1.7.3 5.1.7.4 5.1.7.5 5.1.7.6 5.1.7.7 5.1.7.8 5.1.7.9 5.1.8.1
5.1.8.2 5.1.8.3 5.1.8.4 5.1.8.5 5.1.8.6 5.1.8.7 5.1.8.8 5.1.8.9 5.1.9.1 5.1.9.2
5.1.9.3 5.1.9.4 5.1.9.5 5.1.9.6 5.1.9.7 5.1.9.8 5.1.9.9 5.2.1.1 5.2.1.2 5.2.1.3
5.2.1.4 5.2.1.5 5.2.1.6 5.2.1.7 5.2.1.8 5.2.1.9 5.2.2.1 5.2.2.2 5.2.2.3 5.2.2.4
5.2.2.5 5.2.2.6 5.2.2.7 5.2.2.8 5.2.2.9 5.2.3.1 5.2.3.2 5.2.3.3 5.2.3.4 5.2.3.5
5.2.3.6 5.2.3.7 5.2.3.8 5.2.3.9 5.2.4.1 5.2.4.2 5.2.4.3 5.2.4.4 5.2.4.5 5.2.4.6
5.2.4.7 5.2.4.8 5.2.4.9 5.2.5.1 5.2.5.2 5.2.5.3 5.2.5.4 5.2.5.5 5.2.5.6 5.2.5.7
5.2.5.8 5.2.5.9 5.2.6.1 5.2.6.2 5.2.6.3 5.2.6.4 5.2.6.5 5.2.6.6 5.2.6.7 5.2.6.8
5.2.6.9 5.2.7.1 5.2.7.2 5.2.7.3 5.2.7.4 5.2.7.5 5.2.7.6 5.2.7.7 5.2.7.8 5.2.7.9
5.2.8.1 5.2.8.2 5.2.8.3 5.2.8.4 5.2.8.5 5.2.8.6 5.2.8.7 5.2.8.8 5.2.8.9 5.2.9.1
5.2.9.2 5.2.9.3 5.2.9.4 5.2.9.5 5.2.9.6 5.2.9.7 5.2.9.8 5.2.9.9 5.3.1.1 5.3.1.2
5.3.1.3 5.3.1.4 5.3.1.5 5.3.1.6 5.3.1.7 5.3.1.8 5.3.1.9 5.3.2.1 5.3.2.2 5.3.2.3
5.3.2.4 5.3.2.5 5.3.2.6 5.3.2.7 5.3.2.8 5.3.2.9 5.3.3.1 5.3.3.2 5.3.3.3 5.3.3.4
5.3.3.5 5.3.3.6 5.3.3.7 5.3.3.8 5.3.3.9 5.3.4.1 5.3.4.2 5.3.4.3 5.3.4.4 5.3.4.5
5.3.4.6 5.3.4.7 5.3.4.8 5.3.4.9 5.3.5.1 5.3.5.2 5.3.5.3 5.3.5.4 5.3.5.5 5.3.5.6
5.3.5.7 5.3.5.8 5.3.5.9 5.3.6.1 5.3.6.2 5.3.6.3 5.3.6.4 5.3.6.5 5.3.6.6 5.3.6.7
5.3.6.8 5.3.6.9 5.3.7.1 5.3.7.2 5.3.7.3 5.3.7.4 5.3.7.5 5.3.7.6 5.3.7.7 5.3.7.8
5.3.7.9 5.3.8.1 5.3.8.2 5.3.8.3 5.3.8.4 5.3.8.5 5.3.8.6 5.3.8.7 5.3.8.8 5.3.8.9
5.3.9.1 5.3.9.2 5.3.9.3 5.3.9.4 5.3.9.5 5.3.9.6 5.3.9.7 5.3.9.8 5.3.9.9 5.4.1.1
5.4.1.2 5.4.1.3 5.4.1.4 5.4.1.5 5.4.1.6 5.4.1.7 5.4.1.8 5.4.1.9 5.4.2.1 5.4.2.2
5.4.2.3 5.4.2.4 5.4.2.5 5.4.2.6 5.4.2.7 5.4.2.8 5.4.2.9 5.4.3.1 5.4.3.2 5.4.3.3
5.4.3.4 5.4.3.5 5.4.3.6 5.4.3.7 5.4.3.8 5.4.3.9 5.4.4.1 5.4.4.2 5.4.4.3 5.4.4.4
5.4.4.5 5.4.4.6 5.4.4.7 5.4.4.8 5.4.4.9 5.4.5.1 5.4.5.2 5.4.5.3 5.4.5.4 5.4.5.5
5.4.5.6 5.4.5.7 5.4.5.8 5.4.5.9 5.4.6.1 5.4.6.2 5.4.6.3 5.4.6.4 5.4.6.5 5.4.6.6
5.4.6.7 5.4.6.8 5.4.6.9 5.4.7.1 5.4.7.2 5.4.7.3 5.4.7.4 5.4.7.5 5.4.7.6 5.4.7.7
5.4.7.8 5.4.7.9 5.4.8.1 5.4.8.2 5.4.8.3 5.4.8.4 5.4.8.5 5.4.8.6 5.4.8.7 5.4.8.8
5.4.8.9 5.4.9.1 5.4.9.2 5.4.9.3 5.4.9.4 5.4.9.5 5.4.9.6 5.4.9.7 5.4.9.8 5.4.9.9
5.5.1.1 5.5.1.2 5.5.1.3 5.5.1.4 5.5.1.5 5.5.1.6 5.5.1.7 5.5.1.8 5.5.1.9 5.5.2.1
5.5.2.2 5.5.2.3 5.5.2.4 5.5.2.5 5.5.2.6 5.5.2.7 5.5.2.8 5.5.2.9 5.5.3.1 5.5.3.2
5.5.3.3 5.5.3.4 5.5.3.5 5.5.3.6 5.5.3.7 5.5.3.8 5.5.3.9 5.5.4.1 5:5.4.2 5.5.4.3
5.5.4.4 5.5.4.5 5.5.4.6 5.5.4.7 5.5.4.8 5.5.4.9 5.5.5.1 5.5.5.2 5.5.5.3 5.5.5.4
5.5.5.5 5.5.5.6 5.5.5.7 5.5.5.8 5.5.5.9 5.5.6.1 5.5.6.2 5.5.6.3 5.5.6.4 5.5.6.5
5.5.6.6 5.5.6.7 5.5.6.8 5.5.6.9 5.5.7.1 5.5.7.2 5.5.7.3 5.5.7.4 5.5.7.5 5.5.7.6
5.5.7.7 5.5.7.8 5.5.7.9 5.5.8.1 5.5.8.2 5.5.8.3 5.5.8.4 5.5.8.5 5.5.8.6 5.5.8.7
5.5.8.8 5.5.8.9 5.5.9.1 5.5.9.2 5.5.9.3 5.5.9.4 5.5.9.5 5.5.9.6 5.5.9.7 5.5.9.8
5.5.9.9 5.6.1.1 5.6.1.2 5.6.1.3 5.6.1.4 5.6.1.5 5.6.1.6 5.6.1.7 5.6.1.8 5.6.1.9
5.6.2.1 5.6.2.2 5.6.2.3 5.6.2.4 5.6.2.5 5.6.2.6 5.6.2.7 5.6.2.8 5.6.2.9 5.6.3.1
5.6.3.2 5.6.3.3 5.6.3.4 5.6.3.5 5.6.3.6 5.6.3.7 5.6.3.8 5.6.3.9 5.6.4.1 5.6.4.2
5.6.4.3 5.6.4.4 5.6.4.5 5.6.4.6 5.6.4.7 5.6.4.8 5.6.4.9 5.6.5.1 5.6.5.2 5.6.5.3
5.6.5.4 5.6.5.5 5.6.5.6 5.6.5.7 5.6.5.8 5.6.5.9 5.6.6.1 5.6.6.2 5.6.6.3 5.6.6.4
5.6.6.5 5.6.6.6 5.6.6.7 5.6.6.8 5.6.6.9 5.6.7.1 5.6.7.2 5.6.7.3 5.6.7.4 5.6.7.5
5.6.7.6 5.6.7.7 5.6.7.8 5.6.7.9 5.6.8.1 5.6.8.2 5.6.8.3 5.6.8.4 5.6.8.5 5.6.8.6
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(continued)
5.6.8.7 5.6.8.8 5.6.8.9 5.6.9.1 5.6.9.2 5.6.9.3 5.6.9.4 5.6.9.5 5.6.9.6 5.6.9.7
5.6.9.8 5.6.9.9 5.7.1.1 5.7.1.2 5.7.1.3 5.7.1.4 5.7.1.5 5.7.1.6 5.7.1.7 5.7.1.8
5.7.1.9 5.7.2.1 5.7.2.2 5.7.2.3 5.7.2.4 5.7.2.5 5.7.2.6 5.7.2.7 5.7.2.8 5.7.2.9
5.7.3.1 5.7.3.2 5.7.3.3 5.7.3.4 5.7.3.5 5.7.3.6 5.7.3.7 5.7.3.8 5.7.3.9 5.7.4.1
5.7.4.2 5.7.4.3 5.7.4.4 5.7.4.5 5.7.4.6 5.7.4.7 5.7.4.8 5.7.4.9 5.7.5.1 5.7.5.2
5.7.5.3 5.7.5.4 5.7.5.5 5.7.5.6 5.7.5.7 5.7.5.8 5.7.5.9 5.7.6.1 5.7.6.2 5.7.6.3
5.7.6.4 5.7.6.5 5.7.6.6 5.7.6.7 5.7.6.8 5.7.6.9 5.7.7.1 5.7.7.2 5.7.7.3 5.7.7.4
5.7.7.5 5.7.7.6 5.7.7.7 5.7.7.8 5.7.7.9 5.7.8.1 5.7.8.2 5.7.8.3 5.7.8.4 5.7.8.5
5.7.8.6 5.7.8.7 5.7.8.8 5.7.8.9 5.7.9.1 5.7.9.2 5.7.9.3 5.7.9.4 5.7.9.5 5.7.9.6
5.7.9.7 5.7.9.8 5.7.9.9 5.8.1.1 5.8.1.2 5.8.1.3 5.8.1.4 5.8.1.5 5.8.1.6 5.8.1.7
5.8.1.8 5.8.1.9 5.8.2.1 5.8.2.2 5.8.2.3 5.8.2.4 5.8.2.5 5.8.2.6 5.8.2.7 5.8.2.8
5.8.2.9 5.8.3.1 5.8.3.2 5.8.3.3 5.8.3.4 5.8.3.5 5.8.3.6 5.8.3.7 5.8.3.8 5.8.3.9
5.8.4.1 5.8.4.2 5.8.4.3 5.8.4.4 5.8.4.5 5.8.4.6 5.8.4.7 5.8.4.8 5.8.4.9 5.8.5.1
5.8.5.2 5.8.5.3 5.8.5.4 5.8.5.5 5.8.5.6 5.8.5.7 5.8.5.8 5.8.5.9 5.8.6.1 5.8.6.2
5.8.6.3 5.8.6.4 5.8.6.5 5.8.6.6 5.8.6.7 5.8.6.8 5.8.6.9 5.8.7.1 5.8.7.2 5.8.7.3
5.8.7.4 5.8.7.5 5.8.7.6 5.8.7.7 5.8.7.8 5.8.7.9 5.8.8.1 5.8.8.2 5.8.8.3 5.8.8.4
5.8.8.5 5.8.8.6 5.8.8.7 5.8.8.8 5.8.8.9 5.8.9.1 5.8.9.2 5.8.9.3 5.8.9.4 5.8.9.5
5.8.9.6 5.8.9.7 5.8.9.8 5.8.9.9 5.9.1.1 5.9.1.2 5.9.1.3 5.9.1.4 5.9.1.5 5.9.1.6
5.9.1.7 5.9.1.8 5.9.1.9 5.9.2.1 5.9.2.2 5.9.2.3 5.9.2.4 5.9.2.5 5.9.2.6 5.9.2.7
5.9.2.8 5.9.2.9 5.9.3.1 5.9.3.2 5.9.3.3 5.9.3.4 5.9.3.5 5.9.3.6 5.9.3.7 5.9.3.8
5.9.3.9 5.9.4.1 5.9.4.2 5.9.4.3 5.9.4.4 5.9.4.5 5.9.4.6 5.9.4.7 5.9.4.8 5.9.4.9
5.9.5.1 5.9.5.2 5.9.5.3 5.9.5.4 5.9.5.5 5.9.5.6 5.9.5.7 5.9.5.8 5.9.5.9 5.9.6.1
5.9.6.2 5.9.6.3 5.9.6.4 5.9.6.5 5.9.6.6 5.9.6.7 5.9.6.8 5.9.6.9 5.9.7.1 5.9.7.2
5.9.7.3 5.9.7.4 5.9.7.5 5.9.7.6 5.9.7.7 5.9.7.8 5.9.7.9 5.9.8.1 5.9.8.2 5.9.8.3
5.9.8.4 5.9.8.5 5.9.8.6 5.9.8.7 5.9.8.8 5.9.8.9 5.9.9.1 5.9.9.2 5.9.9.3 5.9.9.4
5.9.9.5 5.9.9.6 5.9.9.7 5.9.9.8 5.9.9.9 6.1.1.1 6.1.1.2 6.1.1.3 6.1.1.4 6.1.1.5
6.1.1.6 6.1.1.7 6.1.1.8 6.1.1.9 6.1.2.1 6.1.2.2 6.1.2.3 6.1.2.4 6.1.2.5 6.1.2.6
6.1.2.7 6.1.2.8 6.1.2.9 6.1.3.1 6.1.3.2 6.1.3.3 6.1.3.4 6.1.3.5 6.1.3.6 6.1.3.7
6.1.3.8 6.1.3.9 6.1.4.1 6.1.4.2 6.1.4.3 6.1.4.4 6.1.4.5 6.1.4.6 6.1.4.7 6.1.4.8
6.1.4.9 6.1.5.1 6.1.5.2 6.1.5.3 6.1.5.4 6.1.5.5 6.1.5.6 6.1.5.7 6.1.5.8 6.1.5.9
6.1.6.1 6.1.6.2 6.1.6.3 6.1.6.4 6.1.6.5 6.1.6.6 6.1.6.7 6.1.6.8 6.1.6.9 6.1.7,1
6.1.7.2 6.1.7.3 6.1.7.4 6.1.7.5 6.1.7.6 6.1.7.7 6.1.7.8 6.1.7.9 6.1.8.1 6.1.8.2
6.1.8.3 6.1.8.4 6.1.8.5 6.1.8.6 6.1.8.7 6.1.8.8 6.1.8.9 6.1.9.1 6.1.9.2 6.1.9.3
6.1.9.4 6.1.9.5 6.1.9.6 6.1.9.7 6.1.9.8 6.1.9.9 6.2.1.1 6.2.1.2 6.2.1.3 6.2.1.4
6.2.1.5 6.2.1.6 6.2.1.7 6.2.1.8 6.2.1.9 6.2.2.1 6.2.2.2 6.2.2.3 6.2.2.4 6.2.2.5
6.2.2.6 6.2.2.7 6.2.2.8 6.2.2.9 6.2.3.1 6.2.3.2 6.2.3.3 6.2.3.4 6.2.3.5 6.2.3.6
6.2.3.7 6.2.3.8 6.2.3.9 6.2.4.1 6.2.4.2 6.2.4.3 6.2.4.4 6.2.4.5 6.2.4.6 6.2.4.7
6.2.4.8 6.2.4.9 6.2.5.1 6.2.5.2 6.2.5.3 6.2.5.4 6.2.5.5 6.2.5.6 6.2.5.7 6.2.5.8
6.2.5.9 6.2.6.1 6.2.6.2 6.2.6.3 6.2.6.4 6.2.6.5 6.2.6.6 6.2.6.7 6.2.6.8 6.2.6.9
6.2.7.1 6.2.7.2 6.2.7.3 6.2.7.4 6.2.7.5 6.2.7.6 6.2.7.7 6.2.7.8 6.2.7.9 6.2.8.1
6.2.8.2 6.2.8.3 6.2.8.4 6.2.8.5 6.2.8.6 6.2.8.7 6.2.8.8 6.2.8.9 6.2.9.1 6.2.9.2
6.2.9.3 6.2.9.4 6.2.9.5 6.2.9.6 6.2.9.7 6.2.9.8 6.2.9.9 6.3.1.1 6.3.1.2 6.3.1.3
6.3.1.4 6.3.1.5 6.3.1.6 6.3.1.7 6.3.1.8 6.3.1.9 6.3.2.1 6.3.2.2 6.3.2.3 6.3.2.4
6.3.2.5 6.3.2.6 6.3.2.7 6.3.2.8 6.3.2.9 6.3.3.1 6.3.3.2 6.3.3.3 6.3.3.4 6.3.3.5
6.3.3.6 6.3.3.7 6.3.3.8 6.3.3.9 6.3.4.1 6.3.4.2 6.3.4.3 6.3.4.4 6.3.4.5 6.3.4.6
6.3.4.7 6.3.4.8 6.3.4.9 6.3.5.1 6.3.5.2 6.3.5.3 6.3.5.4 6.3.5.5 6.3.5.6 6.3.5.7
6.3.5.8 6.3.5.9 6.3.6.1 6.3.6.2 6.3.6.3 6.3.6.4 6.3.6.5 6.3.6.6 6.3.6.7 6.3.6.8
6.3.6.9 6-3.7.1 6.3.7.2 6.3.7.3 6.3.7.4 6.3.7.5 6.3.7.6 6.3.7.7 6.3.7.8 6.3.7.9
6.3.8.1 6.3.8.2 6.3.8.3 6.3.8.4 6.3.8.5 6.3.8.6 6.3.8.7 6.3.8.8 6.3.8.9 6.3.9.1
6.3.9.2 6.3.9.3 6.3.9.4 6.3.9.5 6.3.9.6 6.3.9.7 6.3.9.8 6.3.9.9 6.4.1.1 6.4.1.2
6.4.1.3 6.4.1.4 6.4.1.5 6.4.1.6 6.4.1.7 6.4.1.8 6.4.1.9 6.4.2.1 6.4.2.2 6.4.2.3
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(continued)
6.4.2.4 6.4.2.5 6.4.2.6 6.4.2.7 6.4.2.8 6.4.2.9 6.4.3.1 6.4.3.2 6.4.3.3 6.4.3.4
6.4.3.5 6.4.3.6 6.4.3.7 6.4.3.8 6.4.3.9 6.4.4.1 6.4.4.2 6.4.4.3 6.4.4.4 6.4.4.5
6.4.4.6 6.4.4.7 6.4.4.8 6.4.4.9 6.4.5.1 6.4.5.2 6.4.5.3 6.4.5.4 6.4.5.5 6.4.5.6
6.4.5.7 6.4.5.8 6.4.5.9 6.4.6.1 6.4.6.2 6.4.6.3 6.4.6.4 6.4.6.5 6.4.6.6 6.4.6.7
6.4.6.8 6.4.6.9 6.4.7.1 6.4.7.2 6.4.7.3 6.4.7.4 6.4.7.5 6.4.7.6 6.4.7.7 6.4.7.8
6.4.7.9 6.4.8.1 6.4.8.2 6.4.8.3 6.4.8.4 6.4.8.5 6.4.8.6 6.4.8.7 6.4.8.8 6.4.8.9
6.4.9.1 6.4.9.2 6.4.9.3 6.4.9.4 6.4.9.5 6.4.9.6 6.4.9.7 6.4.9.8 6.4.9.9 6.5.1.1
6.5.1.2 6.5.1.3 6.5.1.4 6.5.1.5 6.5.1.6 6.5.1.7 6.5.1.8 6.5.1.9 6.5.2.1 6.5.2.2
6.5.2.3 6.5.2.4 6.5.2.5 6.5.2.6 6.5.2.7 6.5.2.8 6.5.2.9 6.5.3.1 6.5.3.2 6.5.3.3
6.5.3.4 6.5.3.5 6.5.3.6 6.5.3.7 6.5.3.8 6.5.3.9 6.5.4.1 6.5.4.2 6.5.4.3 6.5.4.4
6.5.4.5 6.5.4.6 6.5.4.7 6.5.4.8 6.5.4.9 6.5.5.1 6.5.5.2 6.5.5.3 6.5.5.4 6.5.5.5
6.5.5.6 6.5.5.7 6.5.5.8 6.5.5.9 6.5.6.1 6.5.6.2 6.5.6.3 6.5.6.4 6.5.6.5 6.5.6.6
6.5.6.7 6.5.6.8 6.5.6.9 6.5.7.1 6.5.7.2 6.5.7.3 6.5.7.4 6.5.7.5 6.5.7.6 6.5.7.7
6.5.7.8 6.5.7.9 6.5.8.1 6.5.8.2 6.5.8.3 6.5.8.4 6.5.8.5 6.5.8.6 6.5.8.7 6.5.8.8
6.5.8.9 6.5.9.1 6.5.9.2 6.5.9.3 6.5.9.4 6.5.9.5 6.5.9.6 6.5.9.7 6.5.9.8 6.5.9.9
6.6.1.1 6.6.1.2 6.6.1.3 6.6.1.4 6.6.1.5 6.6.1.6 6.6.1.7 6.6.1.8 6.6.1.9 6.6.2.1
6.6.2.2 6.6.2.3 6.6.2.4 6.6.2.5 6.6.2.6 6.6.2.7 6.6.2.8 6.6.2.9 6.6.3.1 6.6.3.2
6.6.3.3 6.6.3.4 6.6.3.5 6.6.3.6 6.6.3.7 6.6.3.8 6.6.3.9 6.6.4.1 6.6.4.2 6.6.4.3
6.6.4.4 6.6.4.5 6.6.4.6 6.6.4.7 6.6.4.8 6.6.4.9 6.6.5.1 6.6.5.2 6.6.5.3 6.6.5.4
6.6.5.5 6.6.5.6 6.6.5.7 6.6.5.8 6.6.5.9 6.6.6.1 6.6.6.2 6.6.6.3 6.6.6.4 6.6.6.5
6.6.6.6 6.6.6.7 6.6.6.8 6.6.6.9 6.6.7.1 6.6.7.2 6.6.7.3 6.6.7.4 6.6.7.5 6.6.7.6
6.6.7.7 6.6.7.8 6.6.7.9 6.6.8.1 6.6.8.2 6.6.8.3 6.6.8.4 6.6.8.5 6.6.8.6 6.6.8.7
6.6.8.8 6.6.8.9 6.6.9.1 6.6.9.2 6.6.9.3 6.6.9.4 6.6.9.5 6.6.9.6 6.6.9.7 6.6.9.8
6.6.9.9 6.7.1.1 6.7.1.2 6.7.1.3 6.7.1.4 6.7.1.5 6.7.1.6 6.7.1.7 6.7.1.8 6.7.1.9
6.7.2.1 6.7.2.2 6.7.2.3 6.7.2.4 6.7.2.5 6.7.2.6 6.7.2.7 6.7.2.8 6.7.2.9 6.7.3.1
6.7.3.2 6.7.3.3 6.7.3.4 6.7.3.5 6.7.3.6 6.7.3.7 6.7.3.8 6.7.3.9 6.7.4.1 6.7.4.2
6.7.4.3 6.7.4.4 6.7.4.5 6.7.4.6 6.7.4.7 6.7.4.8 6.7.4.9 6.7.5.1 6.7.5.2 6.7.5.3
6.7.5.4 6.7.5.5 6.7.5.6 6.7.5.7 6.7.5.8 6.7.5.9 6.7.6.1 6.7.6.2 6.7.6.3 6.7.6.4
6.7.6.5 6.7.6.6 6.7.6.7 6.7.6.8 6.7.6.9 6.7.7.1 6.7.7.2 6.7.7.3 6.7.7.4 6.7.7.5
6.7.7.6 6.7.7.7 6.7.7.8 6.7.7.9 6.7.8.1 6.7.8.2 6.7.8.3 6.7.8.4 6.7.8.5 6.7.8.6
6.7.8.7 6.7.8.8 6.7.8.9 6.7.9.1 6.7.9.2 6.7.9.3 6.7.9.4 6.7.9.5 6.7.9.6 6.7.9.7
6.7.9.8 6.7.9.9 6.8.1.1 6.8.1.2 6.8.1.3 6.8.1.4 6.8.1.5 6.8.1.6 6.8.1.7 6.8.1.8
6.8.1.9 6.8.2.1 6.8.2.2 6.8.2.3 6.8.2.4 6.8.2.5 6.8.2.6 6.8.2.7 6.8.2.8 6.8.2.9
6.8.3.1 6.8.3.2 6.8.3.3 6.8.3.4 6.8.3.5 6.8.3.6 6.8.3.7 6.8.3.8 6.8.3.9 6.8.4.1
6.8.4.2 6.8.4.3 6.8.4.4 6.8.4.5 6.8.4.6 6.8.4.7 6.8.4.8 6.8.4.9 6.8.5.1 6.8.5.2
6.8.5.3 6.8.5.4 6.8.5.5 6.8.5.6 6.8.5.7 6.8.5.8 6.8.5.9 6.8.6.1 6.8.6.2 6.8.6.3
6.8.6.4 6.8.6.5 6.8.6.6 6.8.6.7 6.8.6.8 6.8.6.9 6.8.7.1 6.8.7.2 6.8.7.3 6.8.7.4
6.8.7.5 6.8.7.6 6.8.7.7 6.8.7.8 6.8.7.9 6.8.8.1 6.8.8.2 6.8.8.3 6.8.8.4 6.8.8.5
6.8.8.6 6.8.8.7 6.8.8.8 6.8.8.9 6.8.9.1 6.8.9.2 6.8.9.3 6.8.9.4 6.8.9.5 6.8.9.6
6.8.9.7 6.8.9.8 6.8.9.9 6.9.1.1 6.9.1.2 6.9.1.3 6.9.1.4 6.9.1.5 6.9.1.6 6.9.1.7
6.9.1.8 6.9.1.9 6.9.2.1 6.9.2.2 6.9.2.3 6.9.2.4 6.9.2.5 6.9.2.6 6.9.2.7 6.9.2.8
6.9.2.9 6.9.3.1 6.9.3.2 6.9.3.3 6.9.3.4 6.9.3.5 6.9.3.6 6.9.3.7 6.9.3.8 6.9.3.9
6.9.4.1 6.9.4.2 6.9.4.3 6.9.4.4 6.9.4.5 6.9.4.6 6.9.4.7 6.9.4.8 6.9.4.9 6.9.5.1
6.9.5.2 6.9.5.3 6.9.5.4 6.9.5.5 6.9.5.6 6.9.5.7 6.9.5.8 6.9.5.9 6.9.6.1 6.9.6.2
6.9.6.3 6.9.6.4 6.9.6.5 6.9.6.6 6.9.6.7 6.9.6.8 6.9.6.9 6.9.7.1 6.9.7.2 6.9.7.3
6.9.7.4 6.9.7.5 6.9.7.6 6.9.7.7 6.9.7.8 6.9.7.9 6.9.8.1 6.9.8.2 6.9.8.3 6.9.8.4
6.9.8.5 6.9.8.6 6.9.8.7 6.9.8.8 6.9.8.9 6.9.9.1 6.9.9.2 6.9.9.3 6.9.9.4 6.9.9.5
6.9.9.6 6.9.9.7 6.9.9.8 6.9.9.9 7.1.1.1 7.1.1.2 7.1.1.3 7.1.1.4 7.1.1.5 7.1.1.6
7.1.1.7 7.1.1.8 7.1.1.9 7.1.2.1 7.1.2.2 7.1.2.3 7.1.2.4 7.1.2.5 7.1.2.6 7.1.2.7
7.1.2.8 7.1.2.9 7.1.3.1 7.1.3.2 7.1.3.3 7.1.3.4 7.1.3.5 7.1.3.6 7.1.3.7 7.1.3.8
7.1.3.9 7.1.4.1 7.1.4.2 7.1.4.3 7.1.4.4 7.1.4.5 7.1.4.6 7.1.4.7 7.1.4.8 7.1.4.9
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(continued)
7.1.5.1 7.1.5.2 7.1.5.3 7.1.5.4 7.1.5.5 7.1.5.6 7.1.5.7 7.1.5.8 7.1.5.9 7.1.6.1
7.1.6.2 7.1.6.3 7.1.6.4 7.1.6.5 7.1.6.6 7.1.6.7 7.1.6.8 7.1.6.9 7.1.7.1 7.1.7.2
7.1.7.3 7.1.7.4 7.1.7.5 7.1.7.6 7.1.7.7 7.1.7.8 7.1.7.9 7.1.8.1 7.1.8.2 7.1.8.3
7.1.8.4 7.1.8.5 7.1.8.6 7.1.8.7 7.1.8.8 7.1.8.9 7.1.9.1 7.1.9.2 7.1.9.3 7.1.9.4
7.1.9.5 7.1.9.6 7.1.9.7 7.1.9.8 7.1.9.9 7.2.1.1 7.2.1.2 7.2.1.3 7.2.1.4 7.2.1.5
7.2.1.6 7.2.1.7 7.2.1.8 7.2.1.9 7.2.2.1 7.2.2.2 7.2.2.3 7.2.2.4 7.2.2.5 7.2.2.6
7.2.2.7 7.2.2.8 7.2.2.9 7.2.3.1 7.2.3.2 7.2.3.3 7.2.3.4 7.2.3.5 7.2.3.6 7.2.3.7
7.2.3.8 7.2.3.9 7.2.4.1 7.2.4.2 7.2.4.3 7.2.4.4 7.2.4.5 7.2.4.6 7.2.4.7 7.2.4.8
7.2.4.9 7.2.5.1 7.2.5.2 7.2.5.3 7.2.5.4 7.2.5.5 7.2.5.6 7.2.5.7 7.2.5.8 7.2.5.9
7.2.6.1 7.2.6.2 7.2.6.3 7.2.6.4 7.2.6.5 7.2.6.6 7.2.6.7 7.2.6.8 7.2.6.9 7.2.7.1
7.2.7.2 7.2.7.3 7.2.7.4 7.2.7.5 7.2.7.6 7.2.7.7 7.2.7.8 7.2.7.9 7.2.8.1 7.2.8.2
7.2.8.3 7.2.8.4 7.2.8.5 7.2.8.6 7.2.8.7 7.2.8.8 7.2.8.9 7.2.9.1 7.2.9.2 7.2.9.3
7.2.9.4 7.2.9.5 7.2.9.6 7.2.9.7 7.2.9.8 7.2.9.9 7.3.1.1 7.3.1.2 7.3.1.3 7.3.1.4
7.3.1.5 7.3.1.6 7.3.1.7 7.3.1.8 7.3.1.9 7.3.2.1 7.3.2.2 7.3.2.3 7.3.2.4 7.3.2.5
7.3.2.6 7.3.2.7 7.3.2.8 7.3.2.9 7.3.3.1 7.3.3.2 7.3.3.3 7.3.3.4 7.3.3.5 7.3.3.6
7.3.3.7 7.3.3.8 7.3.3.9 7.3.4.1 7.3.4.2 7.3.4.3 7.3.4.4 7.3.4.5 7.3.4.6 7.3.4.7
7.3.4.8 7.3.4.9 7.3.5.1 7.3.5.2 7.3.5.3 7.3.5.4 7.3.5.5 7.3.5.6 7.3.5.7 7.3.5.8
7.3.5.9 7.3.6.1 7.3.6.2 7.3.6.3 7.3.6.4 7.3.6.5 7.3.6.6 7.3.6.7 7.3.6.8 7.3.6.9
7.3.7.1 7.3.7.2 7.3.7.3 7.3.7.4 7.3.7.5 7.3.7.6 7.3.7.7 7.3.7.8 7.3.7.9 7.3.8.1
7.3.8.2 7.3.8.3 7.3.8.4 7.3.8.5 7.3.8.6 7.3.8.7 7.3.8.8 7.3.8.9 7.3.9.1 7.3.9.2
7.3.9.3 7.3.9.4 7.3.9.5 7.3.9.6 7.3.9.7 7.3.9.8 7.3.9.9 7.4.1.1 7.4.1.2 7.4.1.3
7.4.1.4 7.4.1.5 7.4.1.6 7.4.1.7 7.4.1.8 7.4.1.9 7.4.2.1 7.4.2.2 7.4.2.3. 7.4.2.4
7.4.2.5 7.4.2.6 7.4.2.7 7.4.2.8 7.4.2.9 7.4.3.1 7.4.3.2 7.4.3.3 7.4.3.4 7.4.3.5
7.4.3.6 7.4.3.7 7.4.3.8 7.4.3.9 7.4.4.1 7.4.4.2 7.4.4.3 7.4.4.4 7.4.4.5 7.4.4.6
7.4.4.7 7.4.4.8 7.4.4.9 7.4.5.1 7.4.5.2 7.4.5.3 7.4.5.4 7.4.5.5 7.4.5.6 7.4.5.7
7.4.5.8 7.4.5.9 7.4.6.1 7.4.6.2 7.4.6.3 7.4.6.4 7.4.6.5 7.4.6.6 7.4.6.7 7.4.6.8
7.4.6.9 7.4.7.1 7.4.7.2 7.4.7.3 7.4.7.4 7.4.7.5 7.4.7.6 7.4.7.7 7.4.7.8 7.4.7.9
7.4.8.1 7.4.8.2 7.4.8.3 7.4.8.4 7.4.8.5 7.4.8.6 7.4.8.7 7.4.8.8 7.4.8.9 7.4.9.1
7.4.9.2 7.4.9.3 7.4.9.4 7.4.9.5 7.4.9.6 7.4.9.7 7.4.9.8 7.4.9.9 7.5.1.1 7.5.1.2
7.5.1.3 7.5.1.4 7.5.1.5 7.5.1.6 7.5.1.7 7.5.1.8 7.5.1.9 7.5.2.1 7.5.2.2 7.5.2.3
7.5.2.4 7.5.2.5 7.5.2.6 7.5.2.7 7.5.2.8 7.5.2.9 7.5.3.1 7.5.3.2 7.5.3.3 7.5.3.4
7.5.3.5 7.5.3.6 7.5.3.7 7.5.3.8 7.5.3.9 7.5.4.1 7.5.4.2 7.5.4.3 7.5.4.4 7.5.4.5
7.5.4.6 7.5.4.7 7.5.4.8 7.5.4.9 7.5.5.1 7.5.5.2 7.5.5.3 7.5.5.4 7.5.5.5 7.5.5.6
7.5.5.7 7.5.5.8 7.5.5.9 7.5.6.1 7.5.6.2 7.5.6.3 7.5.6.4 7.5.6.5 7.5.6.6 7.5.6.7
