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PRODRUG COMPOUNDS AND THEIR USES

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims benefit of U.S. Provisional Application No. 61/939,615, filed
on Febroary 13, 2014, U.S. Provisional Application No. 61/988,101, filed on May 2, 2014,
and U.S. Provisional Application No. 61/98¢,118, filed on May 2, 2014 which arc

incorporated herein by reference in their entircty.

FIELD
18661} Compositions and methods in the ficld of medicine and chenustry are
disclosed. Some of the disclosed cmbodiments are directed to medicinal prodg
compounds, medicinal compositions, as well as processes for their preparation and methods
of their use. Some embodiments include prodrug compounds of acid/alcohol derivatives,
their preparation and thetr uses. In some embodiments, such prodrug compounds are useful

to selectively deliver the acid/alcohol derivatives to the Liver.

BACKGROUND

[6662] The following description of the background is provided to aid in
understanding the vention, but is not admitted to be, or to describe, prior art.

16603} Prodrugs arc frequently used to improve certain  properties  of
pharmacological agents for a preferred route of administration, including physicochemical,
biopharmaceutical or pharmacokinetic properties.  Certain prodrugs {also called soft drugs)
are designed by tissue selective activation or deactivation to achieve therapeutic advantages
(See J. Rautio, et al. Nature Reviews Dvug Discovery 7: 255-270 (20083},

18084} Certain  cyclic  phosphate, phosphonate, phosphonamidate,  and
phosphoramidate prodrugs are disclosed in US Patent No. 6,312,662 and US Patent No.

7,205,404 and designed for liver-targeting of pharmacological agents. These prodrugs are
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the target tissuc and designed to achieve the sclective delivery of pharmacological agents to
the liver. Since the prodrugs are not active outside the hiver, the hiver-targeting strategy
reduces any pharmacological or toxicological cffects of a biologically active agent outside the
targeting tissue.  As a result, once used to treat liver diseases or to treat discases via
intervening in molecular pathways in the liver, the liver-targeting strategy significantly
improves patient benefit/risk ratio of a pharmacological agent {e.g. see M. D, Erion, ef gl ]
Pharm Exp Ther 312:554-60 (2005)). Example activation of these cyelic phosphionjate and

phosphoramidate compounds are ilustrated below:

OH Q
%,x Ar Cyp3A (‘%3 X Ar ‘F\-" Be y
<o I e
o M Oxidation ~~ 4 Ring opening g
Prodrugs Q
/,l Elimination
GSH\//\}/ Ar G8H /W Ar
! —
; O
G Trapping O %’XH
By-product intermediate R” (i)
Aclive

8605} In the above example, the cyclic prodrugs (X = O or N} are oxidized by
Cyp3A in the liver and vndergo a ring opening and f-chimination scquence to provide the
active drugs and an arvl vinyl ketone {Intermediate). The latter is rapidly conjugated with
glutathione {(GSH} that exists in millimole levels in the liver to vicld the conjugate by-
product.

16806} Certain oral available pharmaceutical agents have been described to have
certain liver-targeted property (e.g. see X, I, Zhou, ef af. 2000 EASL meeting poster #966).
The liver-targeting effects of these agents are based on liver first-pass metabolism of an
orally administered agent and the liver-targeting efficiency varies widely, depending upon the
pharmacokinetic property of the agent, and arc not as cfficient as the Cyp3A activated

prodrugs.
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16667} Novel prodrug compounds of acid/alcchol derivatives such as phosphates,
phosphonates, phosphonamidates, phosphoramidates, carboxylates, phenolates, and
alkoxylates, their proparation and their uses are described. Some embodiments are related to
novel prodrug compounds that do not generate a vinyl keto reactive intermediate in the
activation process. Some embodiments are directed to the use of the prodrugs to enhance
oral drug debivery. Another aspect includes the use of prodrugs to treat diseases that benefit
from enhanced drug distribution to the liver and like tissucs and cells, including but not
himited to bepatitis, cancer, liver fibrosis, fatty liver, malaria, other viral and parasitic
infections, and metabolic, cardiovascular, and/or hormonal discases where the liver is
mvolved in the production and/or the homeostasis control of the biochemical end products,
¢.g. glucose, cholesterol, fatty acids, bile acids, triglycerides, lipoproteins, apolipoproteins,
and sex hormone-binding globulin (SHBG). Examples of such diseases include diabetes,
hyperlipidemia, atherosclerosis, obesity and the like.  In another aspect, prodrugs are used to
prolong pharmacodynamic half-life of a drug. In some embodiments, the prodrog
methodology can be used to achieve sustained delivery of the parent drug. In another aspect,
prodrugs are used to increase the therapeutic index of the drug. In some embodiments, the
prodrags are usefil in the delivery of diagnostic imaging agents to the liver. Some additional
embodiments relate to a method of making prodrogs,

[6608] Some erobodiments relate to a compound of Formula |

H o, O
RIS E-X

£ Y?
R® R®
(b
16669 wherein:
[6416] R' and R’ arc cach independently selected from the group consisting of H,
M, an optionally substituted 1-Cs alkyl, an optionally substituted C;-Cs heteroalkyl, an
optionally substitited C,-Cy alkyloxy, an optionally substituted C-Cs acyloxy, an optionally

substituted aryl, and an optionally substituted heteroaryl;
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C-Cs alkyl: or R’ optionally forms an optionally substituted ring with R”; or R’ together with
R’ form a methylene or its derivative; or R’ together with R? form an oxo (=0) or iis
derivative; or R optionally forms a bond with 2 or Y’ when Z or Y/ is N;

16612} M is a biological agent, or part of a biological agent or a prodrug of a
biclogical agent;

[6613] X is selected from the group consisting of CL ORY, NR'R®, an opticnally
substitated C;-Cp alkyl, and M;

[8814] Y and Y’ are cach independently O or NR* or Y is CH, or null;

16615] Z is sclected from the group consisting of G, NR®, CR*R®, C=0, C=NR/,
and mull; or Z 18 a 2-5 atom spacer selecied from an optionally substituted C-Cq alkyl, an
optionally substituted C-Cs alkyloxy, an optionally substituted C-Cy hetercalkyl, an
optionally substituted aryl, and an optionally substituted heteroaryl;

18816} R is selected from the group of H, an optionally substitated C4-Cy alkvl,
and an optionally substituted Cy-Cy heteroalkyl;

16617} R’ is selected from the group consisting of H, M, an optionally substituted
Ci-Cg alkyl, an optionally substituted C;-Cq heteroalkyl, and an optionally substituted C:-Cs
acyl;

3618} R® is selected from the group consisting of F, Cl, an optionally substituted
(4-Cs alkyl, and an optionally substituted C,-Cy heteroalkyl: or RS is H provided that R' or R
or R” is connected to a eyclic core carbon atom through an oxygen-carbon (O-C) bond;

6619} R’ is selected from the group consisting of H, an optionally substituted C;-
Cs alkyl, and an optionally substituted C,-Cy heteroalkyl;

184201 R® is selected from the group consisting of F, Cl, M, an optionally
substituted C-Cs alkyl, and an optionally substituted C-Cy heteroalkyl; or R®is H provided
that R' or R? is connected to a cyclic core carbon atom through an oxygen-carbon {(0-C)
bond;

(6621 provided that at least one of R, RY R R® and X is M;

184221 or a stereoisomer or a pharmaceutically acceptable salt thereof,
88231 In some embodiments, the compound is a compound of Formula a:
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w E ri' I
Z.A
R? R?

[0024] {1a}

88251 wherein;

16826} R’ is selected from the group consisting of H, an optionally substituted C;-
Ce alkyl, an optionally substituted aryl, and an optionally substituted heteroarvl;

186271 R? and RY are cach independently selected from the group consisting of H
and an optionally substituted C;-Cy alkyl; or R® and R’ optionaily form an optionally
substituted ring; or R and R optionally form a methylene or its derivative; or R? and K
optionally form an oxo or its derivative;

16028} M is a biological agent, part of a biological agent or g prodrug of a
biclogical agent;

186291 Y and Y’ are cach independently O or NR*; or Y7 is CHy;

16630 Z is selected from the group consisting of O, NR’, CR*R®, C=0, C=NR’,
and null; or Z is a 2-5 atom spacer selected from an optionally substituted C-Cs alkyl, an
optionally substituted C-Cq alkvloxy, an optionally substituted C,-Cq heteroalkyl, an
optionally substituted arvl, and an optionally substituted heteroaryl;

16631} R* is sclected from the group consisting of H, an optionally substituted Cy-
Cs alkyl, and an optionally substituted Ci-Cs heteroalkyl;

188321 R’ is selected from the group consisting of H, an optionally substituted Cy-
Cs alkyl, an optionally substituied C-Cs hetcroalkyl, and an optionally substituted C,-Cs
acyl;

16633} RC is selected from the group consisting of F, Cl, an optionally substituted
C-Cs alkyl, and an optionally substituted C-Cg heteroalkyl; or R® is H provided that R or R?
or R® is connected with the cyclic core carbon atom through an oxygen-carbon {0-C) bond;

[6634] R’ is selected from the group consisting of H, an optionally substituted C-
Ce alkyl, and an optionally substituted C;-Cq heteroalkyi;

8835} R® is selected from the group consisting of F, Cl, M, an optionally

substituted C;-Cs alkyl, and an optionally substituted Ci-Cs heteroalkyl; or RY is H provided
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bond;
8836} or a stereoisomer or a pharmaceutically acceptable salt thereof,
184371 In some embodiments, the compound is a compound of Formula Ib:

H oD
' v
A \F?"X

Z\><,Y
R R®
{0838} {Ib}

16639 wherein:

80481 R” and R’ arc independently selected from the group consisting of H and
an optionally substitated C;-Cq alkyl; or R and R’ optionally form an optionally substituted
ring; or R* and R’ optionally form a methylenc or its derivative; or R and R optionally form
an oxo (=0} or its derivative;

18041} M is a biological agent, part of a biological agent or a prodrug of a
biological agent;

(88421 X is selected from the group consisting of Cl, an optionally substituted C;-
Cg alkyl, NR'R’, and OR";

16643] Y and Y’ are each independently O or NR"@; or Y is CH, or null;

18644} 7 is selected from the group consisting of O, NR®, C{R"),, C=0, C=NR’,
and null; or Z is a 2-5 atom spacer sclected from an optionally substituted C-Cy alkyl, an
optionally substituted 1-Ce alkyloxy, an optionally substituted C;-Cg heteroalkyl, an
optionally substituted aryl, and an optionally substituted heteroaryl;

18045] R is selected from the group cousisting of H, an optionally substituted Cy-
*s altkyl, and an optionally substituted C,-Cs heteroalkyl;

8046} R’ is sclected from the group consisting of H, an optionally substituted Cy-
(s alkyl, an optionally substituted C;-Cg heteroallovl, and an optionally substituted C;-Cq
acyl;

16647} R is selected from the group consisting of F, C1, an optionally substituted
Cy-Cq alkyl, and an optionally substituted C-Cy heteroalkyl; or ROis H provided that M or R?

15 connected with the cyclic core carbon atom through an oxygen-carbon {O-C) bond;
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Cs alkyl, and an optionally substituted C-Cy hetoroalkyl;

{80491 or a stereoisomer or a pharmaccutically acceptable salt thereofl
184501 In some embodiments, the compound is a compound of Formula Ic:

H 0
S

H i
¥
0681} {ic}

18052} wherein:

6853} R' is sclected from the group consisting of H, an optionally substituted C;-
Cs alkyl, an optionally substituted C-Cq heteroalkyl, an optionally substituted arvl, and an
optionally substituted heteroaryl;

[6054] R’ is selected from the group consisting of H and an optionally substitated
C-Ce alkyl; or R together with M form a methnylene derivative; or R® optionally forms a
bond with Zor Y when Z or Y is N;

[8455] M 15 a biological agent, part of a biological agent or a prodrug of a
biological agent;

[6056] X is sclected from the group consisting of ClL OR*, NR'R’, and an
optionally substituted C;-Cq alkyl;

186571 Y and Y’ are each independently O or NR*;

(6658 Z is selected from the group consisting of O, NR’, C{Ré)g, C=0, C=NR’,
and null; or Z is a 2-5 atom spacer selected from an optionally substituted C-Cs alkyl, an
optionally substituted C-Cq alkvloxy, an optionally substituted C,-Cg heteroalkyl, an
optionally substituted arvl, and an optionally substituted heteroaryl;

168591 R* is sclected from the group consisting of H, an optionally substituted Cy-
Cs alkyl, and an optionally substituted C~Cy heteroalkyl;

(88601 R” is selected from the group consisting of H, an optionally substituted C;-
Cs alkyl, an optionally substituted C;-Cg heteroalkyl, and an optionally substituted C;-Cg

acyl;
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Cy-Cy alkyl, and an optionally substituted C;-Cs heteroalkyl; or ROisH provided that RiorM
15 connected with the cyclic core carbon atom through an oxygen-carbon {O-C) bond;
(8862} R is selected from the group consisting of H, an optionally substitated C;-

Ce alkyl, and an optionally substituted C;-Cq heteroalkyl;

6063} ot a stercoisomer or a pharmaceutically accepiable salt thercofl
(8664} In some embodiments, the compound is a compound of Formulda Id or le:
i H . O H o O
N== fo ‘ N=" z. X
M R® R RS
[3865] (I (I)

16366] wherein:

16367} R* and R’ are independently sclected from the group consisting of H and
an optionally substituted C-Cs alkyh or R’ together with M or R’ form a methylene
derivative; or R’ together with M or R” form an optionally substituted ring; or R’ together
with R? form an oxo (=0) or its derivative: or R optionally forms a bond with Z or ¥’ when
ZorY'is N;

18068] M is a biological agent, part of a biological agent or a prodrug of a
biglogical agent;

86691 X is selected from the group consisting of Cl, ORY, and an optionally
substituted C,-Cg alkyl;

[6870] Y and Y’ are cach independently O or N; or Y’ 18 CHy;

16671} 7, is sciected from the group consisting of O and NR”;

186721 R is selected from the group cousisting of H, an optionally substituted Cy-
Cs alkyl, and an optionally substituted C;-Cq hetoroalkyl;

184731 R’ is sclected from the group consisting of H, an optionally substituted Cy-

Cs alkyl, an optionally substituted C;-Cg heteroalkyl, and an optionally substituted C;-Cg

acyl;
18674} ot a stercoisomer or a pharmaceutically accepiable salt thercofl
[6675] Some embodiments refate to a compound of Formula I
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[N \i E,:J__.x&

—
[3876] (Ha)
H 5 O
Sl
Ve d

166771 (Hb)

16678 wherein:

84791 R* is sclected from the group consisting of H, M, an optionally
substituted Cy-Cys alkyl, an optionally substituted C,-Cy heteroalloyl, an optionally substituted
Cy-Ce alkyloxy, an optionally substituted C1-Cy acyloxy, an optionally substituted aryl, and
an optionally substituted heteroaryl;

8086} M is a biological agent, or part of a biclogical agent or a prodrug of a
biological agent;

88811 Q is an optionally substituted aryvl or an optionally substituted heteroaryi;

6882} X? is selected from the group consisting of CI, OR™, N(R™}, an optionally
substituted C)-Cg alkyl, and M;

8683} X7 is selected from the group consisting of CL N(R™ )., and OR™;

[6884] Y and Y are cach independently O or NRL)‘%l;

6085} R is selected from the group of H. an optionally substituted C,-Cs alkyl,
and an optionally substituted C-Cq heteroalkyl;

13386] provided that at least one of R* and X7 is M;

18387} or a stereoisomer or a pharmaccutically acceptable salt thereof.

