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VITAMIN B6 DERIVATIVES OF NUCLEOTIDES,
ACYCLONUCLEOTIDES
AND ACYCLONUCLEOSIDE PHOSPHONATES

TECHNICAL FIELD
Provided herein are compounds and methods of using them related to the
field of chemistry, biochemistry and medicine. More particularly, disclosed herein
are nucleotide, acyclonucleotide and acyclic nucleoside phosphonate (ANP) analogs
10  with the substituted phosphate group, pharmaceutical compositions including one or
more of said phosphate substituted nucleotide or ANP analogs, methods of
synthesizing the same as well as methods of treating diseases and or conditions

using the same.

15 BACKGROUND

Delivery of active compounds to a patient in need of treatment is typically
through systemic delivery of the drug, for example, intravenous delivery or oral
delivery. Systemic delivery exposes healthy cells and tissue to the drug, even

20  though the drug is only needed in a certain area of the body. As a result, healthy
cells and tissues can be adversely affected by the drug, and higher concentrations of
the drug are necessary to deliver appropriate levels to the site needing treatment.

Compositions and methods provided herein address this and other problems

in the art.

CA 2843885 2018-12-06
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SUMMARY

Provided herein are compounds, compositions comprising those compounds,
methods of making those compounds, and methods of using those compounds.

One aspect relates to compounds of Formula I or pharmaceutically
acceptable salts thereof.

Another aspect relates to compounds of Formula IT or pharmaceutically
acceptable salts thereof.

Yet another aspect relates to compounds of Formula III or pharmaceutically
acceptable salts thereof,

Another aspect relates to compounds of Formula IV or pharmaceutically
acceptable salts thereof,

Further disclosed herein are methods of synthesis of the compounds of
Formulae [-IV.

Still further disclosed herein are methods of delivering nucleotides,
acyclonucleotides and ANPs to the inside of the cell by conjugating said compounds
with forms and/or moieties of Vitamin B6 (the terms moiety, form, residue, etc.
when used with respect to Vitamin B6 are intended to be interchangeable; the
vitamin B6 conjugate with nucleotides, acyclonucleotides, or ANPs is referred to as
a vitamin B6 derivative of the nucleotides, acyclonucleotides or ANPs).

Also disclosed herein are pharmaceutical compositions comprising one or
more compounds of Formule I-IV, one or more pharmaceutically acceptable
carriers, diluent excipients or combinations thereof.

Some aspects of the methods disclosed herein relate to treating diseases
and/or ameliorating the symptoms of disease, including viral, bacterial, fungal,
cancer, inflammatory, or parasitic diseases and treating ﬁain by administering
therapeutically effective amounts of one or more compounds of Formulae I-IV or a
pharmaceutical composition including the compounds. Such compounds can be used
in the manufacture of medicaments used for the treatment of said diseases. Such

compounds can be used in treating a variety of diseases.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Antiproliferation of various pancreatic and prostate cancer cells

after 48 hours in the presence of Cytarabine or 5’-aracytidilic acid N-
2
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pyridoxylamide (compound 3 = B6-araCMP) or Gemcitabine or N-pyridoxylamide
of 2'-Deoxy-2',2'-difluoro-5'-cytidylic acid (compound 16 = B6-GemMP).

Figure 2. Comparison of 10 or 60 minute pulsed exposure of pancreatic or
prostate cancer cells to Gemcitabine or compound 16.

Figure 3. Antiproliferation of multiple myeloma cancer cells after 72 hours
in the presence of Cytarabine or 5’-aracytidilic acid N-pyridoxylamide (compound 3
=MU004-26 = B6-araCMP).

Figure 4. Demonstration of in vivo efficacy in a mouse xenograft model of

pancreatic cancer with compound 16 (B6-GemMP).