7.5.6.8 7.5.6.9 7.5.7.1 7.5.7.2 7.5.7.3 7.5.7.4 7.5.7.5 7.5.7.6 7.5.7.7 7.5.7.8
7.5.7.9 7.5.8.1 7.5.8.2 7.5.8.3 7.5.8.4 7.5.8.5 7.5.8.6 7.5.8.7 7.5.8.8 7.5.8.9
7.5.9.1 7.5.9.2 7.5.9.3 7.5.9.4 7.5.9.5 7.5.9.6 7.5.9.7 7.5.9.8 7.5.9.9 7.6.1.1
7.6.1.2 7.6.1.3 7.6.1.4 7.6.1.5 7.6.1.6 7.6.1.7 7.6.1.8 7.6.1.9 7.6.2.1 7.6.2.2
7.6.2.3 7.6.2.4 7.6.2.5 7.6.2.6 7.6.2.7 7.6.2.8 7.6.2.9 7.6.3.1 7.6.3.2 7.6.3.3
7.6.3.4 7.6.3.5 7.6.3.6 7.6.3.7 7.6.3.8 7.6.3.9 7.6.4.1 7.6.4.2 7.6.4.3 7.6.4.4
7.6.4.5 7.6.4.6 7.6.4.7 7.6.4.8 7.6.4.9 7.6.5.1 7.6.5.2 7.6.5.3 7.6.5.4 7.6.5.5
7.6.5.6 7.6.5.7 7.6.5.8 7.6.5.9 7.6.6.1 7.6.6.2 7.6.6.3 7.6.6.4 7.6.6.5 7.6.6.6
7.6.6.7 7.6.6.8 7.6.6.9 7.6.7.1 7.6.7.2 7.6.7.3 7.6.7.4 7.6.7.5 7.6.7.6 7.6.7.7
7.6.7.8 7.6.7.9 7.6.8.1 7.6.8.2 7.6.8.3 7.6.8.4 7.6.8.5 7.6.8.6 7.6.8.7 7.6.8.8
7.6.8.9 7.6.9.1 7.6.9.2 7.6.9.3 7.6.9.4 7.6.9.5 7.6.9.6 7.6.9.7 7.6.9.8 7.6.9.9
7.7.1.1 7.7.1.2 7.7.1.3 7.7.1.4 7.7.1.5 7.7.1.6 7.7.1.7 7.7.1.8 7.7.1.9 7.7.2.1
7.7.2.2 7.7.2.3 7.7.2.4 7.7.2.5 7.7.2.6 7.7.2.7 7.7.2.B 7.7.2.9 7.7.3.1 7.7.3.2
7.7.3.3 7.7.3.4 7.7.3.5 7.7.3.6 7.7.3.7 7.7.3.8 7.7.3.9 7.7.4.1 7.7.4.2 7.7.4.3
7.7.4.4 7.7.4.5 7.7.4.6 7.7.4.7 7.7.4.8 7.7.4.9 7.7.5.1 7.7.5.2 7.7.5.3 7.7.5.4
7.7.5.5 7.7.5.6 7.7.5.7 7.7.5.8 7.7.5.9 7.7.6.1 7.7.6.2 7.7.6.3 7.7.6.4 7.7.6.5
7.7.6.6 7.7.6.7 7.7.6.8 7.7.6.9 7.7.7.1 7.7.7.2 7.7.7.3 7.7.7.4 7.7.7.5 7.7.7.6
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(continued)
7.7.7.7 7.7.7.8 7.7.7.9 7.7.8.1 7.7.8.2 7.7.8.3 7.7.8.4 7.7.8.5 7.7.8.6 7.7.8.7
7.7.8.8 7.7.8.9 7.7.9.1 7.7.9.2 7.7.9.3 7.7.9.4 7.7.9.5 7.7.9.6 7.7.9.7 7.7.9.8
7.7.9.9 7.8.1.1 7.8.1.2 7.8.1.3 7.8.1.4 7.8.1.5 7.8.1.6 7.8.1.7 7.8.1.8 7.8.1.9
7.8.2.1 7.8.2.2 7.8.2.3 7.8.2.4 7.8.2.5 7.8.2.6 7.8.2.7 7.8.2.8 7.8.2.9 7.8.3.1
7.8.3.2 7.8.3.3 7.8.3.4 7.8.3.5 7.8.3.6 7.8.3.7 7.8.3.8 7.8.3.9 7.8.4.1 7.8.4.2
7.8.4.3 7.8.4.4 7.8.4.5 7.8.4.6 7.8.4.7 7.8.4.8 7.8.4.9 7.8.5.1 7.8.5.2 7.8.5.3
7.8.5.4 7.8.5.5 7.8.5.6 7.8.5.7 7.8.5.8 7.8.5.9 7.8.6.1 7.8.6.2 7.8.6.3 7.8.6.4
7.8.6.5 7.8.6.6 7.8.6.7 7.8.6.8 7.8.6.9 7.8.7.1 7.8.7.2 7.8.7.3 7.8.7.4 7.8.7.5
7.8.7.6 7.8.7.7 7.8.7.8 7.8.7.9 7.8.8.1 7.8.8.2 7.8.8.3 7.8.8.4 7.8.8.5 7.8.8.6
7.8.8.7 7.8.8.8 7.8.8.9 7.8.9.1 7.8.9.2 7.8.9.3 7.8.9.4 7.8.9.5 7.8.9.6 7.8.9.7
7.8.9.8 7.8.9.9 7.9.1.1 7.9.1.2 7.9.1.3 7.9.1.4 7.9.1.5 7.9.1.6 7.9.1.7 7.9.1.8
7.9.1.9 7.9.2.1 7.9.2.2 7.9.2.3 7.9.2.4 7.9.2.5 7.9.2.6 7.9.2.7 7.9.2.8 7.9.2.9
7.9.3.1 7.9.3.2 7.9.3.3 7.9.3.4 7.9.3.5 7.9.3.6 7.9.3.7 7.9.3.8 7.9.3.9 7.9.4.1
7.9.4.2 7.9.4.3 7.9.4.4 7.9.4.5 7.9.4.6 7.9.4.7 7.9.4.8 7.9.4.9 7.9.5.1 7.9.5.2
7.9.5.3 7.9.5.4 7.9.5.5 7.9.5.6 7.9.5.7 7.9.5.8 7.9.5.9 7.9.6.1 7.9.6.2 7.9.6.3
7.9.6.4 7.9.6.5 7.9.6.6 7.9.6.7 7.9.6.8 7.9.6.9 7.9.7.1 7.9.7.2 7.9.7.3 7.9.7.4
7.9.7.5 7.9.7.6 7.9.7.7 7.9.7.8 7.9.7.9 7.9.8.1 7.9.8.2 7.9.8.3 7.9.8.4 7.9.8.5
7.9.8.6 7.9.8.7 7.9.8.8 7.9.8.9 7.9.9.1 7.9.9.2 7.9.9.3 7.9.9.4 7.9.9.5 7.9.9.6
7.9.9.7 7.9.9.8 7.9.9.9 8.1.1.1 8.1.1.2 8.1.1.3 8.1.1.4 8.1.1.5 8.1.1.6 8.1.1.7
8.1.1.8 8.1.1.9 8.1.2.1 8.1.2.2 8.1.2.3 8.1.2.4 8.1.2.5 8.1.2.6 8.1.2.7 8.1.2.8
8.1.2.9 8.1.3.1 8.1.3.2 8.1.3.3 8.1.3.4 8.1.3.5 8.1.3.6 8.1.3.7 8.1.3.8 8.1.3.9
8.1.4.1 8.1.4.2 8.1.4.3 8.1.4.4 8.1.4.5 8.1.4.6 8.1.4.7 8.1.4.8 8.1.4.9 8.1.5.1
8.1.5.2 8.1.5.3 8.1.5.4 8.1.5.5 8.1.5.6 8.1.5.7 8.1.5.8 8.1.5.9 8.1.6.1 8.1.6.2
8.1.6.3 8.1.6.4 8.1.6.5 8.1.6.6 8.1.6.7 8.1.6.8 8.1.6.9 8.1.7.1 8.1.7.2 8.1.7.3
8.1.7.4 8.1.7.5 8.1.7.6 8.1.7.7 8.1.7.8 8.1.7.9 8.1.8.1 8.1.8.2 8.1.8.3 8.1.8.4
8.1.8.5 8.1.8.6 8.1.8.7 8.1.8.8 8.1.8.9 8.1.9.1 8.1.9.2 8.1.9.3 8.1.9.4 8.1.9.5
8.1.9.6 8.1.9.7 8.1.9.8 8.1.9.9 8.2.1.1 8.2.1.2 8.2.1.3 8.2.1.4 8.2.1.5 8.2.1.6
8.2.1.7 8.2.1.8 8.2.1.9 8.2.2.1 8.2.2.2 8.2.2.3 8.2.2.4 8.2.2.5 8.2.2.6 8.2.2.7
8.2.2.8 8.2.2.9 8.2.3.1 8.2.3.2 8.2.3.3 8.2.3.4 8.2.3.5 8.2.3.6 8.2.3.7 8.2.3.8
8.2.3.9 8.2.4.1 8.2.4.2 8.2.4.3 8.2.4.4 8.2.4.5 8.2.4.6 8.2.4.7 8.2.4.8 8.2.4.9
8.2.5.1 8.2.5.2 8.2.5.3 8.2.5.4 8.2.5.5 8.2.5.6 8.2.5.7 8.2.5.8 8.2.5.9 8.2.6.1
8.2.6.2 8.2.6.3 8.2.6.4 8.2.6.5 8.2.6.6 8.2.6.7 8.2.6.8 8.2.6.9 8.2.7.1 8.2.7.2
8.2.7.3 8.2.7.4 8.2.7.5 8.2.7.6 8.2.7.7 8.2.7.8 8.2.7.9 8.2.8.1 8.2.8.2 8.2.8.3
8.2.8.4 8.2.8.5 8.2.8.6 8.2.8.7 8.2.8.8 8.2.8.9 8.2.9.1 8.2.9.2 8.2.9.3 8.2.9.4
8.2.9.5 8.2.9.6 8.2.9.7 8.2.9.8 8.2.9.9 8.3.1.1 8.3.1.2 8.3.1.3 8.3.1.4 8.3.1.5
8.3.1.6 8.3.1.7 8.3.1.8 8.3.1.9 8.3.2.1 8.3.2.2 8.3.2.3 8.3.2.4 8.3.2.5 8.3.2.6
8.3.2.7 8.3.2.8 8.3.2.9 8.3.3.1 8.3.3.2 8.3.3.3 8.3.3.4 8.3.3.5 8.3.3.6 8.3.3.7
8.3.3.8 8.3.3.9 8.3.4.1 8.3.4.2 8.3.4.3 8.3.4.4 8.3.4.5 8.3.4.6 8.3.4.7 8.3.4.8
8.3.4.9 8.3.5.1 8.3.5.2 8.3.5.3 8.3.5.4 8.3.5.5 8.3.5.6 8.3.5.7 8.3.5.8 8.3.5.9
8.3.6.1 8.3.6.2 8.3.6.3 8.3.6.4 8.3.6.5 8.3.6.6 8.3.6.7 8.3.6.8 8.3.6.9 8.3.7.1
8.3.7.2 8.3.7.3 8.3.7.4 8.3.7.5 8.3.7.6 8.3.7.7 8.3.7.8 8.3.7.9 8.3.8.1 8.3.8.2
8.3.8.3 8.3.8.4 8.3.8.5 8.3.8.6 8.3.8.7 8.3.8.8 8.3.8.9 8.3.9.1 8.3.9.2 8.3.9.3
8.3.9.4 8.3.9.5 8.3.9.6 8.3.9.7 8.3.9.8 8.3.9.9 8.4.1.1 8.4.1.2 8.4.1.3 8.4.1.4
8.4.1.5 8.4.1.6 8.4.1.7 8.4.1.8 8.4.1.9 8.4.2.1 8.4.2.2 8.4.2.3 8.4.2.4 8.4.2.5
8.4.2.6 8.4.2.7 8.4.2.8 8.4.2.9 8.4.3.1 8.4.3.2 8.4.3.3 8.4.3.4 8.4.3.5 8.4.3.6
8.4.3.7 8.4.3.8 8.4.3.9 8.4.4.1 8.4.4.2 8.4.4.3 8.4.4.4 8.4.4.5 8.4.4.6 8.4.4.7
8.4.4.8 8.4.4.9 8.4.5.1 8.4.5.2 8.4.5.3 8.4.5.4 8.4.5.5 8.4.5.6 8.4.5.7 8.4.5.8
8.4.5.9 8.4.6.1 8.4.6.2 8.4.6.3 8.4.6.4 8.4.6.5 8.4.6.6 8.4.6.7 8.4.6.8 8.4.6.9
8.4.7.1 8.4.7.2 8.4.7.3 8.4.7.4 8.4.7.5 8.4.7.6 8.4.7.7 8.4.7.8 8.4.7.9 8.4.8.1
8.4.8.2 8.4.8.3 8.4.8.4 8.4.8.5 8.4.8.6 8.4.8.7 8.4.8.8 8.4.8.9 8.4.9.1 8.4.9.2
8.4.9.3 8.4.9.4 8.4.9.5 8.4.9.6 8.4.9.7 8.4.9.8 8.4.9.9 8.5.1.1 8.5.1.2 8.5.1.3
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(continued)
8.5.1.4 8.5.1.5 8.5.1.6 8.5.1.7 8.5.1.8 8.5.1.9 8.5.2.1 8.5.2.2 8.5.2.3 8.5.2.4
8.5.2.5 8.5.2.6 8.5.2.7 8.5.2.8 8.5.2.9 8.5.3.1 8.5.3.2 8.5.3.3 8.5.3.4 8.5.3.5
8.5.3.6 8.5.3.7 8.5.3.8 8.5.3.9 8.5.4.1 8.5.4.2 8.5.4.3 8.5.4.4 8.5.4.5 8.5.4.6
8.5.4.7 8.5.4.8 8.5.4.9 8.5.5.1 8.5.5.2 8.5.5.3 8.5.5.4 8.5.5.5 8.5.5.6 8.5.5.7
8.5.5.8 8.5.5.9 8.5.6.1 8.5.6.2 8.5.6.3 8.5.6.4 8.5.6.5 8.5.6.6 8.5.6.7 8.5.6.8
8.5.6.9 8.5.7.1 8.5.7.2 8.5.7.3 8.5.7.4 8.5.7.5 8.5.7.6 8.5.7.7 8.5.7.8 8.5.7.9
8.5.8.1 8.5.8.2 8.5.8.3 8.5.8.4 8.5.8.5 8.5.8.6 8.5.8.7 8.5.8.8 8.5.8.9 8.5.9.1
8.5.9.2 8.5.9.3 8.5.9.4 8.5.9.5 8.5.9.6 8.5.9.7 8.5.9.8 8.5.9.9 8.6.1.1 8.6.1.2
8.6.1.3 8.6.1.4 8.6.1.5 8.6.1.6 8.6.1.7 8.6.1.8 8.6.1.9 8.6.2.1 8.6.2.2 8.6.2.3
8.6.2.4 8.6.2.5 8.6.2.6 8.6.2.7 8.6.2.8 8.6.2.9 8.6.3.1 8.6.3.2 8.6.3.3 8.6.3.4
8.6.3.5 8.6.3.6 8.6.3.7 8.6.3.8 8.6.3.9 8.6.4.1 8.6.4.2 8.6.4.3 8.6.4.4 8.6.4.5
8.6.4.6 8.6.4.7 8.6.4.8 8.6.4.9 8.6.5.1 8.6.5.2 8.6.5.3 8.6.5.4 8.6.5.5 8.6.5.6
8.6.5.7 8.6.5.8 8.6.5.9 8.6.6.1 8.6.6.2 8.6.6.3 8.6.6.4 8.6.6.5 8.6.6.6 8.6.6.7
8.6.6.8 8.6.6.9 8.6.7.1 8.6.7.2 8.6.7.3 8.6.7.4 8.6.7.5 8.6.7.6 8.6.7.7 8.6.7.8
8.6.7.9 8.6.8.1 8.6.8.2 8.6.8.3 8.6.8.4 8.6.8.5 8.6.8.6 8.6.8.7 8.6.8.8 8.6.8.9
8.6.9.1 8.6.9.2 8.6.9.3 8.6.9.4 8.6.9.5 8.6.9.6 8.6.9.7 8.6.9.8 8.6.9.9 8.7.1.1
8.7.1.2 8.7.1.3 8.7.1.4 8.7.1.5 8.7.1.6 8.7.1.7 8.7.1.8 8.7.1.9 8.7.2.1 8.7.2.2
8.7.2.3 8.7.2.4 8.7.2.5 8.7.2.6 8.7.2.7 8.7.2.8 8.7.2.9 8.7.3.1 8.7.3.2 8.7.3.3
8.7.3.4 8.7.3.5 8.7.3.6 8.7.3.7 8.7.3.8 8.7.3.9 8.7.4.1 8.7.4.2 8.7.4.3 8.7.4.4
8.7.4.5 8.7.4.6 8.7.4.7 8.7.4.8 8.7.4.9 8.7.5.1 8.7.5.2 8.7.5.3 8.7.5.4 8.7.5.5
8.7.5.6 8.7.5.7 8.7.5.8 8.7.5.9 8.7.6.1 8.7.6.2 8.7.6.3 8.7.6.4 8.7.6.5 8.7.6.6
8.7.6.7 8.7.6.8 8.7.6.9 8.7.7.1 8.7.7.2 8.7.7.3 8.7.7.4 8.7.7.5 8.7.7.6 8.7.7.7
8.7.7.8 8.7.7.9 8.7.8.1 8.7.8.2 8.7.8.3 8.7.8.4 8.7.8.5 8.7.8.6 8.7.8.7 8.7.8.8
8.7.8.9 8.7.9.1 8.7.9.2 8.7.9.3 8.7.9.4 8.7.9.5 8.7.9.6 8.7.9.7 8.7.9.8 8.7.9.9
8.8.1.1 8.8.1.2 8.8.1.3 8.8.1.4 8.8.1.5 8.8.1.6 8.8.1.7 8.8.1.8 8.8.1.9 8.8.2.1
8.8.2.2 8.8.2.3 8.8.2.4 8.8.2.5 8.8.2.6 8.8.2.7 8.8.2.8 8.8.2.9 8.8.3.1 8.8.3.2
8.8.3.3 8.8.3.4 8.8.3.5 8.8.3.6 8.8.3.7 8.8.3.8 8.8.3.9 8.8.4.1 8.8.4.2 8.8.4.3
8.8.4.4 8.8.4.5 8.8.4.6 8.8.4.7 8.8.4.8 8.8.4.9 8.8.5.1 8.8.5.2 8.8.5.3 8.8.5.4
8.8.5.5 8.8.5.6 8.8.5.7 8.8.5.8 8.8.5.9 8.8.6.1 8.8.6.2 8.8.6.3 8.8.6.4 8.8.6.5
8.8.6.6 8.8.6.7 8.8.6.8 8.8.6.9 8.8.7.1 8.8.7.2 8.8.7.3 8.8.7.4 8.8.7.5 8.8.7.6
8.8.7.7 8.8.7.8 8.8.7.9 8.8.8.1 8.8.8.2 8.8.8.3 8.8.8.4 8.8.8.5 8.8.8.6 8.8.8.7
8.8.8.8 8.8.8.9 8.8.9.1 8.8.9.2 8.8.9.3 8.8.9.4 8.8.9.5 8.8.9.6 8.8.9.7 8.8.9.8
8.8.9.9 8.9. 1. 1 8.9.1.2 8.9.1.3 8.9.1.4 8.9.1.5 8.9.1.6 8.9.1.7 8.9.1.8 8.9.1.9
8.9.2.1 8.9.2.2 8.9.2.3 8.9.2.4 8.9.2.5 8.9.2.6 8.9.2.7 8.9.2.8 8.9.2.9 8.9.3.1
8.9.3.2 8.9.3.3 8.9.3.4 8.9.3.5 8.9.3.6 8.9.3.7 8.9.3.8 8.9.3.9 8.9.4.1 8.9.4.2
8.9.4.3 8.9.4.4 8.9.4.5 8.9.4.6 8.9.4.7 8.9.4.8 8.9.4.9 8.9.5.1 8.9.5.2 8.9.5.3
8.9.5.4 8.9.5.5 8.9.5.6 8.9.5.7 8.9.5.8 8.9.5.9 8.9.6.1 8.9.6.2 8.9.6.3 8.9.6.4
8.9.6.5 8.9.6.6 8.9.6.7 8.9.6.8 8.9.6.9 8.9.7.1 8.9.7.2 8.9.7.3 8.9.7.4 8.9.7.5
8.9.7.6 8.9.7.7 8.9.7.8 8.9.7.9 8.9.8.1 8.9.8.2 8.9.8.3 8.9.8.4 8.9.8.5 8.9.8.6
8.9.8.7 8.9.8.8 8.9.8.9 8.9.9.1 8.9.9.2 8.9.9.3 8.9.9.4 8.9.9.5 8.9.9.6 8.9.9.7
8.9.9.8 8.9.9.9 9.1.1.1 9.1.1.2 9.1.1.3 9.1.1.4 9.1.1.5 9.1.1.6 9.1.1.7 9.1.1.8
9.1.1.9 9.1.2.1 9.1.2.2 9.1.2.3 9.1.2.4 9.1.2.5 9.1.2.6 9.1.2.7 9.1.2.8 9.1.2.9
9.1.3.1 9.1.3.2 9.1.3.3 9.1.3.4 9.1.3.5 9.1.3.6 9.1.3.7 9.1.3.8 9.1.3.9 9.1.4.1
9.1.4.2 9.1.4.3 9.1.4.4 9.1.4.5 9.1.4.6 9.1.4.7 9.1.4.8 9.1.4.9 9.1.5.1 9.1.5.2
9.1.5.3 9.1.5.4 9.1.5.5 9.1.5.6 9.1.5.7 9.1.5.8 9.1.5.9 9.1.6.1 9.1.6.2 9.1.6.3
9.1.6.4 9.1.6.5 9.1.6.6 9.1.6.7 9.1.6.8 9.1.6.9 9.1.7.1 9.1.7.2 9.1.7.3 9.1.7.4
9.1.7.5 9.1.7.6 9.1.7.7 9.1.7.8 9.1.7.9 9.1.8.1 9.1.8.2 9.1.8.3 9.1.8.4 9.1.8.5
9.1.8.6 9.1.8.7 9.1.8.8 9.1.8.9 9.1.9.1 9.1.9.2 9.1.9.3 9.1.9.4 9.1.9.5 9.1.9.6
9.1.9.7 9.1.9.8 9.1.9.9 9.2.1.1 9.2.1.2 9.2.1.3 9.2.1.4 9.2.1.5 9.2.1.6 9.2.1.7
9.2.1.8 9.2.1.9 9.2.2.1 9.2.2.2 9.2.2.3 9.2.2.4 9.2.2.5 9.2.2.6 9.2.2.7 9.2.2.8
9.2.2.9 9.2.3.1 9.2.3.2 9.2.3.3 9.2.3.4 9.2.3.5 9.2.3.6 9.2.3.7 9.2.3.8 9.2.3.9
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(continued)
9.2.4.1 9.2.4.2 9.2.4.3 9.2.4.4 9.2.4.5 9.2.4.6 9.2.4.7 9.2.4.8 9.2.4.9 9.2.5.1
9.2.5.2 9.2.5.3 9.2.5.4 9.2.5.5 9.2.5.6 9.2.5.7 9.2.5.8 9.2.5.9 9.2.6.1 9.2.6.2
9.2.6.3 9.2.6.4 9.2.6.5 9.2.6.6 9.2.6.7 9.2.6.8 9.2.6.9 9.2.7.1 9.2.7.2 9.2.7.3
9.2.7.4 9.2.7.5 9.2.7.6 9.2.7.7 9.2.7.8 9.2.7.9 9.2.8.1 9.2.8.2 9.2.8.3 9.2.8.4
9.2.8.5 9.2.8.6 9.2.8.7 9.2.8.8 9.2.8.9 9.2.9.1 9.2.9.2 9.2.9.3 9.2.9.4 9.2.9.5
9,2.9.6 9.2.9.7 9.2.9.8 9.2.9.9 9.3.1.1 9.3.1.2 9.3.1.3 9.3.1.4 9.3.1.5 9.3.1.6
9.3.1.7 9.3.1.8 9.3.1.9 9.3.2.1 9.3.2.2 9.3.2.3 9.3.2.4 9.3.2.5 9.3.2.6 9.3.2.7
9.3.2.8 9.3.2.9 9.3.3.1 9.3.3.2 9.3.3.3 9.3.3.4 9.3.3.5 9.3.3.6 9.3.3.7 9.3.3.8
9.3.3.9 9.3.4.1 9.3.4.2 9.3.4.3 9.3.4.4 9.3.4.5 9.3.4.6 9.3.4.7 9.3.4.8 9.3.4.9
9.3.5.1 9.3.5.2 9.3.5.3 9.3.5.4 9.3.5.5 9.3.5.6 9.3.5.7 9.3.5.8 9.3.5.9 9.3.6.1
9.3.6.2 9.3.6.3 9.3.6.4 9.3.6.5 9.3.6.6 9.3.6.7 9.3.6.8 9.3.6.9 9.3.7.1 9.3.7.2
9.3.7.3 9.3.7.4 9.3.7.5 9.3.7.6 9.3.7.7 9.3.7.8 9.3.7.9 9.3.8.1 9.3.8.2 9.3.8.3
9.3.8.4 9.3.8.5 9.3.8.6 9.3.8.7 9.3.8.8 9.3.8.9 9.3.9.1 9.3.9.2 9.3.9.3 9.3.9.4
9.3.9.5 9.3.9.6 9.3.9.7 9.3.9.8 9.3.9.9 9.4.1.1 9.4.1.2 9.4.1.3 9.4.1.4 9.4.1.5
9.4.1.6 9.4.1.7 9.4.1.8 9.4.1.9 9.4.2.1 9.4.2.2 9.4.2.3 9.4.2.4 9.4.2.5 9.4.2.6
9.4.2.7 9.4.2.8 9.4.2.9 9.4.3.1 9.4.3.2 9.4.3.3 9.4.3.4 9.4.3.5 9.4.3.6 9.4.3.7
9.4.3.8 9.4.3.9 9.4.4.1 9.4.4.2 9.4.4.3 9.4.4.4 9.4.4.5 9.4.4.6 9.4.4.7 9.4.4.8
9.4.4.9 9.4.5.1 9.4.5.2 9.4.5.3 9.4.5.4 9.4.5.5 9.4.5.6 9.4.5.7 9.4.5.8 9.4.5.9
9.4.6.1 9.4.6.2 9.4.6.3 9.4.6.4 9.4.6.5 9.4.6.6 9.4.6.7 9.4.6.8 9.4.6.9 9.4.7.1
9.4.7.2 9.4.7.3 9.4.7.4 9.4.7.5 9.4.7.6 9.4.7.7 9.4.7.8 9.4.7.9 9.4.8.1 9.4.8.2
9.4.8.3 9.4.8.4 9.4.8.5 9.4.8.6 9.4.8.7 9.4.8.8 9.4.8.9 9.4.9.1 9.4.9.2 9.4.9.3
9.4.9.4 9.4.9.5 9.4.9.6 9.4.9.7 9.4.9.8 9.4.9.9 9.5.1.1 9.5.1.2 9.5.1.3 9.5.1.4
9.5.1.5 9.5.1.6 9.5.1.7 9.5.1.8 9.5.1.9 9.5.2.1 9.5.2.2 9.5.2.3 9.5.2.4 9.5.2.5
9.5.2.6 9.5.2.7 9.5.2.8 9.5.2.9 9.5.3.1 9.5.3.2 9.5.3.3 9.5.3.4 9.5.3.5 9.5.3.6
9.5.3.7 9.5.3.8 9.5.3.9 9.5.4.1 9.5.4.2 9.5.4.3 9.5.4.4 9.5.4.5 9.5.4.6 9.5.4.7
9.5.4.8 9.5.4.9 9.5.5.1 9.5.5.2 9.5.5.3 9.5.5.4 9.5.5.5 9.5.5.6 9.5.5.7 9.5.5.8
9.5.5.9 9.5.6.1 9.5.6.2 9.5.6.3 9.5.6.4 9.5.6.5 9.5.6.6 9.5.6.7 9.5.6.8 9.5.6.9
9.5.7.1 9.5.7.2 9.5.7.3 9.5.7.4 9.5.7.5 9.5.7.6 9.5.7.7 9.5.7.8 9.5.7.9 9.5.8.1
9.5.8.2 9.5.8.3 9.5.8.4 9.5.8.5 9.5.8.6 9.5.8.7 9.5.8.8 9.5.8.9 9.5.9.1 9.5.9.2
9.5.9.3 9.5.9.4 9.5.9.5 9.5.9.6 9.5.9.7 9.5.9.8 9.5.9.9 9.6.1.1 9.6.1.2 9.6.1.3
9.6.1.4 9.6.1.5 9.6.1.6 9.6.1.7 9.6.1.8 9.6.1.9 9.6.2.1 9.6.2.2 9.6.2.3 9.6.2.4
9.6.2.5 9.6.2.6 9.6.2.7 9.6.2.8 9.62.9 9.6.3.1 9.6.3.2 9.6.3.3 9.6.3.4 9.6.3.5
9.6.3.6 9.6.3.7 9.6.3.8 9.6.3.9 9.6.4.1 9.6.4.2 9.6.4.3 9.6.4.4 9.6.4.5 9.6.4.6
9.6.4.7 9.6.4.8 9.6.4.9 9.6.5.1 9.6.5.2 9.6.5.3 9.6.5.4 9.6.5.5 9.6.5.6 9.6.5.7
9.6.5.8 9.6.5.9 9.6.6.1 9.6.6.2 9.6.6.3 9.6.6.4 9.6.6.5 9.6.6.6 9.6.6.7 9.6.6.8
9.6.6.9 9.6.7.1 9.6.7.2 9.6.7.3 9.6.7.4 9.6.7.5 9.6.7.6 9.6.7.7 9.6.7.8 9.6.7.9
9.6.8.1 9.6.8.2 9.6.8.3 9.6.8.4 9.6.8.5 9.6.8.6 9.6.8.7 9.6.8.8 9.6.8.9 9.6.9.1
9.6.9.2 9.6.9.3 9.6.9.4 9.6.9.5 9.6.9.6 9.6.9.7 9.6.9.8 9.6.9.9 9.7.1.1 9.7.1.2
9.7.1.3 9.7.1.4 9.7.1.5 9.7.1.6 9.7.1.7 9.7.1.8 9.7.1.9 9.7.2.1 9.7.2.2 9.7.2.3
9.7.2.4 9.7.2.5 9.7.2.6 9.7.2.7 9.7.2.8 9.7.2.9 9.7.3.1 9.7.3.2 9.7.3.3 9.7.3.4
9.7.3.5 9.7.3.6 9.7.3.7 9.7.3.8 9.7.3.9 9.7.4.1 9.7.4.2 9.7.4.3 9.7.4.4 9.7.4.5
9.7.4.6 9.7.4.7 9.7.4.8 9.7.4.9 9.7.5.1 9.7.5.2 9.7.5.3 9.7.5.4 9.7.5.5 9.7.5.6
9.7.5.7 9.7.5.8 9.7.5.9 9.7.6.1 9.7.6.2 9.7.6.3 9.7.6.4 9.7.6.5 9.7.6.6 9.7.6.7
9.7.6.8 9.7.6.9 9.7.7.1 9.7.7.2 9.7.7.3 9.7.7.4 9.7.7.5 9.7.7.6 9.7.7.7 9.7.7.8
9.7.7.9 9.7.8.1 9.7.8.2 9.7.8.3 9.7.8.4 9.7.8.5 9.7.8.6 9.7.8.7 9.7.8.8 9.7.8.9
9.7.9.1 9.7.9.2 9.7.9.3 9.7.9.4 9.7.9.5 9.7.9.6 9.7.9.7 9.7.9.8 9.7.9.9 9.8.1.1
9.8.1.2 9.8.1.3 9.8.1.4 9.8.1.5 9.8.1.6 9.8.1.7 9.8.1.8 9.8.1.9 9.8.2.1 9.8.2.2
9.8.2.3 9.8.2.4 9.8.2.5 9.8.2.6 9.8.2.7 9.8.2.8 9.8.2.9 9.8.3.1 9.8.3.2 9.8.3.3
9.8.3.4 9.8.3.5 9.8.3.6 9.8.3.7 9.8.3.8 9.8.3.9 9.8.4.1 9.8.4.2 9.8.4.3 9.8.4.4
9.8.4.5 9.8.4.6 9.8.4.7 9.8.4.8 9.8.4.9 9.8.5.1 9.8.5.2 9.8.5.3 9.8.5.4 9.8.5.5
9.8.5.6 9.8.5.7 9.8.5.8 9.8.5.9 9.8.6.1 9.8.6.2 9.8.6.3 9.8.6.4 9.8.6.5 9.8.6.6
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[0293] Another group of preferred compounds are named in Table 2 and designated by numbers assigned to the
variables of formula I using the following convention: M1.Y/Y’.V/Z/W. The compounds are shown without depiction of
stereochemistry since the compounds are biologically active as the diastereomeric mixture or as a single stereoisomer.
M1 is a variable that represents compounds of the formula M-H which have a specific hydroxyl group that is phosphorylated
with a group P(O)[Y-CH(V)CH2CH(W)-Y’) to make compounds of formula I or M1 is a variable that represents phosphonic
acids of the formula M-PO3