[6688] Some embodiments relate to a compound of Formula HE:

8089} (3D
163490] wherein:
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[6682] R and R” are cach imdependently selected from the group consisting of
Cl, OH, NH., an optionally substituted Ci-Cs alkyl, an optionally substituted C;-Cq alkyloxy,
and an optionally substituted C-Cy alkylaming;

18893} M is a biological agent or part of a bislogical agent or a prodrug of 2
biclogical agent;

16494 X i O or NR™:

6895} Y7 is selected from the group consisting of O, NR™, and an opticnally
substituted C-Cs alkyl;

18896} R™ is selected from the group consisting of H, an optionally substituted

-Cg alkyl, and an optionally substituted C1-Cs heteroalkyl;

6697} ot a stercoisomer or a pharmaceutically accepiable salt thercofl
[668¥] Some embodiments refate to a compound of Formula IV:

10099] (V)

161G0] wherein:

16181} RY s 1 or RY optionally forms a bond with M or X when X' is N

18162} 7z s selected from the group consisting of CRM™RY, C(O), COO,
COINR™, SO, an optionslly substituted arvl, and an optionally substituted heteroaryl;

91031 R RY RY, RY, R™, and RY are cach independently selected from the
group consisting of H, OH, amino, an optionally substituted C-Cg alkyl, an optionally
substituted C;-Cq alkyloxy, an optionally substituted Cy-Cq acvloxy, an optionally substituted
Ci-C¢  hereroalkyl, an optionally substituted phosphate, an optionally substituted
phosphonate, an optionally substituted aryl, and an optionally substituted heterocyele; or R™
and R* are independently or together optionally linked with R™, ¥, R¥, or RY 10 form an
optionally substituted ring; or R™ is optionally M; or R™ and R® are together optionally to

form an oxo (=0} or its derivative;

-10-
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biglogical agent;

(81685] X' is sclected from the group comsisting of O, NR'™, NCOR",
NS(ORRY, and NP(OYR™),;

(61667 R™ is sclected from the group consisting of H, an optionally substituted
C-Ce alkyl, and an optionally substituted C1-Cs heteroalkyl;

18167} RY is selected from the group consisting of NH,, an optionally substituted
C1-Cs alkyl, an optionally substituted arvi, and an optionally substituted heteroaryk;

{3148} R is selected from the group consisting of OH, NH, an optionally
substituted C-Cs alkyl, an optionally substituted C;-Cs alkyloxy, and an optionally
substituted C,-Cq alkylamino;

16169 nis@, 1,2, 0r3;

18116} or a steregisomer or a pharmaccutically acceptable salt thereof
6111 Some embodiments relate to a compound of Formula V:
RS sz © R¥ RS2 O R¥ RS2 O
Mo e B e BT T
- - }(5/ %54 " ln o a\g\} A i x5 “RE
0112]  (Va) (Vb (Ve)

18113} wherein:

(8114} R’ and R™ arc cach independently selected from the group consisting of
H, an optionally substituted C1-Cq aboyl, an optionally substituted C-Cq heteroalkyl, an
optionally substitited C,-Cy alkyloxy, an optionally substituted C-Cs acyloxy, an optionally
substituted C1-Cys acylamino, an optionally substituted phosphate, an optionally substituted
phosphonate, an optionally substituted phosphoramidate, an optionally substituted C,-Cg arvl,
and an optionally substituted heteroaryl; or R™ and R™ are together optionally to form an oxo
{(=0) or its derivative;

8115} R™ and R™ are cach independently selected from the group cousisting of
Cl, OH, NH;, an optionally substituted C;-Cy alkyl, an optionally substituted C;-Cs alkyloxy,
an optionally substituted Cy-Cq alkylamino, an optionally sobstituted Cy-Cq acylamino, an

optionally substitited aryioxy, an optionally substituted phosphate, an optionally substituited

-11-
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R R™, or R to form an optionally substituted 5-, 6-, or 7-membered heterocyele;

{4116} R is selected from the group cousisting of OH, NHa, an optionally
substituted C-Cg alkyl, an optionally substituted C;-Cs alkyvloxy, an optionally substituted
C-Cg alkylamino, an optionally substituted aryl, and an optionally substituted heteroarvl; or
R is opticnally linked to R™! or R™ to form an optionally substituted ring;

[6117] R is selected from the group consisting of H, a C;-Cy alkyl, and a C;-Cq
heteroalkyl;

18118} M is a biological agent or part of a biological agent or a prodrug of a

biclogical agent;

91197 X is O or NR™;

16126 nis(, 1,2, 0r3;

18121} or a stereoisomer or a pharmaccutically acceptable salt thereofl
6122 Some erobodiments relate to a compound of Formula VI

62 63 e R O 88
pet R% R 0 ~r ¥¢ R
>< —‘J<R /iJ\ G "M\ 6"/"“-<
RﬁS M Xﬁ M X )

Sy
{(Via) {(Vib} (Vic

18123] wherein:

16124 R® and R™ are cach independently sclected from the group consisting of
H, an optionally substitated C;-Cq alkyloxy, an optionally substituted C;-Ce alkylamino, an
optionally substituted C,-Cs acyloxy, -OCHP(OYR™),. and an optionally substituted C;-Cs
acylamino; or R% and R™ together optionally form an oxo (=0) or its derivative;

01251 RY
consisting of H, CORY, CLOMNR ), PIOHR®),, an optionally substituted C-Cy alkyl, an

64 L
, R”, and R™ are cach independently selected from the group

optionally substitited C;-Cy alkyloxy, an optionally substituted C-Cs acyloxy, and an
optionally substituted C;-Cs hereroalkyl; or two of R®, R™, and R are optionally linked to

68

form an optionally substituted ring; or R is optionally linked with R® to form an optionally
substituted ring; with the proviso that CR®R™R® is vot a straight chain C;-Cy alkyl when

61 62 ¢
R and R™ form an oxo (=0},

13-
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Ci-Cs alkyl, an optionally substituted C-Cs alkyvloxy, an optionally substituted C;-Cy
heteroalkyl, an optionally substituted aryl, and an optionally substituted heteroarvl;

18127] RY and R® are each mdependently selected from the group consisting of
H, an optionally substituted C-Cy alkyl, and an optionally substituted C-Cs heteroalkyl;

8128} R is selected froro the group consisting of OH, an optionally substituted
Ci-Cs alkyl, an optionally substituted C-Cs alkyloxy, and an optionally substituted C;-Cy
alkylamino;

18129} M is a biological agent or part of a biological agent or a prodiug of a

biological agent;

81307 X" i3 O or NR%,
(6131 v is selected from the group consisting of null, O, NR®, and C(R™),:
18132} or a steregisomer or a pharmaccutically acceptable salt thereof
(8133} Some embodiments relate to a compound of Formula VI
X?‘
N
AR
M N
(VH)

16134 wherein:

6135} R™ is selected from the group cousisting of H, OH, an optionally
substituted Cy-Cs alkyl, an optionally substituted C-C¢ heteroalkyl, an optionally substituted
Ci-Cs  alkyloxy, an optionally substituted phosphate, and an optionally substituted
phosphonate;

8136] X 80orS;

81377 Y sNorCR™

8138} M is a biological agent or part of a biological agent or a prodrug of a
biological agent;

181391 or a stereoisomer or a pharmaceutically acceptable salt thereof,

[6140] In some embodiments, the compound 1s sclected from the group consisting

of

13-
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>

(3141

10142]
[0143]
10144]

and a stereoisorner or a pharmaceutically acceptable salt thereof,

In some embodiments, M is a nucleoside antiviral or anticancer agent.
In some erobodiments, M s a lipid modulator,

In some embodiments, M is selected from the group consisting of HMG-

CoA reductase inhibitor, a sclective thyroid hormone receptor modulator, a peroxisome

proliferator-activated receptor modulator, a fibrate, a nicotinic acid, a bile acid, and a fatty

acid.

-14-
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8146} In some embodiments, M is selected from the group counsisting of a
peroxisome proliferator-activated receptor modulator, a glucose biosynthesis inhibitor, and a

dipeptidyl peptidase 4 inhibitor.

161471 In some embodiments, M is a nuclear hormone receptor modulator,
16148} Some embodiments relatc to a pharmaceutical composition comprising

any of the above compounds and a pharmaceutically acceptable excipient.

181491 Some embodiments relate to a method of treating a disease, disorder or
condition coraprising administering an effective amount of any of the above compounds to a
subject in need thercof.

18158] In some embodiments, the disease, disorder or condition is a discase,
disorder or condition of the liver,

(6151} In some embodiments, the disease, disorder or condition is a metabolic,
cardiovascular or hormonal discase in which the liver is involved in the production and/or the
homeostasis control of the biochemical end products of the discase, disorder or condition.

161582] In some embodiments, the discase, disorder or condition is selected from
the group consisting of hepatitis, Hiver cancer, liver fibrosis, fatty liver, malaria, viral
infection, parasitic infection, diabetes, hyperlipidemia, atheroselerosis, obesity, dyslipidemia,
hyperglyeeria and a hormonal condition.

HIEXR) Some embodiments relate to 8 method of tfreating a liver disease
comprising administering an effective amount of any of the above compounds to a subject in
need thereof, wherein M is a nucleoside antiviral or anticancer agent.

18154} Some embodiments relate to a method of treating dyslipidemia comprising
administering to a subject in need thercof an effective amount of any of the above
compounds, wherein M is a lipid modulator.

[8155] In somc embodiments, M is sclected from the group consisting of HMG-
CoA reductase inhibitor, a selective thyroid hormone receptor modulator, peroxisome

proliferator-activated receptor modulator, a fibrate, nicotinic acid, a hile acid, and a fatty acid.
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administering to a subject in need thercof, an effective amount of any of the above
compounds, wherein M 18 a ghucose modulator,

8187 In some embodiments, M is sclected from the group consisting of
peroxisome proliferator-activated receptor modulator, glucose biosynthesis inhibitor, and
dipeptidyl peptidase 4 inhibitor,

(01581 Some embodiments relate to a method of treating a hormonal condition
comprising administering to a subject in need thereof, an effective amount of any of the
above compounds, wherein M i3 a nuclear hormone receptor modulator,

16159 Some embodiments further comprise administering an cffective amount of
at least one additional therapeutic agent to the subject in need thereof.

18166} Some embodiments relate to a method of delivering a diagnostic imaging
agent to the liver of a subject in need thereof, comprising administering to the subject an
cffective amount of any of the above compounds.

[6161] In some embodiments, the subject is a mammal.

18162} In some embodiments, the subject is human.

8163} Some embodiments relate to a method of inhibiting viral replication in a
cell comprising contacting the cell with any of the above compounds.

[6164] Some embodiments relate to a method of intervening in a molecular
pathway or modulating a target in a cell comprising contacting the cell with any of the above
compounds.
165

66

In some emabodiments, the cell is in vivo.
81 In some embodiments, the cell is ex vivo.
8168
§169

[165]

(0166

16167} In some embodiments, the cell is a hepatocyte.
[ | In some embodiments, the cell is mammalian.
(8169

In some embodiments, the cell s human.
DETAILED DESCRIPTION
18178} The present embodiments arc directed to compositions and methods
related to novel prodrug compounds of biologically active acid/aleohol derivatives such as

phosphates, phosphonates, phosphonamidates, phosphoramidates, carboxylates, phenolates,
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stereoisomers  and pharmaccutically acceptable salts are represented by the formulac
discussed below.
18171} Some embodiments relate to a compound of Formula ©:

H oy 9
R P

Z X'Y,

R* RE
(H

wherein:

R' and R? are cach independently selocted from the group consisting of H, M, an
optionally substituted C-Cy alkyl, an optionally substituted C;-C¢ heteroalkyl, an optionally
substitated C,-Cy alkyloxy, an optionally substituted C-Cs acyloxy, an optionally substituted
aryl, and an optionally substituted heteroaryl;

R’ is sclected from the group consisting of H and an optionally substituted C-Cs
alkyl; or RY optionally forms an optionally substituted ring with R or R® together with R?
form a methylenc or its derivative; or R together with R form an oxo (=0) or its derivative;
or R’ optionally forms a bond with Z or Y/ when Z or Y7 is N;

M is a biological agent, or part of a biological agent or a prodrug of a biological
agent;

X is selected from the group consisting of C1, ORY, NR'R®, an optionally substituted
1~ alkyl, and M;

Y and Y’ arc cach independently O or NRY or Y’ is CH; or null;

Z s selected from the group consisting of O, NR’, CRPRS, C=0, C=NR, and null; or
Z 18 a 2-5 atom spacer sclected from an optionally substituted Cy-Cy alkyl, an optionally
substituted C,-Cy alkvloxy, an optionally substituted Ci-Cs hetercalkyl, an optionally
substituted aryl, and an optionally substituted heteroaryl;

RY is selected from the group of H, an optionally substituted C,-Cs alkyl, and an
optionaliy substituted C-Cs heteroalkyl;

R’ s selected from the group consisting of H, M, an optionally substituted C;-Cg

N

alkyl, an optionally substituted C;-Cs heteroalkyl, and an optionally substituted Ci-Cs acyl;
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alkyl, and an optionally substituted C,-Css heteroalkyl or R® is H provided that R' or R” or R°
is connected to a cyelic core carbon atom through an oxygen-carbon {O-C) bond;

R’ is sclected from the group consisting of H, an optionally substituted C;-Cs alkyl,
and an optionally substituted C~Cs heteroalkyl;

R® is selected from the group consisting of F, CI, M, an optionally substituted C;-Cs
alkyl, and an optionally substituted C;-Cs heteroalkyl; or R® is H provided that R' or R is
connccted to a cyelic core carbon atom through an oxygen-carbon (O-C) bond;

provided that at least one of RU, R R RY, and X is M;

or g stercoisomer or a pharmaceutically acceptable salt thereof.

In some embodiments, the compound is a compound of Formula la:

H ., O
R B

Z \”Y'

RE RS
(la)

wherein:

R' is selected from the group consisting of H, an optionally substituted C;-Cy alkyl,
an optionally substituted aryl, and an optionally substituted heteroaryl;

R* and RY arc cach independently selected from the group consisting of H and an
optionally substituted C,-Cs alkyl; or R? and R’ optionally form an optionally substituted
ring; or R? and R® optionally form a methylenc or its derivative; or R* and R’ optionally form
an oxo or ifs derivative;

M is a biclogical agent, part of a biological agent or a prodrug of a bislogical agent;

Y and Y’ are cach independently O or NRY; or Y7 is CHy;

Z is selected from the group consisting of O, NR’, (?RSR&, C=(), C=NR’, and null; or
Z is a 2-5 atom spacer sclected from an optionally substituted C-Cs alkyl, an optionally
substituted C-Cq alkyloxy, an optionally substituted C1-Cys hetercalkyl, an optionally
substituted aryl, and an optionally substituted heteroaryl;

R* is selected from the group consisting of H, an optionally substituted C;-Cs alkyl,

and an optionally substituted Cy-Cy heteroalkyl;
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an optionally substituted C,-Cs heteroalkyl, and an optionally substituted C4-Cq acyl;

R® is selected from the group consisting of F, Cl, an optionally substituted C;-Cs
alkyl, and an optionally substituted C;~Cy heteroalkyl; or R® is H provided that R’ or Y or R®
is connected with the cyclic core carbon atom through an oxygen-~carbon (O-C} bond;

R’ is selected from the group consisting of H, an optionally substituted C,-Cs alkyl,
and an optionally substituted C-Cq heteroalkyl;

R® is sclected from the group consisting of F, CL, M, an optionally substituted C;-Cs
alkyl, and an optionally substituted C,-Cg heteroalkyl; or R® is H provided that R or R is
connected to a cychic core carbon atom through an oxygen-carbon (O-C) bond;

or a stereoisomer or 8 pharmaceutically acceptable salt thereof,

In some embodiments, the compound is a compound of Formula th:

whergin:

R? and R are independently selected from the group consisting of H and an optionally
substituted C;-Cq alkyl; or R and R® optionally form an optionally substituted ring: or R* and
R’ optionally form a raethylene or its derivative; or R%and R optionally form an oxo (=0) or
its derivative;

M is a biological agent, part of a biological agent or a prodrug of a biological agent;

X is sclected from the group consisting of Cl, an optionally substituted C;-Cq alkyl,
NR'R®, and ORY;

Y and Y are each independently O or NRY or ¥' is CH, or null;

7 is selected from the group consisting of O, NR, C(R"),, C=0, C=NR’, and mull; or
Z is a 2-5 atom spacer selected from an optionally substituted C;-Cg alloyl, an optionally
substituted C-Cs alkvloxy, an optionally substituted C-Cs heteroalkyl, an optionally

substituted aryl, and an optionally substituted heteroaryl;
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and an optionally substituted C-Cq heteroalkyl;

R® is selected from the group consisting of H, an optionally substituted C;-Cy alkyl,
an optionally substituted C;-Cs heteroalkyl, and an optionally substituted C-Cs acyl;

R® is selected from the group consisting of F, Cl, an optionally substituted C;-Cs
alkyl, and an optionally substituted C,-Cs heteroatkyl; or R® is H provided that M or R? is
connected with the cyclic core carbon atom through an oxygen-~-carbon (0-C) bond;

R’ is sclected from the group consisting of H, an optionally substituted C;-Cs alkyl,
and an optionally substituted C-C; heteroalkyl;

or g stercoisomer or a pharmaceutically acceptable salt thereof.