DETAILED DESCRIPTION

Nucleoside analogs represent a class of compounds with broad therapeutic
use and biologic activity, for example, antiviral, antibiotic, antifungal, antiparasitic,
antitumor, anti-inflammatory, and analgesic activities. Nucleoside analogs are
therapeutically inactive compounds that are converted by host or viral enzymes to
their active forms, and subsequently inhibit nucleotide-polymerizing enzymes and
other nucleotide-dependent enzymes involved in cell or viral metabolism and
survival. This activation occurs by metabolic transformation of nucleoside analogs
to their respective 5’-mono-, di- and triphosphates. The first step of this process ~
5’-monophosphorylation - is often rate-limiting.

Disclosed herein are novel vitamin B6 derivatives of nucleotides,
acyclonucleotides and ANPs for use in the treatment of, for example, neoplastic,
viral, inflammatory, and parasitic diseases. Vitamin B6 uptake into human cells is a
carrier-mediated process [Said, H.M., Ortiz, A., and Ma, T.Y. (2003). A carrier-
mediated mechanism for pyridoxine uptake by human intestinal epithelial Caco-2
cells: regulation by a PKA-mediated pathway. Am J Physiol Cell Physiol 285,
C1219-1225].

It has been determined and disclosed herein that vitamin B6 derivatization of
nucleotides and their analogs is well suited for masking negative charge of
phosphate group and thus enhance penetration through the cell membrane.
However, for those of ordinary skill in the art it is unknown whether the vitamin B6

fragment can be enzymatically or metabolically released when inside the cell in
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order for the nucleotide analogs to be activated into their 5°-di- and /or triphosphate
derivatives to be efficacious.

Unless defined otherwise, all technical and scientific terms used throughout
this application have the meanings that are commonly understood by those skilled in
the art.

As used herein, an “alkyl” group refers to a saturated aliphatic hydrocarbon,
including straight-chain or branched-chain alkyl groups. Preferably, the alkyl group
has 1 to 20 carbons. More preferably it is a lower alkyl having from 1 to 10 carbons,
and more preferably 1 to 6 carbons. The alkyl group may be substituted or
unsubstituted. When substituted, the substituent group(s) may include hydroxy,
cyano, alkoxy, NO; or N(CH3),, amino, N3 or SH.

As used herein, “alkenyl” refers to an alkyl group that contains in the straight
or branched hydrocarbon chain one or more double bonds. An alkenyl group may be
unsubstituted or substituted.

As used herein, “alkynyl” refers to an alkyl group that contains in the straight
or branched hydrocarbon chain one or more triple bonds. An alkynyl group may be
unsubstituted or substituted.

As used herein, a “cycloalkyl” group refers to a cyclic alkyl group having
from three to ten, and preferably five or six carbon atoms forming the alkyl ring.

As used herein, an “aryl” group refers to an aromatic group which has at
least one ring having a conjugated pi electron system and includes carbocyclic aryl,
heterocyclic aryl and biaryl groups; all of which may be optionally substituted.
Substituent(s) on these groups may include halogen, trihalomethyl, hydroxyl, SH,
cyano, alkoxy, alkyl, alkenyl, alkynyl, and amino groups.

As used herein, “heteroaryl” refers to an aromatic ring having from 1 to 3
heteroatoms in the aromatic ring with the remainder of the atoms in the ring being
carbon atoms. Suitable heteroatoms include oxygen, sulfur, and nitrogen, and
exemplary heteraryls include furanyl, thienyl, pyridyl, pyrrolyl, pyrrolo, pyrimidyl,
pyrazinyl and imidazolyl. These heteroaryl rings may also be substituted.
Substituents on these heteroaryl groups may include halogen, trihalomethyl,
hydroxyl, SH, cyano, alkoxy, alkyl, alkenyl, alkynyl, and amino groups.
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As used herein, “anti-cancer compound” or “compound having anticancer
activity” refers to any compound demonstrating preclinical or clinical anti-cancer
activity or is used in clinics for treating patients suffering with cancer.

As used herein, “anti-infective compound” or “compound having anti-
infective activity” refers to any compound demonstrating preclinical or clinical anti-
viral, anti-bacterial, anti-fungal activity or is used for treating patients suffering from
diseases caused by virus, bacteria or fungi respectively.