= which are transformed to compounds of formula I by replacing two oxygens in the PO3
=

group with Y-CH(V)CH2CH(W)-Y’.
[0294] The structures for variable M1 are the same as described above.

Variable Y/Y’

[0295]

1) Y= NH; Y’= oxygen
2) Y= oxygen; Y’=NH
3) Y=NH; Y’ = NH
4) Y=N-CH3; Y’= oxygen
5) Y= oxygen; Y’=NCH3
6) Y=N-CH2CH3; Y’ = oxygen
7) Y = N-phenyl; Y’ = oxygen
8) Y = Ni-propyl; Y’ = oxygen
9) Y = oxygen; Y’=N-CH2CH3

Variable V/Z/W: Group V/Z/W1

[0296]

1) V= phenyl; Z = hydrogen; W = phenyl
2) V= 3,5-dichlorophenyl; Z = hydrogen; W = 3,5-dichlorophenyl
3) V= 4-pyridyl; Z = hydrogen; W = 4-pyridyl

(continued)
9.8.6.7 9.8.6.8 9.8.6.9 9.8.7.1 9.8.7.2 9.8.7.3 9.8.7.4 9.8.7.5 9.8.7.6 9.8.7.7
9.8.7.8 9.8.7.9 9.8.8.1 9.8.8.2 9.8.8.3 9.8.8.4 9.8.8.5 9.8.8.6 9.8.8.7 9.8.8.8
9.8.8.9 9.8.9.1 9.8.9.2 9.8.9.3 9.8.9.4 9.8.9.5 9.8.9.6 9.8.9.7 9.8.9.8 9.8.9.9
9.9.1.1 9.9.1.2 9.9.1.3 9.9.1.4 9.9.1.5 9.9.1.6 9.9.1.7 9.9.1.8 9.9.1.9 9.9.2.1
9.9.2.2 9.9.2.3 9.9.2.4 9.9.2.5 9.9.2.6 9.9.2.7 9.9.2.8 9.9.2.9 9.9.3.1 9.9.3.2
9.9.3.3 9.9.3.4 9.9.3.5 9.9.3.6 9.9.3.7 9.9.3.8 9.9.3.9 9.9.4.1 9.9.4.2 9.9.4.3
9.9.4.4 9.9.4.5 9.9.4.6 9.9.4.7 9.9.4.8 9.9.4.9 9.9.5.1 9.9.5.2 9.9.5.3 9.9.5.4
9.9.5.5 9.9.5.6 9.9.5.7 9.9.5.8 9.9.5.9 9.9.6.1 9.9.6.2 9.9.6.3 9.9.6.4 9.9.6.5
9.9.6.6 9.9.6.7 9.9.6.8 9.9.6.9 9.9.7.1 9.9.7.2 9.9.7.3 9.9.7.4 9.9.7.5 9.9.7.6
9.9.7.7 9.9.7.8 9.9.7.9 9.9.8.1 9.9.8.2 9.9.8.3 9.9.8.4 9.9.8.5 9.9.8.6 9.9.8.7
9.9.8.8 9.9.8.9 9.9.9.1 9.9.9.2 9.9.9.3 9.9.9.4 9.9.9.5 9.9.9.6 9.9.9.7 9.9.9.8
9.9.9.9
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Variable V/Z/W: Group V/Z/W2

[0297]

4) V= phenyl; Z = hydrogen; W = methyl
5) V= 3,5-dichlorophenyl; Z = hydrogen; W = methyl
6) V= 4-pyridyl; Z =hydrogen; W = methyl

Variable V/Z/W: Group V/Z/W3

[0298]

7) Z= hydrogen; V and W = -CH2-CH(OH)CH2-
8) Z= hydrogen; V and W = -CH2-CH(OAc)CH2-
9) Z= hydrogen; V and W = -CH2-CH(OCO2CH2CH3)CH2-

[0299] Preferred compounds are compounds listed in Table 2 using groups M11 and V/Z/W1. For example, compound
1.1.9 represents structure 1 of group M1 1, i.e. 3TC; structure 1 of the variable Y/Y*, i.e. Y=NH and Y’ = oxygen; structure
9 of group V/Z/W I, i.e. V= 4-pyridyl, Z= hydrogen and W = 4-pyridyl.
[0300] Preferred compounds are also compounds listed in Table 2 using groups M11 and V/Z/W2. Preferred com-
pounds are also compounds listed in Table 2 using groups M11 and V/Z/W3. Preferred compounds are also compounds
listed in Table 2 using groups M12 and V/Z/W 1. Preferred compounds are also compounds listed in Table 2 using
groups M12 and V/Z/W 2. Preferred compounds are also compounds listed in Table 2 using groups M12 and V/ZfW 3.
Preferred compounds are also compounds listed in Table 2 using groups M’3 and V/ZIW 1. Preferred compounds are
also compounds listed in Table 2 using groups M13 and V/Z/W 2. Preferred compounds are also compounds listed in
Table 2 using groups M13 and V/Z/W 3.

Table 2
1.1.1 1.1.2 1.1.3 1.1.4 1.1.5 1.1.6 1.1.7 1.1.8 1.1.9 1.2.1 1.2.2 1.2.3
1.2.4 1.2.5 1.2.6 1.2.7 1.2.8 1.2.9 1.3.1 1.3.2 1.3.3 1.3.4 1.3.5 1.3.6
1.3.7 1.3.8 1.3.9 1.4.1 1.4.2 1.4.3 1.4.4 1.4.5 1.4.6 1.4.7 1.4.8 1.4.9
1.5.1 1.5.2 1.5.3 1.5.4 1.5.5 1.5.6 1.5.7 1.5.8 1.5.9 1.6.1 1.6.2 1.6.3
1.6.4 1.6.5 1.6.6 1.6.7 1.6.8 1.6.9 1.7.1 1.7.2 1.7.3 1.7.4 1.7.5 1.7.6
1.7.7 1.7.8 1.7.9 1.8.1 1.8.2 1.8.3 1.8.4 1.8.5 1.8.6 1.8.7 1.8.8 1.8.9
1.9.1 1.9.2 1.9.3 1.9.4 1.9.5 1.9.6 1.9.7 1.9.8 1.9.9 2.1.1 2.1.2 2.1.3
2.1.4 2.1.5 2.1.6 2.1.7 2.1.8 2.1.9 2.2.1 2.2.2 2.2.3 2.2.4 2.2.5 2.2.6
2.2.7 2.2.8 2.2.9 2.3.1 2.3.2 2.3.3 2.3.4 2.3.5 2.3.6 2.3.7 2.3.8 2.3.9
2.4.1 2.4.2 2.4.3 2.4.4 2.4.5 2.4.6 2.4.7 2.4.8 2.4.9 2.5.1 2.5.2 2.5.3
2.5.4 2.5.5 2.5.6 2.5.7 2.5.8 2.5.9 2.6.1 2.6.2 2.6.3 2.6.4 2.6.5 2.6.6
2.6.7 2.6.8 2.6.9 2.7.1 2.7.2 2.7.3 2.7.4 2.7.5 2.7.6 2.7.7 2.7.8 2.7.9
2.8.1 2.8.2 2.8.3 2.8.4 2.8.5 2.8.6 2.8.7 2.8.8 2.8.9 2.9.1 2.9.2 2.9.3
2.9.4 2.9.5 2.9.6 2.9.7 2.9.8 2.9.9 3.1.1 3.1.2 3.1.3 3.1.4 3.1.5 3.1.6
3.1.7 3.1.8 3.1.9 3.2.1 3.2.2 3.2.3 3.2.4 3.2.5 3.2.6 3.2.7 3.2.8 3.2.9
3.3.1 3.3.2 3.3.3 3.3.4 3.3.5 3.3.6 3.3.7 3.3.8 3.3.9 3.4.1 3.4.2 3.4.3
3.4.4 3.4.5 3.4.6 3.4.7 3.4.8 3.4.9 3.5.1 3.5.2 3.5.3 3.5.4 3.5.5 3.5.6
3.5.7 3.5.8 3.5.9 3.6.1 3.6.2 3.6.3 3.6.4 3.6.5 3.6.6 3.6.7 3.6.8 3.6.9
3.7.1 3.7.2 3.7.3 3.7.4 3.7.5 3.7.6 3.7.7 3.7.8 3.7.9 3.8.1 3.8.2 3.8.3
3.8.4 3.8.5 3.8.6 3.8.7 3.8.8 3.8.9 3.9.1 3.9.2 3.9.3 3.9.4 3.9.5 3.9.6
3.9.7 3.9.8 3.9.9 4.1.1 4.1.2 4.1.3 4.1.4 4.1.5 4.1.6 4.1.7 4.1.8 4.1.9
4.2.1 4.2.2 4.2.3 4.2.4 4.2.5 4.2.6 4.2.7 4.2.8 4.2.9 4.3.1 4.3.2 4.3.3
4.3.4 4.3.5 4.3.6 4.3.7 4.3.8 4.3.9 4.4.1 4.4.2 4.4.3 4.4.4 4.4.5 4.4.6
4.4.7 4.4.8 4.4.9 4.5.1 4.5.2 4.5.3 4.5.4 4.5.5 4.5.6 4.5.7 4.5.8 4.5.9
4.6.1 4.6.2 4.6.3 4.6.4 4.6.5 4.6.6 4.6.7 4.6.8 4.6.9 4.7.1 4.7.2 4.7.3
4.7.4 4.7.5 4.7.6 4.7.7 4.7.8 4.7.9 4.8.1 4.8.2 4.8.3 4.8.4 4.8.5 4.8.6
4.8.7 4.8.8 4.8.9 4.9.1 4.9.2 4.9.3 4.9.4 4.9.5 4.9.6 4.9.7 4.9.8 4.9.9
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SYNTHESIS OF COMPOUNDS OF FORMULA I

[0301] Synthesis of the compounds encompassed by the present invention includes: I). synthesis of prodrugs; and
II). synthesis of substituted 1,3-hydroxyamines and 1,3-diamines.

I) SYNTHESIS OF PRODRUGS:

[0302] The following procedures on the preparation of prodrugs illustrate the general procedures used to prepare the
prodrugs of the invention which apply to all phosphate, phosphonate- and phosphoramidate containing drugs. Prodrugs
can be introduced at different stages of synthesis of a drug. Most often they are made at a later stage, because of the
general sensitivity of these groups to various reaction conditions. Optically pure prodrugs containing single isomer at
phosphorus center can be made either by separation of the diastereomers by a combination of column chromatography
and/or crystallization, or by enantioseIective synthesis of chiral activated phosphoramide intermediates.
[0303] The preparation of prodrugs is further organized into 1) synthesis via activated P(V) intermediates:, 2) synthesis
via activated P(III) intermediates. 3) synthesis via phosph(on)ate diacid, and 4) miscellaneous methods. Some of the
general synthetic methods described in here are utilized for phosphate and phosphonate ester synthesis. However,
these methods are equally applicable in phosphoramidate case also when the nitrogen in the prodrug moiety is appro-
priately protected and/or substituted.

(continued)
5.1.1 5.1.2 5.1.3 5.1.4 5.1.5 5.1.6 5.1.7 5.1.8 5.1.9 5.2.1 5.2.2 5.2.3
5.2.4 5.2.5 5.2.6 5.2.7 5.2.8 5.2.9 5.3.1 5.3.2 5.3.3 5.3.4 5.3.5 5.3.6
5.3.7 5.3.8 5.3.9 5.4.1 5.4.2 5.4.3 5.4.4 5.4.5 5.4.6 5.4.7 5.4.8 5.4.9
5.5.1 5.5.2 5.5.3 5.5.4 5.5.5 5.5.6 5.5.7 5.5.8 5.5.9 5.6.1 5.6.2 5.6.3
5.6.4 5.6.5 5.6.6 5.6.7 5.6.8 5.6.9 5.7.1 5.7.2 5.7.3 5.7.4 5.7.5 5.7.6
5.7.7 5.7.8 5.7.9 5.8.1 5.8.2 5.8.3 5.8.4 5.8.5 5.8.6 5.8.7 5.8.8 5.8.9
5.9.1 5.9.2 5.9.3 5.9.4 5.9.5 5.9.6 5.9.7 5.9.8 5.9.9 6.1.1 6.1.2 6.1.3
6.1.4 6.1.5 6.1.6 6.1.7 6.1.8 6.1.9 6.2.1 6.2.2 6.2.3 6.2.4 6.2.5 6.2.6
6.2.7 6.2.8 6.2.9 6.3.1 6.3.2 6.3.3 6.3.4 6.3.5 6.3.6 6.3.7 6.3.8 6.3.9
6.4.1 6.4.2 6.4.3 6.4.4 6.4.5 6.4.6 6.4.7 6.4.8 6.4.9 6.5.1 6.5.2 6.5.3
6.5.4 6.5.5 6.5.6 6.5.7 6.5.8 6.5.9 6.6.1 6.6.2 6.6.3 6.6.4 6.6.5 6.6.6
6.6.7 6.6.8 6.6.9 6.7.1 6.7.2 6.7.3 6.7.4 6.7.5 6.7.6 6.7.7 6.7.8 6.7.9
6.8.1 6.8.2 6.8.3 6.8.4 6.8.5 6.8.6 6.8.7 6.8.8 6.8.9 6.9.1 6.9.2 6.9.3
6.9.4 6.9.5 6.9.6 6.9.7 6.9.8 6.9.9 7.1.1 7.1.2 7.1.3 7.1.4 7.1.5 7.1.6
7.1.7 7.1.8 7.1.9 7.2.1 7.2.2 7.2.3 7.2.4 7.2.5 7.2.6 7.2.7 7.2.8 7.2.9
7.3.1 7.3.2 7.3.3 7.3.4 7.3.5 7.3.6 7.3.7 7.3.8 7.3.9 7.4.1 7.4.2 7.4.3
7.4.4 7.4.5 7.4.6 7.4.7 7.4.8 7.4.9 7.5.1 7.5.2 7.5.3 7.5.4 7.5.5 7.5.6
7.5.7 7.5.8 7.5.9 7.6.1 7.6.2 7.6.3 7.6.4 7.6.5 7.6.6 7.6.7 7.6.8 7.6.9
7.7.1 7.7.2 7.7.3 7.7.4 7.7.5 7.7.6 7.7.7 7.7.8 7.7.9 7.8.1 7.8.2 7.8.3
7.8.4 7.8.5 7.8.6 7.8.7 7.8.8 7.8.9 7.9.1 7.9.2 7.9.3 7.9.4 7.9.5 7.9.6
7.9.7 7.9.8 7.9.9 8.1.1 8.1.2 8.1.3 8.1.4 8.1.5 8.1.6 8.1.7 8.1.8 8.1.9
8.2.1 8.2.2 8.2.3 8.2.4 8.2.5 8.2.6 8.2.7 8.2.8 8.2.9 8.3.1 8.3.2 8.3.3
8.3.4 8.3.5 8.3.6 8.3.7 8.3.8 8.3.9 8.4.1 8.4.2 8.4.3 8.4.4 8.4.5 8.4.6
8.4.7 8.4.8 8.4.9 8.5.1 8.5.2 8.5.3 8.5.4 8.5.5 8.5.6 8.5.7 8.5.8 8.5.9
8.6.1 8.6.2 8.6.3 8.6.4 8.6.5 8.6.6 8.6.7 8.6.8 8.6.9 8.7.1 8.7.2 8.7.3
8.7.4 8.7.5 8.7.6 8.7.7 8.7.8 8.7.9 8.8.1 8.8.2 8.8.3 8.8.4 8.8.5 8.8.6
8.8.7 8.8.8 8.8.9 8.9.1 8.9.2 8.9.3 8.9.4 8.9.5 8.9.6 8.9.7 8.9.8 8.9.9
9.1.1 9.1.2 9.1.3 9.1.4 9.1.5 9.1.6 9.1.7 9.1.8 9.1.9 9.2.1 9.2.2 9.2.3
9.2.4 9.2.5 9.2.6 9.2.7 9.2.8 9.2.9 9.3.1 9.3.2 9.3.3 9.3.4 9.3.5 9.3.6
9.3.7 9.3.8 9.3.9 9.4.1 9.4.2 9.4.3 9.4.4 9.4.5 9.4.6 9.4.7 9.4.8 9.4.9
9.5.1 9.5.2 9.5.3 9.5.4 9.5.5 9.5.6 9.5.7 9.5.8 9.5.9 9.6.1 9.6.2 9.6.3
9.6.4 9.6.5 9.6.6 9.6.7 9.6.8 9.6.9 9.7.1 9.7.2 9.7.3 9.7.4 9.7.5 9.7.6
9.7.7 9.7.8 9.7.9 9.8.1 9.8.2 9.8.3 9.8.4 9.8.5 9.8.6 9.8.7 9.8.8 9.8.9
9.9.1 9.9.2 9.9.3 9.9.4 9.9.5 9.9.6 9.9.7 9.9.8 9.9.9
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I.1 Synthesis via activated P(V) intermediate:

[0304]

I.1.a. Synthesis of activated P(V) intermediates:

[0305] Most preferred synthesis of phosphoramidate nucleotide prodrugs is the reaction of MH hydroxy group with
4-nitrophenyl phosphoramidate (where L is nitrophenyl) in presence of a strong base such as sodium hydride or lithium
hydride. The activated precursor is prepared by reaction of commercially available 4-nitrophenyl phosphorochloridate
with a substituted 1,3-aminoalcohol or 1,3-diamine. In general, synthesis of phosphoroamidate prodrug is achieved by
coupling the alcohol with the corresponding activated phosphoroamidate precursor for example, Chlorophosphoroam-
idate (L=chloro) addition on to 5’-hydroxy of nucleoside is a well known method for preparation of phosphoroamidates
(Stepanov et al., Tetrahedron Lett., 1989, 30, 5125). The activated precursor can be prepared by several well known
methods. Chlorophosphoroamidates useful for synthesis of the prodrugs are prepared from the substituted-1,3-propan-
ediamine or 1,3-aminoalcohol (Kirsten, et al, J.Org. Chem., 1997, 62, 6882). Chlorophosphoroamidate may also be
made by oxidation of the corresponding P(III) intermediates (Ozaki, et al, Bull. Chem Soc. Jpn., 1989, 62, 3869) which
are obtained by reaction of appropriately protected and/or substituted 1,3-aminoalcohol or 1,3-diamine with phosphorus
trichloride. Alternatively, the chlorophosphoroamidate agent is made by treating substituted-1,3-aminoalcohol or 1,3-di-
amine with phosphorusoxychloride (Welch, et al., J. Org. Chem., 1990, 55, 5991). Chlorophosphoroamidate species
may also be generated in situ from corresponding phosphites (Jung, et al., Nucleosides and Nucleotides, 1994, 13,
1597). Phosphoroflouridate intermediate prepared from phosphoroamidic acid may also act as a precursor in preparation
of cyclic prodrugs (Watanabe et al., Tetrahedron lett., 1988, 29, 5763).
[0306] Phosphoramidates (L=NRR’) can also be used as intermediates in the case of phosphoramidate prodrugs as
in the synthesis of phosphate esters where the nitrogen is substituted or in the protected form. Monoalkyl or dialkylphos-
phoramidate (Watanabe, et al, Chem Pharm Bull., 1990, 38, 562), triazolophosphoramidate (Yamakage, et al., Tetra-
hedron, 1989, 45, 5459) and pyrrolidinophosphoramidate (Nakayama, et al, J. Am. Chem. Soc., 1990, 112, 6936) are
some of the known intermediates used for the preparation of phosphate esters. Another effective phosphorylating
procedure is a metal catalyzed addition of cyclic chlorophosphoroamidate adduct of 2-oxazolone. This type of interme-
diate attains high selectivity in phosphorylation of primary hydroxy group in presence of secondary hydroxyl group
(Nagamatsu, et al, Tetrahedron Lett., 1987, 28, 2375). These agents are obtained by reaction of a chlorophosphoro-
amidate with the amine or alternatively by formation of the corresponding phosphoramidite followed by oxidation.

I.1.b. Synthesis of chiral activated Phosphoramidate:

[0307] Phosphorylation of an enantiomerically pure substituted 1,3-aminoalcohol or 1,3-diamine with for example, a
commercially available phosphorodichloridate R-OP(O)Cl2, where RO is a leaving group, preferably aryl substituted
with electron withdrawing groups, such as a nitro or a chloro, produces two diastereomeric intermediates that can be
separated by a combination of column chromatography and/or crystallization. Such a method may also be utilized in
preparing chiral chlorophosphoroamidate. Chiral phosphoramidate intermediates can be obtained by utilization of opti-
cally pure amine as the chiral auxiliary. This type of intermediate are known to undergo stereospecific substitution in the
phosphate formation (Nakayama, et al. J. Am. Chem. Soc., 1990, 112, 6936). The relative configuration of the phosphorus
atom can be determined by comparison of the 31P NMR spectra. The chemical shift of the equatorial phosphoryloxy
moiety (trans-isomer) is always more upfield than the one of the axial isomer (cis-isomer) (Verkade, et al, J. Org. Chem.,
1977, 42, 1549).
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I.1.c. Synthesis of Prodrugs Using Activated Phosphoramidates:

[0308] Coupling of activated phosphoramidates with alcohols (MH) is accomplished in the presence of an organic
base. For example, Chloro phosphoramidates synthesized as described in the earlier section react with an alcohol in
the presence of a base such as pyridines or N-methylimidazole. In some cases phosphorylation is enhanced by in situ
generation of iodophosphoramidates from chloro (Stomberg, et al., Nucleosides & Nucleotides., 1987, 5: 815). Phos-
phoroflouridate intermediates have also been used in phosphorylation reactions in the presence of a base such as CsF
or n-BuLi to generate cyclic prodrugs (Watanabe et al., Tetrahedron lett., 1988, 29, 5763). Phosphoramidate interme-
diates are shown to couple by transition metal catalysis (Nagamatsu, et al., Tetrahedron Lett., 1987, 28, 2375).
[0309] Reaction of the optically pure diastereomer of phosphoramidate intermediate with the hydroxyl of drug in the
presence of an acid produces the optically pure phosphate prodrug by direct SN2(P) reaction (Nakayama, et al., J. Am.
Chem. Soc., 1990, 112, 6936). Alternatively, reaction of the optically pure phosphoramidate precursor with a fluoride
source, preferably cesium fluoride or tetrabutylammonium fluoride produces the more reactive phosphorofluoridate
which reacts with the hydroxyl of the drug to give the optically pure prodrug configuration at the phosphorus atom (Ogilvie,
et al., J. Am. Chem. Soc., 1977,99, 1277).

1.2 Synthesis via phoshoramidite intermediate:

[0310]

I.2.a. Synthesis of activated P(III) intermediates:

[0311] Phosphorylation of hydroxy and amino groups is achieved using cyclic phosphorylating agents where the agent
is at the P(III) oxidation state. One preferred phosphorylating agent is a chloro phosphoramidite (L’chloro). Cyclic chlo-
rophosphoramidites are prepared under mild conditions by reaction of phosphorus trichloride with substituted 1,3-ami-
noalcohols or 1,3-diamines (Wada, et al., Tetrahedron Lett., 1990, 31, 6363). Alternatively phosphoramidites can be
used as the phosphorylating agent (Beaucage, et al., Tetrahedron, 1993, 49, 6123). Appropriately substituted phosho-
ramidites can be prepared by reacting cyclic chlorophosphoramidite with N,N-dialkylamine (Perich. et al., Aust. J. Chem.,
1990, 43, 1623. Perich, et al., Synthesis, 1988, 2, 142) or by reaction of commercially available dialkylaminophospho-
rochloridate with substituted propyl-1,3-aminoalcohols or 1,3-diamines.