In some embodiments, the compound is a compound of Formula Ic:

H O
Rt 4 ?}"mx
X

;XRS
(e}

wherein:

R' is selected from the group consisting of H, an optionally substituted C;-Cy alkyl,
an optionally substituted Cy-Cs heteroalkyl, an optionally substituted aryl, and an optionally
substituted heteroaryl,

R is selected from the group consisting of H and an optionally substituted C;~C
alkyl; or R’ together with M form a methnylene derivative; or R7 optionally forms a bond
with Zor Y whenZ or Y s N;

M is a biclogical agent, part of a biological agent or a prodrug of a bislogical agent;

X is selected from the group consisting of CI, OR', NR'R’, and an optionally
substituted C;-Cg alkyl;

Y and Y’ are cach independently O or NR4;

Z s selected from the group consisting of O, NRS, C(Ré)z, =3, C:‘NR7, and rull; or
Z 18 a 2-5 atom spacer sclected from an optionally substituted Cy-Cq alkyl, an optionally
substituted C1~Cs allvloxy, an optionally substituted C-Cs hetercalkyl, an optionally

substituted aryl, and an optionally substituted heteroaryl;
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and an optionally substituted C-Cq heteroalkyl;

R® is selected from the group consisting of H, an optionally substituted C;-Cy alkyl,
an optionally substituted C;-Cs heteroalkyl, and an optionally substituted C-Cs acyl;

R® is selected from the group consisting of F, Cl, an optionally substituted C;-Cs
alkyl, and an optionally substituted C,-Cs heteroatkyl; or R® is H provided that R' or M is
connected with the cyelic core carbon atom through an oxygen-~-carbon (0-C) bond;

R’ is sclected from the group consisting of H, an optionally substituted C;-Cs alkyl,
and an optionally substituted C-C; heteroalkyt;

or g stercoisomer or a pharmaceutically acceptable salt thereof.

In some embodiments, the compound is a compound of Formula 1d or Ie:

H o O H . O
{’4_\\\5—“/ pox @—V gy

= ; »

i
Z.X N= 2.
P ;2<’ .
M R R R
{1d) (Ie)

wherein:

R” and R” are independently sclected from the group consisting of H and an optionally
substituted Ci-Cq alkyl, or R together with M or R form a rethylene derivative; or R
together with M or R? form an optionally substituted ring; or R together with R? form an oxo
(=0) or its derivative; or R® optionally forms a bond with Z or ¥ when Z or Y is N;

M is a biological agent, part of a biclogical agent or a prodrug of a biological agent;

X is selected from the group consisting of C1, ORY, and an optionally substituted C,-
Cs alkyl:

Y and Y’ are cach independently O or N or Y is CHy;

7 is selected from the group consisting of O and NR”;

R is sclected from the group consisting of H, an optionally substituted C;-Cy alkyl,
and an optionally substituted C~Cs heteroalkyl;

R’ is selected from the group consisting of H. an optionally substituted C,-Cs alkyl,
an optionally substituted C;-Cs heteroalkyl, and an optionally substituted C;-Cq acyl;

or a stercoisomer or a pharmaceutically acceptable salt thereof.
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{Ilb}

wherein:

R* is selected from the group consisting of H, M, an optionally substituted C-Cs
alkyl, an optionally substituted C1-Cy heteroalkyl, an optionally substituted Cy-Cq alkyloxy,
an optionally substitnted C;-Cs acyloxy, an optionally substituted arvl, and an optionally
substituted heteroaryl;

M is a biological agent, or part of a biclogical agent or a prodrag of a biological
agent;

{3 1s an optionally substituted aryl or an optionally sabstituted heteroarvi;

X is selected from the group consisting of C1, OR™, N(R™), an optionally substituted
(r-Cg alkyl, and M;

%7 is selected from the group consisting of Cl, N(R™),, and OR™:

Y% and Y7 are each independently O or NR”;

R™ is sclected from the group of H, an optionally substituted C1-Cs alkyf, and an
optionally substituted C-Cg heteroalkyl;

provided that at feast one of R and X% is M;

ot a stereoisomer or a pharmacentically acceptable salt thereof.

Some embodiments relate to a compound of Formula HE

RO O
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R is H; or R™ optionally forms a bond with M or X when X7 is N;
R™ and R are cach independently selected from the group consisting of Cl, OH,
WNH,, an optionally substituted C-Cs alkyl, an optionally substituted C,-Cg alkyloxy, and an
optionally substituted C;-Cq alkylamino;

M is a biclogical agent or part of a biological agent or a prodrug of a biclogical agent;

X s O or NR':

¥ is selected from the group consisting of O, NR™, and an optionally substituted C;-
Cs alkyl;

R is selected from the group consisting of H, an optionally substituted Cy-Cy alkyl,
and an optionally substituted C-Cq heteroalkyl;

or a stercoisomer or a pharmaceutically acceptable salt thereof.

Some embodiments relate to a compound of Formula IV:

R41

(1v)

wherein:

R* is H; or R* optionally forms a bond with M or X* when X" is N;

7% is selected from the group cousisting of CR™RY, C(O), COYO, CHOWNR®S, 80,
an optionally substituted aryl, and an optionally substituted heteroaryl;

R? RY, RY R®, R®, and RY are cach independently selected from the group
consisting of H, OH, amino, an optionally substituted C1-Cs alkyl, an optionally substituted
C1-Co alkyloxy, an optionally substituted C1-Cs acyloxy, an optionally sobstituted C;-Ce
hereroalkyl, an optionally substitited phosphate, an optionally substituted phosphonate, an

optionally substituted aryl, and an optiovally substituted beterocyele: or R and R are

46

independently or together optionally linked with R*, R¥, R®, or RY 1o form an optionally
substituted ring; or R* is optionally M or R* and RY are together optionally to form an oxo
(=0} or its derivative;

M is a biological agent or part of a bioclogical agent or a prodrug of a biological agent;
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NPOWR™ )

R*™ is selected from the group consisting of H, an optionally substituted C-Cy alkyl,
and an optionally substituted Cy-Cy heteroalkyl;

R¥ is selected from the group consisting of NH,, an optionally substituted C;-Cs
alkyl, an optionally substituted arvl, and an optionally substituted heteroaryl;

R is selected from the group consisting of OH, NH.,, an optionally substituted C;-C
alkyl, an optionally substituted C-Cs alkyloxy, and an optionally substituted C;-Cg
alkviamino;

nisQ, 1, 2, or3;

or a stereoisomer or 8 pharmaceutically acceptable salt thereof.

Some embodiments relate to a compound of Fornwla Va, Vb, or Ve

RS pE2 O RS RS2 O g3t pEz O
Lo B0 L SO
5 . 5~ 7 57 585
M n X }354 M n * \fé) M n X R
{Va) (Vb) (Ve

18275 wherein:

16276} R and R™ are cach independently selected from the group cousisting of
H, an optionally substituted C,-C¢ alkyl, an optionally substituted C-C¢ hetercalkyl, an
optionally substituted C;-Cs alkyloxy, an optionally substituted C;-Cq acyloxy, an optionally
substituted C1-Cg acylamino, an optionally substituted phosphate, an optionally substitited
phosphonate, an optionally substituted phosphoramidate, an optionally substituted C~Cg arvl,
and an optionally substituted heteroaryl; or R™ and R™ are together optionally to form an oxo
(=0} or its derivative;

182771 R and R™ are each mdependently selected from the group consisting of
1, OH, NH,, an optionally substituted C;-Ce alkyl, an optionally substituted C1-Cy alkyloxy,
an optionally substituted C-Cs alkylaminoe, an optionally substituted C-Cs acvlamine, an
optionaliy substituted arvioxy, an optionally substituted phosphate, an optionally substituted

phosphonate, and an optionally substituted heteroaryloxy; or R is optionally Hnked with

51 1454 36 . . ' ,
R7', R, or 7 to form an optionally substituted 5-, 6-, or 7-membered heterocyele;
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substituted C-Cy alkyl, an optionally substituted C,-Cs alkyloxy, an optionally substituted
C1-Ce alkylamuno, an optionally substitoied arvl, and an optionally substituted heteroaryl; or
R’ is optionally linked to R* or R°® to form an optionally substituted ring;

16279] R>® is selected from the group consisting of H, a C;-Cq alkyl, and a C;-Cs
heteroalioyl;

8286} M is a biological agent or part of a biological agent or a prodmg of a
biological agent;

2811 X is O or NR%

16282] nisQ, 1,2, or3:

16283} or a stereotsomer ot a pharmaccutically acceptable salt thercof.
[6284] Sore embodiments relate to a compound of Formula Via, VIb or Vic:
y SRS
pot RE2 RES o L/ 0 Y8 Res
S R i §
M:}k\xef’k;%ss Mf’J\Xs o M/JJ\XG/“{_,({;
[3285] (Via) (Vib) (Vic)

18286} wherein:

182871 R and R™ are cach independently selected from the group consisting of
H, an optionally substituted C;-Cs alkvloxy, an optionally substituted C-Cs alkvlamino, an
optionally substituted C;-Cs acyloxy, -OCHPCOWR™Y,, and an optionally substituted C1-Cy
acylamino; or R and R™ together optionally form an oxo (=0) or its derivative;

8288} R™, R™ and R® are cach independently selected from the group
consisting of H, CORY, C(O)N(R67)2, P(OX R’fég*)g, an optionally substituted C-C alkyl, an
optionally substituted C;-Cs alkvlioxy, an optionally substituted C;-Cs acyloxy, and an
optionally substituted C,-Cy hereroalkyl; or two of R™, R®, and R® are optionally linked to
form an optionally substituted ring; or R® is optionaily linked with R to form an optionally
substituted ring; with the proviso that CRORR® is not a straight chain C,-Cy alkyl when
R* and R™ form an oxo (=0);

16289} R® is sclected from the group consisting of H, an optionally substituted
Cy-Cg alkyl, an optionally substituted C-Cs alkyloxy, an optionally substituted C,-Cg

heteroalloyl, an optionally substitated aryl, and an optionally substituted heteroaryl;
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H, an optionally substituted C;-Cy alkyl, and an optionally substitiited C1-Cs heteroalkyl;

{6291} R is selected from the group consisting of OH, an optionally substituted
(1-Ce alloyl, an optionally substituted C1-Cs alkyloxy, and an optionally substitnted C;-Cs
alkylaming;

162921 M 1s a biological agent or part of a biological agent or a prodrug of a
biglogical agent;

(62931 X%is O or NR®,;

18294} Y0 is selected from the group consisting of null, O, NR®, and C(R®),;

18295} or a stereoisomer or a pharmaceutically acceptable salt thereof.
16296] Some embodiments relate to a compound of Formula VIL
7.
X\ ,

M/L\‘\N/Y
{0257} (VID

18294} wherein:

62991 R is selected from the group consisting of H, OH, an optionally
substituted Cy-Cy alkyl, an optionally substituted C,-Cs heteroalkyl, an optionally substituted
-Ce alkyloxy, an optionally substituted phosphate, and an optionally substitited
phosphonate;

[0380] X isOor$;

[0361]  Y'isNor CR™:

6362} M is a biological agent or part of a hiological agent or a prodrug of a
biological agent;

18383} or a stereoisomer or a pharmaccutically acceptable salt thereof.

16304 CYP3A4 is expressed in the Hver in a level much higher than other tissues
(DeWazigrs ef af. J Pharm Exp Ther 253:387 (199833, Prodrug compounds of Formula I-VH
are predominantly activated via CYP3A4 in the liver. In some cmbodiments, the prodrug
compounds of Formulae I-VI bave high efficiency in biver-targeting via selective delivery of

biologically active agents to the hiver. In some embodiments, the prodrugs are used o
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may not be active or may be less active outside the liver.

{8345} Certain drugs of phosph{on)aie derivatives are highly charged comopounds
that have generally poor oral bicavailability due to poor absorption in the gastrointestinal
tract, ertain drugs are highly lipophilic compounds that have generally poor oral
bigavailability due to poor absorption in the gastrointestinal tract. In some embodiments, the
prodrug compounds of Formulae VI have oral bicavailability soperior to the parent
drugs/agents.

16346} In some cmbodiments, duc to the liver-targeting nature of the prodrug
compounds of Formulae -V, the compounds are used to treat discases that benefit from
enhanced drug distribution to the liver and like tissues and cells, including but not limited to
diseases in the liver, such as hepatitis, liver cancer, liver fibrosis, fatty hiver, malaria, other
viral and parasitic infections, and metabolic, cardiovascular, and/or hormonal discases where
the liver 18 invoived in the production and/or the homeostasis control of the biochemical end
products, c.g. glucose {(diabetes); cholesterol, fatty acids, bile acids, triglycerides
(hyperlipidernia) (atherosclerosis) (obesity), lipoproteins, apolipoproteins, and sex hormone-
binding globulin {(SHBG).

18367] In some embodiments, the disclosed prodrugs are used to prolong
pharmacodynamic half-life of the drug. In addition, the disclosed prodrug methodology can
be used to achicve sustained delivery of the parent drug. In some embodiments, a method of
making these prodrugs is described. In some embodiments, the prodrags are also useful in
the delivery of diagnostic imaging agents to the liver or other tissucs.

[6388] Some compoonds of Formulae VH have asymunetric centers where the
stercochemistry is unspecified, and the diastercomeric mixtures of these compounds are
ncluded, as well as the individual stereoisomers when referring to a compouond of Formulae
-V generally.

16369] Some embodiments of the compounds, compositions and methods
provided herein inchide a pharmaceutical composition comprising a compound provided

herein and a pharmaceutically accoptable carrier.
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second or multiple therapeutic agents in combination with a compound provided herein to the
subject in need thereof

18318 Some embodiments of the compounds, compositions and methods
provided hercin include a method of treating a liver discasc comprising administering an
cffective amount of a compound provided herein where M is a nucleoside antiviral or
anticancer agent to a subject in need thereof,

{8312} Some embodiments of the compounds, compositions and methods
provided herein include a method of treating dyslipidemia comprising administering an
ctfective amount of a compound provided hercin where M is a lipid modualator such as a
HMG-CoA reductase inhibitor, a selective thyroid hormone receptor modulator, peroxisome
proliferator-activated receptor modulator, a fibrate, nicotinic acid, and an omega-3 fatty acid
to a subject in need thereof.