1.2.b. Synthesis of chiral activated P(III) intermediate:

[0312] In the cases where unsymmetrical 1,3-aminoalcohols or 1,3-diamines are used, the cyclic phosphoramidites
are expected to form a mixture of chiral isomers. When an optically active pure amino alcohol or diamine is used a
chromatographically separable mixture of two stable diastereomers with the leaving group (NRR’) axial and equatorial
on the phosphorous atom is expected (Brown et al., Tet., 1990, 46, 4877). Pure diasteromers can usually be obtained
by chromatographic separation. These intermediates may also be prepared through chirality induction by an optically
active amine.
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I.2.c. Synthesis of prodrugs Using Activated phosphoramidites:

[0313] Appropriately substituted chlorophosphoramidites are used to phosphorylate alcohols on nucleosides in the
presence of an organic base (e.g., triethylamine, pyridine). Alternatively, the phosphoramidite can be obtained by coupling
the nucleoside with a phosphoramidate in the presence of a coupling promoter such as tetrazole or benzimidazolium
triflate (Hayakawa et al., J. Org. Chem., 1996, 61, 7996). Since condensation of alcohols with chloro phosphoramidites
or phosphoramidites is an SN2(P) reaction, the product is expected to have an inverted configuration. This allows for
the stereoselective synthesis of cyclic phosphoramidites of prodrugs. Isomeric mixtures of phosphorylation reactions
can also be equilibrated (e.g. thermal equilibration) to a more thermodynamically stable isomer.
[0314] The resulting phosphoramidites of prodrugs are subsequently oxidized to the corresponding phosphoramidate
prodrugs using an oxidant such as molecular oxygen or t-butylhydroperoxide (Ozaki et al., Tetrahedron. Lett., 1989,
30, 5899). Oxidation of optically pure P(III) intermediate is expected to stereoselectively provide optically active prodrugs
(Mikolajczyk, et al., J Org. Cheni., 1978, 43, 2132. Cullis, P. M. J. Chem. Soc., Chem Commun., 1984, 1510, Verfurth,
et al., Chem. Ber., 1991, 129, 1627).

1.3 Synthesis of Phosphoramidate Prodrugs via Diacids:

[0315]

[0316] Prodrugs of formula I are synthesized by reaction of the corresponding phosphodichloridate and an 1,3-ami-
noalcohol or 1,3-diamine (Khamnei, et al., J. Med. Chem., 1996, 39:4109). For example, the reaction of a phosphod-
ichloridate with substituted 1,3-aminoalcohols or diamines in the presence of base (such as pyridine, triethylamine, etc)
yields compounds of formula I. These conditions can also be applied in the synthesis of cyclophosphamide analogs
where commercially available bis(2-chloroethyl)phosphorarnidic dichloride is coupled with corresponding substituted
1,3-amino alcohols or 1,3-diamines.
[0317] Such reactive dichloridate intermediates, can be prepared from the corresponding acids and the chlorinating
agents e.g. thionyl chloride (Starrett, et al., J Med. Chem., 1994, 1857), oxalyl chloride (Stowell, et al., Tetrahedron
Lett., 1990, 31: 3261), and phosphorus pentachloride (Quast, et al., Synthesis, 1974,490). Alternatively, these dichlo-
rophosphonates can also be generated from disilyl esters (Bhongle, et al., Synth. Commun., 1987, 17: 1071) and dialkyl
esters (Still, et al., Tetrahedron Lett., 1983, 24: 4405; Patois, et al., Bull. Soc. Chim. Fr., 1993, 130: 485).
[0318] Alternatively, acid coupling reagents including, but not limited to, carbodiimides (Alexander, et al., Collect.
Czech. Chem. Commun., 1994, 59: 1853; Casara, et al., Bioorg. Med. Chem. Lett., 1992, 2: 145; Ohashi, et al.,
Tetrahedron Lett., 1988, 29: 1189; Hoffinan, M., Synthesis, 1988, 62), and benzotriazolyloxytris-(dimethylamino)phos-
phonium salts (Campagne, et al., Tetrahedron Lett., 1993, 34: 6743) are also used in the synthesis of compounds of
formula I starting from phosphate or phosphonate diacids. Chiral phosphonoamidate prodrugs can be synthesized by
either resolution (Pogatnic, et al., Tetrahedron Lett., 1997, 38, 3495) or by chirality induction (Taapken, et al., Tetrahedron
Lett., 1995, 36, 6659; J. Org. Chem., 1998, 63, 8284).

1.4. Miscellaneous Methods:

[0319] Phosphorylation of an alcohol is also achieved under Mitsunobu reaction conditions using the cyclic 1’,3’-pro-
panyl phosphoramidic acid in the presence of triphenylphosphine and diethylazodicarboxylate (Kimura et al., Bull. Chem.
Soc. Jpn., 1979, 52, 1191). Furthermore, phosphate prodrugs can be made by conversion of nucleoside to the dichloridate
intermediate with phosphoryl chloride in presence of triethylphosphite and quenching with substituted-1,3- aminoalcohols
(Farquhar et al., J. Org. Chem., 1983, 26, 1153).
[0320] Phosphorylation can also be achieved by making the mixed anhydride of the cyclic diester of phosphoramidic
acid and a sulfonyl chloride, preferably 8-quinolinesulfonyl chloride, and reacting the hydroxyl of the drug in the presence
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of a base, preferably methylimidazole (Takaku, et al., J. Org. Chem., 1982, 47, 4937). In addition, starting from a chiral
cyclic phosphoramidic acid, obtained by chiral resolution (Wynberg, et al., J Org. Chem., 1985, 50, 4508) is also a
source for chiral phosphoramidate prodrugs.

III. Synthesis of substituted 1,3-hydroxyamines and 1,3-diamines:

[0321] A large number of synthetic methods are available for the preparation of substituted 1,3-hydroxyamines and
1,3-diamincs due to the ubiquitous nature of these functionalities in naturally occurring compounds. Following are some
of these methods organized into: 1. synthesis of substituted 1,3-hydroxy amines; 2. synthesis of substituted 1,3-diamines
and 3. synthesis of chiral substituted 1,3-hydroxyamines and 1,3-diamines.

III.1. synthesis of substituted 1,3-hydroxy amines:

[0322] A general synthetic procedure for 3-aryl-3-hydroxy-propan-1-amine type of prodrug moiety involves aldol type
condensation of aryl esters with alkyl nitriles followed by reduction of resulting substituted benzoylacetonitrile (Shih et
al., Heterocycles, 1986, 24, 1599). The procedure can also be adapted for formation 2-substitutedaminopropanols by
using substituted alkylnitrile. In another approach, 3-aryl-3-amino-propan-1-ol type of prodrug groups are synthesized
from aryl aldehydes by condensation of malonic acid in presence of ammonium acetate followed by reduction of resulting
substituted b-amino acids. Both these methods enable to introduce wide variety of substitution of aryl group (Shih, et
al., Heterocycles., 1978, 9, 1277). In an alternate approach, -substituted organolithium compounds of 1-amino-1-aryl
ethyl dianion generated from styrene type of compounds undergo addition with carbonyl compounds to give variety of
W, W’ substitution by variation of the carbonyl compounds (Barluenga, et al., J. Org. Chem., 1979, 44, 4798).
Large number of synthetic methods are known for the preparation of racemic or chiral 1,3-diols. These methods may
be utilized in the synthesis of corresponding substituted 1,3-aminoalcohols or 1,3 diamines by converting hydroxy func-
tionality to a leaving group and treating with anhydrous ammonia or required primary or secondary amines (Corey, et
al., Tetrahedron Lett., 1989, 30, 5207: Gao, et al., J Org. Chem., 1988, 53, 4081). A similar transformation may also
be achieved directly from alcohols in Mitsunobu type of reaction conditions (Hughes, D. L., Org. React., 1992, 42).
[0323] A variety.of synthetic methods are known to prepare the following types of 1,3-diols: a) I-substituted; b) 2-sub-
stituted; and c) 1,2- or 1,3-annulated in their recemic or chiral form. Substitution of V, W, Z groups of formula I, can be
introduced or modified either during synthesis of aminoalcohols or after the synthesis of prodrugs.

III.1a) 1-Substituted 1 ,3-Diols.

[0324] 1,3-Dihydroxy compounds can be synthesized by several well known methods in literature. Aryl Grignard
additions to 1-hydroxy propan-3-al give I-aryl-substituted propan-1,3-diols. This method will enable conversion of various
substituted aryl halides to I -arylsubstituted- 1,3-propane diols (Coppi, et al., J. Org. Chem., 1988, 53, 911). Aryl halides
can also be used to synthesize 1-substituted propanediols by Heck coupling of 1,3-diox-4-ene followed by reduction
and hydrolysis (Sakamoto, et al., Tetrahedron Lett., 1992, 33, 6845). Substituted 1,3-diols can be generated enanati-
oselective reduction of vinyl ketone and hydoboration or by kinetic resolution of allylic alcohol. Variety of aromatic
aldehydes can be converted to 1-substituted-1,3-diols by vinyl Grignard addition followed by hydroboration. Substituted
aromatic aldehydes are also utilized by lithium-t-butylacetate addition followed by ester reduction (Tumer., J. Org. Chem.,
1990, 55 4744). In another method, commercially available cinnamyl alcohols can be converted to epoxy alcohols under
catalytic asymmetric epoxidation conditions. These epoxy alcohols are reduced by Red-Al to result in enantiomerically
pure 1,3-diols (Gao, et al., J. Org. Chem., 1980, 53, 4081). Alternatively, enantiomerically pure 1,3-diols can be obtained
by chiral borane reduction of hydroxyethyl aryl ketone derivatives (Ramachandran, et al., Tetrahedron Lett., 1997, 38
761). Pyridyl, quinoline, isoquinoline propan-3-ol derivatives can be oxygenated to 1-substituted-1,3-diol by N-oxide
formation followed by rearrangement in acetic anhydride conditions (Yamamoto, et al., Tetrahedron, 1981, 37, 1871).
Aldol condensation is another well described method for synthesis of the 1,3-oxygenated functionality (Mukaiyama, Org.
React., 1982, 28, 203). Chral substituted diols can also be made by enantioselective reduction of carbonyl compounds,
by chiral aldol condensation or by enzyme promoted kinetic resolution.

III. 1b) 2-Substituted 1,3-Diols:

[0325] Various 2-substituted-1,3-diols can be made from commercially available 2-(hydroxymethyl)-1,3-propane diol.
Pentaerythritol can be converted to triol via decarboxylation of diacid followed by reduction (Werle, et al., Liebigs. Ann.
Chem., 1986, 944) or diol-monocarboxyhc acid derivatives can also be obtained by decarboxylation under known con-
ditions (Iwata, et al., Tetrahedron lett. 1987. 28, 3131). Nitrotriol is also known to give triol by reductive elimination
(Latour, et al., Synthesis, 1987, 8, 742). The triol can be derivatised by mono acetylation or carbonate formation by
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treatment with alkanoyl chloride, or alkylchloroformate (Greene and Wuts, Protective groups in organic synthesis , John
Wiley, New York, 1990). Aryl substitution can be affected by oxidation to aldehyde and aryl Grignard additions. Aldehydes
can also be converted to substituted amines by reductive amination reaction.

III.1c) Cyclic-1,3- diols:

[0326] Compounds of formula 1 where V - W are fused by four carbons are made from Cyclohexane derivatives.
Commercially available cis, cis-1,3,5-cyclohexane triol can be used as is or modified as described in case of 2-substituted
propan-1,3-diols to: give various analogues. These modifications can either be made before or after ester formation.
Various 1,3-cyclohexane diols can be made by Diels-Alder methodology using pyrone as diene (Posner, et al., Tetra-
heitron Lett., 1991, 32, 5295). Cyclohexyl diol derivatives are also made by nitrile oxide-olefin additions (Curran, et al.,
J. Am. Chem. Soc., 1985, 107, 6023). Alternatively, cyclohexyl precursors are also made from commercially available
quinic acid (Rao, et al., Tetrahedron Lett., 1991, 32, 547.)

III.2. synthesis of substituted 1.3-diamines:

[0327] Substituted 1,3-diamines are synthesized starting from variety of substrates. Arylglutaronitriles can be trans-
formed to 1-substituted diamines by hydrolysis to amide and Hoffman rearrangement conditions (Bertochio, et al.,
Bull. ,Soc. Chim. Fr, 1962, 1809). Whereas, malononitrile substitution will enable variety of Z substitution by electrophile
introduction followed by hydride reduction to corresponding diamines. In another approach, cinnamaldehydes react
with hydrazines or substituted hydrazines to give corresponding pyrazolines which upon catalytic hydrogenation result
in substituted 1,3-diamines (Weinhardt, et al., J. Med. Chem., 1985, 28, 694). High transdiastereoselectivity of 1,3-sub-
stitution is also attainable by aryl Grignard addition on to pyrazolines followed by reduction (Alexakis, et al., J. Org.
Chem., 1992, 576, 4563). 1-Aryl-1,3-diaminopropanes are also prepared by diborane reduction of 3-amino-3-arylacry-
lonitriles which in turn are made from nitrile substituted aromatic compounds (Dornow, et al., Chem Ber., 1949, 82,
254). Reduction of 1,3-diimines obtained from corresponding 1,3-carbonyl compounds are another source of 1,3-diamine
prodrug moiety which allows a wide variety of activating groups V and/or Z (Barluenga, et al., J. Org. Chem. 1983, 48,
2255)

III.3. Synthesis of chiral substituted 1,3-hydroxyamines and 1,3-diamines:

[0328] Enantiomerically pure 3-aryl-3-hydroxypropan-1-amines are synthesized by CBS enantioselective catalytic
reaction of β-chloropropiophenone followed by displacement of halo group to make secondary or primary amines as
required (Corey, et al, Tetrahedron Lett., 1989, 30, 5207). Chiral 3-aryl-3-amino propan-1-ol type of prodrug moiety may
be obtained by 1,3-dipolar addition of chirally pure olefin and substituted nitrone of arylaldehyde followed by reduction
of resulting isoxazolidine (Koizumi, et al., J. Org. Chem., 1982, 47, 4005). Chiral induction in 1,3-polar additions to form
substituted isoxazolidines is also attained by chiral phosphine palladium complexes resulting in enatioselective formation
of δ-amino alcohol (Hori, et al., J. Org: Chem., 1999, 64, 5017). Alternatively, optically pure 1-aryl substituted amino
alcohols are obtained by selective ring opening of corresponding chiral epoxy alcohols with desired amines (Canas et
al., Tetrahedron Lett., 1991, 32, 6931).
Several methods are known for diastereoselective synthesis of 1,3-disubstituted aminoalcohols. For example, treatment
of (E)-N-cinnamyltrichloroacetamide with hypochlorus acid results in trans-dihydrooxazine which is readily hydrolysed
to erythro-β-chloro-α-hydroxy-δ-phenylpropanamine in high diastereoselectivity (Commercon et al., Tetrahedron Lett.,
1990, 31, 3871). Diastereoselective formation of 1,3-aminoalcohols is also achieved by reductive amination of optically
pure 3-hydroxy ketones ( Haddad et al., Tetrahedron Lett., 1997, 38, 5981). In an alternate approach, 3-aminoketones
are transformed to 1,3-disubstituted aminoalcohols in high stereoselectivity by a selective hydride reduction (Barluenga
et al., J. Org. Chem., 1992, 57, 1219).
[0329] All the above mentioned methods can also be applied to prepare corresponding V-W annulated chiral aminoal-
cohols. Furthermore, such optically pure amino alcohols are also a source to obtain optically pure diamines by the
procedures described earlier in the section.

Formulations

[0330] Compounds of the invention are administered orally in a total daily dose of about 0.1 mg/kg/dose to about 100
mg/kg/dose, preferably from about 0.3 mg/kg/dose to about 30 mg/kg/dose. The most preferred dose range is from 0.5
to 10 mg/kg (approximately 1 to 20 nmoles/kg/dose). The use of time-release preparations to control the rate of release
of the active ingredient may be preferred. The dose may be administered in as many divided doses as is convenient.
When other methods are used (e.g. intravenous administration), compounds are administered to the affected tissue at
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a rate from 0.3 to 300 nmol/kg/min, preferably from 3 to 100 nmoles/kg/min. Such rates are easily maintained when
these compounds are intravenously administered as discussed below.
[0331] For the purposes of this invention, the compounds may be administered by a variety of means including orally,
parenterally, by inhalation spray, topically, or rectally in formulations containing pharmaceutically acceptable carriers,
adjuvants and vehicles. The term parenteral as used here includes subcutaneous, intravenous, intramuscular, and
intraarterial injections with a variety of infusion techniques. Intraarterial and intravenous injection as used herein includes
administration through catheters. Oral administration is generally preferred.
[0332] Pharmaceutical compositions containing the active ingredient may be in any form suitable for the intended
method of administration. When used for oral use for example, tablets, troches, lozenges, aqueous or oil suspensions,
dispersible powders or granules, emulsions, hard or soft capsules, syrups or elixirs may be prepared. Compositions
intended for oral use may be prepared according to any method known to the art for the manufacture of pharmaceutical
compositions and such compositions may contain one or more agents including sweetening agents, flavoring agents,
coloring agents and preserving agents, in order to provide a palatable preparation. Tablets containing the active ingredient
in admixture with non-toxic pharmaceutically acceptable excipient which are suitable for manufacture of tablets are
acceptable. These excipients may be, for example, inert diluents, such as calcium or sodium carbonate, lactose, calcium
or sodium phosphate; granulating and disintegrating agents, such as maize starch, or alginic acid; binding agents, such
as starch, gelatin or acacia; and lubricating agents, such as magnesium stearate, stearic acid or talc. Tablets may be
uncoated or may be coated by known techniques including microencapsulation to delay disintegration and adsorption
in the gastrointestinal tract and thereby provide a sustained action over a longer period. For example, a time delay
material such as glyceryl monostearate or glyceryl distearate alone or with a wax may be employed.
[0333] Formulations for oral use may be also presented as hard gelatin capsules where the active ingredient is mixed
with an inert solid diluent, for example calcium phosphate or kaolin, or as soft gelatin capsules wherein the active
ingredient is mixed with water or an oil medium, such as peanut oil, liquid paraffin or olive oil.
[0334] Aqueous suspensions of the invention contain the active materials in admixture with excipients suitable for the
manufacture of aqueous suspensions. Such excipients include a suspending agent, such as sodium carboxymethylcel-
lulose, methylcellulose, hydroxypropyl methylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum
acacia, and dispersing or wetting agents such as a naturally occurring phosphatide (e.g., lecithin), a condensation
product of an alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a condensation product of ethylene oxide
with a long chain aliphatic alcohol (e.g., heptadecaethyleneoxycetanol), a condensation product of ethylene oxide with
a partial ester derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan monooleate). The aqueous
suspension may also contain one or more preservatives such as ethyl or n-propyl p-hydroxy-benzoate, one or more
coloring agents, one or more flavoring agents and one or more sweetening agents, such as sucrose or saccharin.
[0335] Oil suspensions may be formulated by suspending the active ingredient in a vegetable oil, such as arachis oil,
olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid paraffin. The oral suspensions may contain a thickening
agent, such as beeswax, hard paraffin or cetyl alcohol. Sweetening agents, such as those set forth above, and flavoring
agents may be added to provide a palatable oral preparation. These compositions may be preserved by the addition of
an antioxidant such as ascorbic acid.
[0336] Dispersible powders and granules of the invention suitable for preparation of an aqueous suspension by the
addition of water provide the active ingredient in admixture with a dispersing or wetting agent, a suspending agent, and
one or more preservatives. Suitable dispersing or wetting agents and suspending agents are exemplified by those
disclosed above. Additional excipients, for example sweetening, flavoring and coloring agents, may also be present.
[0337] The pharmaceutical compositions of the invention may also be in the form of oil-in-water emulsions. The oily
phase may be a vegetable oil, such as olive oil or arachis oil, a mineral oil, such as liquid paraffin, or a mixture of these.
Suitable emulsifying agents include naturally-occurring gums, such as gum acacia and gum tragacanth, naturally oc-
curring phosphatides, such as soybean lecithin, esters or partial esters derived from fatty acids and hexitol anhydrides,
such as sorbitan monooleate, and condensation products of these partial esters with ethylene oxide, such as polyox-
yethylene sorbitan monooleate. The emulsion may also contain sweetening and flavoring agents.
[0338] Syrups and elixirs may be formulated with sweetening agents, such as glycerol, sorbitol or sucrose. Such
formulations may also contain a demulcent, a preservative, a flavoring or a coloring agent.
[0339] The pharmaceutical compositions of the invention may be in the form of a sterile injectable preparation, such
as a sterile injectable aqueous or oleaginous suspension. This suspension may be formulated according to the known
art using those suitable dispersing or wetting agents and suspending agents which have been mentioned above. The
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-toxic parenterally acceptable
diluent or solvent, such as a solution in 1,3-butane-diol or prepared as a lyophilized powder. Among the acceptable
vehicles and solvents that may be employed are water, Ringer’s solution and isotonic sodium chloride solution. In
addition, sterile fixed oils may conventionally be employed as a solvent or suspending medium. For this purpose any
bland fixed oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid
may likewise be used in the preparation of injectables.
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[0340] The amount of active ingredient that may be combined with the carrier material to produce a single dosage
form will vary depending upon the host treated and the particular mode of administration. For example, a time-release
formulation intended for oral administration to humans may contain 20 to 2000 mmol (approximately 10 to 1000 mg) of
active material compounded with an appropriate and convenient amount of carrier material which may vary from about
5 to about 95% of the total compositions. It is preferred that the pharmaceutical composition be prepared which provides
easily measurable amounts for administration. For example, an aqueous solution intended for intravenous infusion
should contain from about 0.05 to about 50 pmol (approximately 0.025 to 25 mg) of the active ingredient per milliliter of
solution in order that infusion of a suitable volume at a rate of about 30 mL/hr can occur.
[0341] As noted above, formulations of the present invention suitable for oral administration may be presented as
discrete units such as capsules, cachets or tablets each containing a predetermined amount of the active ingredient;
as a powder or granules; as a solution or a suspension in an aqueous or non-aqueous liquid; or as an oil-in-water liquid
emulsion or a water-in-oil liquid emulsion. The active ingredient may also be administered as a bolus, electuary or paste.
[0342] A tablet may be made by compression or molding, optionally with one or more accessory ingredients. Com-
pressed tablets may be prepared by compressing in a suitable machine the active ingredient in a free flowing form such
as a powder or granules, optionally mixed with a binder (e.g., povidone, gelatin, hydroxypropylmethyl cellulose), lubricant,
inert diluent, preservative, disintegrant (e.g., sodium starch glycolate, cross-linked povidone, cross-linked sodium car-
boxymethyl cellulose) surface active or dispersing agent. Molded tablets may be made by molding in a suitable machine
a mixture of the powdered compound moistened with an inert liquid diluent. The tablets may optionally be coated or
scored and may be formulated so as to provide slow or controlled release of the active ingredient therein using, for
example, hydroxypropyl methylcellulose in varying proportions to provide the desired release profile. Tablets may op-
tionally be provided with an enteric coating, to provide release in parts of the gut other than the stomach. This is particularly
advantageous with the compounds of formula I when such compounds are susceptible to acid hydrolysis.
[0343] Formulations suitable for topical administration in the mouth include lozenges comprising the active ingredient
in a flavored base, usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert base
such as gelatin and glycerin, or sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable
liquid carrier.
[0344] Formulations for rectal administration may be presented as a suppository with a suitable base comprising for
example cocoa butter or a salicylate.
[0345] Formulations suitable for vaginal administration may be presented as pessaries, tampons, creams, gels, pastes,
foams or spray formulations containing in addition to the active ingredient such carriers as are known in the art to be
appropriate.
[0346] Formulations suitable for parenteral administration include aqueous and non-aqueous isotonic sterile injection
solutions which may contain antioxidants, buffers, bacteriostats and solutes which render the formulation isotonic with
the blood of the intended recipient; and aqueous and non-aqueous sterile suspensions which may include suspending
agents and thickening agents. The formulations may be presented in unit-dose or multi-dose sealed containers, for
example, ampoules and vials, and may be stored in a freeze-dried (lyophilized) condition requiring only the addition of
the sterile liquid carrier, for example water for injections, immediately prior to use. Injection solutions and suspensions
may be prepared from sterile powders, granules and tablets of the kind previously described.
[0347] Preferred unit dosage formulations are those containing a daily dose or unit, daily sub-dose, or an appropriate
fraction thereof, of a drug.
[0348] It will be understood, however, that the specific dose level for any particular patient will depend on a variety of
factors including the activity of the specific compound employed; the age, body weight, general health, sex and diet of
the individual being treated; the time and route of administration; the rate of excretion; other drugs which have previously
been administered; and the severity of the particular disease undergoing therapy, as is well understood by those skilled
in the art.

EXAMPLES

[0349] The prodrug compounds of this invention, their intermediates, and their preparation can be understood further
by the examples which illustrate some of the processes by which these compounds are prepared. These examples
should not however be construed as specifically limiting the invention and variations of the compounds, now known or
later developed, are considered to fall within the scope of the present invention as hereinafter claimed.
[0350] Compounds of formula I are prepared using procedures detailed in the following examples.
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Example 1:

General procedure for phosphoramidate prodrugs of phosphonic acid containing drugs:

[0351] A suspension of 5-Isobutyl-2-methyl-4-(2-(5-phosphono)furanyl)thiazole (200mg, 0.6 mmol) in 2.5 mL of thionyl
chloride was heated at reflux temperature for 4 h. The reaction mixture was cooled and evaporated to dryness followed
by azeotroping with toluene. To the solution of the resulting residue in 4 ml of methylene chloride was added a solution
of amino alcohol (82mg, 0.54 mmol) and pyridine (0.5 ml, 6 mmol) in 1 mL of methylene chloride.
[0352] After stirring at 25 ˚C for 4 h the reaction was evaporated and coevaporated with toluene. The crude product
was chromatographed by eluting with 10% methanoldichloromethane to give 52 mg (20.8%)of a less polar isomer and
48 mg (19.2%) of a more polar isomer.
The following compounds were prepared in this manner:

1.1: 5-Isobutyl-2-methyl-4-{2-[5-(1-phenyl-1,3-propyl)phosphorimido]furanyl}thiazole, less polar isomer. Rf=0.76 in
10% MeOH/CH2C12. Anal. Cald. for C21H25N2O3PS+0.25H2O+0.1HCl: C: 59.40; H: 6.08; N: 6.60. Found: C:
59.42; H: 5.72; N: 6.44.
1.2: 5-Isobutyl-2-methyl-4- {2-[5-(1-phenyl-1,3-propyl)phosphorimido]furanyl) thiazole, more polar isomer. Rf=0.7
in MeOH/CH2Cl2. Anal. Cald. for C21H25N2O3PS+0.25H2O: C: 59.91; H: 6.1; N: 6.65. Found: C: 60.17; H: 5.81,
N: 6.52.
1.3: 2-Amino-5-isobutyl-4-{2-[5-(1-phenyl-1,3-propyl)phosphoramido]furanyl} thiazole. Rf= 0.53 (silica, 9:1
CH2Cl2/MeOH). Anal. cald. for C20 H24 N3 03 P S + 0.2CH2Cl2 + 0.25H20 : C: 55.27; H: 5.72; N: 9.57. Found:
C: 55.03; H: 5.42; N: 9.37.
1.4: 2-Amino-5-isobutyl-4- {2-[5-(1-phenyl-1,3-propyl)phosphoramido]furanyl}thiazole, less polar isomer. Rf= 0.57
(silica, 9:1 CH2Cl2/MeOH). Anal. cald. for C20 H24 N3 03 P S + 0.15 CH2Cl2: C: 56.26; H: 5.69; N: 9.77. Found:
C: 56.36; H: 5.46; N: 9.59.
1.5: 2-Amino-5-methylthio-4- {2-[5-(1-phenyl-1,3-propyl)phosphoramido]furanyl}thiazole, less polar isomer. Rf=
0.59 (silica, 9:1 CH2C12/MeOH). Anal. cald. for C17 H18 N3 03 P S2 + 0.4HC1: C: 48.38; H: 4.39; N: 9.96. Found:
C: 48.47; H: 4.21; N: 9.96.
1.6: 2-Amino-5-methylthio-4-{2-[5-(1-phenyl-1 ,3-propyl)phosphoramido]furanyl}thiazole, more polar isomer.
Rf= 0.56 (silica, 9:1 CH2C12/MeOH). Anal. cald. for C17 H18 N3 03 P S2: C: 50.11; H:4.45; N:10.31. Found: C:
49.84; H: 4.19; N: 10.13.
1.7: 2-Amino-5-methylthio-4- {2-[5-(N-methyl-1-phenyl-1,3-propyl)phosphoramido]furanyl}thiazole. Rf= 0.56 (silica,
9:1 CH2Cl2/MeOH). Anal. cald. for C18 H20 N3 03 P S2 + .25HCl
C: 50.21; H: 4.74; N: 9.76. Found: C: 50.31; H: 4.46; N: 9.79.
1.8: 2-Amino-5-isobutyl-4-{2-[5-(1-phenyl-1,3-propyl)-N-acetylphosphoramido]furanyl}thiazole. Rf=0.62 (silica, 9:1
CH2Cl2/MeOH). Anal. cald. for C22 H26 N3 04 P S + 1.25H2O: C: 54.82; H: 5.96; N: 8.72. Found: C: 55.09; H:
5.99; N: 8.39.
1.9: 2-Amino-5-isobutyl-4-{2-[5-(1-[2,4-dichlorophenyl]-propan-1,3-yl)phosphoramido]furanyl}thiazole. mp 235-237
C (decomp). Rf=0.35 (silica, 3:2 EtOAc/CH2Cl2). Anal. cald. for C20 H22 Cl2 N3 03 P S: C: 49.39 H: 4.56; N: 8.64.
Found: C: 49.04; H: 4.51; N: 8.37.
1.10: 188 - 189 9-{2-[1-phenyl-1-aza-3-oxa-2-phosphorinanyl-2-methyloxy]ethyl}adenine. mp 188 - 189 C. Rf= 0.25
(silica, 9:1 CHC12/MeOH). Anal. cald. for C17 H21 N6 03 P + 0.5 H2 O:
C:51.38; H: 5.58; N: 21.15. Found: C: 51.05; H: 5.28; N: 20.77.
1.11: 2-Amino-5-isobutyl-4- (2-[5-(1-(3-chlorophenyl)-propan-1,3-yl)phosphoradiamido]furanyl}thiazole. Light yel-
low solid; Rf= 0.45 (Silica, 5:95 Methanol/dichloromethane); 1H NMR (200 MHz, DMSOd6) d 7.35 (m, 4H); 7.1 (m,
1H), 6.6 (m, 1H); 5.55 (m, 1H), 2.8 (d,2H), 0.9 (d, 6H).

Example 2:

Step A:

[0353] A solution of 3-amino-3-phenyl-1-propanol (1 g, 6.6 mmol) and triethylamine (3 ml, 21.8 mmol) in tetrahydrofuran
(60 ml) was added dropwise over 20 minutes into a solution of 4-nitrophenyl phosphorodichloridate in tetrahydrofuran
at 0˚C. A white precipitate quickly forms. The yellow heterogeneous mixture was stirred at 0˚C for 1 hour then warmed
slowly to rt. After stirring at rt for 60 hours, the precipitate was dissolved with water (40 ml). The clear yellow solution
was concentrated to ca 40 ml. The resulting mixture was diluted with a saturated aqueous solution of sodium bicarbonate
and extracted twice with ethyl acetate. The combined organic extracts were washed with a saturated aqueous solution
of sodium bicarbonate and brine. The aqueous washes were back extracted and the organic extracts combined. The
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combined organic extracts were dried over sodium sulfate, concentrated and purified by column chromatography (silica
gel, hexanes/ethyl acetate) to give fast eluting trans isomer (995 mg, 45%) and slow eluting cis isomer (1 g, 45%) and);

Step B:

[0354] A mixture of 2’,3’-dideoxy-adenosine (50 mg, 0.21 mmol), cesium fluoride (323 mg, 2.1 mmol) and fast eluting
(4-Nitrophenoxy)-4-phenyl-1,3,2-oxazaphosphorinan-2-one (142 mg, 0.4 mmol) in tert-butanol was heated at 80˚C. After
48 hours, more (4-Nitrophenoxy)-4-phenyl-1,3,2-oxazaphosphorinan-2-one (70 mg) was added and stirring was con-
tinued at 80˚C. After 5 days, the cooled yellow heterogeneous mixture was diluted with 50/50 methanol/dichloromethane,
filtered through a pad of silica and rinsed with 50/50 methanol/dichloromethane. The combined filtrates were concentrated
and the residue was purified by column chromatography (silica gel, methanol/dichloromethane) to give the prodrug
which was re crystallized from dichloromethane and hexanes : 42 mg (47% yield).
The following compounds are prepared in this manner:

2.1 2’,3’-Dideoxy-5’-O-(2-oxo-4-phenyl-1,3,2-oxazaphosphorin-2-yl)-adenosine. mp 119-122. Rf = 0.25 (silica gel,
1/9 methanol/dichloromethane). Anal. Cald. for C19H23N6O4P + 0.9 mol dichloromethane: C: 47.16; H: 4.93; N:
16.58. Found: C: 47.03; H: 4.98; N: 16.61.
2.2 3’-Azido-3’-deoxy-5’-O-(4-phenyl-2-oxo-1,3,2-oxazaphosphorin-2-yl)-thymidine. mp 85-105. Rf = 0.5 (silica gel,
1/9 methanol/dichloromethane). Anal. cald. for C19H23N6O6P: C: 49.35; H: 5.01; N: 18.17. Found: C: 49.32; H: 5.17;
N:17.89.

Example 3:

Step A:

[0355] Same as step A of example 2.

Step B:

[0356] Lithium hydride (15 mg, 1.52 mmol) was added to a solution of 9-β-D-arabinofuranosyl-adenine (100 mg, 0.37
mmol) and fast eluting (4-nitrophenoxy)-4-phenyl-1,3,2-oxazaphosphorinan-2-one (250 mg, 0.74 mmol) in dimethylfor-
mamide at room temperature. After 6 hours the yellow heterogeneous mixture was neutralized with acetic acid. The
clear yellow solution was concentrated and the residue was purified by column chromatography (silica gel, metha-
nol/dichloromethane). The isolated product was further purified by preparative TLC and re crystallized from ethanol to
give the prodrug: 18 mg (11% yield);
[0357] The following compound is prepared in this manner:

3.1 5’-O-(2-oxo-4-Phenyl-1,3,2-oxazaphosphorin-2-yl)-9-β-D-arabinofuranosyl-adenine. mp >250. Rf = 0.25 (silica
gel, 2/8 methanol/dichloromethane). Anal. cald. for C19H23N6O6P: C: 49.35; H: 5.01; N: 18.17. Found: C: 49.22; H:
4.89; N:18.03.

[0358] The following compounds are made in a similar manner with the exception that the reactions were neutralized
with IN solution of hydrochloric acid during work up.

3.2 9-[(2-(4-Phenyl-2-oxo-1,3,2-oxazaphosphorinan-2-oxy)-ethoxy)methyl]-guanine : mp 151-165; Rf= 0.2 (silica
gel, 2/8 methanol/dichloromethane); Anal. cald. for C17H21N6O5P + 2 H2O: C: 44.74; H: 5.52; N: 18.41. Found: C:
44.45; H: 5.40; N: 18.14.
3.3 2’-Deoxy-5-fluoro-5’-O-(4-phenyl-2-oxo-1,3,2-oxazaphosphorin-2-yl)-uridine. mp 188-195 Dec. Rf = 0.25 (silica
gel, 1/9 methanol/dichloromethane). MS cald. for C18H21FN3O7P + Na+: 464; Found: 464; MS cald. for
C18H21FN3O7P - H: 440; Found: 440.

Example 4:

General procedure for formation of nucleotide prodrugs by P(III) intermediates:

[0359] To a solution of 1 (aryl)- 1- (1-alkyl or acyl amino) propanol (1mmol) in dichloromethane (10mL) is added
phosphorus trichloride at 0 ˚C. The reaction is warmed to room temperature and allowed to stir for 3h. Reaction mixture
is concentrated, azeotroped with toluene (2X10mL) and dried. Crude chlorophosphoramidite is used in the next step
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without further purification.
[0360] To a solution of nucleoside (lmmol) in DMF (10 mL) is added diisopropylethylamine (2mmol) at -40˚C. To this
mixture is added crude cyclic chlorophoramidite (1 mmole) in 2 mL of DMF. The mixture is warmed to room temperature
and stirred for 2h. The reaction is cooled back to -40 ˚C and 5-6M t-butylhydroperoxide in decane (2 mmol) is added
and left at room temperature. After overnight stirring, the reaction is concentrated and crude mixture is chromatographed .

Example 5:

General procedure for preparation of 3-Aryl-1-3-aminopropanols from aryl aldehydes: (Shih, et al., Heterocycles, 1978,
9,1277)

Step A:

[0361] A mixture of an appropriate aryl aldehyde (10mmol), malonic acid (10mmol), and ammonium acetate (10mmol)
in 50mL of 95% ethanol is heated in a water bath at 80˚ C. Carbon dioxide begins to evolve at 55˚ C and the reaction
is complete in 5-7h. The white solid is collected by suction and recrystallized from aqueous ethanol to obtain the 3-ar-
yl-3-aminopropionic acid.

Step B:

[0362] To a suspension of lithium aluminum hydride (50mmol) in anhydrous tetrahydrofuran (40mL) is added a 3-ar-
yl-3-aminopropionic acid (20mmol) with cooling and stirring. The mixture is refluxed for 3h, allowed to stand overnight,
and treated with moist ether and then with water to decompose the excess of lithium aluminum hyride. The organic layer
is decanted, and the material left in the flask is extracted with hot ethylacetate (3x50 mL). The organic solutions are
combined and rotary evaporated. The residue is vacuum distilled or recrystallized to obtain 3-aryl-3-aminopropanol.

Example 6:

General procedure for preparation of 3-Aryl-3-hydroxypropylamines from epoxy cinnamyl alcohols:

(Gao, et al., J. Org. Chem., 1988, 53, 4084)

Step A:

[0363] To a solution of commercial (-)-(2S, 3S)-2,3-epoxycinnamyl alcohol (10.0 mmol) in dimethoxyethane (50 mL)
is added a 3.4 M solution of sodium bis(2-methoxyethoxy)aluminum hydride (Red-Al) in toluene (10.5 mmol) dropwise
under nitrogen at 0 ˚C. After stirring at room temperature for 3 h, the solution is diluted with ether and quenched with
5% HCl solution. After further stirring at room temperature for 30min, the white precipitate formed is removed by filtration
and boiled with ethyl acetate and filtered again. The combined organic extracts are dried with magnesium sulfate and
concentrated to give (R) -3-phenyl-1, 3-dihydroxypropane .

Step B:

[0364] To a solution of (R)-3-phenyl-1, 3-dihydroxypropane (17.8 mmol) and triethylamine (25.6 mmol) in ether (90
mL) is added dropwise MsCl (18.7 mmol) under nitrogen at -10˚ C. After stirring at -10 to 0˚ C for 3h, the mixture is
poured into ice water (30 mL), organic layer was washed with 20% H2SO4, saturated aqueous NaHCO3, and brine, and
dried over magnesium sulfate. The crude product is purified by chromatography on a silica gel column.

Step C:

[0365] A solution of (R)-3-phenyl-3-(hydroxy)-propyl methanesulfonate (3 mmol) and methylamine (10 mL, 40% in
water) in THF (10 mL) is heated at 65˚ C for 3h. After cooling, the solution is diluted with ether, washed with saturated
aqueous sodium bicarbonate and brine, and dried with anhydrous potassium carbonate. Concentration of extract provides
(R)-3-phenyl-3-(hydroxy)-propyl amine.
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Example 7:

General procedure for preparation of 3-Aryl propylenediamines from cinnamyl aldehydes: (Weinhardt, et al., J. Med.
Chem., 1985, 28, 694)

Step A:

[0366] To a solution of cinnamaldehyde (10 mmol) in 100mL of EtOH is added substituted hydrazine (10 mmol). The
reaction is stirred at room temperature for 45min. Solvents are removed on a rotatory evaporator and saturated NaHCO3
was added to the residue. The crude product is extracted into ether. The organic layer is washed, dried and evaporated.
Crude products from chromatography results in a pure pyrazoline adduct.

Step B:

[0367] A solution of 3-phenylpyrazoline (10 mmol) in 50 mL of AcOH and 10 mL of 10% HCl is hydrogenated at
atmospheric pressure over 500mg of 5% Pt/C. The reaction is stirred under hydrogen for 6 h. The catalyst is removed
by filtration and the filtrate is concentrated. The crude product is purified by column to give pure 3-Arylpropylenediamines
derivative.

Example 8:

General procedure for 1,3-amino alcohols for 2-substituted prodrugs (V, W and W’=H and Z= -CHR2OH):

Step A:

[0368] To a solution of commercially available 2-(hydroxymethyl)-1,3-propane diol (1 mmol) in pyridine (5mL) is added
methanesulfonyl chloride (1 mmol) and stirred at room temperature until the reaction is complete. The mixture is con-
centrated, extracted and product is purified by column chromatography.

Step B:

[0369] A solution of2-(methylsulfonyloxymethylene)-1,3-propane diol (1mmol) and ammonium hydroxide (10mL, 30%
in water) in THF (10 mL) is heated at 100˚C in a sealed reactor. After cooling, the mixture is concentrated, extracted
and product is purified by column chromatography to give 2-subtituted-1,3-amino alcohol.
Appropriate amines may be used in step B to vary -NR6 substitution.
2-substituted-1,3-diamines may also be synthesized using Step A and B from 2-(hydroxymethyl)-1,3-propane diol using
appropriate stoichiometry of reagents.

Step C:

[0370] Prodrugs of 2-subtituted-1,3-amino alcohols or 2-substituted-1,3-diamines are synthesized by following cou-
pling procedures as described in example 1 or example 2 (steps A and B) or example 3 (step B) or example 4 depending
on the parent compound.

Example 9:

General procedure for cyclic 1,3-amino alcohols (together V and W are connected):

Step A:

[0371] Commercially available cis, cis-1,3,5-cyclohexane triol is converted to a mono mesylate as described in example
8, step A.

Step B:

[0372] cis, cis-1-(methylsulfonyloxy) cyclohexane-3,5-diol is transformed to corresponding amino alcohol as described
in example 8, step B.
Appropriate amines may be used in step B to vary -NR6 substitution.
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1-Hydroxy-3,5-diamino cyclohexane may also be synthesized using Step A and B from cis, cis-1,3,5-cyclohexane triol
using appropriate stoichiometry of reagents.

Step C:

[0373] Prodrugs of cyclohexyl-1,3-amino alcohols or 1,3-diamines are synthesized by following procedures as de-
scribed in example 1 or example 2 (steps A and B) or example 3 (step B) or example 4 depending on the parent compound.

Example 10

Preparation of 2-substituted 4-[2’-(5’-phosphono)furanyl]thiazoles.

Step A.

[0374] A solution of furan (1.3 mmole) in toluene was treated with 4-methyl pentanoic acid (1 mmole), trifluoroacetic
anhydride (1.2 mmole) and boron trifluoride etherate (0.1 mmole) at 56 ˚C for 3.5 h. The cooled reaction mixture was
quenched with aqueous sodium bicarbonate (1.9 mmole), filtered through a celite pad. Extraction, evaporation and
distillation gave 2-[(4-methyl-1-oxo)pentyl]furan as a brown oil (bp 65 - 77 ˚C,0.1 mmHg).

Step B.

[0375] A solution of 2-[(4-methyl-1-oxo)pentyl]furan (1 mmole) in benzene was treated with ethylene glycol (2.1 mmole)
andp-toluenesulfonic acid (0.05mmole) at reflux for 60 hwhile removing water via aDean-Stark trap. Triethyl orthoformate
(0.6 mmole) was added and resulting mixture was heated at reflux for an additional hour. Extraction and evaporation
gave 2-(2-furanyl)-2-[(3-methyl)butyl]-1,3-dioxolane as an orange liquid.

Step C.

[0376] A solution of 2-(2-furanyl)-2-[(3-methyl)butyl]-1,3-dioxolane (1 mmole) in THF was treated with TMEDA (1
mmole) and nBuLi (1.1 mmole) at -45 ˚C, and the resulting reaction mixture was stirred at -5 to 0 ˚C for 1 h. The resulting
reaction mixture was cooled to -45 ˚C, and cannulated into a solution of diethyl chlorophosphate in THF at -45 ˚C. The
reaction mixture was gradually warmed to ambient temperature over 1.25 h. Extraction and evaporation gave 2-[2-(5-di-
ethylphosphono)furanyl]-2-[(3-meihyl)butyl]-1,3-dioxoiane as a dark oil.

Step D.

[0377] A solution of 2-[2-(5-diethylphosphono)furanyl]-2-[(3-methyl)butyl]-1,3-dioxolane (1 mmole) in methanol was
treated with 1 N hydrochloric acid (0.2 mmole) at 60 ˚C for 18 h. Extraction and distillation gave 5-diethylphospho-
no-2-[(4-methyl-1-oxo)pentyl]furan as a light orange oil (bp 152-156 ˚C , 0.1 mmHg).

Step E.

[0378] A solution of compound gave 5-diethylphosphono-2-[(4-rriethyl-1-oxo)pentyl]furan (1 mmole) in ethanol was
treated with copper (II) bromide (2.2 mmole) at reflux for 3 h. The cooled reaction mixture was filtered and the filtrate
was evaporated to dryness. The resulting dark oil was purified by chromatography to give 5-diethylphosphono-2-[(2-bro-
mo-4-methyl-1-oxo)pentyl]furan as an orange oil.
Step F. A solution of 5-diethylphosphono-2-[(2-bromo-4-methyl-1-oxo)pentyl]furan (1 mmole) and thiourea (2 mmole)
in ethanol was heated at reflux for 2 h. The cooled reaction mixture was evaporated to dryness and the resulting yellow
foam was suspended in saturated sodium bicarbonate and water (pH = 8). The resulting yellow solid was collected
through filtration to give 2-amino-5-isobutyl-4-[2-(5-diethylphosphono)furanyl]thiazole.

Step G.

[0379] A solution of 2-amino-5-isobutyl-4-[2-(5-diethylphosphono)-furanyljthiazole (1 mmole) in methylene chloride
was treated with bromotrimethylsilane (10 mmole) at 25 ˚C for 8 h. The reaction mixture was evaporated to dryness and
the residue was suspended in water. The resulting solid was collected through filtration to give 2-amino-5-iso-
butyl-4-[2-(5-phosphono)furanyl]thiazole as an off-white solid.
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10.1 2-amino-5-isobutyl-4-[2’-(5’-phosphono)furanyl]thiazole mp > 250 ˚C. Anal. calcd. for C11H15N2O4PS +
1.25HBr: C: 32.75; H: 4.06; N: 6.94. Found: C: 32.39; H: 4.33; N: 7.18.

[0380] The following compounds were prepared according to similar procedure:

10.2 2-Methyl-5-isobutyl-4-[2’-(5’-phosphono)furanyl]thiazole. Anal. calcd. for C12H16NO4PS + HBr + 0.1CH2Cl2:
C: 37.20; H: 4.44; N: 3.58. Found: C: 37.24; H: 4.56; N: 3.30.

10.3 2-Amino-5-methylthio-4-[2’-(5’-phosphono)furanyl]thiazole. mp 181-184˚C. Anal. calcd. for C8H9N2O4PS2 +
0.4H2 O: C: 32.08; H: 3.30; N: 9.35.
Found: C: 32.09; H: 3.31; N: 9.15.

Example 11:

General procedure for the synthesis of cyclophosphamide analogs: (Boyd, etal., J. Med. Chem. 1980, 23, 372)

[0381] A solution of bis(2-chloroethyl)phosphoramidic dichloride (10 mmol) in ethyl acetate (100 mL) is added dropwise
to a solution of commercial 3 methylamino-1-phenyl-1-propanol (10 mmol) and triethylamine (20 mmol) in ethyl acetate
(100 mL) at rt. After stirring at rt for 3 days, the salts are filtered off and the combined filtrates are concentrated under
vacuum. The crude product is purified by column chromatography on silica.

Example 12:

Phosphoramide Prodrugs of 1-Methylamino-1-phenyl-3-propanol

Step A:

[0382] The reagent N-methyl-2-(4-nitrophenoxy)-2-oxo-6-phenyl-1,3,2-oxazaphosphorinane was made using the
same procedure as the one described for step A of example 2:
[0383] Fast eluting isomer: White solid, mp 135˚C; Rf= 0.4 (Silica, Ethyl acetate/Hexanes 1/1). Slow eluting isomer:
White solid, mp 128-129; Rf = 0.15 (Silica, Ethyl acetate/Hexanes 1/1).

Step B:

[0384] The coupling step with the nucleoside was accomplished in a manner similar to the one described in step B of
example 3 except that the reaction mixture was stirred at 100˚C for 5 hours.
[0385] The following compound was prepared in this manner:

12.1: 9-[(2-(N-Methyl-2-oxo-6-phenyl-1,3,2-oxazaphosphorin-2-oxy)-ethoxy)methyl)-guanine: pale yellow amor-
phous solid; Rf = 0.45 (Silica, Methanol/dichloromethane 2/8); 1H NMR (200 MHz, DMSO d6) δ 7.8 (bs, 1H); 7.3
(bs, 5 H), 6.75 (bs, 2 H, exchangeable with D2O); 5.35 (bs, 3 H).

[0386] The following compound was prepared in this manner:

12.2: 5-(N-Methyl-2-oxo-6-phenyl-1 ,3,2-oxazaphosphorin-2-yl)-9-fj-D-arabinofuranosyladenine: Off white amor-
phous solid; Rf= 0.2 (Silica, Methanol/dichloromethane 1/9); 1H NMR (200 MHz, DMSO d6).5 7.4-7.1 (m, 5 H); 5.75
(s, 1 H), 5.25 (m, 1 H); 4.8 (m, 1 H).

Example 13

Phosphoramide prodrugs of 3-amino-1-hydroxy-1-phenyl propane

Step A:

[0387] A mixture of 3-phenyl-3-hydroxypropylmethanesulfonate (1.71 g, Gao, et al., J. Org. Chem., 1988, 53, 4081),
tetrahydrofuran (10 mL) and 28% ammonium hydroxide (30 mL) was heated in a bomb at 65˚C for 16 hours. After
cooling, the volatiles were eliminated to leave the aqueous solution which was extracted with ether. The aqueous layer
was concentrated under reduced pressure, azeotroped twice with anhydrous acetonitrile and dried under vacuum to
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give 3-amino-1-phenyl-1-propanol (1.04 g) as a white solid: mp 92-94˚C, Rf = 0.1 (silica, methanol/ehtyl acetate 1/1).

Step B:

[0388] The reagent 2-(4-nitrophenoxy)-2-oxo-6-phenyl-1,3,2-oxazaphosphorinane (13.1) was made using the same
procedure as the one described for step A of example 2: Fast eluting isomer: Rf = 0.6 (Silica, Ethyl acetate), 1H NMR
(200 MHz, DMSO d6) δ 8.22 (m, 2 H); 7.48 (m, 2 H), 7.35 (m, 5 H); 5.52 (m, 1 H).

Step C:

[0389] The coupling step with the nucleoside is accomplished in a manner similar to the one described in step B of
example 3.
[0390] The following compounds are made in this manner: 9-[(2-(N-Methyl-2-oxo-6-phenyl-1,3,2-oxazaphos-
phorin-2-oxy)-ethoxy)methyl]-guanine; 5-(N-Methyl-2-oxo-6-phenyl-1,3,2-oxazaphosphorin-2-yl)-9-β-D-arabinofurano-
syladenine.
[0391] Examples of use of the method of the invention includes the following. It will be understood that these examples
are exemplary and that the method of the invention is not limited solely to these examples.
[0392] For the purposes of clarity and brevity, chemical compounds are referred to as synthetic example numbers in
the biological examples below.

BIOLOGICAL EXAMPLES

Example A: Chemical Stability of an Antidiabetic Phosphoramidate Prodrug

[0393] Methods: Aliquots of a 10 mg/mL solution of Compound 1.3 in potassium phosphate buffers at pH 3 and 7
(room temperature) were sampled hourly for 12 hours. Samples were analyzed by reverse phase HPLC with use of a
Beckman Ultrasphere C8 column (4.6 X 250 mm). The column was equilibrated and eluted with a gradient from 50 mM
sodium phosphate pH 5.5 to 80% acetonitrile at a flow rate of 1.0 mL/min. Detection was at 254 nm. Under these
conditions, Compound 1.3 was separated from 2-Amino-5-isobutyl-4-[2- (5-phosphonomonoamide)furanyl]thiazole, and
from 2-Amino-5-isobutyl-4-(2-furanyl)thiazole (retention times = 17, 15.8, and 15.6 min., respectively).
[0394] Results: The half life of Compound 1.3 at pH 3.0 was 3.8 h; prodrug decomposed to an unidentified metabolite
at this pH. Compound 1.3 was fully stable at pH 7.0; there was no evidence of decomposition throughout the 12-hour
incubation.

Example B: Stability of Phosphoramidate Prodrugs to Esterases, Phosphatases, Adenosine Deaminase, and Plasma

[0395] Methods: Carboxylesterase (porcine liver) and alkaline phosphatase (calf intestinal mucose) are purchased
from Sigma Chemical Co. (St. Louis, MO). Carboxylesterase activity is measured in 0.1 M Tris-HCl buffer at pH 8.0.
Activity towards p-nitrophenyl acetate, a known substrate and positive control in the reactions is measured as described
for example by Matsushima M., et al. [FEBS Lett. (1991)293(1-2): 37-41]. Alkaline phosphatase activity is measured in
a 0.1 M diethanolamine buffer, pH 9.8, containing 0.5 mM MgCl2. Activity towards p-nitrophenyl phosphate, a known
substrate and positive control in the reactions, is measured as described [e.g. Brenna O., et al (1975) Biochem J. 151(2):
291-6]. Adenosine deaminase activity is measured as described by e.g. Gustin NC, et al. [Anal. Biochem. (1976) 71:
527-532]. Adenosine is used as a positive control in these reactions. Plasma is prepared by centrifugation from fresh,
heparinized rat or human blood. Prodrugs are incubated at a concentration of, for example, 25mM in appropriate reaction
mixtures containing carboxylesterase, alkaline phosphatase, adenosine deaminase, or rat or human plasma. In the case
of the esterase, phosphatase, and adenosine deaminase assays, parallel reactions are run with known substrates of
the enzymes as described.
[0396] Aliqouts are removed from the reaction mixture at various time points and the reaction stopped by addition of
methanol to 60%. Following centrifugation and filtration, the methanolic aliquots are analyzed for generation of
MPO2-(NHR6-) or other metabolites by standard reverse phase, ion-pairing, or ion exchange HPLC methods.
[0397] Results: MPO2-(NHR6-) or metabolites thereof are not detected following exposure of the prodrugs to carbox-
ylesterase, alkaline phosphatase or plasma.

Example C: Activation of Phosphoramidate Prodrugs by Rat Liver Microsomes

[0398] Methods: The microsomal fraction is prepared from fresh, saline-perfused rat liver. Liver tissue is homogenized
in three volumes (w/v) of 0.2 M KH2PO4 buffer pH 7.5, containing 2mM MgCl2 and 1 mM EGTA. The homogenate is
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centrifuged at 10,000 g for 1 hour and the supernatant recovered. The supernatant fraction is then recentrifuged at
100,000 g to pellet the microsomal fraction. The pellet is resuspended in homogenization buffer and recentrifuged. This
process is repeated twice to ensure complete removal of cytosolic enzyme activities. After the last centrifugation, the
microsomal pellet is resuspended in homogenization buffer at a final protein concentration of about 14 mg/ml. Reaction
mixtures (0.5 ml) consist of 0.2 M KH2PO4 pH 7.5, 13 Mm glucose-6-phosphate, 2.2 mM NADP+, 1 unit of glucose-6-phos-
phate dehydrogenase, 0-2.5 mg/ml microsomal protein and 100 mM 7.1. Reactions are carried out at 37 ˚C. Aliquots
are removed from the reaction mixtures at appropriate time points, and extracted with 60% methanol. The methanolic
extracts are centrifuged at 14,000 rpm, and filtered (0.2 mM) prior to analysis by HPLC. Standard HPLC techniques
including reverse phase, ion-pairing, or ion exchange chromatography are used. Eluted peaks are quantified relative to
authentic standards of known concentration.
[0399] Alternatively, the activation of prodrugs is monitored by the depletion of NADPH, an essential cofactor in the
reaction. This assay is performed in reactions mixtures consisting of 0.2 M KH2PO4, 0.22 mM NADPH, 0-2.5 mg/ml
microsomal protein, and 100 mM 28.4 or 30.1. Reactions are monitored spectrophotometrically at 340 nm. A decrease
in absorbance is indicative of cofactor depletion and thus of the enzymatic oxidation of prodrug to MPO2-(NHR6-) .
[0400] Results: Prodrugs are converted to MPO2-(NHR6-) in the presence, but not in the absence of, NADP+ (this
cofactor is enzymatically reduced to NADPH by the dehydrogenase present in the reaction mixtures). This result indicates
that an oxidative step is involved in the activation of the prodrug. The rate of activation of prodrugs to MPO2-(NHR6-) is
linearly dependent on microsomal protein concentration, confirming that activation occurs by an enzyme-dependent
mechanism.

Example D: Activation of Phosphoramidate Prodrugs by Human Microsomes and the Identification and Tissue Distri-
bution of the Microsomal Enzymes Involved in Activation

[0401] Methods: Human liver microsomes and cloned human P450 enzymes representing all major isoforms are
obtained from In Vitro Technologies and Gentest Inc., respectively. Reaction mixtures typically contain 100 mM potassium
phosphate buffer, pH 7.4, 2 mM NADPH, 0- 2 mg/ml microsomal protein or cloned microsomal isozyme, and the prodrug
at, for example, a 100 mM concentration. Formation of MPO2-(NHR6-) is monitored by standard reverse phase, ion
pairing, or anion exhange HPLC methods. MPO2(NHR6-) is detected by uv absorbance and quantified realtive to authentic
standards. To determine the tissue distribution of the activating enzyme, homogenates are prepared from key tissues
including the liver, lung, intestine, kidney, heart, and skeletal muscle. The rate of conversion of prodrug to MPO2-(NHR6-)
in each homogenate is assessed as described for the microsomal reactions above. Alternatively, once the major catalytic
isoform is identified, immunohistological methods using antibodies raised against the specific enzyme (Waziers et al
1989, J. Pharm. Exp. Ther. 254: 387), or molecular biological methods using PCR techniques (Sumida et al 2000, BBRC
267: 756) are employed to determine the tissue distribution of the activity.
[0402] Results: Prodrugs are transformed to MPO2-(NHR6-) in the human microme-catalyzed reaction at a readily
measurable rate. In the screen of cloned microsomal isozymes, the CYP3A4 isozyme catalyzes activation of the prodrugs
at the highest rate although other isozymes also show some activity towards the prodrugs. The tissue distribution studies
indicate a high activity or abundance of the activating enzyme in the liver relative to other tissues.

Example E: Identification of the P450 Isozyme Involved in Phosphoramidate Prodrug Activation with use of Specific
Enzyme inhibitors

[0403] Prodrugs are evaluated for human microsome-catalyzed conversion to MPO2-(NHR6-) in the absence and
presence of specific inhibitors of three major P450 isozymes: ketoconazole (CYP3A4), furafylline (CYP1A2), and sul-
faphenazole CYP2C9).
[0404] Methods: Reactions (0.5 ml @ 37˚C) consist of 0.2 M KH2PO4, 13 mM glucose-6-phosphate, 2.2 mM NADP+,
1 unit of glucose-6-phosphate dehydrogenase, 0-2.5 mg/ml human microsomal protein (In Vitro Technologies, Inc.),
250mM prodrug, and 0-100mM P450 isozyme inhibitor. Reactions are stopped by addition of methanol to a concentration
of 60%, and filtered (0.2 mM filter). MPO2-(NHR6-) is quantified by standard reverse phase, ion-pairing, or ion exchange
HPLC methods. Eluted peaks are quantified relative to authentic standards of known concentration.
[0405] Results: Ketoconazole inhibits the formation of MPO2-(NHR6-) in a dose-dependent fashion. The other inhibitors,
furafylline and sulfaphenazole, show no significant inhibition. The results indicate that CYP3A4 is the primary P450
isoform responsible for activation phosphoramidate prodrugs in human liver.

Example F: Activation of Compound 1.3 by Recombinant CYP3A4

[0406] Activation of 1.3 was evaluated in reactions containing microsomes from baculovirus-infected insect cells
co-expressing human recombinant CYP3A4 and cytochrome p450 reductase (Panvera Corp., Madison, WI).
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[0407] Methods: Reaction mixture composition was similar to that described in Example D. Reactions were terminated
by addition of methanol to a final concentration of 60% and products were analyzed by HPLC as described in

Example A.

[0408] Results: 2-Amino-5-isobutyl-4-[2-(5-phosphonomonoamide)furanyl]thiazole was generated from I.3 at a rate
of 4.2 nmoles/min./nmole CYP3A4.