16313) Some embodiments of the compounds, compositions and methods
provided heretn inclode a method of treating hyperglycemia comprising administering an
cffective amount of a compound provided herein where M is a glucose modulator such as
peroxisome proliferator-activated receptor modulator, ghicose biosynthesis inhibitor, and
dipeptidyl peptidase 4 inhibitor to a subject in need thereof.

16314 Some embodiments of the compounds, compositions and methods
provided herein include a method of treating a hormonal condition comprising administering
an effective amount of a compound provided herein where M is a nuclear hormone receptor

modulator to a subject in need thereof.

19315] In some embodiments, the subject is mammalian.
16316] In some embodiments, the subject is human.
18317} Some cmbodiments of the compounds, compositions and methods

provided hercin include a method of testing a compound in a cell comprising contacting the
cell with the compound of the claims,

18318 In some embodiments, the cell is in vivo.

16319] In some embodiments, the cell is ex vivo.

1632¢] In some embodiments, the cell is a hepatocyte.

I8
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163221 In some embodiments, the cell is human,

(6323 Some e¢mbodiments of the compounds, compositions and methods
provided herein inclode use of a compound provided hercin in the treatment of a discase in
the liver.

16324 Some embodiments include the use of a compound provided hercin in
combination with additional therapeutic agent(s) for the treatment of a discase in the liver.

[6325] Some e¢mbodiments of the compounds, compositions and methods
provided herein inclode use of a compound provided herein in the treatroent of a disease or
condition by intervening in a molecular pathway in the Hver.

16326] Some embodiments include the use of a compound provided hercin in
combination with additional therapeutic agent(s} for the treatment of a discase or condition

by intervening in a molecular pathway in the Hver.

Definitions

18327} In accordance with the present disclosure and as used herein, the following
terms are defined with the following meanings, unless explicitly stated otherwise. It is to be
understood that both the forcgoing gencral description and the following detailed description
are exemplary and explanatory only and are not restrictive of the subject matter claimed. In
this application, the use of the singular includes the plural unless specifically stated

otherwise. In this application, the use of “or” means “and/or” unless stated otherwise.

Furthermore, use of the term “including” as well as other forms, such as “includes,” and
“incladed™ is not limiting.
18328} As used hercin, ranges and amounts can be cxpressed as “about” a

particilar value or range. “About” also includes the exact amount., Hence “about 10%”
means “about 1% and also “10%.”

183291 As used herein, “optional” or “optionally” means that the subsequently
described event or circumstance does or does not occur, and that the description includes

instances where the event or circumstance occurs and instances where it does not. For
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substituted.

(8336} As used herein, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to a
composition comprising “a therapeutic agent” includes compositions with one or a plurality
of therapeutic agents.

18331} The term “alkyl” refers to saturated aliphatic groups including straight-
chain, branched chain and cyclic groups, up to and including 10 carbon atoms. Suitable alkyl
groups include methyl, cthyl, n-propyl, isopropyl, and cyclopropyl. The alkyl group may be
optionally substituted with 1-3 substituents.

18332} The term “optionally substituted” or “substituted” includes groups
substituted by one to four substituents, independently sclected from lower alkyl, lower aryl,
lower aralkyl, lower cyclic alkyl, lower heterocyeloalkyl, hydroxy, lower alkoxy, lower
aryloxy, perhaloalkoxy, aralkoxy, lower  Theteroaryl, lower Theteroarvioxy, lower
heteroarylalkyl, lower heteroaralkoxy, azido, amino, halogen, lower alkylthio, oxo, lower
acylalkyl, lower carboxy esters, carboxyl, carboxamido, nitro, lower acyloxy, lower
aminoalkyi, lower alkvlaminoaryl, tower alkylaryl, lower alkvlaminoalkvl, lower allioxyaryl,
lower arylamino, lower aralkylamino, lower alkyisulfonyl, lower carboxamidoalkylaryl,
lower carboxamidoarvl, lower hydroxyalkyl, lower haloalkyl, lower alkvlaminoalkvicarboxy,
lower aminocarboxamidoalkyl, cyano, lower alkoxyalkyl, lower perhaloalkyl, phosphate,
phosphonate, or phosphoramidate, and lower arvialkyloxyalkyl,  “Substituted aryl” and
“substituted heteroaryl” refers to aryl and heteroaryl groups substituted with 1-6 substituents.
These substituents are selected from the group consisting of lower alkyl, lower alkoxy, lower
perhaloalkyl, halogen, hydroxy, cyano, and amino.

18333} The term “heteroalkyl” refer to alkyl groups containing at least one
heteroatom, such as 1 to 3 heteroatoms. Suitable heteroatoms include oxygen, sulfur, and
nitrogen.

18334} The term “heteroacyl” refer to -C{O)-hetercalkyl groups.

18335} The term “acyloxy” refers to -OC{OR where R is alkyl, or heteroabicyl
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heteroalkyi, all optionally substituted.

183371 The term “carboxyl” refers to C{OYOH.

[8338] The term “oxo” refers to an =0 group.

168339] The term “oxo derivative” refers to =NR where R s H, lower alkyl, lower
alkoxyl, or lower alkylamino.

18340} The term “amino” refers to NRR' where R and R’ are each independently
sclected from hydrogen, alkyl, aryl, aralkyl and heterocycloalkyl, all except H are optionally
substituted; and R and R’ can form a cyclic ring system.

18341} The term ‘acylamine” refers to ~-NRC(OJR" where R and R’ are cach
independently sclected from H, alkyl, or heteroalkyl.

16342] The term “halogen” or “halo” refers to ¥, Cl, Brand L

18343} The term “haloalkyl” refer to alkyl groups containing at least one halogen,
in a further aspect are 1 to 3 haloatoms. Suitable haloatoms include F, C1, and Br.

8344} The term “haloheteroalkvl” refer to alkyl groups containing at least one
halogen and one heteroatom.

18345] The term “haloacyl” refer to ~C(O)-haloalkyl groups.

18346} The term “haloheteroacyl” refer to ~-C(O)-halohetercalkyl groups.

183471 The term “alkenyl” refers to unsaturated groups which have 2 to 12 atoms
and contain at least one carbon carbon double bond and includes straight chain, branched
chain and cyclic groups. Alkenyl groups may be optionally substituied. Suutable alkenyl
groups include allyl.

16348} The term “alkyayl” refers to unsaturated groups which have 2 to 12 atoms
and 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.

18349] The term “methylene” refeors to =CH,.

[6350] The term “methylence dertvative” refers to =CRR’ where R and R’ are cach
independently selected from an optionally substituted alkyl, an optionally substituted alkenyl,

and M.

231-



WO 2015/123352 PCT/US2015/015496

tfrom H, alkyl, aryl, aralkyl, and heterocycloabiyl.

[6382] The terms “alkylthio” refers to the group alkyl-S-.

16383] The term “amido” refers to the NR, group next to an acyl or sulfonyl
group as in NR,;C(O)-, RCIOINR-, NRS(=0},- and RS(=0);-NR-, where R includes H,
alkvl, aryl, aralkvl, and heterocycloalloyl.

18354} 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
inchude CFs and CFCl.

HARRY The term “aryl” refers to an aromatic group wherein cach of the atoms
forming the ring is a carboun atom. Aryl rings may be formed by five, six, seven, cight, nine,
or more than nine carbon atoms. Aryl groups may be optionally substituted. Examples of
aryl groups include, but are not limited to phenyl, naphthalenyl, phenanthrenyl, anthracenvl,
tetralinyl, fluorenyl, indenyl, and indanyl.

18356} The term “heteroaryl” refers to an aromatic group wherein at least one
atom forming the aromatic ring s a heteroatom. Heteroaryl rings may be formed by three,
four, five, six, scven, cight, nine, or more than nine atoms. Heteroaryl groups may be
optionally substituted. Examples of heteroaryl groops include, but are not limited to,
aromatic Csg heterocyclic groups comprising ong oxygen or sulfir atom or up to four
nitrogen atoms, or a combination of one oxygen or sulfur atom and up fo two nitrogen atoms,
and their substituted as well as benzo- and pyrido-fused derivatives, for example, connected
via one of the ring-forming carbon atoms. In some embodiments, heteroaryl groups are
optionally substituted with one or more substituents, independently selected from halg,
hydroxy, amino, cyano, nitro, alkylamido, acyl, Crs-alkoxy, Crs-alkyl, Cig-hydroxyalkyl, Cp.
s-aminoalkyl, Ci¢-alkylamino, alkylsulfenyl, alkyisulfinyl, alkyvisulfonyl, sulfamoyl, or
trifluoromethyl. Exaroples of heteroaryl groups include, but are not limited to, unsubstituted
and mono- or di-substituted derivatives of furan, benzofuran, thiophene, benzothiophene,
pyrrole, pyridine, indole, oxazole, benzoxazole, isoxazole, benzisoxarole, thiarole,
benzothiazole, isothiazole, imidazole, benzimidazole, pyrazole, indazole, tetrazole, quinoline,

wsoquinoline, pyridazine, pyrimidine, purine and pyrazine, furazan, 1,2,3-oxadiazole, 1,2,3-
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benzopyrazole, quinolizine, cinnoline, phthalazine, quinazoline, and quinoxaline. In some
embodiments, the substituents are halo, hydroxy, cvano, O-Cjg-alkyl, Crs-alkyl, hydroxy-Cy.
¢-alkyl, and amino-C,; g-alkyl.

183571 The term “aryvloxy” refers to -O-aryl.

8358} The term “heteroaryloxy” refers to -O-heteroaryl.

183591 The phrase “therapeutically effective amount” means an amount of a
compound or a combination of compounds that partially or fully amelioraies, atfenuates or
climinates one or more of the symptoms of a particular discasc or condition or provents,
modifies, or delays the onset of one or more of the sympioms of a particular disease or
condition. Such amount can be administered as a single dosage or can be administered
according to a regimen, whereby it 8 effective. Repeated administration may be needed to
achieve a desired result (e.g., treatment of the discase and/or condition).

16360] The torm “pharmaccutically acceptable salt” includes salts of compounds
of Formulae I-VII and its prodrugs derived from the combination of a compound of the
present embaodiments and an organic or inorganic acid or base. Suitable acids include acctic
acid, adipic acid, benzenesulfonic acid, (+)-7,7-dimethyl-2-oxobicyelof2.2. 1 Theptane-1-
methanesulfonic acid, citric acid, 1,2-cthanedisulfonic acid, dodecyl sulfonic acid, fumaric
acid, glucoheptonic acid, gluconic acid, glucuronic acid, hippuric acid, hydrochloride
hemiethanolic acid, HBr, HCL HI, 2-hydroxyethanesulfonic acid, lactic acid, lactobionic acid,
maleic acid, methanesulfonic acid, methylbromide acid, methyl sulfuric aad, 2-
naphthalencsulfonic  acid, nitric  acid, oleic  acid, 4.4-methylencbis-f3-hydroxy-2-
naphthalenecarboxylic acid], phosphoric acid, polygalacturonic acid, stearic acid, succinic
acid, sulfuric acid, sulfosalicylic acid, tannic acid, tartaric acid, terphthalic acid, and p-
tolucnesulfonic acid. Suitable bases inchude NaOH, KOH, Ca(OH),, Zn(OH});, Mg(OH),,
dicthviamine, ethanolamine, dicthanolamine, choline, lysing, megluomine, benzathine, and
fromethamine.

18361} The term “spacer” refers to an atom or group of atoms that separate two or
more groups from one another by a desired number of atoms.  For cxample, in some

embodiments, it may be desirable to separate two or more groups by ong, two, three, four,
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usced to scparate those groups by the desired number of atoms. Spacers are optionally
substituted.  In some embodiments, a spacer comprises saturated or unsaturated alkyls,
heteroalkyls and/or haloalkyls. In some cmbodiments, a spacer compriscs atoms that arc part
of a ring.

18362} Where the number of any given substituent is not speeified {eg.,
"haloalkyl™, there may be one or more substituents present. For example, "haloalkyl” can
include one or more of the same or different halogens. For example, “haloallyl” includes
gach of the substituents CFs, CHF; and CHLF.

18363} Solely for the purposes of illustration, and without limiting the above

definitions, some cxamples of spacers are provided. Examples of 2 atom spacers include, but
are not limited to, the following:

R
B o B //I\\/B A/Q O
A//A\\V/f T B B

[6364] where A and B represent groups which are scparated by the desired

1>

mnber of atoms,

163651 Examples of 3 atom spacers include, but are not limited to, the following:

18366} where A and B represent groups which are separated by the desired

nuntber of atoms.

18367} The termo “patient” refers to an ammal bemng treated including a
mammal, such as a dog, a cat, a cow, a horse, a sheep, and a human. In some embodiments
the patient is a mammal, cither male or female. In some embodiments, the pationt is a male

or female human.
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administered to a biological system generates a biclogically 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 cach. Standard prodrugs are formed using groups
attached to functionality, e.g. HO-, HS-~, HOOC-, HOOPR,-, associated with the drug, that
cleave in vivo. Standard prodrugs include but are not limited o carboxylate esters where the
group is alkyl, aryl, aralkyl, acvioxvalkyl, alkoxvearbonyloxvalkyl as well as esters of
hydroxyl, thiol and amines where the group attached i3 an acyl group, an alkoxycarbonyl,
aminocarbouyl, phosphate or sulfate. The groups iHustrated are examples, not exhaustive,
and one skilled in the art could prepare other known varictics of prodrugs. Such prodrugs of
the compounds of Formula T fall within this scope. Prodrogs 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. Prodrug forms of coropounds
may be utilized, for example, to improve bicavatlability, improve subject acceptability such
as by masking or reducing unpleasant characteristics such as bitter taste or gastrointestinal
irritability, alter sohubility such as for intravenous use, provide for profonged or sustained
release or delivery, improve case of formulation, or provide site specific delivery of the
compound.

183691 The term “stereoisomer” refers to the relative or absolute spatial
relationship of the R group(s) and the substituent attached to the phosphorus atom via an
exgcyelic single bond on the 2-oxo-phosphorus prodrug ring, and refors to individual or any
combination of the individual isomers such as a racemic mixture and a diastercomeric
mixture.  When one R group is attached to the carbon atom in the ring, there are four
stereoisomers.  For example, the structures A, B, C, and D below show four possible
individual isomers. Structures A and D {or B and C) arc a pair of two cnantiomers {or called
optical isomers). When two R groups attached to two different carbon atoms in the ring,

there are cight possible stercoisomers.
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[6370] The term “liver” refers to the liver organ.

18371} The term “Hver specificity” refers to the ratio:

idrug or a drug metabolite in liver tissug]
[drug or a drug metabolite in blood or another tissuc]

183721 as measured 1o amimals treated with the drug or a prodrag. The ratio can
be determined by measuring tissue levels at a specific time or may represent an AUC {arca
under a curve) based on values measured at three or more time points.,

18373} The term “increased or enhanced liver specificity” refers to an increase in
liver specificity ratio in animals treated with the prodrug relative to animals treated with the
parent drug. Compounds disclosed 1n US Patent No. 8,063,028, US Patent No. 7,666,855,
and PCT Pub. No. WO2009/073506, arc designed for the liver-specific delivery of
nucleosides for the treatment of HCV patients and take advantage of a cytochrome P450
cnzyme that is mainly cxpressed in the liver,

16374} The term “enhanced oral bicavailability” refers to an increase of at least
about 50% of the absorption of the dose of the parent drug. In an additional aspect, the
increase in oral bicavailability of the prodrug (compared to the parent drug) is at least about
100%, or a doubling of the absorption. Measurement of oral bicavailability usually refers to
measurements of the prodrug, drug, or drug metabolite in blood, plasma, tissues, or urine
following oral administration compared to measurements following parenteral
administration,

18375} 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 producces
an undesired response such as death, an elevation of markers that are indicative of toxicity,

and/or pharmacological side cffects.

-36-



WO 2015/123352 PCT/US2015/015496

there is a prolongation of therapeutically-cffective drug levels due to the presence of the
prodrug.

18377} The terms “treating” or “treatment” of a discase includes inhibiting the
diseasc (slowing or arresting or partially arresting its development), providing relief from the
symptoms or side effects of the discase (including palliative treatment), and/or relioving the
disease {causing regression of the discase).

18378} The terms “biological agent” refers to a compound that has biological
activity or that has molecular propertics that can be used for diagnosis purpose, such as a
compound carrying a radioactive isotope or a heavy atom.

183791 The terms “molecular pathway” refers to a series of molecular events in
tissucs such as a receptor modulating sequence or a biosynthesis sequence that is invelved in
physiological or pathophysiological functions of a living animal.

18380 The terms “vinyl ketone reactive intermediate” refers to compounds of the
structure below that are chemically reactive to generate a covalent bond with a molecular

entity in the tissues or celf, where R is H, alkyl, aryl, or heteroaryl,

R O
SN
R R
R
Formulations
8381} The disclosed compounds may be used alone or in combination with other

treatments.  These compounds, when used in combination with other agents, may be
administered as a daily dose or an appropriate fraction of the daily dose (e.g., bid). The
compounds may be administered after a course of treatment by another agent, during a course
of therapy with another agent, administered as part of a therapeutic regimen, or may he
administered prior to therapy by another agent in a treatment program.

18382} Examples of pharmaccutically acceptable salts include acetate, adipate,
besylate, bromude, camsylate, chloride, citrate, edisylate, cstolate, fumarate, gluceptate,
gluconate, glucuronate, hippurate, hyclate, hydrobromide, hydrochloride, iodide, isethionate,

lactate, lactobionate, maleate, mesylate, methylbronude, methylsulfate, napsylate, witrate,
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tannate, tartraie, terphthalate, tosylate, triethiodide, sodium, potassium, calciom, zing,
magnesium, diethylamine, cthanolamine, digthanclamine, cholinate, lysine, meglumine,
benzathine, and tromethamine.

Compositions containing the active ingredient may be in any form suitable for the
intended method of administration.  In some cmbodiments, the compounds of a method
and/or composition described hercin can be provided via oral administration, rectal
administration, transmucosal administration, intestinal administration, cnteral administration,
topical administration, transdermal administration, intrathecal administration, intraventricular
administration, intraperitoncal  admunistration, intranasal administration, intraocular
administration and/or parenteral administration.

16383] When the compounds are administered via oral administration, for
example, tablets, troches, lozenges, aqueous or oil suspensions, dispersible powders or
granuics, 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
mamiafacture of pharmaceuntical compositions and such compositions may contain one or
morc 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 pharmaccutically acceptable cxcipicnt which arc suitable for
mamafacture 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 magnesitum stearate, stearic acid or tale.
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.

16384] Formulations for oral use may be also presented as hard gelatin capsules

where the active ingredient can be mixed with an inert solid difuent, for example calcium
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with water or an oil medium, such as peanut oil, liguid paraffin or olive oil.

3385} Formulations suitable for parenteral administration include agueous and
non-aqueous  isotonic sterile injoction solutions which may contain, for cxample,
antioxidants, buffers, bacteriostats and solutes which render the formuldation isotonic with the
blood of the intended recipient; and agueous and non-aqueous sterile suspensions which may
include suspending agents and thickening agents. The formulations may be presented in unit-
dose or multi-dosc 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.

[8386] In some embodiments unit dosage formulations contain a datly dose or
unit, daily sub-dose, or an appropriate fraction thereof, of a drug. 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 cxcretion; other drugs which have previcusly been administered;
and the severity of the particular discase undergoing therapy, as is well understood by those
skilled in the art.

Svanthesis of commpounds

18387} The following procedures for the preparation of the cyclic prodrug
compounds illustrate the general procedures usced to prepare the compounds which apply to
phosphate, phosphonate, phosphoramidate, carboxviie acid, and aleohol containing drugs.
Prodrugs can be introduced at different stages of synthesis of a drug. In some embodiments,
they are made at a later stage, because of the general sensitivity of these groups to various
reaction conditions. Optically pure prodrugs containing a single isomer at the phosphorus
center can be made, for example, by scparation of the diastereomers by a combination of
column chromatography and/or cryvtallyzation, or by cnantiosclective synthesis of chiral

activated phosph{on)ate intermediates.
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phosph{on}ate prodrug compounds of Formula I The first strategy starts with treatment of a
dihvdroxyl compound of structure | where 7 is not a heteroatom with phosphorus
oxychloride to gencrate a cyclic phosphate of structure 2. A coupling reaction of a cyelic
phosphate chloride of structure 2 with an alechol derivative compound of structure 3
provides the final compound of structure 4. When Z is a heteroatom, an alternative strategy
can be used where the alcohol compound of structure 3 is converted fo its monophosphate of
structure 5 via a two-step scquence of phosphorylation with phosphorus oxychloride and acid
hydrolysis by a resin. The monophosphate of structure 5 is then treated with a dichloro
compound of structure 6 in the presence of silver nitrate to give the final product of

structure 4.

O
OH o O\ i
g PO [/O\"Tl"\m H% M Y
ZYQH Z.0 Z Q
1 7 hY
R Rt =4
1 2 4
AQNOS/’ r,ca
£ Cl
o he
HO-M 1) FOCl, HOL 4 g1 8
3 e O-M
2} rasin
5
3389 Scheme 1 describes  gencral  strategies  of  synthesis  of  cyclic

phosphoramidate or phosphonamidate prodrug compounds of Formula 1. Treatment of the
hydroxylamino compounds of structure 7 {where 7 is not a heteroatom) with phosphoras
oxychloride provides the cyclic phosphoramidate of structure 8. A biological agent having a
hydroxyl group of structure 3 is coupled with a prodrug intermediate of structure § to vicld
the final product of structure 9. Alternatively, a chloroamino compound of struchure 10
{(where Z is a heteroatom) is treated with phosphorus oxychloride and then an ion-exchange
resin sequentially to give the intermediate of structiwe 11 that undergoes an internal

cyclization followed by chlorination to the cyclic phosphoramidate of structure 8.
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183961 Scheme [H  describes  general  synthetic

oxodioxazaphinine prodrugs of Formula I A bioclogical agent derivative of structure 12 is
treated with phosphorus oxychloride to provide an intermediate of structure 13 that is then
treated with a base in the presence of an aldehyde of structure 14 to give final product of
structure 15, The regioisomers of structiwe 15 are made from a different route where a
compound of structure 16 is treated sequentially with diphenyl phosphate under basic a

condition to give an intermediate of structure 17. Base mediated internal cyclization of the

PCT/US2015/015496

procedures  of  the

intermediate of structure 17 affords the final product of structure 18,

Scheme Hi
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Formula Ha. Benzaldchyde derivative of structure 19 is treated with phosphorus oxychloride
to provide an ntermediate of structure 20 that is then converted to structure 21 1n the
presence of a acid chloride derivative of a biologic agent with zinc chloride as the catalyst.
Deprotection followed by treatment of a base affords the final product of structure 22,

Scheme IV

CHO CHO O
i OR
O RO, .OR _EBN El/%/&;s:_@a ;v;‘ﬂ\ca
- g S ¢
, ZnCly
18 R = protection group 20
O
OO O Ox O 0./
\\‘T oR 1) De-protaction \\“’/ if\tso
M - _ ; v
O _or M A O
| 8 2) base | P
21 22
18392} Scheme V describes a procedure for preparing cyclic bisphosphonate

prodrug compounds of Formula T via cither an acid catalyzed condensation or a basc
catalyzed alkylation routes. Condensation reaction of a bisphosphonate of structure 23 with
an aldehyde of structure 24 in the presence of an acid catalyst affords a product of structure
25. Alernatively, alkylation of a bisphosphonate of structure 23 with a halide comopound of
structure 26 in the presence of silver nitrate and/or a base provides the same product of
structure 25.

18393} Scheme V

(8]
HO. # R1 (O
E?\Raz H M ” ?\Rsz
HO\ -~ 3 X\ /\{3
,i:? \R33 o) /,p\Riia
O 24 J\
23 M7 TH 25
Nz,
28 MCHCL
8394} Scheme V1 describes general strategics of synthesis of the cyclic acctal

prodrug compounds of Formula IV, The dibydroxyl compound of structire 1 is condensed
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of structure 3. Aldchyde compound of structure 2 is prepared from the corresponding
carboxylic acid by the standard procedure in the literature.

18395 Scheme VI

R‘ivﬁ
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o

5 L Mats
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27 M7 TH 28

{8396} Compounds of Formula V-VII arc prepared by using standard conditions
in the Literature from the corresponding acids and denivatives {e.g., See I, E. Starrett, Jr,, et al.

§ Med Chem 37:1857-1864 (1994) and J. K. Dickson, ct al. } Mced Chem 39:661-664 (19963},

EXAMPLES

183971 It will be understood that the following are examples and that the present
embodiments are not limited to these examples.

3398} Some biologically active compounds of Formulac I-VH are prepared as
outhined below. Some biologically nonactive compounds of Formulae I-VH are also prepared
to demonstrate the synthetic methodologies as outlined below,

Example |

163991 (ZR IR AR SRY-2-({{7-Chloro-3-oxido-1,5-
dihvdrobenzofeli |,3,2 Jdioxaphosphepin-3-vhosyimethyh)-5-(2 4-dioxo-3 4~
dibydropyrimidin-1 (2 H)-yi}-4-fluoro-d-methyltctrahydrofuran-3-yl  propionate {Compound
104

O

- O“F:‘i\(} o N4

W AOAL
g F
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to synthetic strategy of Scheme [ from ({4-chloro-1,2-phenyienc)dimethanol and the
nucleoside derivative, [M+H] caled for CoHpCIFN,O0P: 533.08; found: 533.1. 'H NMR
(400MHz, DMSO-ds) 11.60 (s, 1H}, 7.74 {(d, J = 8.4, 1H), 7.66 (dd, /= 4.8 and 1.6, 1H},
7.56~7.52 (m, 2H}, 6.08 {bs, 1H}, 5.72 (d. /= 8.4, 1H), 540-5.10 (u, 4H), 4.45-4.31 (m, 3H),
341-331 (m, 1H}, 246 (q, J=7.6,2H), 1.33(d, /=228, 3H}, and 1.06 {t, /= 7.6, 3H).

Example 2
16461} (2R, 3R AR S5R»2-(({4-(3-Chlorophenyl}-2-oxido-~1.3,5,2-trioxaphosphinan-
2-yhoxyymethyt}-5-(2,4-dioxo-3,4~dihvdropyrimidin- 12 H)-vi-4-fluoro-4-

methyltetrahydrofuran-3-yl acetate (Compound 102)

5 F
Q‘%L\
8482} Compound 102 can be prepared according to synthetic strategy of Scheme

I from 3-chlorobenzaldehvde and the nucleoside derivative. MH ™ = 534.06{Calc.).

Example 3
[6443] (2R.IR AR SRY-2-{{{6-(3-Chlorophenyl}-5,5-dimethyi-2-oxido-1,3,2-
oxazaphosphinan-2-vijoxyimethyi}-5-(2,4-dioxo-3,4-dihydropyrimidin-1{2H}-y1)-4-fluoro-4-

roethyltetrahydrofuran-3-v1 acetate (Compound 103)

A4
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according to synthetic strategy of Scheme U from 3-amino-1-{3-chlorophenyi)-2,2-
dimethvlpropan-1-0l and the nucleoside dervative. {I\fHHT caled for CupHasCIFN:OP:
561.13; found: 561.2. "H NMR (400MHz, DMSO-ds) 11.60 (s, 0.5H), 11.50 (s, 0.5H), 7.80-
7.20 (m, 5SH), 6.02 {(bs, 11}, 5.55-5.50 (m, 1H), 540 (s, 1H), 4.38-4.02 (v, SH), 2.13 (s, 3H),
1.34(d, /=155 1.5H}), 1.28(d, /=155, 1.5H}, 8.92 (s, 3H, and 0.73 (s, 3H).

Examplc 4
18405 (2R.3R AR SR-2-({({5-(3-Chlorophenyl}- I -isopropyl-2-oxido-1,3,2-

oxazaphosphohidin-2-yhoxyymethyl}-5-(2,4-dioxo-3 4~-dihvdropyrimidin- L 2 H)-yi-4-fluoro-

4-methyltctrahydrofuran-3-yi acetate {Compound 104)

(8486} Compound 104 was prepared as a mixtare of two diastercomers according
to synthetic strategy of Scheme I from 2-isopropylamino-1-(3-chlorophenylcthan-1-ol and
the nucleoside derivative. [M+H] ecaled for TpFhsCIFN.O:P: $60.13; found: 560.2. "1
NMR (400MHz, DMSO-dg} 11.59 (s, 1H), 7.70-7.60 (m, 1H), 750 {4, J = 9.6, 1H), 744~
7.40 (m, 3H), 6.10 (bs, TH), 5.539-5.56 {m, 1H)}, 5.45 {bs, 1H), 5.22 (bs, 1H), 440-4.16 (m,
3H3, 3.90-3.72 (m, 1H}, 3.40 9bs, 1H)}, 3.14 (bs, 1H), 2.14 (s, 3H), and 1.35-1.12 {m, 9H).

Example 5
184871 2-Ethoxy-4 6-di{pyridine-3-y1)-1.5,3,2-dioxazaphosphinine 2-oxide
{Compound 105}
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8468} Compound 105 can be prepared according to synthetic strategy of Scheme

H from nicotinic acid and pyridine-3-aldehyde. MH = 319.07(Calc.).

Example 6
18469] (2R,3R AR SR 2-(({(7-(3-chlorophenvl}-4-methyl-2-oxido-1,3,4,2~
dioxazaphosphepan-2-yhoxyymethyl}-5-(2,4-dioxo-3 4-dihydropyrimidin- L 2 H)-yi3-4-fhioro-

4-methylictrahydrofuran-3-yi acetate {Compound 106)

18410} Compound 106 was prepared as a mixture of two diastercomers according
to synthetic strategy of Scheme H from 4-hydroxy-1-(3-chlorophenyljbutan-i-0l and the
nucleoside derivative, [M+H]™ caled for CpHasCIFN,O0P: 562.11; found: 562.2. 'H NMR
(400MHz, DMSO-dg) 11.56 (s, 1H), 7.76 (d, J = 84, 1H)}, 7.45-7.35 {m, 4H), 6.15 (m, 1H),
566t § =44, TH), 5.38-5.22 (m, 2H), 3.25 (bs, 1H}, 2.95-2.8& (1, 1H}, 2.81 {s, 1.5H), 2.79
{s, 1.5H), 2.14 (s, 3H), 2.05-1.60 (m, 4H), and 1.33 (d, 7= 23, 3H).

Example 7
164121 (15,3R,75,85,8aR)-3,7-dimethyl-8-(2-({285 4 R}-4-((2-oxido-4,6-di{ pyridin-
3-y1)-1.5,3,2~dioxazaphosphinin-2~-yhoxy)-6-oxotetrahydro-2H-pyran-2-yhethyl)-

~r

1,2,3,7.8, 8a-hexahydronaphthalen-1-yvl 2,.2-dimethylbutancate (Compound 1047)
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[6413] Compound 107 can be prepared according to synthetic strategy of Scheme

H from nicotinic acid, pyridine-3-aldehyde, and simvastatin. MH ™ = 691 3({Calc.).