Example G: Activation of Antiviral Phosphoramidate Prodrugs in Isolated Rat Hepatocytes

[0409] The activation of 3.1 and 3.2 was evaluated by monitoring the intracellular generation of the corresponding
nucleoside triphosphates in rat hepatocytes.
[0410] Methods: Hepatocytes were prepared from fed, dexamethasone-induced Sprague-Dawley rats (300 g) accord-
ing to the procedure of Berry and Friend (Berry, M.N., Friend, D.S. J. Cell Biol. 43, 506-520 (1969)) as modified by Groen
(Groen, A.K. et al. Eur J. Biochem 122, 87-93 (1982)). Hepatocytes (62 mg wet weight/ml) were incubated in 2 ml Krebs
bicarbonate buffer containing 10 mM glucose, and 1 mg/ml BSA. I ncubations were carried out in a 95% oxygen, 5%
carbon dioxide atmosphere in closed, 50-ml Falcon tubes submerged in a rapidly shaking water bath (37 ˚C). 3.1 and
3.2 were dissolved in methanol to yield 25 mM stock solutions, and then diluted into the cell suspension to yield a final
concentration of 250 mM. Two hours following administration, aliquots of the cell suspension were removed and spun
through a silicon/mineral oil layer into 10% perchloric acid. The cell extracts in the acid layers were neutralized by the
addition of 0.3 volumes of 3M KOH/ 3M KHCO3, and the extract was then centrifuged, filtered (0.2 micron) and loaded
onto an anion exchange HPLC column equilibrated with 70% A (10 mM ammonium phosphate pH 3.5, 6% ETOH) and
30% B (1 M ammonium phosphate pH 3.5, 6% ETOH). AraATP and acyclovir-triphosphate, the expected metabolites
of 3.1 and 3.2, respectively, were eluted from the column with a linear gradient to 80% B in 20 minutes. Detection was
by uv absorbance at 254 nm. Peak areas were quantified by comparison of peak areas to authentic standards spiked
into naive hepatocyte extracts.
[0411] Results: Both prodrugs generated their respective triphosphates in isolated rat hepatocytes. Levels formed
following two hours of incubation are summarized below:

Example H: Kinase Bypass

[0412] The generation of acyclovir triphosphate from a phosphoramidate prodrug of acyclovir (Compound 3.2) and
acyclovir itself was compared in rat hepatocytes.
[0413] Methods: 3.2 and acyclovir were evaluated in isolated rat hepatocytes at 250 mM as described in Example G.
[0414] Results: Levels of acyclovir triphosphate formed following two hours of incubation are summarized below:

[0415] The results demonstrate that a phosphoramidate prodrug of a parent nucleoside such as acyclovir, that is
poorly phosphorylated in cells, can bypass the nucleoside phosphorylation step and thus generate higher intracellular
levels of triphosphate than the free nucleoside.

Example I : Inhibition of Glucose Production in Rat Hepatocytes by Compound 1.3

[0416] Compound 1.3 and its phosphonic acid parent compound, 2-Amino-5-isobutyl-4-(2-furanyl)thiazole, were tested
in isolated rat hepatocytes for inhibition of glucose production.
[0417] Methods: Isolated rat hepatocytes were prepared from fasted Sprague Dawley rats (250-300 g) as described
in Example G. Hepatocytes (75 mg wet weight/ml) were incubated in 1 ml Krebs bicarbonate buffer containing 10 mM
glucose, and 1 mg/ml BSA. Incubations were carried out in a 95% oxygen, 5% carbon dioxide atmosphere in closed,

Compound Intracellular concentration nmoles/g

3.1 15.7616
3.2 13.363

Compound Intracellular concentration nmoles/g

acyclovir <2
3.2 13.363
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50-ml Falcon tubes submerged in a rapidly shaking water bath (37 ˚C). After 10 minutes of equilibration, lactate and
pyruvate were added to 10 mM and 1 mM concentrations, respectively. Addition of these gluconeogenic substrates was
immediately followed by the addition of test compound to concentrations ranging from 1-100 mM. After 1 hour, an aliquot
(0.25 ml) was removed, and transferred to an Eppendorf tube and centrifuged. The resulting supernatant (50 ml) was
then assayed for glucose content using a Glucose Oxidase kit (Sigma Chemical Co.) as per the manufacturer’s instruc-
tions.
[0418] Results: 1.3 and 2-Amino-5-isobutyl-4-(2-furanyl)thiazole inhibited glucose production in a dose dependent
manner with IC50’s of 8.5 and 2.5 mM, respectively. Since 1.3 is not an inhibitor of FBPase in vitro, inhibition of gluco-
neogenesis in hepatocytes confirms that prodrug was converted to 2-Amino-5-isobutyl-4-(2-furanyl)thiazole intracellu-
larly. The -3-fold lower potency of 1.3 relative to 2-Amino-5-isobutyl-4-(2-furanyl)thiazole is consistent with time-depend-
ent activation of prodrug to parent compound in cells.

Example J: Activation of Antidiabetic and Antiviral Phosphoramidate Prodrugs in Induced Rat Hepatocytes

[0419] Compounds 1.7 and 12.1 was tested for activation in hepatocytes isolated from rats in which CYP3A4 expression
was induced by treatment with dexamethasone. This treatment results in more extensive intracellular activation of
phosphoramidate prodrugs.
[0420] Methods: Rats were treated with dexamethasone (50 mg/kg, intraperitoneally) for 4 days as described (Brain
EGC et al 1998, Br. J. Cancer 7: 1768). Isolated hepatocytes were prepared, and prodrugs tested for activation as
described in Example G.
[0421] Results: 1.7 activated to yield 20.563 nmole/g levels of 2-Amino-5-methylthio-4-[2-(5 phosphono)furanyl]thi-
azole following two hours of incubation. 12.1 generated 110 6 0.2 nmoles 1 g acyclovir triphosphate.

Example K: Cytotoxicity Testing of Phosphoramidate Prodrugs in Non-CYP3A4 Expressing Cell Lines

[0422] Administration of a drug in a plasma-stable prodrug form can reduce systemic toxicities by limiting exposure
to free MPO2-(NHR6-) and metabolites. This potential advantage of prodrug delivery is demonstrated by comparing the
toxicity profile of the prodrug and the corresponding parent compound in a cell line which does not express the CYP3A4
enzyme required for prodrug activation.
[0423] Methods: The choice of cell line is dictated by the known toxicity profile of the parent compound. If the toxicity
profile of a parent compound is unknown, a panel of different cultured cell lines can be tested. Cells are exposed to a
range of prodrug and parent compound concentrations for hours to days. Viability is the measured by Trypan blue
exclusion, enzyme marker leakage, incorporation of labeled thymidine into DNA or other standard method.
[0424] Results: Phosphoramidate prodrugs are either noncytotoxic or cytotoxic at considerably higher concentrations
than the corresponding parent compound. The latter profile suggests that even if systemic exposure to the prodrug is
high, it is likely to show reduced peripheral toxicity in vivo relative to free parent compound. Testing prodrugs in this
manner allows an assessment of the intrinsic toxicity of the prodrug and can be used to select prodrugs with favorable
cellular safety profiles.

Example L: Cytotoxicity Testing in Cellular Systems that Catalyze Phosphoramidate Prodrug Activation

[0425] Cytotoxicity testing in systems in which phosphoramidate prodrugs are activated allows an assessment of the
safety of MPO2-(NHR 6-) and other metabolites of the prodrug or parent compound that are generated. Several cellular
systems are useful for testing: (a) fresh primary cultures of hepatocytes of human or other origin in which CYP3A4
expression is maintained with an appropriate inducer such as Rifampicin, (b) cell lines in to which CYP3A4 and the
requisite reductase are cotransfected, (c) cell lines that are coincubated with primary hepatocytes that express CYP3A4,
(d) cell lines that are coincubated with CYP3A4 containing micromal fractions or a cloned CYP3A4 preparation in addition
to a standard NADPH recycling system. Prodrugs are incubated in these systems for hours or days. Cytotoxicity is
assessed by standard methods such as the Trypan blue exclusion technique, the leakage of enzyme markers, the
incorporation of labeled precursors into cellular DNA, etc.

Example M: Byproduct toxicity testing, In Vitro

[0426] Activation of certain phosphoramidate prodrugs, in addition to generating MPO2-(NHR6-), also results in the
formation of an electrophilic byproduct capable of alkylating cellular constituents. As the prodrugs in question are activated
primarily in the liver, primary rat hepatocytes, known to contain both the microsomal enzymes required for prodrug
activation as well as critical detoxification mechanisms, are the cell type of choice for testing the potential toxicity of the
byproduct formed.
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[0427] Methods: Isolated rat hepatocytes are prepared and incubated with test compound as described in Example
G. Acetaminophen (0-10 mM) is used as a positive control in these tests since its microsomal metabolism is also known
to generate an electrophilic metabolite in these cells (Smolarek TA et al 1989, Metabolism and Disposition 18: 659).
This metabolite is detoxified by addition to glutathione, a protective thiol present in mM concentrations in liver cells.
Incubations with acetaminophen and phosphoramidate prodrugs are for 4 hours. Cellular viability is assessed by lactate
dehydrogenase or other liver enzyme leakage and/or by Trypan blue exclusion. Intracellular glutathione stores are also
quantified as described (Baker MA et al 1990, Anal. Biochem. 190: 360).
[0428] Results: Acetaminophen depleted intracellular glutatione levels by 90% at the highest dose tested (10 mM)
but did not compromise cellular viability as measured by Trypan blue exclusion. The data suggest that the byproduct
generated as a result of acetaminophen metabolism was readily detoxified in the hepatocytes, and that the cellular
capacity for detoxicification was not exceeded. Activation of phosphoramidate prodrugs does not cause byproduct-related
toxicities in this hepatocyte system.

Example N: Byproduct toxicity testing, In Vivo

[0429] Toxicity of the electrophile generated following microsomal activation of certain phosphoramidate prodrugs is
tested in the mouse.
[0430] Methods: Mice are administered various doses of prodrug and acetaminophen (a positive control, see Example
M) and serially sacrificed at various time points following drug administration. Livers are removed and processed for
glutathione analysis as described in Example M, and for drug analysis by standard reverse phase, ion-pairing, or ion
exchange HPLC methods. Plasma samples are subjected to a standard chemistry panel in which markers of liver function
are evaluated.
[0431] Results: Acetaminophen exposure (50, 250 and 500 mg/kg) resulted in a dose-dependent reduction of hepatic
glutathione. Liver toxicity in the form of liver enzyme elevations and the appearance of necrotic lesions was evident only
at the highest dose, which depleted hepatic glutathione by >80%. This is in accordance with the literature; glutathione
forms an adduct with the electrophilic acetaminophen metabolite formed, and protects against liver injury until a threshold
level of depletion is reached (Mitchell JR et al 1973, J. Pharm. and Exp. Ther 187: 211). Phosphoramidate prodrug
administration also results in glutathione depletion, indicating that the byproduct formed is efficiently detoxified. Liver
injury is apparent only at very high doses well above the projected therapeutic doses in man. The data also show
dose-dependent accumulation of MPO2-(NHR6-) and/or its metabolites following phosphoramidate prodrug administra-
tion.

Example O: Enhanced Delivery of Drugs to the Liver in Animals Pretreated with CYP3A-inducing Agents

[0432] Hepatic CYP3A enzymes are induced in rats by treatment with dexamethasone or other suitable agent. En-
hanced expression of CYP3A will result in a higher rate of prodrug activation and thus enhance the distribution of
MPO2-(NHR6-) and/or its metabolites to this organ.
[0433] Methods: Rats are treated with dexamethasone (50 mg/kg, intraperitoneally) for 4 days as described (Brain
EGC et al 1998, Br. J. Cancer 7: 1768). Other CYP-inducing agents such as phenobarbital or rifampicin may also be
used. The induced animals are then administered prodrug orally or sytemically and serially sacrificed at various time
points. Livers are removed and homogenized in perchloric acid (10%). Following clarification by centrifugation and
neutralization, MPO2-(NHR6-) and/or its metabolites in the homogenates are quantified by standard HPLC methods. A
similar study is conducted in uninduced animals.
[0434] Results: The AUC of MPO2-(NHR6-) and/or its metabolites in livers of induced rats will exceed that of uninduced
rats. Enhanced liver delivery of MPO2-(NHR6-) and/or its metabolites resulting from CYP3A induction is expected to
result in increased efficacy.

Example P: Oral Bioavailability of Phosphoramidate Prodrugs

[0435] The oral bioavailability (OBAV) of phosphoramidate prodrugs is estimated by comparison of the area under
the curve (AUC) of MPO2-(NHR6-) and/or its metabolites generated in liver following oral administration to that generated
following intravenous administration. Alternatively, OBAV is determined by means of a urinary excretion assay of
MPO2-(NHR6-) and/or its metabolites following prodrug administration.
[0436] Methods: Rats are dosed orally and systemically with a phosphoramidate prodrug in a suitable vehicle and
serially sacrificed at appropriate time point following drug administration. Liver and plasma samples are obtained, proc-
essed, and analyzed for MPO2-(NHR6-) and/or its metabolites by standard reverse phase, ion-pairing, or ion exchange
HPLC methods. Alternatively, animals are placed in metabolic cages following drug administration, and urine is collected
for 24-48 hours. The quantity of MPO2-(NHR 6-) and/or its metabolites excreted into urine is then determined by HPLC
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analysis. Oral bioavailability is calculated either by comparing the AUC of MPO2-(NHR6-) and/or its metabolites in the
liver or the quantity in urine following oral and systemic administration.
[0437] Results: The data indicate that phosphoramidate prodrugs are suitable for the oral delivery of MPO2-(NHR6-)
and/or its metabolites.

Example Q: Enhanced Liver Delivery and Reduced Systemic Exposure of MPO2-(NHR6-) and/or its Metabolites Fol-
lowing Administration of Phosphoramidate Prodrugs

[0438] Method: Rats are dosed either orally or systemically with a phosphoramidate prodrug, MPO2 (NHR6-), and/or
its metabolites. Animals are serially sacrificed at appropriate time points following drug administration. Liver and plasma
samples are obtained, processed, and analyzed for MPO2 (NHR6-) and/or its metabolites by standard reverse phase,
ion-pairing, or ion exchange HPLC.
[0439] Results: Administration of phosphoramidate prodrugs results in the generation of higher levels of MPO2-(NHR6-)
and/or its metabolites in liver and their reduced concentrations in plasma than when free MPO2-(NHR6-) is administered.

Example R: Reduced Renal Excretion of MPO2-(NHR6-) and/or its Metabolites Following Administration of Phospho-
ramidate Prodrugs

[0440] Methods: Phosphoramidate prodrugs and respective MPO2-(NHR6-) are administered systemically to rats.
Rats are subsequently caged in metabolic cages and urine collected over a 24-48 hour period. MPO2-(NHR6-) and/or
its metabolites are quantified in urine by means of standard reverse phase, ion-pairing, or ion exchange HPLC methods.
By relating the amount of parent compound/metabolites excreted in urine to the dose administered, the % renal clearance
is calculated.
[0441] Results: Renal excretion of MPO2-(NHR6-) and/or its metabolites following phosphoramidate prodrug admin-
istration is lower than when parent compound is administered. This result indicates that the renal exposure and thus the
renal toxicity associated with certain parent compounds and/or their metabolites may be avoided by administration of
the compound in phosphoramidate prodrug form.

Example S: Sustained Liver Drug Levels

[0442] Methods: Rats are dosed orally and systemically with a phosphoramidate prodrug or the corresponding
MPO2-(NHR6-) and serially sacrificed at appropriate time point following drug administration. Liver samples are obtained,
processed, and analyzed for MPO2-(NHR6-) and/or its metabolites by standard reverse phase, ion-pairing, or ion ex-
change HPLC. Liver half-lives are determined with the aid of WinNonLin 1.1 software (Scientific Consulting, Inc.).
[0443] Results: The half-life of MPO2-(NHR6-) and/or its metabolites in liver is longer when administered in phospho-
ramidate prodrug form than when free MPO2-(NHR6-) is administered. This result is consistent with the prodrug serving
as a MPO2-(NHR6-) reservoir and, by virtue of a prolonged in vivo half-life, providing sustained release of MPO2-(NHR6-)
and/or its metabolites to the liver.

Claims

1. A compound which is a prodrug which, when administered to a biological system, is converted by a P450 enzyme
in the liver or in other tissue containing P450 enzymes to generate a biologically active agent which is MPO3

2-,
MP2O6

3-, MP3O9
4- or MP(O)(NHR6)O- but is not an FBPase inhibitor, wherein the prodrug compound is of the

formula I:
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wherein:

V is selected from the group consisting of aryl, substituted aryl, heteroaryl, or substituted heteroaryl;
W, and W’ are independently selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aryl, substituted
aryl, heteroaryl, substituted heteroaryl 1-alkenyl, and 1-alkynyl; or
together W and W’ are connected via an additional 2-5 atoms to form a cyclic group, optionally containing 0-2
heteroatoms; or
together V and W’ are connected via an additional 3 carbon atoms to form an optionally substituted cyclic group
containing 6 carbon atoms and substituted with one substituent selected from the group consisting of hydroxy,
acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said additional
carbon atoms that is three atoms from a Y attached to the phosphorus;
each Y is independently selected from the group consisting of -O-, -NR6- with the proviso that at least one Y is
-NR6-;
R6 is selected from the group consisting of -H, and lower alkyl, acyloxyalkyl, alkoxycarbonyloxy alkyl and lower
acyl;
M is selected from the group that when attached to PO3

2-, P2O6
3-, P3O9

4- or P(O)(NHR6)O- is a biologically
active agent but is not an FBPase inhibitor, and is attached to the phosphorus in formula I via a carbon, oxygen,
sulfur or nitrogen atom;
with the provisos that:

1) M is not -NH(lower alkyl), -N(lower alkyl)2, -NH(lower alkylhalide), -N(lower alkylhalide)2, or -N(lower
alkyl) (lower alkylhalide); and
2) R6 is not lower alkylhalide;

or a pharmaceutically acceptable salt thereof, where "lower" denotes up to 10 carbon atoms, and "hetero-" denotes
the presence of from 1 to 4 heteroatoms, wherein a heteroatom is an oxygen, nitrogen or sulfur atom.

2. A compound as claimed in claim 1 wherein M is attached to the phosphorous in formula I via a carbon or oxygen atom.

3. A compound as claimed in claim 1 or 2, wherein the group MH is a nucleoside.

4. A compound as claimed in claim 3, wherein the group MH is an antiviral nucleoside.

5. A compound as claimed in claim 1 wherein the group MH is an L-nucleoside, acyclic nucleoside, dideoxy nucleoside,
arabinofuranosyl nucleoside, carbocyclic nucleoside, nucleoside with a fluorinated sugar or dioxolane nucleoside.

6. A compound as claimed in any of claims 1 to 5 wherein MH, MPO3
2-, MP2O6

3- or MP3O9
3- is useful in the treatment

of a liver disease or a disease where the liver is responsible for the overproduction of a biochemical end product.

7. A compound as claimed in any one of the preceding claims wherein MH, MPO3
2-, MP2O6

3- or MP3O9
3- is an antiviral

or anticancer agent.

8. A compound of claim 1 wherein MP(O)(NHR6)O, MPO3
2-, MP2O6

3- and MP3O9
4- is a metalloprotease inhibitor, TS

inhibitor, NEP inhibitor, collagenase inhibitor, angiotensin converting enzyme inhibitor, endothelin inhibitor,



EP 1 165 570 B9

70

5

10

15

20

25

30

35

40

45

50

55

NMDA/AMPA antagonist, purine nucleoside phosphorylase inhibitor, alanine racemase inhibitor or squalene syn-
thase inhibitor.

9. A compound of claim 1 wherein MH is selected from the group consisting of b-L-2-deoxycytidine (NV-02C) (LdC);
b-L-thymidine (NV-02B) (LdT); 9-b-D-arabinofuranosyladenine (araA); 3’-azido-2’, 3’-dideoxythymidine , (AZT); 2’,
3’, -didehydro-3’-deoxythymidine (d4T); 2’, 3’-dideoxyinosine (ddI); 2’, 3’-dideoxyadenosine (ddA); 2’, 3’, dideoxy-
cytidine (ddC); L-2’, 3’-dideoxycytidine (L-ddC); L-2’, 3’-dideoxy-5-fluorocytidine (L-FddC); L-3’ -deoxy-2’, 3’-dide-
hydrocytidine (L-d4C); L-3’ -deoxy-2’, 3’ -didehydro-5-fluorocytidine (L-Fd4C); (-)-2’, 3’ - dideoxy-3’ -thiacytidine;
2’R, 5’S(-)-1-[2-(hydroxymethyl)-1, 3-oxathiolan-5-yl]cytosine (3TC); ribavirin; penciclovir, 5-fluoro-2’-deoxyuridine;
1-(2-deoxy-2-fluoro-b-D-arabinofuranosyl)-5-iodouridine (FIAU); 1-(2-deoxy-2-fluoro-b-D-arabinofuranosyl)-5-iodo-
cytosine(FIAC);(6)-(1a,2b,3a)-9-[2,3-bis(hydroxymethyl)-cyclobutyl]guanine(BHCG);2’R,5’S(-)-1-(2-(hydroxyme-
thyl)oxathiolan-5-yl]-cytosine; (-)-b-L-2’, 3’-dideoxycytidine; (-)-b-L-2’, 3’-dideoxy-5-fluorocytidine; 2’-Fluoro-5-me-
thyl-b-L-arabino-furanosyluracil(FMAU);1-b-D-arabinofuranosyl-E-5-(2-bromovinyl)uracil(BvaraU);E-5-(2-bromov-
inyl)-2’-deoxyyuridine; Cobucavir, Trifluorothymidine (TFT); 5-propynyl-1-arabinosyluracil; carbocyclic 2’-deoxygua-
nosine (CDG); (-)-B-D-2, 6-diaminopurine dioxolane (DAPD); (-)-B D-5-fluoro-1-[2-hydroxymethyl)-1, 3-diox-
olane]cytosine (FDOC); 3’ -deoxy-2’, 3’-didehydrocytidine(d4C); dioxolane guanosine (DXG); 2’ -de-
oxy-2’-fluoro-1-b-D-arabinofuranosyl-5-ethyluracil (FEAU); 2’, 3-dideoxy-3’-fluoroguanosine (FLG); 3’-de-
oxy-3’-fluorothymidine (FLT); (-)-cis-5-fluoro-1-[2-(hydroxymethyl)-1, 3-oxathiolan-5-yljcytosine (FTC); 5-yl-carbo-
cyclic 2’-deoxyguanosine; Cytallene; Oxetanocin A; Oxetanocin G; Cyclobut A; Cyclobut G; fluorodeoxyuridine; 2’,
2’-difluorodeoxycytidine (dFdC); arabinosylcytosine (araC); bromodeoxyuridine; 5-iodo-2’-deoxyuridine (IDU);
2-chlorodeoxyadenosine (CdA); fluoroarabinosyladenosine (F-araA); 5-FdUMP, Coformycin, and 2’-deoxycoformy-
cin.

10. A compound of claim 1 wherein MH is:

3TC where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
(-)FTC where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
L-FMAU where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
Penciclovir where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl that is phosphorylated in cells;
BMS 200, 475 where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
L(-)Fd4C where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
Lobucavir where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl that is phosphorylated in cells;
DXG where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
LdC where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
ddI where P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
LdT where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
ddC where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
AZT where -P(O)(Y-CH(V)CH2CH2-Y) is attached to the primary hydroxyl;
d4T where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
DAPD where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
L-FddC where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
Ribavirin where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
CdA where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
Ganciclovir where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl that is phosphorylated in cells;
Acyclovir where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
Cytarabine where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
Gemcitabine where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
Fludarabine where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
Floxuridine where -P(O)(Y-CH(V)CH2CH2-Y’) is attached to the primary hydroxyl;
HPMPC where -P(O)(Y-CH(V)CH2CH2-Y’) replaces the PO3

- group;
PMEA where -P(O)(Y-CH(V)CH2CH2-Y’) replaces the PO3

- group; or
PMPA where -P(O)(Y-CH(V)CH2CH2-Y’) replaces the PO3

- group.

11. A compound of claim 1 wherein MH is selected from the group consisting of 9-(2-hydroxyethoxylmethyl)guanine
(ACV), 9-(1,3-dihydroxy-2-propoxymethyl)guanine (GCV), penciclovir, (R)-9-(3, 4 dihydroxybutyl)guanine, and cytal-
lene.

12. A compound of claim 1 wherein MPO3
2- is selected from the group consisting of 9-(2-phosphonylmethoxyethyl)
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adenine (PMEA), 9-(2-phosphonylmethoxyethyl)-2, 6-diaminopurine (PMEDAP), (S)-9-(3-hydroxy-2-phosphonyl-
methoxypropyl) cytosine(HPMPC), (S)-9-(3-hydroxy-2-phosphonylmethoxypropyl) adenine (HPMPA),
9-(3-fluoro-2-phosphonylmethoxypropyl) adenine (FPMPA), and 9-[2-(R)-phosphonylmethoxy) propyl] adenine
(PMPA).

13. A compound of claim 8 wherein M is attached to the phosphorus in formula I via an oxygen atom that is in a hydroxyl
group on an acyclic sugar group.

14. A compound of claim 13 wherein MH is selected from the group consisting of 9-(2-hydroxyethoxylmethyl)guanine
(ACV), 9-(1,3-dihydroxy-2-propoxymethyl)guanine (GCV), 9-(4-hydroxy-3-hydroxymethylbut-1-yl)guanine, and
(R)-9-(3,4-dihydroxylbutyl)guanine.

15. A compound of claim 1 wherein M is attached to the phosphorus in formula I via a carbon atom.

16. A compound of claim 15 wherein MPO3
2- is selected from the group consisting of phosphonoformic acid, and

phosphonoacetic acid.

17. A compound of claim 1 wherein MPO3
2- or MP(O)(NHR6)O- is an AMP activated protein kinase activator.

18. compound of any of claims 1 to 17 wherein Y is -O- located adjacent to the W’ and W groups.

19. A compound of any of claims 1 to 17 wherein Y is -O- located adjacent to the V group.

20. A compound of any of claims 1 to 17 wherein both Y groups are -NR6-.

21. A compound of claim 1 wherein V is selected from the group consisting of aryl, substituted aryl, heteroaryl, and
substituted heteroaryl.

22. A compound of claim 21 wherein Z, W, and W’ are H; and R6 is selected from the group consisting of -H, and lower alkyl.

23. A compound of claim 22 wherein V is selected from the group consisting of aryl and substituted aryl.

24. A compound of claim 23 wherein V is selected from the group consisting of phenyl, and substituted phenyl.

25. A compound of claim 24 wherein V is selected from the group consisting of 3,5-dichlorophenyl, 3-bromo-4-fluor-
ophenyl, 3-chlorophenyl, 3-bromophenyl, and 3,5-difluorophenyl.

26. A compound of claim 21 wherein V is selected from the group consisting of heteroaryl and substituted heteroaryl.

27. A compound of claim 26 wherein V is 4-pyridyl.

28. A compound of claim 1 wherein together V and W are connected via an additional 3 carbon atoms to form an
optionally substituted cyclic group containing 6 carbon atoms and mono-substituted with one substituent selected
from the group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and aryloxycarbonyloxy
attached to one of said additional carbon atoms that is three atoms from a Y attached to the phosphorus.

29. A compound of claim 28 wherein together V and W form a cyclic group selected from the group consisting of
-CH2-CH(OH)-CH2-, -CH2CH(OCOR3)-CH2-, and -CH2CH(OCO2R3)-CH2-.

30. Use of a compound as claimed in any one of claims 1 to 29 in the manufacture of a medicament for enhancing oral
bioavailability of a parent drug by administration of said compound to provide oral bioavailability greater than the
oral bioavailability on administration of said parent drug, the parent drug as a biologically active agent being M
attached to PO3

2-, P2O6
3-, P3O9

4-, or P(O)(NHR6)O-, but not an FBPase inhibitor, and in which M is attached to the
phosphorus via a carbon, oxygen, sulfur or nitrogen atom;
R6 is selected from the group consisting of -H, lower alkyl, acyloxyalkyl, alkoxycarbonyloxy alkyl and lower acyl;
with the provisos that:

1) M is not -NH(lower alkyl), -N(lower alkyl)2, -NH(lower alkylhalide), -N(lower alkylhalide)2, or -N(lower alkyl)
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(lower alkylhalide); and
2) R6 is not lower alkylhalide.

31. Use of a compound as claimed in any of claims 1 to 29 in the manufacture of a medicament for delivering a biologically
active drug to an animal for a sustained period, the drug as a biologically active agent being M attached to PO3

2-,
P2O6

3-, P3O9
4- or P(O)(NHR6)O- but not an FBPase inhibitor, and in which M is attached to the phosphorus via a

carbon, oxygen, sulfur or nitrogen atom.

32. Use of a compound as claimed in any one of claims 1 to 29 in the manufacture of a medicament for delivering a
biologically active drug to an animal with greater selectivity for the liver than on administration of said biologically
active drug, the drug as a biologically active agent being M attached to PO3

2-, P2O6
3-, P3O9

4-, or P(O)(NHR6)O-,
but not an FBPase inhibitor, and in which M is attached to the phosphorus via a carbon, oxygen, sulfur or nitrogen
atom;
R6 is selected from the group consisting of -H, lower alkyl acyloxyalkyl, alkoxycarbonyloxy alkyl and lower acyl;
with the provisos that:

1) M is not -NH(lower alkyl), -N(lower alkyl)2, -NH(lower alkylhalide), -N(lower alkylhalide)2, or -N(lower alkyl)
(lower alkylhalide); and
2) R6 is not lower alkylhalide.

33. Use of a compound as claimed in any one of claims 1 to 29 in the manufacture of a medicament for use in increasing
the therapeutic index of a drug by administering to an animal a compound as claimed in claim 1, the drug as a
biologically active agent being M attached to PO3

2-, P2O6
3-, P3O9

4-, or P(O)(NHR6)O-, but not an FBPase inhibitor,
and in which M is attached to the phosphorus via a carbon, oxygen, sulfur or nitrogen atom;
R6 is selected from the group consisting of -H, lower alkyl, acyloxyalkyl, alkoxycarbonyloxyalkyl and lower acyl;
with the provisos that:

1) M is not -NH(lower alkyl), -N(lower alkyl)2, -NH(lower alkylhalide), -N(lower alkylhalide)2, or -N(lower alkyl)
(lower alkylhalide); and
2) R6 is not lower alkylhalide.

34. Use of a compound as claimed in claim 1 in the manufacture of a medicament for the treatment of cancer expressing
a P450 enzyme.