Example §
18414} (2R, 3R AR SR»2-(({4-(3-Chlorophenyly-2-oxido-~1,3,2-dioxaphosphepan-
2-yhoxyymethyt}-5-(2,4-dioxo-3,4~dihvdropyrimidin- 12 H)-vi-4-fluoro-4-

methyltetrahydrofuran-3-yl acetate (Compound 108)

[8415] Compound 108 was prepared as a mixture of two diastercomers according
to synthetic strategy of Scheme H from 4-hydroxy-1-(3-chlorophenyljbutan-i-0l and the
nucleoside derivative. [M+H]' caled for CarHasCIFNO0P: 547.1; found: 547.2. 'H NMR
(400MHz, DMSO-ds) 11.58 (s, IH), 7.75-7.38 (m, 5H), 6.05-5.20 (m, 4H), 443-4.03 (m,
SHy, 2.14 (s, 3H), 2.10-1.90 (m, 3H), 1.34 (d, /=22, 1.5H}, and 1.27 (4, /=22, 1. 3H}.

Example 8

18416} 2-Hydroxy-2-oxido-4H-benzo[d}[ 1,32 {dioxaphosphinin-4-yi acctate
{Compound 109)
\{/G
i OH
=| \i ©
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Scheme IV as a diisopropylethylamine salt from 2-hydroxybenzaldehyde using benzyl as

protection group. [M-H] caled for CoHoOgP: 243.01; found: 243.00.

18418} 2.4-Dihvdroxy-6-phenethyl-1,5.2 4-dioxadiphosphinane 2 4-dioxide
{(Compound 110)

o, OH
o
\
r v o
S
/f

18419} Compound 110 was prepared according to the general procedure of
Scheme V as a tricthylamine salt from 3-phenyvipropanal and methylenebis(phosphonate).
IMHH] caled for CioHO6Py: 293.03; found: 293.05. 'H NMR (300MHz, CD;0D) 7.28-
7.06 (m, SH), 5.67-5.57 (m, 1H), 3.17 (g, /= 7.4, 6H), 2.76 (1, /= 8.1, 2H}, 238 (t, .J = 28,
2H)Y, 2.07-1.92 (m, 2H), and 129 (t, /=74, SH).

Example 11
18420} 2,4-Dihydroxy~6-phenethyi-1,3,5,2, d-trioxadiphosphinane 2,4-dioxide
{(Compound 111}
0. OH

7

P~

oS
PO
9o

8421} Compound 111 was prepared according to the gencral procedure of
Scheme V as a tricthylamine salt from 3-phenylpropanal and pyrophosphate. [M+H]" caled
for CoH1207P2: 295.01; found: 295.15. 'H NMR. (400MHz, CD:0D) 7.30-7.12 {m, SH), 5.33
(. =45 1H), 319¢q. /=74, 6H),275(, J=7.52H), 2.08-195 (m, 2H),and 1 30 (1, /=

7.4, 9H).
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Example 12

[9422] t-{{Hydroxy(phosphonooxyjphosphotyljoxy}-3-phenylpropyl acetate
{(Compound 112}
e Q. OH
i
P
. 71 OH
{ (8] o

©)

18423} Compound 112 was prepared according to the gencral procedure of

Scheme V as a tricthylamine salt from |-chloro-3-phenylpropyl acetate and pyrophosphate.

(MHH] caled for CyyH 0P 355.03; found: 356.90. 'H NMR (400MHz, CD;0OD) 7.28-

7.42 (m, 5H), 6.60-6.52 (m, 1H), 3.17 (g, J = 7.4, 12H), 2.80-2.72 (m, 2H), 2.16-2.04 {m,
2H), 2.04 (s, 3H), 1.30 (¢, /= 7.4, 18H).

Example 13
6424 3-Phenylpropane-1,1-diyl bis{trihydrogen diphosphate) (Compound 113}

g Yon o o
o' oTo 0Py

OH !
/L\O/ ﬁ“GH
) O

18425} Compound 113 was prepared according to the gencral procedure of
Scheme V as a diisopropylethylamine salt from 1-chloro-3-phenylpropyl acetate and
pyrophosphate. IM+HT' caled for CoHisOm4Par 472.95; found: 473.00. 'H NMR (400MHz.
CD,0D) 7.28-7.12 (m, 5H), 5.75-5.65 (m, 1H), 3.20 (g, /=74, 6H), 2.77 (¢, /= 7.5, 2H),
2.06-1.95 (m, 2H), 130 (1, J = 7.4, 9H).

Example 14
18426} I-{(Di-teri-butoxyphosphoryloxy)-3-phenyipropyl  acetate} {Compound

114)
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18427} Compound 14 was prepared according to the general procedure of
Scheme V from l-chloro-3-phenylipropyl acetate and di-fers-butyl tetrabutylamonium

phosphate. [2M+H] caled for CioHey 0Py 773.37; found: 773.0.

Example 15

18428} Tetraphenyl (3-phenylpropanc- 1,1 -divl) bis{phosphate) (Compound 115)
7
o
20 N
7 NP ?‘@
— &
PATIAS
Yo
) <
18429} Compound 115 was prepared according to the general procedure of

Scheme V from 1,1-diiodo-3-phenylpropane and diphenyl silver phosphate. [M+H] caled for
“33HiOsP 2 617.14; found: 616.90. 'H NMR (300MHz, CDCl;) 7.40-7.03 (m, 25H), 6.48-
6.40 (m, 1H), 2.66-2.60 (m, 2H), and 2.24-2.15 {m, 2H}.

Example 16
16430} Tetracthyl (3-phenvlpropane-1,1-divl) bis{phosphate) (Compound 116)

O
B _
00 ?
O/EN(;)
R

16431} Compound 116 was prepared according to the general procedure of

-+

Scheme V from 1,1-diiodo-3-phenyipropane and dicthyl stiver phosphate. [M+H] caled for
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tH), 7.61 (1, /= 3.6, 1H), 7.30-7.21 {m, 3H), 595-5.89 {m, 1H), 4.22-4.13 (m, 8H), 2.78 {t, J
= 7.8, 2H), 1.74-1.67 {m, 2H), and 1.34-1.25 (m, 12H).

Example 17
18432} ((4,5-cis)-2-{{Z}-Heptadec-8-en-1-yh)-1,3-dioxolanc-4,5-diyhidimethanol

~OH
Sac
- o

16433} Compound 117 was prepared according to the gencral procedure of
Scheme VI from (Z)-9-octadecenal and meso-erythritol, 'H NMR (400MHz, CDCL) 5.37 (bs,
2HY, 4.55 (1, J =52, 1H}, 418 (dd, /= 10.8 and 5.2, 1H), 3.95-3.76 (m, 3H), 3.53-3.38 {m,
2H), 2.08-2.00 (m, 4H), 1.68-1.60 (m, 4H), 1.40-1.25 (m, 20H), and 0.91 (1, J = 6.4, 3H).

{Compound 117}

18434} {(Z3+(2-(Heptadece-8-¢n-1-yi}-1,3-dioxolan-4-vljmethanol (Compound 118}
T
e N e TN TN TN T CGH
18435 Compound 18 was prepared as a mixture of stereoisomers according to
the general procedure of Scheme VI from (Z)-9-octadecenal and glycerol. 'H NMR
(400MHz, CDCls) 3.37 (bs, 2H), 4.18-4.08 (m, 2H), 3.95-3.87 (m, 1H)}, 3.80-3.55 (m, 4H),
2.10-1.99 {m, 4H), 1.68-1.57 {m, 3H), 1.45-1.28 {m, 21H), and 8.91 (1, ./ = 6.8, 3H}.

Example 19
18436} (Zy-{2-{Heptadec-8-en-1-yi3-1,3-dioxolan-4-vl)methyl dimethyl phosphate
{Compound 119)

O-"}/\ ﬁ,@—
\/W\/W\N\)\C} o7 "o

184371 Compound 119 was prepared as a mixture of stereoisomers from

Compound 118 and dimethyl chlorophosphate. "H NMR (400MHz, CDCls) 5.34-527 (m,
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3H), 1.98-1.90 (m, 3H), 1.62-1.53 (m, 3H), 1.28-1.17 (m, 22H), and 0.81 (¢, J = 6.0, 3A).

Example 20
184358] 2-{Pyridin-3-y13-1,3~dioxan-5-y1 oleate (Compound 120) and (2~(pyridin-
3-yi}-1,3-dioxolan-4-ylymethyl oleate {Compound 121}
o o /=
\«”\W\v/\vwi\(){”(}}#&\‘i{;

ST “(O\?” \;g/

184391 Compounds 120 and 121 were prepared as a mixture of stereoisomers
from oleie acid, nicotinaldehyde, and glyeerol. Briefly, nicotinaldehyde was condensed with
glycerol in the presence of an acid catalyst to afford a mixture of S-member-ring and 6-
rmoember-ring acetals that were treated with oleic chioride to form the corresponding esier
Compounds 120 and 121, [M+H] caled for CoprHasNOy: 446.32; found: 446.4. "H NMR
(400MHz, CDCh) 8.66-8.54 (m, 2H), 7.94 (1, J = 10, 1H), 7.46 (bs, 1H), 5.99 (s, 0.5H), 5.87
(s, 0.5H}, 5.33 {bs, 2H), 4.55-3.81 {m, 5H}, 2.40-2.25 (m, 2H), 2.02 {bs, 4H), 1.70-1.55 (m,
2H), 1.28-1.17 {m, 20H), and 0.88 (t, /= 6.0, 3H).

Example 21

8440} N-(5,5-Dimethyl-2-oxido-~1,3,2-dioxaphosphinan-2-vholeamide

{Compound 122}

9 f?“}/
ngg\gf
3441 Compound 122 was prepared from oleic acid, 2,2-dimethylpropane-1,3-
diol, and phosphorus oxychlonide. Briefly, 2.2-dimethylpropane-1,3-diol was treated with
phosphorus oxychloride to form the corresponding cyclic chlorophosphate that was then
reacted with oleic amide to provide Compound 122, [M+H]" caled for CpHauuNOLP: 430.30;
found: 430.6. "H NMR (400MHz, CD:0D) 5.35 (bs, 2H), 4.40 (d, J = 10, 2H), 4.01 {dd, J =
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~~3

2, 3H).
Example 22
184421 N-(5,5-Dimethyl-2-oxido-4-phenyl-1,3,2~dioxaphosphinan-2-yholeamide

(Compound 123)

8443} Compound 123 was prepared as a mixture of stercoisomers from oleic
acid, 2,2-dimethyl-t-phenyipropanc-1,3-dicl, and phosphorus oxychloride in a reaction
sequence same as that of Compound 122, [M+H]" caled for CooHysNOLF: 506.33; found:
506.4. "H NMR (400MHz, CDCL) 8.52 (d, J = 104, 1H), 7.35-7.30 (m, 5H), 5.82 (s, 1H),
528 (bs, 2H), 4.84 {d, /=10, 1H), 3.92 (dd, /=23 andl0, 1H), 2.32-2.26 {m, 2H}, 1.96-1.89
(m, 4H}, 1.60-1.53 {m, 2H), 1.30-1.15 (m, 20H), 1.04 {5, 3H), (.82 (¢, J = 6.&8, 3H), and .76
{s, 3H).

Example 23
8444} E-{(5,5-Dimethyl-2Z-oxido~4~-phenyi-1,3,2-dioxaphosphinan-2-vijoxyiethyl
oleate (Compound 124}

o

7 |
i b ]
VNWNMO/\G’E\Q

8445} Compound 124 was prepared as a mixture of stercoisomers from oleic
acid, 2,2-dimethyl-1-phenylpropanc-1,3-diol, and phosphorus oxychloride. Bricfly, oleic acid
was converted to the acid chloride with treatment of oxalyl chloride in dichloromethane and
then the oleic chloride was treated with paraldehyde and zine chloride in acctonitrile at 60-65
°C to give 1-chloroethyl oleate. The oleate was then reacted with 2-chloro-3,5-dimethyl-4-
phenyl-1,3,2-dioxaphosphinane 2-oxide prepared from 2,2-dimethyl-1-phenyipropanc-1,3-

diol, and phosphorus oxychlonide to afford Compound 124 as the final product afier
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(400MHz, CDCl3) 7.32-7.17 {m, 5H), 6.67-6.61 (m, 1H), 5.37 (s, 1H), 5.28 (bs, 2H}, 439 (d,
J= 10.8, 1H), 3.89 (ddd, .J = 24, 11.8, and 3.6, 1H), 2.32-2.26 (m, 2H), 1.96-1.89 (m, 3H),
1.60-1.50 (m, 5H), 1.26-1.12 (m, 21H), 0.95 (d, J= &8, 30}, 0.81 {t, J= 6.8, 3H), and 0.73
(s, 3H).

Biolosical examples

j3446] Exampies of use of the mecthod include the following. It will be
understood that the following are exaroples and that the embodiments are not hmited to these

examples.

Example A fn Vitre Activation of Prodrug Analosues bv Rat Liver Microsomes.

Ounantification bv LC-MS/MS

(64471 Prodrag compounds are tested for activation to the active drug in reactions
catalyzed by the microsomal fraction of rat liver.
Methods:

18448} Prodrug compounds are tested for activation by liver microsomes isolated
from rats induced with dexamethasone to cnhance CYP3A4 activity, Reactions are
conducted in §.1 M KH;PO4, pH 7.4, in the presence of 2 mM NADPH and liver microsomes
(1 mg/mL). Reaction mixturcs are incubated for 5 min. in an Eppendorf Thermomixer 5436
(37 °C, speed 6). Reactions are terminated by the addition of 1.5 volumes of methanol. The
resulting cxtracts arc clarified by centrifugation at 14,000 rpm in an Eppendorf microfuge (20
min.}. The supernatants (200 ul} are evaporated under vacuum and heat to dryness. The
dried residue is reconstituted with 200 gL of water and the mixture is cenirifuged for 10 min
at 14,000 rpm. A muxture of 35 uL aliquot of supernatant and 35 pl. of mobile phase A is
analyzed by LC-MS/MS. The active compound is detected by using MS/MS mode and

quantificd based on comparison to a standard active compound.

Example B Active compound Accurmulation in Hepatocovies Following Incubation with

Prodrug compounds
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compounds in freshly isolated rat hepatocytes.
Methods:

184581 Hepatoeytes are prepared from fed Sprague-Dawley rats {250-300g)
according to the procedurc of Berry and Friend (Berry, MLN. Friend, D.S., J. Ccli Biol.
43:506-520 {1969)) as modified by Groen {Groen, A K. ¢t al., Eur. J. Biochem 122:87-93
(1982}). Hopatocytes (20 mg/mL wet weight, >85% trypan blue viability) are incubated at 37
°C in 2 mb of Krebs-bicarbonate buffer contaiming 20 mM glucose, and 1 mg/ml BSA for 2
h in the presence of 1-250 uM a prodrug compound (from 25 mM stock solutions in DMSO).

Following the incubation, 1600 ul aliquot of the cell suspension is centrifaged and 300 pb. of

acctonitrile is added to the pellet, vortexed and sonicated until the pelict broke down. Then
200 gLl of water is added to make a 60% acctonitrile sohution.  After 10 min centrifagation at

14,000 rpm, the resulting supernatant is transferred to a new vial and cvaporated to near
dryness in a Savant SpeedVac Phus at room termperatiive. The dried residue is reconstituted
with 200 ul of water and the mixture was centrifuged for 10 min at 14,000 rpm. A mixture
of 35 ul aliquot of supernatant and 35 upl. of mobile phase A (20 mM N-N-
dimethylhexylamine and 10 mM propionic acid in 20% methanol} is analyzed by LC-
MS/MS. The active compound is detected by using MS/MS mode (M-/78.8) and guantified
based on comparison to a standard active compound.

Example . Tissue Distribution Following Oral Admmistration of aclive compounds and

their Prodrugs

[6451] The liver specificity of prodrugs is compared relative to their parent active
compound in liver and other organs that could be targets of toxicity.
Methods:

18452} Nucleoside analogues and their prodruogs are administered at 5-20 mg/kg
to fasted rats by oral gavage. Plasma and portal vein concentrations of the active and prodrug
are determined by HPLC-UV, and the Hiver, skeletal mouscle, cardiac, Kidney, small intestine,
and other organ concentrations are measured by LOC-MS using the standard chromatography

method. The results demonstrate the hiver targeting of the prodrug compounds and provide
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by the liver targeting provided by the prodrug.