35. Use of a compound as claimed in claim 1 in the manufacture of a medicament for use in the treatment of liver fibrosis.

36. Use of a compound as claimed in claim 1 in the manufacture of a medicament for use in treating hyperlipidemia.

37. Use of a compound as claimed in claim 1 in the manufacture of a medicament for use in the treatment of a parasitic
infection.

38. Use of a compound as claimed in claim 1 in the manufacture of a medicament for use in delivering a diagnostic
imaging agent.

39. Use of a compound as claimed in claim 1 in the manufacture of a medicament for the treatment of a viral infection.

40. Use of a compound as claimed in claim 1 in the manufacture of a medicament for treatment of diabetes.

41. Use of a compound as claimed in claim 1 in the manufacture of a medicament for treatment of hepatitis.

42. Use of a compound as claimed in claim 1 in the manufacture of a medicament for treatment of liver cancer.

43. Use of a compound as claimed in claim 1 in the manufacture of a medicament for treatment of atherosclerosis.

44. Use of a compound as claimed in any one of claims 1 to 29 in the manufacture of a medicament for delivering a
biologically active drug to target tissues by a method comprising:

a) enhancing the activity of a P450 enzyme that oxidizes the compound as claimed in claim 1 in said target
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tissues; and
b) administering to an animal a compound as claimed in claim 1.

45. A method of making a prodrug which when administered to a biological system, is converted by a P450 enzyme in
the liver or in other tissue containing P450 enzymes to generate a biologically active agent which is MPO3

2-, MP2O6
3-,

MP3O9
4- or MP(O)(NHR6)O- but is not an FBPase inhibitor, said method comprising

a) transforming a drug compound having a -PO3
2- or -P(O)(NHR6)O- moiety into a compound of formula I:

wherein:

V is selected from the group consisting of aryl, substituted aryl, heteroaryl or substituted heteroaryl;
W, and W’ are independently selected from the group consisting of-H, alkyl, aralkyl, alicyclic, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl-, or
together W and W’ are connected via an additional 2-5 atoms to form a cyclic group, optionally containing
0-2 heteroatoms; or
together V and W are connected via an additional 3 carbon atoms to form an optionally substituted cyclic
group containing 6 carbon atoms and substituted with one substitent selected from the group consisting of
hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said
additional carbon atoms that is three atoms from a Y attached to the phosphorus;
each Y is independently selected from the group consisting of -O-, NR6-, with the proviso that at least one
Y is -NR6-;
R6 is selected from the group consisting of -H, lower alkyl, acyloxyalkyl, alkoxycarbonyloxyalkyl and lower
acyl;
M is selected from the group that attached PO3

2-, P2O6
3-, P3O9

4-, or P(O)(NHR6)O- is a biologically active
agent, but is not an FBPase inhibitor, and is attached to the phosphorous in formula I via a carbon, oxygen,
sulfur or nitrogen atom
with the provisos that:

1) M is not -NH(lower alkyl), -N(lower alkyl)2, -NH(lower alkylhalide), - N(lower alkylhalide)2, or -N(lower
alkyl) (lower alkylhalide); and
2) R6 is not lower alkylhalide;
or a pharmaceutically acceptable salt thereof.

where "lower" denotes up to 10 carbon atoms, and "hetero-" denotes the presence of from 1 to 4 heteratoms, wherein
a heteroatom is an oxygen, nitrogen or sulfur atom.

46. The method of claim 45 comprising

a) converting a hydroxyl or amino to a phosphoramidite by reaction with L-P(-YCH(V)CH(Z)-CW(W’)Y-) wherein
L is selected from the group consisting of NR’2, and halogen, where each R1 is independently selected from
the group consisting of alkyl, aryl and aralkyl or together R1 and R1 from a cyclic group, optionally containing
a heteroatom; and
b) transforming said phosphoramidite into a compound of formula I by reaction with an oxidizing agent.
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47. Use of a compound which has a moiety which is a phosphate in the manufacture of a medicament for delivery of
the compound to hepatocytes, said manufacture comprising:

converting said compound to a prodrug compound as claimed in claim 1.

48. Use of a prodrug compound as claimed in any one of claims 1 to 29 in the manufacture of a medicament for enhancing
the pharmacodynamic half-life of a parent drug by administration to an animal of said prodrug compound as claimed
in claim 1, the parent drug as a biologically active agent being M attached to PO3

2-, P2O6
3-, P3O9

4-, or P(O)(NHR6)O-,
but not an FBPase inhibitor, and in which M is attached to the phosphorus via a carbon, oxygen, sulfur or nitrogen
atom, the prodrug compound of claim 1 being converted to a phosph(on)ate containing compound by a P450 enzyme
in the liver or in other tissue containing P450 enzymes;
R6 is selected from the group consisting of -H, lower alkyl, acyloxyalkyl, alkoxycarbonyloxy alkyl and lower acyl;
with the provisos that:

1) M is not -NH(lower alkyl), -N(lower alkyl)2, -NH(lower alkylhalide), N(lower alkylhalide)2, or -N(lower alkyl)
(lower alkylhalide); and
2) R6 is not lower alkylhalide.

49. A prodrug for delivering a biologically active drug to an animal for a sustained period, said prodrug being a compound
as claimed in any one of claims 1 to 29.

50. A prodrug for delivering a biologically active drug to an animal with greater selectivity for the liver said prodrug being
a compound as claimed in claim 1.

51. A prodrug for increasing the therapeutic index of a drug said prodrug being a compound as claimed in claim 1.

52. A prodrug for bypassing kinase resistance said prodrug being a compound as claimed in claim 1.

53. A prodrug for treating cancer expressing P450 said prodrug being a compound as claimed in claim 1.

54. A prodrug for use in treating a viral infection said prodrug being a compound as claimed in claim 1.

55. A prodrug for use in treating liver fibrosis said prodrug being a compound as claimed in claim 1.

56. A prodrug for use in treating a parasitic infection said prodrug being a compound as claimed in claim 1.

57. A prodrug for use in delivering a diagnostic imaging agent to the liver said prodrug being a compound as claimed
in claim 1.

58. A prodrug for use in treating diabetes, said prodrug being a compound as claimed in claim 1.

59. A prodrug for use in treating hepatitis, said prodrug being a compound as claimed in claim 1.

60. A prodrug for use in treating liver cancer said prodrug being a compound as claimed in claim 1.

61. A prodrug for use in treating atherosclerosis said prodrug being a compound as claimed in claim 1.

Patentansprüche

1. Verbindung die die Vorstufe eines Medikaments ist und die, wenn sie einem biologischen System verabreicht wird,
durch ein P450 Enzym in der Leber oder in einem anderen Gewebe, das P450 Enzyme enthält, umgewandelt wird,
um ein biologisch aktives Agens zu erzeugen, das MPO3

2-, MP2O6
3-, MP3O9

4- oder MP(O)(NHR6)O-, aber kein
FBPase Inhibitor ist, wobei die Medikamentenvorstufenverbindung die Formel I:
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besitzt, wobei:

V ausgewählt wird aus der Gruppe bestehend aus Aryl, substituiertem Aryl, Heteroaryl oder substituiertem
Heteroaryl;
W und W’ unabhängig voneinander ausgewählt werden aus der Gruppe bestehend aus -H, Alkyl, Aralkyl,
Alicyclen, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl, 1-Alkenyl und 1-Alkynyl; oder
W und W’ über zusätzliche 2-5 Atome verbunden sind, um zusammen eine cyclische Gruppe zu bilden, die
gegebenenfalls 0-2 Heteroatome enthält, oder
V und W’ über zusätzliche 3 Kohlenstoffatome verbunden sind, um zusammen eine gegebenenfalls substituierte
cyclische Gruppe zu bilden, die 6 Kohlenstoffatome enthält und mit einem Substituenten ausgewählt aus der
Gruppe bestehend aus Hydroxy, Acyloxy, Alkoxycarbonyloxy, Alkylthiocarbonyloxy und Aryloxycarbonyloxy,
der an eins der besagten zusätzlichen Kohlenstoffatome gebunden ist, das drei Atome von einem Y entfernt
ist, das an den Phosphor gebunden ist, substituiert ist;
jedes Y unabhängig ausgewählt wird aus der Gruppe bestehend aus -O-, -NR6- unter der Bedingung, das
mindestens ein Y -NR6- ist;
R6 ausgewählt wird aus der Gruppe bestehend aus -H und Niederalkyl, Acyloxyalkyl, Alkoxycarbonyloxyalkyl
und Niederacyl;
M ausgewählt wird aus einer Gruppe, die, wenn sie an PO3

2-, P2O6
3-, P3O9

4- oder P(O)(NHR6)O- gebunden
ist, ein biologisch aktives Agens aber kein FBPase Inhibitor ist und über ein Kohlenstoff-, Sauerstoff-, Schwefel-
oder Stickstoffatom an das Phosphor in Formel I gebunden ist;
mit der Maßgabe, dass

1) M nicht -NH(Niederalkyl), -N(Niederalkyl)2, -NH(Niederalkylhalid), -N(Niederalkylhalid)2 oder -N(Nieder-
alkyl)(Niederalkylhalid) ist; und
2) R6 nicht Niederalkylhalid ist;

oder ein pharmazeutisch annehmbares Salz davon, wobei "Nieder" bis zu 10 Kohlenstoffatome bedeutet und "He-
tero-" die Anwesenheit von 1 bis 4 Heteroatomen bedeutet, wobei ein Heteroatom ein Sauerstoff-, Stickstoff- oder
Schwefelatom ist.

2. Verbindung wie in Anspruch 1 beansprucht, wobei M über ein Kohlenstoff- oder Sauerstoffatom an das Phosphor
in Formel I gebunden ist.

3. Verbindung wie in Anspruch 1 oder 2 beansprucht, wobei die Gruppe MH ein Nukleosid ist.

4. Verbindung wie in Anspruch 3 beansprucht, wobei die Gruppe MH ein antivirales Nukleosid ist.

5. Verbindung wie in Anspruch 1 beansprucht, wobei die Gruppe MH ein L-Nukleosid, ein acyclisches Nukleosid, ein
Dideoxynukleosid, ein Arabinofuranosylnukleosid, ein carbocyclisches Nukleosid, ein Nukleosid mit einem fluorier-
ten Zucker oder ein Dioxolannukleosid ist.

6. Verbindung wie in einem der Ansprüche 1 bis 5 beansprucht, wobei MH, MPO3
2-, MP2O6

3- oder MP3O9
4- bei der

Behandlung einer Lebererkrankung oder einer Erkrankung, bei der die Leber für die Überproduktion eines bioche-
mischen Endprodukts verantwortlich ist, nützlich ist.
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7. Verbindung wie in einem der vorangehenden Ansprüche beansprucht, wobei MH, MPO3
2-, MP2O6

3- oder MP3O9
4-

ein antivirales oder ein Anti-Krebs Medikament ist.

8. Verbindung gemäß Anspruch 1, wobei MP(O)(NHR6)O-, MPO3
2-, MP2O6

3- oder MP3O9
4- ein Metalloproteaseinhi-

bitor, ein TS Inhibitor, ein NEP Inhibitor, ein Kollagenase Inhibitor, ein Angiotensin-Konversions-Enzym Inhibitor,
ein Endothelin Inhibitor, ein NMDA/AMPA Antagonist, ein Purinnukleosid Phosphorylase Inhibitor, ein Alanin Ra-
cemase Inhibitor oder ein Squalen Synthase Inhibitor ist.

9. Verbindung gemäß Anspruch 1, wobei MH ausgewählt wird aus der Gruppe bestehend aus b-L-2-Deoxycytidin
(NV-02C) (LdC); b-L-Thymidin (NV-02B) (LdT); 9-b-D-Arabinofuranosyladenin (araA); 3’-Azido-2’,3’-Dideoxythymi-
din (AZT); 2’,3’-Didehydro-3’-deoxythymidin (d4T); 2’,3’-Dideoxyinosin (ddI); 2’,3’-Dideoxyadenosin (ddA);
2’,3’-Dideoxycytidin (ddC); L-2’,3’-Dideoxycytidin (L-ddC); L-2’,3’-Dideoxy-5-Fluorcytidin (L-FddC); L-3’-De-
oxy-2’,3’-didehydrocytidin (L-d4C); L-3’-Deoxy-2’,3’-didehydro-5-fluorcytidin (L-Fd4C); (-)-2’,3’-Dideoxy-3’-Thiacyti-
din; 2’R,5’S(-)-1-[2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosin (3TC); Ribavirin; Penciclovir; 5-Fluor-2’-deoxyuri-
din; 1-(2-Deoxy-2-fluor-b-D-arabinofuranosyl)-5-ioduridin (FIAU); 1-(2-Deoxy-2-fluor-b-D-arabinofuranosyl)-5-iod-
cytosin (FIAC); (6)-(1a,2b,3a)-9-[2,3-bis(hydroxymethyl)-cyclobutyl]guanin (BHCG); 2’R,5’S(-)-1-[2-(hydroxyme-
thyl)oxathiolan-5-yl]cytosin; (-)-b-L-2’,3’-Dideoxycytidin; (-)-b-L-2’,3’-Dideoxy-5-fluorcytidin; 2’-Fluor-5-me-
thyl-b-L-arabinofuranosyluracil (FMAU); 1-b-D-arabinofuranosyl-E-5-(2-bromvinyl)uracil (BvaraU); E-5-(2-Bromvi-
nyl)-2’-deoxyuridin; Cobucavir; Trifluorthymidin (TFT); 5-Propynyl-1-arabinosyluracil; carbocyclisches 2’-Deoxygua-
nosin (CDG); (-)-B-D-2,6-Diaminopurindioxolan (DAPD); (-)-B-D-5-Fluor-1-[2-Hydroxymethyl)-1,3-Dioxolan]cytosin
(FDOC); 3’-Deoxy-2’,3’-didehydrocytidin (d4C); Dioxolanguanosin (DXG); 2’-Deoxy-2’-fluor-1-b-D-arabinofurano-
syl-5-ethyluracil(FEAU);2’,3’-Dideoxy-3’-fluorguanosin(FLG);3’-Deoxy-3’-fluorthymidin(FLT);(-)-cis-5-fluor-1-[2-(hy-
droxymethyl)-1,3-oxathiolan-5-yl]cytosin (FTC); 5-yl-carbozylisches 2’-Deoxyguanosin; Cytallen; Oxetanocin A;
Oxetanocin G; Cyclobut A; Cyclobut G; Fluordeoxyuridin; 2’,2’-Difluor-deoxycytidin (dFdC); Arabinosylcytosin
(araC); Bromdeoxyuridin; 5-iod-2’-deoxyuridin (IDU); 2-Chlordeoxyadenosin (CdA); Fluorarabinosyladenosin
(F-araA); 5-FdUMP; Coformycin und 2’-Deoxycoformycin.

10. Verbindung gemäß Anspruch 1, wobei MH ist:

3TC, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
(-)FTC, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
L-FMAU, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
Penciclovir, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl, das in Zellen phosphoryliert wird,
gebunden ist;
BMS 200,475, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
L(-)Fd4C, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
Lobucavir, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl, das in Zellen phosphoryliert wird, ge-
bunden ist;
DXG, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
LdC, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
ddI, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
LdT, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
ddC, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
AZT, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
d4T, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
DAPD, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
L-FddC, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
Ribavirin, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
CdA, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
Ganciclovir, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
Acyclovir, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
Cytarabin, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
Gemcitabin, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
Fludarabin, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
Floxuridin, wobei -P(O)(Y-CH(V)CH2CH2-Y’) an das primäre Hydroxyl gebunden ist;
HPMPC, wobei -P(O)(Y-CH(V)CH2CH2-Y’) die PO3

- Gruppe ersetzt;
PMEA, wobei -P(O)(Y-CH(V)CH2CH2-Y’) die PO3- Gruppe ersetzt; oder
PMPA, wobei -P(O)(Y-CH(V)CH2CH2-Y’) die PO3

- Gruppe ersetzt.
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11. Verbindung gemäß Anspruch 1, wobei MH ausgewählt wird aus der Gruppe bestehend aus 9-(2-hydroxyethoxyl-
methyl)guanin (ACV), 9-(1,3-Dihydroxy-2-propoxymethyl)guanin (GCV), Penciclovir, (R)-9-(3,4-dihydroxybutyl)gua-
nin und Cytallen.

12. Verbindung gemäß Anspruch 1, wobei MPO3
2- ausgewählt wird aus der Gruppe bestehend aus 9-(2-Phosphonyl-

methoxyethyl)adenin (PMEA), 9-(2-Phosphonylmethoxyethyl)-2,6-diaminopurin (PMEDAP), (S)-9-(3-Hydro-
xy-2-phosphonyl-methoxypropyl)cytosin (HPMPC), (S)-9-(3-hydroxy-2-phosphonylmethoxypropyl)adenin (HPM-
PA), 9-(3-Fluor-2-phosphonylmethoxypropyl)adenin (FPMPA) und 9-[2-(R)-phosphonylmethoxy)propyl]adenin
(PMPA).

13. Verbindung gemäß Anspruch 8, wobei M über ein Sauerstoffatom einer HydroxylGruppe einer acyclischen Zucker-
gruppe an den Phosphor in Formel I gebunden ist.

14. Verbindung gemäß Anspruch 13, wobei MH ausgewählt wird aus der Gruppe bestehend aus 9-(2-hydroxyethoxyl-
methyl)guanin(ACV),9-(1,3-Dihydroxy-2-propoxymethyl)guanin(GCV),9-(4-hydroxy-3-hydroxymethylbut-1-yl)gua-
nin und (R)-9-(3,4-Dihydroxybutyl)guanin.

15. Verbindung gemäß Anspruch 1, wobei M über ein Kohlenstoffatom an den Phosphor in Formel I gebunden ist.

16. Verbindung gemäß Anspruch 15, wobei MPO3
2- ausgewählt wird aus der Gruppe bestehend aus Phosphonamei-

sensäure und Phosphonessigsäure.

17. Verbindung gemäß Anspruch 1, wobei MPO3
2- oder MP(O)(NHR6)O- ein Aktivator einer AMP aktivierten Protein-

kinase ist.

18. Verbindung gemäß einem der Ansprüche 1 bis 17, wobei Y -O- ist, das benachbart zu den W und W’ Gruppen liegt.

19. Verbindung gemäß einem der Ansprüche 1 bis 17, wobei Y -O- ist, das benachbart zu der V Gruppe liegt.

20. Verbindung gemäß einem der Ansprüche 1 bis 17, wobei beide Y Gruppen -NR6- sind.

21. Verbindung gemäß Anspruch 1, wobei V ausgewählt wird aus der Gruppe bestehend aus Aryl, substituiertem Aryl,
Heteroaryl und substituiertem Heteroaryl.

22. Verbindung gemäß Anspruch 21, wobei Z, W und W’ H sind und R6 ausgewählt wird aus der Gruppe bestehend
aus -H und Niederalkyl.

23. Verbindung gemäß Anspruch 22, wobei V ausgewählt wird aus der Gruppe bestehend aus Aryl und substituiertem
Aryl.

24. Verbindung gemäß Anspruch 23, wobei V ausgewählt wird aus der Gruppe bestehend aus Phenyl und substituiertem
Phenyl.

25. Verbindung gemäß Anspruch 24, wobei V ausgewählt wird aus der Gruppe bestehend aus 3,5-Dichlorphenyl,
3-Brom-4-Fluorphenyl, 3-Chlorphenyl, 3-Bromphenyl und 3,5-Difluorphenyl.

26. Verbindung gemäß Anspruch 21, wobei V ausgewählt wird aus der Gruppe bestehend aus Heteroaryl und substi-
tuiertem Heteroaryl.

27. Verbindung gemäß Anspruch 26, wobei V 4-Pyridyl ist.

28. Verbindung gemäß Anspruch 1, wobei V und W über zusätzliche 3 Kohlenstoffatome verbunden sind, um zusammen
eine gegebenenfalls substituierte cyclische Gruppe zu bilden, die 6 Kohlenstoffatome enthält und mit einem Sub-
stituenten ausgewählt aus der Gruppe bestehend aus Hydroxy, Acyloxy, Alkoxycarbonyloxy, Alkylthiocarbonyloxy
und Aryloxycarbonyloxy, der an eins der besagten zusätzlichen Kohlenstoffatome gebunden ist, das drei Atome
von einem Y entfernt liegt, das an den Phosphor gebunden ist, einfach substituiert ist.

29. Verbindung gemäß Anspruch 28, wobei V und W zusammen eine cyclische Gruppe bilden die ausgewählt wird aus
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der Gruppe bestehend aus -CH2-CH(OH)-CH2-, -CH2CH(OCOR3)-CH2- und -CH2CH(OCO2R3)-CH2-.

30. Verwendung einer Verbindung wie in einem der Ansprüche 1 bis 29 beansprucht bei der Herstellung eines Medi-
kaments zum Verstärken der Bioverfügbarkeit des ursprünglichen Medikaments durch die Verabreichung von be-
sagter Verbindung, um eine orale Bioverfügbarkeit bereitzustellen, die größer ist als die orale Bioverfügbarkeit bei
Verabreichung des ursprünglichen Medikaments, wobei das ursprüngliche Medikament als bioaktives Agens M ist,
das an PO3

2-, P2O6
3-, P3O9

4- oder P(O)(NHR6)O- gebunden, aber kein FBPase Inhibitor ist, und wobei M über ein
Kohlenstoff-, Sauerstoff-, Schwefel- oder Stickstoffatom an den Phosphor gebunden ist; und wobei
R6 ausgewählt wird aus der Gruppe bestehend aus -H, Niederalkyl, Acyloxyalkyl, Alkoxycarbonyloxyalkyl und Nie-
deracyl;
mit der Maßgabe, dass

1) M nicht -NH(Niederalkyl), -N(Niederalkyl)2, -NH(Niederalkylhalid), -N(Niederalkylhalid)2 oder -N(Niederal-
kyl)(Niederalkylhalid) ist; und
2) R6 nicht Niederalkylhalid ist.

31. Verwendung einer Verbindung wie in einem der Ansprüche 1 bis 29 beansprucht bei der Herstellung eines Medi-
kaments zur Abgabe eines biologisch aktiven Medikaments an ein Tier über einen verlängerten Zeitraum, wobei
das Medikament als biologisch aktives Agens M ist, das an PO3

2-, P2O6
3-, P3O9

4- oder P(O)(NHR6)O- gebunden,
aber kein FBPase Inhibitor ist, und wobei M über ein Kohlenstoff-, Sauerstoff-, Schwefel- oder Stickstoffatom an
den Phosphor gebunden ist.

32. Verwendung einer Verbindung wie in einem der Ansprüche 1 bis 29 beansprucht bei der Herstellung eines Medi-
kaments zur Abgabe eines biologisch aktiven Medikaments an ein Tier mit größerer Selektivität für die Leber als
bei Verabreichung von besagtem biologisch aktiven Medikament, wobei das Medikament als biologisch aktives
Agens M ist, das an PO3

2-, P2O6
3-, P3O9

4-, oder P(O)(NHR6)O- gebunden, aber kein FBPase Inhibitor ist, und wobei
M über ein Kohlenstoff-, Sauerstoff-, Schwefel- oder Stickstoffatom an den Phosphor gebunden ist; und wobei
R6 ausgewählt wird aus der Gruppe bestehend aus -H, Niederalkyl, Acyloxyalkyl, Alkoxycarbonyloxyalkyl und Nie-
deracyl;
mit der Maßgabe, dass

1) M nicht -NH(Niederalkyl), -N(Niederalkyl)2, -NH(Niederalkylhalid), -N(Niederalkylhalid)2 oder -N(Niederal-
kyl)(Niederalkylhalid) ist; und
2) R6 nicht Niederalkylhalid ist.

33. Verwendung einer Verbindung wie in einem der Ansprüche 1 bis 29 beansprucht bei der Herstellung eines Medi-
kaments zur Verwendung bei der Erhöhung des therapeutischen Index eines Medikaments durch Verabreichung
einer Verbindung wie in Anspruch 1 beansprucht an ein Tier, wobei das Medikament als biologisch aktives Agens
M ist, das an PO3

2-, P2O6
3-, P3O9

4- oder P(O)(NHR6)O- gebunden, aber kein FBPase Inhibitor ist, und wobei M
über ein Kohlenstoff-, Sauerstoff-, Schwefel- oder Stickstoffatom an den Phosphor gebunden ist; und wobei
R6 ausgewählt wird aus der Gruppe bestehend aus -H, Niederalkyl, Acyloxyalkyl, Alkoxycarbonyloxyalkyl und
Niederacyl;
mit der Maßgabe, dass

1) M nicht -NH(Niederalkyl), -N(Niederalkyl)2, -NH(Niederalkylhalid), -N(Niederalkylhalid)2 oder -N(Niederal-
kyl)(Niederalkylhalid) ist; und
2) R6 nicht Niederalkylhalid ist.

34. Verwendung einer Verbindung wie in Anspruch 1 beansprucht bei der Herstellung eines Medikaments für die Be-
handlung von Krebs, der ein P450 Enzym exprimiert.

35. Verwendung einer Verbindung wie in Anspruch 1 beansprucht bei der Herstellung eines Medikaments für die Ver-
wendung bei der Behandlung von Leberfibrose.

36. Verwendung einer Verbindung wie in Anspruch 1 beansprucht bei der Herstellung eines Medikaments für die Ver-
wendung bei der Behandlung von Hyperlipidämie.

37. Verwendung einer Verbindung wie in Anspruch 1 beansprucht bei der Herstellung eines Medikaments für die Ver-
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wendung bei der Behandlung einer parasitären Infektion.

38. Verwendung einer Verbindung wie in Anspruch 1 beansprucht bei der Herstellung eines Medikaments für die Ver-
wendung bei der Abgabe eines diagnostischen Kontrastmittels.

39. Verwendung einer Verbindung wie in Anspruch 1 beansprucht bei der Herstellung eines Medikaments für die Be-
handlung einer viralen Infektion.

40. Verwendung einer Verbindung wie in Anspruch 1 beansprucht bei der Herstellung eines Medikaments für die Be-
handlung von Diabetes.

41. Verwendung einer Verbindung wie in Anspruch 1 beansprucht bei der Herstellung eines Medikaments für die Be-
handlung von Hepatitis.

42. Verwendung einer Verbindung wie in Anspruch 1 beansprucht bei der Herstellung eines Medikaments für die Be-
handlung von Leberkrebs.

43. Verwendung einer Verbindung wie in Anspruch 1 beansprucht bei der Herstellung eines Medikaments für die Be-
handlung von Atherosklerose.

44. Verwendung einer Verbindung wie in einem der Ansprüche 1 bis 29 beansprucht bei der Herstellung eines Medi-
kaments zur Abgabe eines biologisch aktiven Medikaments an Zielgewebe mittels eines Verfahrens umfassend:

a) Verstärken der Aktivität eines P450 Enzyms, das eine Verbindung wie in Anspruch 1 beansprucht, in besagten
Zielgeweben oxidiert; und
b) Verabreichen einer Verbindung wie in Anspruch 1 beansprucht an ein Tier.

45. Verfahren zur Herstellung einer Vorstufe eines Medikaments, die, wenn sie an ein biologisches System verabreicht
wird, durch ein P450 Enzym in der Leber oder in einem anderen Gewebe das P450 Enzyme enthält, umgewandelt
wird, um ein biologisch aktives Agens zu erzeugen, das MPO3

2-, MP2O6
3-, MP3O9

4- oder MP(O)(NHR6)O-, aber
kein FBPase Inhibitor ist, wobei besagtes Verfahren umfasst:

a) Überführen einer Medikamentenverbindung, die einen -PO3
2- oder -P(O)(NHR6)O- Rest besitzt, in eine

Verbindung mit der Formel I:

wobei:

V ausgewählt wird aus der Gruppe bestehend aus Aryl, substituiertem Aryl, Heteroaryl oder substituiertem
Heteroaryl;
W und W’ unabhängig voneinander ausgewählt werden aus der Gruppe bestehend aus -H, Alkyl, Aralkyl,
Alicyclen, Aryl, substituiertem Aryl, Heteroaryl, substituiertem Heteroaryl, 1-Alkenyl und 1-Alkynyl; oder
W und W’ über zusätzliche 2-5 Atome verbunden sind, um zusammen eine cyclische Gruppe zu bilden, die
gegebenenfalls 0-2 Heteroatome enthält, oder
V und W’ über zusätzliche 3 Kohlenstoffatome verbunden sind, um zusammen eine gegebenenfalls substituierte
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cyclische Gruppe zu bilden, die 6 Kohlenstoffatome enthält und mit einem Substituenten ausgewählt aus der
Gruppe bestehend aus Hydroxy, Acyloxy, Alkoxycarbonyloxy, Alkylthiocarbonyloxy und Aryloxycarbonyloxy
substituiert ist, der an eins der besagten zusätzlichen Kohlenstoffatome gebunden ist, das drei Atome von
einem Y entfernt ist, das an den Phosphor gebunden ist;
jedes Y unabhängig ausgewählt wird aus der Gruppe bestehend aus -O-, -NR6- unter der Bedingung, das
mindestens ein Y -NR6- ist;
R6 ausgewählt wird aus der Gruppe bestehend aus -H, Niederalkyl, Acyloxyalkyl, Alkoxycarbonyloxyalkyl und
Niederacyl;
M ausgewählt wird aus der Gruppe, die, wenn sie an PO3

2-, P2O6
3-, P3O9

4- oder P(O)(NHR6)O- gebunden ist,
ein biologisch aktives Agens aber kein FBPase Inhibitor ist, und über ein Kohlenstoff-, Sauerstoff-, Schwefel-
oder Stickstoffatom an das Phosphor in Formel I gebunden ist;
mit der Maßgabe, dass

1) M nicht -NH(Niederalkyl), -N(Niederalkyl)2, -NH(Niederalkylhalid), -N(Niederalkylhalid)2 oder -N(Nieder-
alkyl)(Niederalkylhalid) ist; und
2) R6 nicht Niederalkylhalid ist;

oder ein pharmazeutisch annehmbares Salz davon,
wobei "Nieder" bis zu 10 Kohlenstoffatome bedeutet und "Hetero-" die Anwesenheit von 1 bis 4 Heteroatomen
bedeutet, wobei ein Heteroatom ein Sauerstoff-, Stickstoff- oder Schwefelatom ist.