18453} All numbers expressing quantitics of ingredients, reaction conditions, and
so torth used in the specification are to be understood as being modified in all instances by
the term “about.” Accordingly, unless indicated to the contrary, the numerical parameters set
forth herein are approximations that may vary depending upon the desired properties sought
to be obtained. Af the very least, and not as an atteropt to limit the application of the doctrine
of equivalents to the scope of any claims in any application claiming priority to the present
application, cach numecrical parameter should be construed in light of the number of
significant digits and ordinary rounding approaches.

18454} Language of degree used herein, such as the terms “approximately,”
“about,” “generally,” and “substantially” as used hercin represent a value, amount, or
characteristic close to the staied value, amount, or characteristic that still performs a desired
function or achieves a desired result. For example, the terms “approximately”, “about”,
“gencrally,” and “substantially” may refer to an amount that is within less than 10% of,
within less than 5% of, within less than 1% of, within less than 9.1% of, and within less than
(.01% of the stated amount. As another ¢xample, in certain embodiments, the terms
“generally parallel” and “substantially parallel” refer to a value, amount, or characteristic that
departs from ¢xactly parallel by less than or equal to 15°, 16°, 57, 3°, 1°, 0.1°, or otherwise.

(34

Similarly, in certain embodiments, the terms “generally perpendicular” and “substantially
perpendicular” refer to a value, amount, or characteristic that departs from exactly
perpendicular by less than or equal to 15°, 10°, 5°, 39, 1°, 8.1°, or otherwise.

[64585] The above description discloses several methods and materials,  Ths
invention is susceptible to modifications in the methods and materials, as well as alierations
in the fabrication methods and equipment. Such modifications will become apparent to those
skilled in the art from a consideration of this disclosure or practice of the invention disclosed
herein.  Consequently, it is not intended that this invention be limited to the specific
cmbodiments disclosed herein, but that it cover all modifications and alternatives coming

within the troe scope and spirit of the invention.
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unpublished applications, patents, and literature references, are incorporated herein by
reference in their entirety and are herehy made a part of this specification. To the extent
publications and patents or patent applications incorporated by reference contradict the
disclosure contained in the specification, the specification 18 intended to supersede and/or

take precedence over any such contradictory material.
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WHAT IS CLAIMED IS

I, A compound of Formula It

wherein:

R' and R? are each independenily selected from the group consisting of H, M,
an optionally substituted C-Cg alkyl, an optionally substituted C-Cs heteroalioyl, an
optionally substituted C-Cs alkyloxy, an optionally substituted C;-Cq acyloxy, an
optionally substituted aryl, and an optionally substituted heteroarvi;

R is selected from the group consisting of H and an optionally substituted Cy-
Cs alkyl; or R’ optionally forms an optionally substituted ring with R% or R’ together
with R? form a methylene or its derivative; or R’ together with R? form an oxo (=0)
ot its derivative; or R optionally forms a bond with Z or Y/ when Z or Y’ is N;

M is a biological agent, or part of a biological agent or a prodrug of a
biological agent;

X is selected from the group cousisting of CI, ORY, NR'R’, an optionally
substituted C;-C alkyl, and My

Y and Y7 are each independently O or NRY; or Y7 is CH, or null;

Z is selected from the group consisting of O, NR®, CRPRY, C=0, C=NR’, and
null; or 7 is a 2-5 atown spacer selected frovn an optionally substituted C;-Cq alkyl, an
optionally substituted C;-Cy alkyloxy, an optionally substituted C1-Cy heteroalkyl, an
optionally substituted arvl, and an optionally substituted heteroary;

R* is selected from the group of H, an optionally substituted C;-Cg alkyl, and
an optionally substituted C-Cs heteroalkyl;

R’ is selected from the group consisting of H, M, an optionally substituted C;-
Co alkyl, an optionally substituted C-Cq heteroalkyl, and an optionally substituted Cy-

Cs acyl;
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R” is selected from the group consisting of F, Cl, an optionally substituted C;-
Cs alkyl, and an optionaily substituted C,-Cs heteroalkyl; or R is H provided that R’
or R7 or R is connected to a cyelic core carbon atom through an oxygen-carbon (O
C) bond;

R is selected from the group consisting of H, an optionally substituted C;-Cs
alkyl, and an optionally substituted C;-Cs heteroalkyl;

R® is selected from the group consisting of F, C1, M, an optionally substituted
C-Cs alkyl, and an optionally substituted C;-Cs heteroalkyl; or R® is H provided that
R' or R? is connected t0 a cyclic core carbon atom through an oxygen-carbon {O-C)
bond;

provided that at least one of R', R% R, R®, and X is M

or a stercoisomer ot a pharmaccutically acceptable salt thercof,

2. A compound of Formula la:
= O
R Y\$~M
Z_X
R;)\Rg
(1)
whereirn:

R' is selected from the group consisting of H, an optionally substituted C-Cg
alkyl, an optionally substituted aryl, and an optionally substituted heteroaryl;

R* and R® are cach independently sclected from the group consisting of H and
an optionally substituted C~Cs alkyl; or R? and R’ optionally form an optionally
substituted ring; or R? and R’ optionally form a methylene or its derivative; or R and
R’ optionally form an oxo or its derivative;

M is a biological agent, part of a biological agent or a prodrug of a bislogical
agent;

Y and Y’ are each independently O or NRY; or Y7 is CHy;

Z 18 sclected from the group consisting of O, NR®, CRPR®, C=0, C=NR’, and

null; or 7 is a 2-5 atom spacer selected from an optionally substituted C;-Cs alkyl, an
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optionally substituted C;-Cs atkyloxy, an optionally substituted C-Cs heteroalkyl, an
optionally substituted arvl, and an optionally substituted heteroaryl;

R is selected from the group consisting of H, an optionally substituted C;-Cg
alkyl, and an optionally substituted C-Cs heteroalkyl;

R’ is selected from the group consisting of H, an optionally substituted C;-Cs
alkyl, an optionally substituted Cy-Cs heteroalkyl, and an optionally substituted C;-Cq
acyl;

RS is selected from the group consisting of F, Cl, an optionally substituted C;-
Ce alkyl, and an optionally substituted C;-Cs heteroalkyl; or R® is H provided that R
ot R or R® is connected with the cyelic core carbon atom through an oxygen-carbon
{O-C) bond;

R’ is sclected from the group consisting of H, an optionally substituted C;-C
alkyl, and an optionally substituted C;-Cy heteroalkyl;

R is selected from the group consisting of F, CL, M, an optionally substituted
C-Cs alkyl, and an optionally substituted C,-Cy heteroalkyl; or R® is H provided that
R' or R? is connected to a cyelic core carbon atom through an oxygen-carbon (O-C)
hond:

or a stercoisomer or a pharmaccutically acceptable salt thereof,

3. A compound of Formula Th:

H O
Y “ff'mx

Z A
R? R
{Ib)

wherein;

R and R’ are independently selected from the group consisting of H and an
optionally substituted C;-Cy alkyl; or R® and R’ optionally form an optionally
substitated ring; or R” and R’ optionally form a methylene or its derivative: or R” and
R’ optionally form an oxo (=O) or its derivative;

M is a biological agent, part of a biological agent or a prodrug of a biological

agent;
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X 1s selected from the group consisting of (1, an optionally substituted Ci-Cs
alkyl, NR'R®, and OR",

¥ and Y7 are each independently O or NRY; or Y7 is CH: or null;

Z is selected from the group consisting of O, NR®, C(R®),, C=0, C=NR’, and
null; or Z is a 2-5 atom spacer selected from an optionally substituted Ci-Cq alkyl, an
optionally substituted C;-Cq alkyloxy, an optionally substituted C,-Cg heteroalkyl, an
optionally substituted aryl, and an optionally substitoted heteroaryl;

RY is sclected from the group consisting of H, an optionally substituted C-Cs
alkyl, and an optionally substituted C;-Cy heteroalkyl;

R is selected from the group consisting of H, an optionally substituted C;-Cs
alkyl, an optionally substituted C-Cy hetercalkyl, and an optionally substituted C;-Cq
acyl;

R® is selected from the group consisting of F, Cl, an optionally substituted C;-
Ce alkyl, and an optionally substituted C;-Cg heteroalkyl; or R® is H provided that M
or R? is connected with the cyelic core carbon atom through an oxygen-carbon (0-C)
bond;

R i3 selected from the group consisting of H, an optionally substituted Ci-Cs
alkyl, and an optionally substituted C;-Cs heteroalkyl;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

4. A compound of Formula lc:

:
R px

2 v
55;%<;§3
(I}
wheretn:
R' is sclected from the group consisting of H, an optionally substituted C-Cs
alkyl, an optionally substituted C;-Cy heteroalkyl, an optionally substituted arvi, and

an optionally substituted heteroaryl;
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R’ is selected from the group consisting of H and an optionally substituted C;-
Cs alkyl: or R together with M form a methnylene derivative; or R® optionally forms
abondwithZorYwhenZor Y 8 N;

M is a biological agent, part of a biclogical agent or a prodrug of a bislogical
agent;

X is selected from the group consisting of CL OR®, NR'R’, and an optionally
substituted Ci-Cy alkyl;

Y and Y are cach independently O or NRY;

7 is selected from the group consisting of O, NR®, C(R%),, C=0, C=NR’, and
null; or 7 is a 2-5 atom spacer sclected from an optionally substituted Cy-Cq alkyl, an
optionally substituted C;-Cq alkyloxy, an optionally sabstituted C,-Cy hetercaltkyl, an
optionally substituted aryl, and an optionally substituted hotcroaryl;

R* is selected from the group consisting of H, an optionally substituted C;-Cs
alkyl, and an optionally substituted C;-C; heteroalkyl;

R’ is selected from the group consisting of H, an optionally substituted C;-Cg
alkyl, an optionally substituted C-Cs hetercalkyl, and an optionally substituted C,-Cs
acyl;

R’ is selected from the group consisting of F, Cl, an optionally substituted C;-
Cs alkyl, and an optionally substitated C-Cs beteroalkyl; or R® is H provided that R
or M is connected with the cyclic core carbon atom through an oxygen-carbon (O-()
hond:

R is selected from the group consisting of H, an optionally substituted C;-Cs
alkyl, and an optionally substituted C;-Cs heteroalkyl;

or a stercoisomer or a pharmaceutically acceptable salt thereof.

5. A compound of Formula Id or fe:

7\ ------‘T/Y“g—-x AN
N= oz N= oz . Y
MXR?* R* RS
(1d) (1e)
wherein:
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R? and R’ are independently selected from the group consisting of H and an
optionally substituted C-Cg alkyl; or R’ together with M or R” form a methylenc
derivative; or R together with M or R? form an optionally substituted ring; or R
together with R® form an oxo (=0) or its derivative; or R’ optionally forms a bond
with Zor Y when 2 or Y is N;

M is a biclogical agent, part of a biclogical agent or a prodrug of a biological
agent;

X is selected from the group consisting of €l OR', and an optionally
substituted C,-Cg alkyi;

Y and Y’ arc each independently O or N; or Y is CH;;

7 is sefected from the group consisting of O and NR”;

RY is sclected from the group consisting of H, an optionally substituted C;-C
alkyl, and an optionally substituted C;-Cy heteroalkyl;

R is selected from the group consisting of H, an optionally substituted C;-Cs
alkyl, an optionally substituted C-Cs heteroalkyl, and an optionally substituted C;-Ce
acyl:

or a stercoisomer or a pharmaceutically acceptable salt thercof,

6. A compound of Formula la or fib:

O
i

H ¥
21 i
i \/( Sp—x?

wherei

R is selected from the group consisting of H, M, an optionally substituted
Cy-Cy alkyl, an optionally substituted C;-C¢ heteroalkyl, an optionally substituted Cy-
Cs alkyloxy, an optionally substituted C;-Cg acyloxy, an optionally substituted aryl,

and an optionally substituted heteroaryl;
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M is a biological agent, or part of a biological agent or a prodrug of a
biological agent;

(J is an optionally substituted aryl or an optionally substituted heteroaryt;

X* is selected from the group consisting of CL, OR™, N(R™), an optionally
substituted Cr-Ce alkvl, and M;

X" is selected from the group consisting of ClL N(R™),, and OR™,

Y2 and Y are each independently O or NR*;

R*™ is sclected from the group of H, an optionally substituted C-Cg alkyl, and
an optionally substituted C-Cg heteroalkyl;

provided that at least one of R* and X% is M:

or a stereoisomer or a pharmaceutically acceptable salt thereof,

7. A compound of Formula fil:

R’.%‘i

O
*Q\ ,éf 32

X v

& \R33
(1

wherein:

R s H; or R optionally forms a bond with M or X° when X7 is N;

R and R" arc cach independently selected from the group consisting of Cl,
OH, NH,, an optionally substituted C;-Cq alkyl, an optionally substituted C;-Cq
alkyloxy, and an optionally substituted C;-Cy alkylamino;

M is a biological agent or part of a biological agent or a prodrug of a
biological agent;

X s O or NR:

Y' is selected from the group consisting of O, NR’Y, and an optionally
substituted C;-Cg alkyl;

R* is selected from the group consisting of H, an optionally substitated C;-Cg
alkyl, and an optionally substituted C;-Cs heteroalkyl;

or a stercoisomer or a pharmaceutically acceptable salt thereof.
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8. A compound of Formula IV:

wherein:

R is H; or RY optionally forms a bond with M or X' when X' is N;

7" is selected from the group consisting of CR¥RY, C(O), COY,
C{OINR™, SO, an optionally substituted aryl, and an optionally substituted
heteroaryl;

R¥ RY RM™ RY, R, and R are cach independently selected from the group
consisting of H, OH, amino, an optionally substituted C1-Cys alkyl, an optionally
substituted Ci-Cs alkyloxy, an optionally substituted C,-Cys acyloxy, an optionally
substituted C;-Ce hereroalkyl, an optionally substituted phosphate, an optionally
substituted phosphonate, an optionally substituted aryl, and an optionally substituted
heterocyele; or R™ and R™ are independently or together optionally finked with R™,
R" R or RY to form an optionally substituted ring; or R* is optionally M; or R™
and R® are together optionally to form an oxo (=0) or its derivative;

M is a biological agent or part of a biclogical agent or a prodrug of a
biological agent;

X* is selected from the group consisting of O, NR™, NC(OIR™, NS(O),RY,
and NPOYR™);

R* is selected from the group consisting of H, an optionally substituted C;-Cg
alkyl, and an optionally substituted C;-Cs heteroalkyl;

R™ is selocted from the group consisting of NH,, an optionally substituted C,-
Ce alkvl, an optionally substituted aryl, and an optionally substituted heteroaryl;

R is selected from the group consisting of OH, NHj;, an optionally
substituted C1-Cs alkyl, an optionally substituted C1-Cs alkvloxy, and an optionally
substituted C;-Cy alkylamino;

nis{, 1,2, 0r3;
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or a stereotsomer or a pharmaceutically acceptable salt thereof,

9. A compound of Formula Va, Vb, or V¢

g A A
M " X5 \é) " N «5 55
(Va) {Vb) (Ve)
whergin:

R and R™ arc each independently selected from the group consisting of H,
an optionally substituted C-Cq alkyl, an optionally sobstituted C;-Cs heteroalkyl, an
optionally substituted C-Cys alkyloxy, an optionally substituted Ci-Cs acyloxy, an
optionally sobstituted C;-Cg acylamino, an optionally sobstituted phosphate, an
optionally substituted phosphonate, an optionally substituted phosphoramidate, an
optionally substituted C~Cg aryl, and an optionally substitated heteroaryl; or R and
R are together optionally to form an oxo (=O) or its derivative;

R™ and R™ are each independently selected from the group consisting of Cl,
OH, NH,, an optionally substituted C1-Cs alkyl, an optionally substituted C,-Ce
alkyloxy, an optionally substituted C,-Cs alkylaminoe, an optionally substituied C;-Cs
acylamino, an optionally substituted aryloxy, an optionally substituted phosphate, an
optionally substituted phosphonate, and an optionally substituted heteroaryloxy; or
R is optionally linked with R™, R™, or R to form an optionally substituted 5-, 6-.
or 7-membered heterocyele;

R” is selected from the group consisting of OH. NH,, an optionally
substituted Cy-Cy alkyl, an optionally sobstituted Cy-Cq alkyloxy, an optionally
substituted C-Cy alkylamino, an optionally substituted aryl, and an optionally
substituted heteroaryl; or R is optionally linked to R™ or R™ to form an optionally
substituted ring;

R is sclected from the group consisting of H, a C-Cs alkvl, and a C-Cs
heteroalkyl;

M is a biological agent or part of a biological agent or a prodrug of a
biological agent;

S 11336
X is O or KR™
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nis{, 1,2, 0r3;
or a sterecisomer or a pharmaccutically acceptable salt thereof,

10. A compound of Formula Via, Vib or Vic:

g1 R R82 o Ys\r R g VB RS
S G AT
xRS P Xﬁ/—{-m

{Via} {(Vib) {(Vic)
wherein:

R and RY are each independently selected from the group consisting of H,
an optionally substituted C;-Ce alkyloxy, an optionally substitated Ci-Cs alkylamino,
an optionally substituted C;-Cs acyloxy, -OCHP(OYR™). and an optionally
substitated C1-Cs acylamino; or R®! and R® together optionally form an oxo (=0) or
its derivative:

R¥ R, and R® are cach independently selected from the group consisting of
H, CORY, CIOMWRY ), PIOYR™),, an opticnally substituted C;-Cs alkyl, an
optionally substituted C1~Cg alkyloxy, an optionally substituted C;-Cg acyloxy, and an
optionally substituted C-Cs hereroatkyl: or two of R, R, and R® arc opticnally
linked to form an optionally substituted ring; or R” is optionally linked with R® to

63

form an optionally substituted ring; with the proviso that CRR*R™ is not a straight
chain Cy-Cy alky! when R and R™ form an oxo (=0},

R™ is selected from the group consisting of H, an optionally substituted C;-Cs
alkyl, an optionally substituted C;-Cy alkvloxy, an optionally substituted C;-Cq
heteroalkyl, an optionally substituted arvl, and an optionally substituted heteroaryl;

R and R™ are cach independently selected from the group consisting of H,
an optionally substituted C;-C¢ alkyl, and an optionally substituted C-Cy heteroalkyl;

R¥ is selected from the group consisting of OH, an optionally substituted Cy-
Cs alkyl, an optionally substitited C-Cy alkyloxy, and an optionally substitated C;-Ce
alkylamino;

M is a biological agent or part of a biological agent or a prodrug of a
biological agent;

6 1368
X7 is Oor NR™;
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6 ‘ o _ 568
Y* is selected from the group consisting of null, O, NR™, and C(R" )
or a sterecisomer or a pharmaccutically acceptable salt thereof,

1. A compound of Formula VIE

wherein:

R’ s selected from the group cousisting of H, OH, an optionally substituted
Cy-Cs alkyl, an optionally substituted C-Cs heteroalkyl, an optionally substitated C;-
Ce alkyloxy, an optionally substituted phosphate, and an optionally substituted
phosphonate;

X s Oor S

Y7 is N or CR”;

M is a biological agent or part of a biological agent or a prodrug of a
biclogical agent;

or a stereoisomer or a pharmaceutically acceptable salt thereof.

12. The compound of Claim 1, wherein the compound is selected from

the group consisting of!
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O
o p 4 NH
I
ci RN N
NHU )

and a stereoisomer or a pharmaccutically acceptable salt thereof.

13. The compound of any of Claims 1, 2, 3,4, 5,6, 7,8 9, 1§ or 11,
wherein M is a nucleoside antiviral or anticancer agent.

14, The compound of any of Claims 1, 2, 3, 4, 5,6, 7, 8,9, 10 or 11,
wherein M is a lipid modulator.

1S. The compound of any of Claims 1, 2, 3,4, 5,6, 7,8, 9, 1§ or 11,
wherein M is sclected from the group consisting of HMG-CoA reductase
inhibitor, a sclective thyroid hormone receptor modalator, a peroxisome
proliferator-activated receptor modulator, a fibrate, a nicotinic acid, a bile acid,
and an omega-3 fatty acid.

16. The compound of any of Claims 1, 2, 3,4, 5,6, 7,8, 9, 10 or 11,
wherein M is a ghicose modulator,

17. The compound of any of Claims 1, 2, 3,4, 5,6, 7, 8,9, 10 or 11,
wheretn M s selected from the group consisting of a peroxisome proliferator-
activated receptor modulator, a glucose biosynthesis inhibitor, and a dipeptidyl
peptidase 4 inhibitor,

18. The compound of any of Claims 1, 2, 3, 4, 5,6, 7, 8,9, 10 or 11,

wherein M is a nuclear hormone receptor modulator,
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19, A pharmacecutical composition comprising the compound of any one
of Clairns 1-18 and a pharmaccutically acceptable excipient.

283. A method of treating a disgase, disorder or condition comprising
administering an cffective amount of the compound of any one of Claims [-18
to a subject in need thereof,

21, The method of Claim 20, whercin the discase, disorder or condition
is a discase, disorder or condition of the liver.

22. The method of Claim 20, wherein the disease, disorder or condition
is a metabolic, cardiovascular or hormonal disease in which the Hver is involved
in the production and/or the homeostasis control of the biochomical end
products of the disease, disorder or condition.

23. The method of Claim 20, wherein the disease, disorder or condition
is selected from the group consisting of hepatitis, hiver cancer, liver fibrosis,
fatty liver, malaria, viral infection, parasitic infection, diabetes, hyperlipidemia,
atherosclerosis, obesity, dyslipidemia,  hyperglyeemia and a  hormonal
condition.

24, A method of ircating a hiver disease comprising adminsiering an
effective amount of a compound of any one of Claims 1-11 to a subject in need
thereof,

wherein M is a nucleoside antiviral or anticancer agent.

25. A method of treating dyshipidemia comprising adroinistering to a
subject in nced thercof an effective amount of the compound of any one of
Claims {-11,

wherein M is a lipid modulator.

26. The method of Claim 24, wherein M 18 selected from the group
consisting of HMG-CoA reductase inhibitor, a selective thyroid hormone
receplor modulator, peroxisome proliferator-activated receptor modulator, a

fibrate, nicotinic acid, a bile acid, and an omega-3 fatty acid.

270
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27. A method of treating hyperglycemia comprising administering to a
subject in need thereof, an effective amount of the compound of any one of
Claims 1-11,

wherein M is a glucose modulator,

28. The method of Claim 27, wherein M s selected from the group
consisting of a peroxisome prolifcrator-activated receptor modulator, a glucose
biosynthesis inhibitor, and a dipeptidyl peptidase 4 inhibitor.

29. A method of treating a hormonal condition comprising administering
to a subject in need thercof, an effective amount of a compound of any one of
Claims 1-11,

wherein M is a nuclear hormone receptor modulator.

30. The method of any onc of Claims 20-29, further comprising
administering an effective amount of at least one additional therapeutic agent to
the subject in need thereof.

31, A method of delivering a diagnostic imaging agent fo the Hiver of a
subject in need thercof, comprising administering to the subject an effective
amount of a compound of any one of Claims 1-18.

32. The method of any one of Claims 20-29, whercin the subject is a
mammal,

33, The method of any one of Claims 20-29, wherein the subject is
human.

34, A method of inhibiting viral replication in a ccll comprising
contacting the cell with any one of the compounds of Claims 1-1§.

35. A method of intervening in a molecular pathway or modulating a
target in a cell comprising contacting the cell with any one of the compounds of
Claims 1-18.

36. The method of Claims 34 or 35, wherewn the cell 18 i vivo.

3

3

37. The method of Claims 34 or 35, wherein the cell is ex vivo.

Fi

¥
38. The method of Claims 34 or 33, wherein the cell is a hepatocyie.

4
3

39, The method of Claims 34 or 33, wherein the ceil 1s mammalian,

7.
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40. The method of Claims 34 or 35, wherein the cell is human.
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The first invention of Group I+ is restricted to a compound of Formula I: wherein; R1 and R2 are each independently H; R3 is H; X is CI;
Y and Y’ are each independently O; Z is O; or a stereoisomer or a pharmaceutically acceptable salt thereof; and methods thereof. It is
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structure of Formula Id or le, a stereoisomer or a pharmaceutically acceptable salt thereof; a compound having the core structure of
Formula lla or lib, a sterecisomer or a pharmaceutically acceptable salt thereof; a compound having the core structure of Formula Ill, a
stereoisomer or a pharmaceutically acceptable salt thereof; a compound having the core structure of Formula IV, a stereoisomer or a
pharmaceutically acceptable salt thereof; a compound having the core structure of Formuta Va, Vb, or V¢, a sterecisomer or a
pharmaceutically acceptable salt thereof; a compound having the core structure of Formula Vla, Vib, or VIc, a stereocisomer or a
pharmaceutically acceptable salt thereof; a compound having the core structure of Formula Vii, a sterecisomer or a pharmaceutically
acceptable salt thereof, a method of treating a liver disease comprising administering an effective amount of a compound to a subject in
need thereof; a method of treating dyslipidemia comprising administering to a subject in need thereof an effective amount of the
compound; a method of treating hyperglycemia comprising administering to a subject in need thereof, an effective amount of a
compound; and a method of treating a hormonal condition comprising administering to a subject in need thereof, an effective amount of
a compound. However, these shared technical features do not represent a contribution over the prior art.

Specifically, US 2013/0310395 A1 to Novartis AG, teaches a compound having the core structure of Formula I: wherein; R1 and R2 are
hydrogen; R3 is hydrogen; X is OR4; Y and Y’ are O; Z is an optionally substituted aryl; R4 is an optionally substituted C1-C6 heteroalkyl
or a stereoisomer or a pharmaceutically acceptable salt thereof (See Para. [0549); N-(4-(Chlorodifiuoromethoxy)
phenyl)-6-(R)-3-((3-oxido-1,5-dihydrobenzo(e][1,3,2]dioxaphosphepin-3-ylJoxy)pyrrolidin-1-y1)-5-(1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-yl)nicotinamide;...see shown structure...); a compound having the core structure of Formula la: wherein: R1 and R2 are
hydrogen; R3 is hydrogen; Y and Y’ are O; Z is an optionally substituted aryl, or a sterecisomer or a pharmaceutically acceptable salt
thereof (See Para. [0549]; N-(4-(Chlorodifluoromethoxy)phenyl)-6-(R)-3-((3-oxido- 1,5-dihydrobenzo[e][1,3,2]dioxaphosphepin-3-yljoxy)
pyrrolidin-1-yl}-5-(1-(tetrahydro-2H-pyran-2-yl)- 1H-pyrazol-5-yl)nicotinamide;...see shown structure...); a compound having the core
structure of Formula Ib: wherein: R2 and R3 are hydrogen; Y and Y’ are O; Z is an optionally substituted aryl; or a sterecisomer or a
pharmaceutically acceptable salt thereof (See Para. [0549]; N-(4-(Chlorodifluoromethoxy)phenyl)-6-(R)-3-((3-oxido-1,5-dihydrobenzo[e]
[1.3,2]dioxaphosphepin-3-yl)oxy)pyrrofidin-1-yt)-5-(1-(tetrahydro-2H-pyran-2-yl)- 1H-pyrazo!-5-yl)nicotinamide; . ..see shown structure...);
a compound having the core structure of Formula lc: R1 and R3 are hydrogen; X is OR4; Y and Y' are O; Z is an optionally substituted
aryl; R4 is an optionally substituted heteroalkyl (See Para. [0549]; N-(4-(Chlorodifluoromethoxy)

phenyl)-6-(R)-3-({3-oxido- 1,5-dihydrobenzofe][1,3,2]dioxaphosphepin-3-yl)oxy)
pyrrolidin-1-yl}-5-(1-(tetrahydro-2H-pyran-2-y1}- 1 H-pyrazol-5-yl)nicotinamide;...see shown structure...); a compound having the core
structure of Formula IV: wherein: Z4 is CR46R47; R42, R43, R44, R45, R46, and R47 are Hydrogen; nis 1 (See Para. [0541];...see
shown structure...); a compound having the core structure of Formula Va: wherein: R53 and R54 are OH; X5 is O; nis 0 (See Para.
[0551];...see shown structure...); a compound having the core structure of Formula Via: wherein: R61 and R62 taken together to form
an oxo (=0); R3, R4, R5 are Hydrogen or an optionally substituted C1-C6 alkyl; X6 is O (See Para. [0479];...see shown structure...).
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Further, US 2007/0179114 A1 to Erion et al. teach a compound having the core structure of Formula le: wherein: Y and'Y' are O; R2 and
R3 are H (See Para. [0374];...see shown structure...).

Additionally, US 3,018,302 A to Amold et al. teach a compound having the core structure of Formula lla: wherein R21 is H; X2 is N(R24)
2, wherein R24 is optionally substituted C1-C6 alkyl; Y2 is O, Y2’ is NR24, wherein R24 is H (See Col. 8, Lns. 38-57, Example 11, -
N,N-bis(B-chloroethyl}-{O,N'-dl-serinemethyt ester)-phosphoric acid ester amide;...see shown structure...).

Further, US 2011/0098251 A1 to Ebetino et al. teach a compound having the core structure of Formula lll: wherein: R31 is H; R32 and
R33 are each independently OH; X3 is O; Y3 is substituted C1 alkyt (See Para. [0076],...See first shown structure...).

Additionally, US 2008/0009533 A1 to Tino et al. teach a compound having the core structure of Formula VII: wherein: X7 is O; Y is
CR71; R71 is optionally substituted C1-C6 alkyl; (See Para. [0004];...see shown structure...).

Further, US 6,312,662 B1 to Erion et al. teach cyclic phosphonate drugs (Abstract); a method of treating a liver disease comprising
administering an effective amount of a compound to a subject in need thereof (see Col. 4, Line 64- Co!. 5, Line 18,.. liver disease...; Col.
17, Lines 41-55; Claim 7); a method of treating dyslipidemia comprising administering to a subject in need thereof an effective amount of
the compound (Claim 74, Col. 35, Lns. 58-67); and a method of treating hyperglycemia comprising administering to a subject in need
thereof, an effective amount of a compound (See Col. 124, Ln. 60 through Col. 125, Ln. 56.,... Besides the following Examples, assays
that may be useful for identifying compounds which inhibit gluconeogenesis include the following animal models of Diabetes...
hyperglycemia...).

Aditionally, US 4,839,466 A to Saltiel teaches a cyclic phosphate compound (See Col. 3, Lns. 5-10, More specifically, the messenger
compounds are believed to comprise, respectively, a 1,2 cyclic phosphodiester inosito! derivative, and a 1- or 2-phosphomonoester
inositol derivative, each in respective combination or mixture with glucosamine, and other carbohydrate constituents.), and a method of
treating a hormonal condition comprising administering to a subject in need thereof (Col. 4, Lns. 24; Col. 4, Lns. 16-25, The invention
further includes a method for detecting diabetes or other hormonal abnormalities in mammals which comprises the measurement of the
production, activity or degradation of a target material selected from the group consisting of an insulin messenger material...In particular,
hormones or hormonal conditions such as diabetes could be identified and detected by the suppression or other alteration in the activity
of the messenger material.; Col. 7, Lns. 11-14).

The inventions listed in Groups I+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.
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