46. Verfahren gemäß Anspruch 45, umfassend:

a) Umwandeln einer Hydroxyl- oder Aminogruppe in ein Phosphoramidit durch Reaktion mit
L-P(-YCH(V)CH(Z)-CW(W’)Y-), wobei L ausgewählt wird aus der Gruppe bestehend aus NR1

2 und Halogen,
wobei jedes R1 unabhängig ausgewählt wird aus der Gruppe bestehend aus Alkyl, Aryl und Aralkyl oder R1

und R1 zusammen eine cyclische Gruppe bilde, die gegebenenfalls ein Heteroatom enthält; und
b) Überführen von besagtem Phosphoramidit in eine Verbindung der Formel I durch Reaktion mit einem Oxi-
dationsmittel.

47. Verwendung einer Verbindung, die einen Rest besitzt, der ein Phosphat ist, bei der Herstellung eines Medikaments
für die Abgabe der Verbindung an Hepatozyten, wobei besagte Herstellung umfasst:

Umwandeln besagter Verbindung in eine Medikamentenvorstufenverbindung wie in Anspruch 1 beansprucht.

48. Verwendung einer Medikamentenvorstufenverbindung wie in einem der Ansprüche 1 bis 29 beansprucht bei der
Herstellung eines Medikaments zum Erhöhen der pharmakodynamischen Halbwertszeit eines ursprünglichen Me-
dikaments durch Verabreichung besagter Medikamentenvorstufenverbindung wie in Anspruch 1 beansprucht an
ein Tier, wobei das ursprüngliche Medikament als bioaktives Agens M ist, das an PO3

2-, P2O6
3-, P3O9

4- oder
P(O)(NHR6)O- gebunden, aber kein FBPase Inhibitor ist, und wobei M über ein Kohlenstoff-, Sauerstoff-, Schwefel-
oder Stickstoffatom an den Phosphor gebunden ist, wobei die Medikamentenvorstufenverbindung gemäß Anspruch
1 durch ein P450 Enzym in der Leber oder in einem anderen Gewebe, das P450 Enzyme enthält, in eine phos-
ph(on)atenthaltende Verbindung umgewandelt wird; und
wobei R6 ausgewählt wird aus der Gruppe bestehend aus -H, Niederalkyl, Acyloxyalkyl, Alkoxycarbonyloxyalkyl
und Niederacyl;
mit der Maßgabe, dass

1) M nicht -NH(Niederalkyl), -N(Niederalkyl)2, -NH(Niederalkylhalid), -N(Niederalkylhalid)2 oder -N(Niederal-
kyl)(Niederalkylhalid) ist; und
2) R6 nicht Niederalkylhalid ist.

49. Vorstufe eines Medikaments zur Abgabe eines biologisch aktiven Medikaments an ein Tier über einen verlängerten
Zeitraum, wobei besagte Vorstufe eines Medikaments eine Verbindung wie in einem der Ansprüche 1 bis 29 bean-
sprucht ist.

50. Vorstufe eines Medikaments zur Abgabe eines biologisch aktiven Medikaments an ein Tier mit größerer Selektivität
für die Leber, wobei besagte Vorstufe eines Medikaments eine Verbindung wie in Anspruch 1 beansprucht ist.
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51. Vorstufe eines Medikaments zum Erhöhen des therapeutischen Index eines Medikaments, wobei besagte Vorstufe
eines Medikaments eine Verbindung wie in Anspruch 1 beansprucht ist.

52. Vorstufe eines Medikaments zum Umgehen einer Kinaseresistenz, wobei besagte Vorstufe eines Medikaments
eine Verbindung wie in Anspruch 1 beansprucht ist.

53. Vorstufe eines Medikaments zur Behandlung einer Krebsform, die P450 exprimiert, wobei besagte Vorstufe eines
Medikaments eine Verbindung wie in Anspruch 1 beansprucht ist.

54. Vorstufe eines Medikaments zur Verwendung bei der Behandlung einer viralen Infektion, wobei besagte Vorstufe
eines Medikaments eine Verbindung wie in Anspruch 1 beansprucht ist.

55. Vorstufe eines Medikaments zur Verwendung bei der Behandlung von Leberfibrose, wobei besagte Vorstufe eines
Medikaments eine Verbindung wie in Anspruch 1 beansprucht ist.

56. Vorstufe eines Medikaments zur Verwendung bei der Behandlung einer parasitären Infektion, wobei besagte Vor-
stufe eines Medikaments eine Verbindung wie in Anspruch 1 beansprucht ist.

57. Vorstufe eines Medikaments zur Verwendung bei der Abgabe eines diagnostischen Kontrastmittels an die Leber,
wobei besagte Vorstufe eines Medikaments eine Verbindung wie in Anspruch 1 beansprucht ist.

58. Vorstufe eines Medikaments zur Verwendung bei der Behandlung von Diabetes, wobei besagte Vorstufe eines
Medikaments eine Verbindung wie in Anspruch 1 beansprucht ist.

59. Vorstufe eines Medikaments zur Verwendung bei der Behandlung von Hepatitis, wobei besagte Vorstufe eines
Medikaments eine Verbindung wie in Anspruch 1 beansprucht ist.

60. Vorstufe eines Medikaments zur Verwendung bei der Behandlung von Leberkrebs, wobei besagte Vorstufe eines
Medikaments eine Verbindung wie in Anspruch 1 beansprucht ist.

61. Vorstufe eines Medikaments zur Verwendung bei der Behandlung von Atherosklerose, wobei besagte Vorstufe
eines Medikaments eine Verbindung wie in Anspruch 1 beansprucht ist.

Revendications

1. Composé qui est un promédicament qui, quand il est administré à un système biologique, est converti par une
enzyme P450 dans le foie ou dans un autre tissu contenant des enzymes P450 pour générer un agent biologiquement
actif qui est MPO3

2-, MP2O6
3-, MP3O9

4- ou MP(O)(NHR6)O- mais qui n’est pas un inhibiteur de FBPase, dans lequel
le composé promédicament répond à la formule 1 :

dans laquelle :
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V est choisi dans le groupe constitué de aryle, aryle substitué, hétéroaryle, ou hétéroaryle substitué ;
W et W’ sont indépendamment choisis dans le groupe constitué de -H, alkyle, aralkyle, alicyclique, aryle, aryle
substitué, hétéroaryle, hétéroaryle substitué, 1-alcényle, et 1-alcynyle ; ou
W et W’ sont reliés ensemble via 2 à 5 atomes supplémentaires pour former un groupe cyclique, contenant
optionnellement de 0 à 2 hétéroatomes ; ou
V et W’ sont reliés ensemble via 3 atomes de carbone supplémentaires pour former un groupe cyclique option-
nellement substitué contenant 6 atomes de carbone et substitué par un substituant choisi dans le groupe
consituté de hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, et aryloxycarbonyloxy, attaché à l’un
desdits atomes de carbone supplémentaires qui se situe à une distance de trois atomes par rapport à un Y
attaché à l’atome de phosphore ;
chaque Y est indépendamment choisi dans le groupe constitué de -O-, -NR6- à condition qu’au moins un Y soit
-NR6- ;
R6 est choisi dans le groupe constitué de -H, alkyle inférieur, acyloxyalkyle, alkoxycarbonyloxy alkyle et acyle
inférieur ;
M est choisi dans le groupe qui, quand il est attaché à un groupe PO3

2-, P2O6
3-, P3O9

4- ou P(O)(NHR6)O-, est
un agent biologiquement actif mais n’est pas un inhibiteur de FBPase, et est attaché à l’atome de phosphore
dans la formule 1 via un atome de carbone, d’oxygène, de soufre ou d’azote ;
à condition que:

1) M ne représente pas-NH(alkyle inférieur), -N(alkyle inférieur)2, -NH(alkylhalogénure inférieur), -N(alkyl-
halogénure inférieur, ou -N(alkyle inférieur) (alkylhalogénure inférieur) ; et
2) R6 ne représente pas un alkylhalogénure inférieur ;

ou un sel pharmaceutiquement acceptable de celui-ci, où le terme « inférieur » désigne jusqu’à 10 atomes de
carbone, et « hétéro- » indique la présence de 1 à 4 hétéroatomes, dans lequel un hétéroatome est un atome
d’oxygène, d’azote ou de soufre.

2. Composé selon la revendication 1 dans lequel M est attaché à l’atome de phosphore dans la formule I via un atome
de carbone ou d’oxygène.

3. Composé selon la revendication 1 ou 2, dans lequel le groupe MH est un nucléoside.

4. Composé selon la revendication 3, dans lequel le groupe MH représente un nucléoside antiviral.

5. Composé selon la revendication 1 dans lequel le groupe MH représente un nucléoside L, un nucléoside acyclique,
un nucléoside didésoxy, un nucléoside arabinofuranosyle, un nucléoside carbocyclique, un nucléoside avec un
sucre fluoré ou un nucléoside dioxolane.

6. Composé selon l’une quelconque des revendications 1 à 5 dans lequel MH, MPO3
2-, MP2O6

3-, MP3O9
3- est utile

dans le traitement d’une maladie du foie ou d’une maladie où le foie est responsable de la surproduction d’un produit
final biochimique.

7. Composé selon l’une quelconque des revendications précédentes dans lequel MH, MPO3
2-, MP2O6

3-, MP3O9
3-

représente un agent antiviral ou anticancer.

8. Composé selon la revendication 1 dans lequel MP(O)(NHR6)O, MPO3
2-, MP2O6

3- et MP3O9
4- représente un inhi-

biteur de métalloprotéase, un inhibiteur de la TS, un inhibiteur de la NEP, un inhibiteur de la collagénase, un inhibiteur
de l’enzyme de conversion de l’angiotensine, un inhibiteur de l’endothéline, un antagoniste de NMDA/AMPA, un
inhibiteur de la purine nucléoside phosphorylase, un inhibiteur de l’alanine racémase ou un inhibiteur de la squalène
synthase.

9. Composé selon la revendication 1 dans lequel MH est choisi dans le groupe constitué de b-L-2-désoxycytidine
(NV-02C) (LdC) ; b-L-thymidine (NV-O2B) (LdT) ; 9-b-D-arabinofuranosyladénine (araA) ; 3’-azido-2’,3’-didésoxy-
thymidine (AZT) ; 2’,3’,-didéshydro-3’-désoxythymidine (d4T) ; 2’,3’-didésoxyinosine (ddI) ; 2’,3’-didésoxyadénosine
(ddA) ; 2’,3’, didésoxycytidine (ddC) ; L-2’,3’-didésoxycytidine (L-ddC) ; L-2’,3’-didésoxy-5-fluorocytidine (L-FddC) ;
L-3’-désoxy-2’,3’-didéshydrocytidine (L-d4C); L-3’-désoxy-2’,3’-didéshydro-5-fluorocytidine (L-Fd4C) ;
(-)-2’,3’-didésoxy-3’-thiacytidine ; 2’R,5’S(-)-1-[2-(hydroxyméthyl)-1,3-oxathiolan-5-yl]cytosine (3TC) ; ribavirine ;
penciclovir, 5-fluoro-2’-désoxyuridine ; 1-(2-désoxy-2-fluoro-b-D-arabinofuranosyl)-5-iodouridine (FIAU) ; 1-(2-dé-
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soxy-2-fluoro-b-D-arabinofuranosyl)-5-iodocytosine (FIAC) ; (6)-(1a,2b,3a)-9-[2,3-bis(hydroxyméthyl)-cyclobutyl]
guanine (BHCG) ; 2’R,5’S(-)-1-[2-(hydroxyméthyl)oxathiolan-5-yl]-cytosine ; (-)-b-L-2’,3’-didésoxycytidine ; (-)-b-L-
2’,3’-didésoxy-5-fluorocytidine ; 2’-fluoro-5-méthyl-b-L-arabino-furanosyluracil (FMAU) ; 1-b-D-arabinofurano-
syl-E-5-(2-bromovinyl)uracil (BvaraU) ; E-5-(2-bromovinyl)-2’-désoxyuridine ; Cobucavir ; trifluorothymidine (TFT) ;
5-propynyl-1-arabinosyluracil ; 2’-désoxyguanosine carbocyclique (CDG) ; (-)-B-D-2,6-diaminopurine dioxolane
(DAPD) ; (-)-B-D-5-fluoro-1-[2-hydroxyméthyl)-1,3-dioxolane]cytosine (FDOC) ; 3’-désoxy-2’,3’-didéshydro-
cytidine(d4C) ; dioxolane guanosine (DXG) ; 2’-désoxy-2’-fluoro-1-b-D-arabino-furanosyl-5-éthyluracil (FEAU) ;
2’,3’-didésoxy-3’-fluoroguanosine (FLG) ; 3’-désoxy-3’-fluorothymidine (FLT) ; (-)-cis-5-fluoro-1-[2-(hydroxymé-
thyl)-1,3-oxathiolan-5-yl]cytosine (FTC) ; 2’-désoxyguanosine 5-yl-carbocyclique ; Cytallène ; Oxétanocine A ; Oxé-
tanocine G ; Cyclobut A ; Cyclobut G ; fluorodésoxyuridine ; 2’,2’-difluoro-désoxycytidine (dFdC) ; arabinosylcyto-
sine (araC) ; bromodésoxyuridine ; 5-iodo-2’-désoxyuridine (IDU) ; 2-chlorodésoxyadénosine (CdA) ; fluoroarabi-
nosyladénosine (F-araA) ; 5-FdUMP, Coformycine, et 2’-désoxycoformycine.

10. Composé selon la revendication 1 dans lequel MH représente un composé :

3TC où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
(-)FTC où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
L-FMAU où P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
Penciclovir où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire qui est phosphorylé dans
les cellules ;
BMS 200, 475 où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
L(-)Fd4C où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
Lobucavir où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire qui est phosphorylé dans
les cellules ;
DXG où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
LdC où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
ddl où P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
LdT où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
ddC où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
AZT où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire;
d4T où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire;
DAPD où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire;
L-FddC où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire;
Ribavirine où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
CdA où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
Ganciclovir où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire qui est phosphorylé dans
les cellules ;
Acyclovir où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
Cytarabine où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
Gemcitabine où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
Fludarabine où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle primaire ;
Floxuridine où -P(O)(Y-CH(V)CH2CH2-Y’) est attaché au groupe hydroxyle
primaire ;
HPMPC où -P(O)(Y-CH(V)CH2CH2-Y’) remplace le groupe PO3

-;
PMEA où -P(O)(Y-CH(V)CH2CH2-Y’) remplace le groupe PO3

-; ou
PMPA où -P(O)(Y-CH(V)CH2CH2-Y’) remplace le groupe PO3

-.

11. Composé selon la revendication 1 dans lequel MH est choisi dans le groupe constitué de 9-(2-hydroxyéthoxylmé-
thyl)guanine (ACV), 9-(1,3-dihydroxy-2-propoxyméthyl)guanine (GCV), penciclovir, (R)-9-(3,4-dihydroxybutyl)gua-
nine, et cytallène.

12. Composé selon la revendication 1 dans lequel MPO3
2- est choisi dans le groupe constitué de 9-(2-phosphonylmé-

thoxyéthyl) adénine (PMEA), 9-(2-phosphonylméthoxyéthyl)-2,6-diaminopurine (PMEDAP), (S)-9-(3-hy-
droxy-2-phosphonylméthoxypropyl) cytosine (HPMPC), (S)-9-(3-hydroxy-2-phosphonylméthoxypropyl) adénine
(HPMPA), 9-(3-fluoro-2-phosphonylméthoxypropyl) adénine (FPMPA), et 9-[2-(R)-phosphonylméthoxy)propyl] adé-
nine (PMPA).

13. Composé selon la revendication 8 dans lequel M est attaché à l’atome de phosphore dans la formule I via un atome
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d’oxygène qui se situe dans un groupe hydroxyle sur un groupe sucre acyclique.

14. Composé selon la revendication 13 dans lequel MH est choisi dans le groupe constitué de 9-(2-hydroxyéthoxylmé-
thyl)guanine (ACV), 9-(1,3-dihydroxy-2-propoxyméthyl)guanine (GCV), 9-(4-hydroxy-3-hydroxyméthylbut-l-yl)gua-
nine, et (R)-9-(3,4-dihydroxylbutyl)guanine.

15. Composé selon la revendication 1 dans lequel M est attaché à l’atome de phosphore dans la formule I via un atome
de carbone.

16. Composé selon la revendication 15 dans lequel MPO3
2- est choisi dans le groupe constitué de l’acide phosphono-

formique, et de l’acide phosphonoacétique.

17. Composé selon la revendication 1 dans lequel MPO3
2- ou MP(O)(NHR6)O- est un activateur de la protéine kinase

activée par l’AMP.

18. Composé selon l’une quelconque des revendications 1 à 17 dans lequel Y représente un groupe -O- situé de
manière adjacente aux groupes W’ et W.

19. Composé selon l’une quelconque des revendications 1 à 17 dans lequel Y représente un groupe -O- situé de
manière adjacente au groupe V.

20. Composé selon l’une quelconque des revendications 1 à 17 dans lequel les deux groupes Y représentent un groupe
-NR6-.

21. Composé selon la revendication 1 dans lequel V est choisi dans le groupe constitué de aryle, aryle substitué,
hétéroaryle, et hétéroaryle substitué.

22. Composé selon la revendication 21 dans lequel Z, W, et W’ représentent H ; et R6 est choisi dans le groupe constitué
de -H, et alkyle inférieur.

23. Composé selon la revendication 22 dans lequel V est choisi dans le groupe constitué de aryle et aryle substitué.

24. Composé selon la revendication 23 dans lequel V est choisi dans le groupe constitué de phényle, et phényle substitué.

25. Composé selon la revendication 24 dans lequel V est choisi dans le groupe constitué de 3,5-dichlorophényle,
3-bromo-4-fluorophényle, 3-chlorophényle, 3-bromophényle, et 3,5-difluorophényle.

26. Composé selon la revendication 21 dans lequel V est choisi dans le groupe constitué de hétéroaryle et hétéroaryle
substitué.

27. Composé selon la revendication 26 dans lequel V représente un groupe 4-pyridyle.

28. Composé selon la revendication 1 dans lequel V et W sont reliés ensemble via 3 atomes de carbone supplémentaires
pour former un groupe cyclique optionnellement substitué contenant 6 atomes de carbone et mono-substitué par
un substituant choisi dans le groupe constitué de hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, et
aryloxycarbonyloxy attaché à l’un desdits atomes de carbone supplémentaires qui se situe à une distance de trois
atomes par rapport à un Y attaché à l’atome de phosphore.

29. Composé selon la revendication 28 dans lequel V et W forment ensemble un groupe cyclique choisi dans le groupe
constitué de -CH2-CH(OH)-CH2-, -CH2CH(OCOR3)-CH2-, et -CH2CH(OCO2R3)-CH2-.

30. Utilisation d’un composé selon l’une quelconque des revendications 1 à 29 dans la fabrication d’un médicament
destiné à améliorer la biodisponibilité orale d’un médicament parent par l’administration dudit composé pour fournir
une biodisponibilité orale supérieure à la biodisponibilité orale lors de l’administration dudit médicament parent, le
médicament parent en tant qu’agent biologiquement actif étant M attaché à PO3

2-, P2O6
3-, P3O9

4- ou P(O)(NHR6)O-,
mais pas un inhibiteur de FBPase, et dans lequel M est attaché à l’atome de phosphore via un atome de carbone,
d’oxygène, de soufre ou d’azote ;
R6 est choisi dans le groupe constitué de -H, alkyle inférieur, acyloxyalkyle, alkoxycarbonyloxy alkyle et acyle
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inférieur ;
à condition que :

1) M ne représente pas-NH(alkyle inférieur), -N(alkyle inférieur)2, -NH(alkylhalogénure inférieur), -N(alkylhalogé-
nure inférieur)2, ou -N(alkyle inférieur) (alkylhalogénure inférieur) ; et
2) R6 ne représente pas un alkylhalogénure inférieur.

31. Utilisation d’un composé selon l’une quelconque des revendications 1 à 29 dans la fabrication d’un médicament
pour délivrer un médicament biologiquement actif à un animal pendant une période prolongée, le médicament en
tant qu’agent biologiquement actif étant M attaché à PO3

2-, P2O6
3-, P3O9

4- ou P(O)(NHR6)O- mais pas un inhibiteur
de la FBPase, et dans lequel M est attaché à l’atome de phosphore via un atome de carbone, d’oxygène, de soufre
ou d’azote.

32. Utilisation d’un composé selon l’une quelconque des revendications 1 à 29 dans la fabrication d’un médicament
pour délivrer un médicament biologiquement actif à un animal avec une sélectivité pour le foie supérieure par rapport
à l’administration dudit médicament biologiquement actif, le médicament en tant qu’agent biologiquement actif étant
M attaché à PO3

2-, P2O6
3-, P3O9

4- ou P(O)(NHR6)O-, mais pas un inhibiteur de la FBPase, et dans lequel M est
attaché à l’atome de phosphore via un atome de carbone, d’oxygène, de soufre ou d’azote ; R6 est choisi dans le
groupe constitué de -H, alkyle inférieur, acyloxyalkyle, alkoxycarbonyloxy alkyle et acyle inférieur ;
à condition que:

1) M ne représente pas-NH(alkyle inférieur), -N(alkyle inférieur, -NH(alkylhalogénure inférieur), -N(alkylhalogé-
nure inférieur)2, ou -N(alkyle inférieur) (alkylhalogénure inférieur) ; et
2) R6 ne représente pas un alkylhalogénure inférieur.

33. Utilisation d’un composé selon l’une quelconque des revendications 1 à 29 dans la fabrication d’un médicament
pour une utilisation dans l’augmentation de l’indice thérapeutique d’un médicament par administration à un animal
d’un composé selon la revendication 1, le médicament en tant qu’agent biologiquement actif étant M attaché à
PO3

2-, P2O6
3-, P3O9

4- ou P(O)(NHR6)O-, mais pas un inhibiteur de FBPase, et dans lequel M est attaché à l’atome
de phosphore via un atome de carbone, d’oxygène, de soufre ou d’azote;
R6 est choisi dans le groupe constitué de -H, alkyle inférieur, acyloxyalkyle, alkoxycarbonyloxyalkyle et acyle
inférieur ;
à condition que,

1)Mnereprésentepas-NH(alkyle inférieur), -N(alkyle inférieur)2, -NH(alkylhalogénure inférieur), -N(alkylhalogé-
nure inférieur)2, ou -N(alkyle inférieur) (alkylhalogénure inférieur) ; et
2) R6 ne représente pas un alkylhalogénure inférieur.

34. Utilisation d’un composé selon la revendication 1 dans la fabrication d’un médicament pour le traitement du cancer
exprimant une enzyme P450.

35. Utilisation d’un composé selon la revendication 1 dans la fabrication d’un médicament pour l’utilisation dans le
traitement de la fibrose du foie.

36. Utilisation d’un composé selon la revendication 1 dans la fabrication d’un médicament pour l’utilisation dans le
traitement de l’hyperlipidermie.

37. Utilisation d’un composé selon la revendication 1 dans la fabrication d’un médicament pour l’utilisation dans le
traitement d’une infection parasitaire.

38. Utilisation d’un composé selon la revendication 1 dans la fabrication d’un médicament pour l’utilisation dans la
délivrance d’un agent d’imagerie diagnostique.

39. Utilisation d’un composé selon la revendication 1 dans la fabrication d’un médicament pour le traitement d’une
infection virale.

40. Utilisation d’un composé selon la revendication 1 dans la fabrication d’un médicament pour le traitement du diabète.
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41. Utilisation d’un composé selon la revendication 1 dans la fabrication d’un médicament pour le traitement de l’hépatite.

42. Utilisation d’un composé selon la revendication 1 dans la fabrication d’un médicament pour le traitement du cancer
du foie.

43. Utilisation d’un composé selon la revendication 1 dans la fabrication d’un médicament pour le traitement de l’athé-
rosclérose.

44. Utilisation d’un composé selon l’une quelconque des revendications 1 à 29 dans la fabrication d’un médicament
pour délivrer un médicament biologiquement actif vers les tissus ciblés par un procédé comprenant :

a) l’augmentation de l’activité d’une enzyme P450 qui oxyde le composé selon la revendication 1 dans lesdits
tissus cibles ; et
b) l’administration à un animal d’un composé selon la revendication 1.

45. Procédé de préparation d’un promédicament qui, quand il est administré à un système biologique, est converti par
une enzyme P450 dans le foie ou dans un autre tissu contenant des enzymes P450 pour générer un agent biolo-
giquement actif qui est MPO3

2-, MP2O6
3-, MP3O9

4- ou MP(O)(NHR6)O- mais qui n’est pas un inhibiteur de la FBPase,
ledit procédé comprenant

a) la transformation d’un composé médicamenteux ayant une partie -PO3
2- ou -P(O)(NHR6)O- en un composé

répondant à la formule 1 :

dans lequel :

V est choisi dans le groupe constitué de aryle, aryle substitué, hétéroaryle, ou hétéroaryle substitué ;
W et W’ sont indépendamment choisis dans le groupe cibstutyé de -H, alkyle, aralkyle, alicyclique, aryle, aryle
substitué, hétéroaryle, hétéroaryle substitué, 1-alcényle, et 1-alcynyle ; ou
W et W’ sont reliés ensemble via 2 à 5 atomes supplémentaires pour former un groupe cyclique, contenant
optionnellement de 0 à 2 hétéroatomes ; ou
V et W sont reliés ensemble via 3 atomes de carbone supplémentaires pour former un groupe cyclique option-
nellement substitué contenant 6 atomes de carbone et substitué par un substituant choisi dans le groupe
constitué de hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, et aryloxycarbonyloxy, attaché à l’un
desdits atomes de carbone supplémentaires qui se situe à une distance de trois atomes par rapport à un Y
attaché à l’atome de phosphore ;
chaque Y est indépendamment choisi dans le groupe constitué de -O-, -NR6- à condition qu’au moins un Y soit
-NR6- ;
R6 est choisi dans le groupe constitué de -H, alkyle inférieur, acyloxyalkyle, alkoxycarbonyloxy alkyle et acyle
inférieur ;
M est choisi dans le groupe qui, quand il est attaché à un groupe PO3

2-, P2O6
3-, P3O9

4- ou P(O)(NHR6)O-, est
un agent biologiquement actif mais n’est pas un inhibiteur de FBPase, et est attaché à l’atome de phosphore
dans la formule I via un atome de carbone, d’oxygène, de soufre ou d’azote ;
à condition que :
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1) M ne représente pas-NH(alkyle inférieur), -N(alkyle inférieur)2, -NH(alkylhalogénure inférieur), -N(alkyl-
halogénure inférieur)2, ou -N(alkyle inférieur) (alkylhalogénure inférieur) ; et
2) R6 ne représente pas un alkylhalogénure inférieur ;

ou un sel pharmaceutiquement acceptable de celui-ci,
où le terme « inférieur » désigne jusqu’à 10 atomes de carbone, et « hétéro- » indique la présence de 1 à 4 hété-
roatomes, dans lequel un hétéroatome est un atome d’oxygène, d’azote ou de soufre.

46. Procédé selon la revendication 45 comprenant

a) la conversion d’un groupe hydroxyle ou amino en un phosphoramidite par réaction avec
L-P(-YCH(V)CH(Z)-CW(W’)Y-) dans lequel L est choisi dans le groupe constitué de NR1

2, et d’un atome
d’halogène, où chaque R1 est indépendamment choisi dans le groupe constitué de alkyle, aryle et aralkyle ou
R1 et R1 forment ensemble un groupe cyclique, contenant optionnellement un hétéroatome ; et
b) la transformation dudit phosphoramidite en un composé répondant à la formule I par réaction avec un agent
oxydant.

47. Utilisation d’un composé qui a une partie qui est un phosphate dans la fabrication d’un médicament pour la délivrance
du composé dans les hépatocytes, ladite fabrication comprenant :

la conversion dudit composé en un composé promédicament selon la revendication 1.

48. Utilisation d’un composé promédicament selon l’une quelconque des revendications 1 à 29 dans la fabrication d’un
médicament pour améliorer la demi-vie pharmacodynamique d’un médicament parent par l’administration à un
animal dudit composé promédicament selon la revendication 1, le médicament parent en tant qu’agent biologique-
ment actif étant M attaché à PO3

2-, P2O6
3-, P3O9

4-, ou P(O)(NHR6)O-, mais pas un inhibiteur de FBPase, et dans
lequel M est attaché à l’atome de phosphore via un atome de carbone, d’oxygène, de soufre ou d’azote, le composé
promédicament selon la revendication 1 étant converti en un composé contenant du phosph(on)ate par une enzyme
P450 dans le foie ou dans un autre tissu contenant des enzymes P450 ;
R6 est choisi dans le groupe constitué de -H, alkyle inférieur, acyloxyalkyle, alkoxycarbonyloxy alkyle et acyle
inférieur ;
à condition que :

1) M ne représente pas-NH(alkyle inférieur), -N(alkyle inférieur)2, -NH(alkylhalogénure inférieur), -N(alkylhalogé-
nure inférieur)2, ou -N(alkyle inférieur) (alkylhalogénure inférieur) ; et
2) R6 ne représente pas un alkylhalogénure inférieur.

49. Promédicament pour délivrer un médicament biologiquement actif à un animal pendant une période prolongée,
ledit promédicament étant un composé selon l’une quelconque des revendications 1 à 29.

50. Promédicament pour délivrer un médicament biologiquement actif à un animal ayant une sélectivité supérieure pour
le foie, ledit promédicament étant un composé selon la revendication 1.

51. Promédicament pour augmenter l’indice thérapeutique d’un médicament, ledit promédicament étant un composé
selon la revendication 1.

52. Promédicament pour éviter une résistance de type kinase, ledit promédicament étant un composé selon la reven-
dication 1.

53. Promédicament pour traiter un cancer exprimant une P450, ledit promédicament étant un composé selon la reven-
dication 1.

54. Promédicament pour l’utilisation dans le traitement d’une infection virale, ledit promédicament étant un composé
selon la revendication 1.

55. Promédicament pour l’utilisation dans le traitement de la fibrose du foie, ledit promédicament étant un composé
selon la revendication 1.
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56. Promédicament pour l’utilisation dans le traitement d’une infection parasitaire, ledit promédicament étant un composé
selon la revendication 1.

57. Promédicament pour l’utilisation dans la délivrance d’un agent d’imagerie diagnostique au foie, ledit promédicament
étant un composé selon la revendication 1.

58. Promédicament pour l’utilisation dans le traitement du diabète, ledit promédicament étant un composé selon la
revendication 1.

59. Promédicament pour l’utilisation dans le traitement de l’hépatite, ledit promédicament étant un composé selon la
revendication 1.

60. Promédicament pour l’utilisation dans le traitement du cancer du foie, ledit promédicament étant un composé selon
la revendication 1.

61. Promédicament pour l’utilisation dans le traitement de l’athérosclérose, ledit promédicament étant un composé
selon la revendication 1.


	bibliography
	description
	claims