As used herein, “anti-inflammatory compound” or “compound having anti-
inflammatory activity” refers to any compound demonstrating preclinical or clinical
anti-inflammatory activity or is used for treating patients suffering from
inflammatory diseases.

As used herein, “anti-parasitic compound” or “compound having
antiparasitic activity” refers to any compound demonstrating preclinical or clinical
anti-parasitic activity or is used for treating patients suffering from parasitic
diseases.

As used herein, “anaigesic compound” or “compound having analgesic
activity” refers to any compound demonstrating preclinical or clinical reduction or
elimination of pain or is used for treating patients suffering from pain.

As used herein, an “unmodified nucleic (or heterocyclic) base” or “natural
nucleic base” is any base found in a nucleic acid including adenine, cytosine,
guanine, uracil, and thymine having no additional substituents or modifications.

As used herein, a “modified nucleic (or heterocyclic) base” is any base found
in a nucleic acid which contains any modification in the chemical structure relative
to an unmodified nucleic base.

As used herein, an “unmodified sugar” is beta-D-ribofuranose or 2-deoxy-
beta-D-ribofuranose.

As used herein, a “modified sugar” is any sugar moiety containing any
modification in the chemical structure of an unmodified sugar.

A 5’-nucleoside or acyclonucleoside is attached to the chemical structures
provided herein as a residue or moiety of a 5’-nucleoside or acyclonucleoside (in
other words, a 5’-nucleosidyl or acyclonucleosidyl residue). The terms 5’-
nucleoside and 5’-nucleosidyl, as well as acyclonucleoside and acyclonucleosidyl,

are used interchangeably throughout the specification, though it is understood that

5
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one of skill in the art would understand that it is the residue that attaches to provide
the chemical structures disclosed herein. Such residues include, for example, O,
CHy', etc.

It is understood that, in any compound described herein having one or more
chiral centers, if an absolute stereochemistry is not expressly indicated, then each
center may independently be of R-configuration or S-configuration or a mixture
thereof. Hence, the compounds provided herein may be enantiomerically pure or be
stereoisomeric mixtures. It is also understood that, in any compound described
herein having one or more double bond(s) generating geometrical isomers that can
be defined as E or Z, each double bond may independently be E or Z or a mixture
thereof. Likewise, all tautomeric forms are also intended to be included.

In some embodiments, compounds disclosed herein have the chemical

structure I

wherein R is a 5’-nucleosidyl or acyclonucleosidyl residue or analog
thereof, having anticancer, antiviral, anti-inflammatory, antiinfective,

analgesic, or antiparasitic activity;
X and Y are independently O, S, or N;
R? and R are independently chosen from the group consisting of H, phenyl,

alkyl, aryl, and heteroaryl, and vitamin B6 forms/moieties having any one of

the following structures:
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CH, OH -0 NH;
HO ~ | OH HO & | CH; HO = I CH, Ho / CHa
X X
HC™ N HsC” N HC™ N HC” SN
e OH NH,
HO
“ OH HO /l OH HO /l OH
X N X
H,C™ °N H,C” N H,C” TN

wherein at least one of R* and R® is a vitamin B6 moiety. The vitamin B6

moiety attaches to the X or Y at the CH,.

Exemplary R' compounds include but are not limited to cytarabine,
fludarabine, gemcitabine, clofarabine, cladribine, vidaza, dacogen,
pentostatin, aristeromycin, acyclovir, gancyclovir, pencyclovir, adefovir,

cidofovir, tenofovir, zidovudine, lamivudine, and cladribine.

Examples of 5’-nucleosides and their analogs include but are not limited to

the following:
o) E B
v
R A R4
R? RS
or
0. E B
RS N——=o" R4

wherein B is modified or unmodified nucleic base;

EisO,C,N,orS;

AisC, S, or O; and
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R%, R®, R%, R’, R® and R’ are independently, H, OH, F, NHy, N, alkyl,
alkenyl, or alkynyl,

Examples of the acyclonucleosides include but are not limited to:

5
O £ B
Rﬁ R1o
or
H,C—E
R10
wherein B is a modified or unmodified nucleic base;
10
EisOorC; and
R and R" are independently H, OH, F, NH,, N3, alkyl, alkenyl, or alkynyl.
15 Another embodiment relates to the compounds having chemical structure IT:
R
R12-y
I
20 wherein R' is a 5’-nucleosidy! or acyclonucleosidyl residue or analog thereof
having anticancer, antiviral, anti-inflammatory, antiinfective, analgesic, or
antiparasitic activity;
X and Y are independently O, S, or N;
25

R!?is the vitamin B6 moiety having structure:

CH,
HO__A\_CHz
|

HC” N
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wherein the vitamin B6 moiety attaches to the X and Y at the CH, molecules
on the B6 moiety.

5 Exemplary R’ compounds include but are not limited to cytarabine,
fludarabine, gemcitabine, clofarabine, cladribine, vidaza, dacogen,
pentostatin, aristeromycin, acyclovir, gancyclovir, pencyclovir, adefovir,

cidofovir, tenofovir, zidovudine, lamivudine, and cladribine.

10 Examples of 5’-nucleosides and their analogs include but are not limited to
0. E 8
% RG
RY VA RS
|IQ7 Rr6
the following:
or
o) E B
RQ s R4
15

wherein B is a modified or ummodified nucleic base;

EisO,C,N,orS;

20 AisC, S, or O; and

R* R’, R®, R, R® and R’ are independently selected from the group
consisting of H, OH, F, NH;, N3, alkyl, alkenyl, and alkynyl.

25 Examples of the acyclonucleosides include but are not limited to:
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or

B
ch—E{

R10

wherein B is a modified or unmodified nucleic base;

EisOorC; and

R'% and R! are independently selected from the group consisting of H, OH,
F, NH,, N3, alkyl, alkenyl, and alkynyl.

Another embodiment relates to the compounds having chemical structure III:

1
R2-Z—L—X—P—R!
i
R®
m

wherein R! is a 5’-nucleosidy! or acyclonucleosidy! residue having
anticancer, antiviral, anti-inflammatory, antiinfective, analgesic, or
antiparasitic activity;

X,Y and Z are independently O, S, or N;

R? and R? are independently chosen from the group consisting of H, phenyl,

alkyl, aryl, heteroaryl, and vitamin B6 moieties having the structure

10
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CH, OH 20 NH,
HO, Z i OH HO = | CHa HO s | CH; HO ~ ‘ CH,
[ XD
HC” N HsC” °N HC” N HaC SN
0 OH NH,
HO
Z | on ONF ] OH Mo # i OH
XN
HC” N HC™ SN H,C” SN

wherein at least one of R? and R? is a vitamin B6 moiety. The vitamin B6

moiety attaches to the Z or Y at the CHz; and

L is alkyl, alkenyl or alkynyl.

Exemplary R' compounds include but are not limited to cytarabine,
fludarabine, gemcitabine, clofarabine, cladribine, vidaza, dacogen,

pentostatin, aristeromycin, acyclovir, gancyclovir, pencyclovir, adefovir,

cidofovir, tenofovir, zidovudine, lamivudine, and cladribine.

Examples of 5’-nucleosides and their analogs include but are not limited to

the following:
(o) E g
v
R® ™A R*
RT RS
or
@) E B
R? N R4

wherein B is a modified or unmodified nucleic base;

EisO,C,N,orS;

11
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AisC, S, orO;

R, R’ R%, R”, R® and R’ are independently selected from the group
consisting of H, OH, F, NH,, N3, alkyl, alkenyl, and alkynyl.

Examples of the acyclonucleosides include but are not limited to:
E. B
RrM R10

or

B
HZC——E{

R10

wherein B is a modified or unmodified nucleic base;
EisOorC;

R'% and R" are independently selected from the group consisting of H, OH,
F, NHa, N3, alkyl, alkenyl, and alkynyl.

Another embodiment relates to the compounds having chemical structure IV:

=0

R2-Z—L—X—P—R!

W—N—r <=7

w

—
<

wherein R' is a 5°-nucleosidyl or acyclonucleosidyl residue having
anticancer, antiviral, anti-inflammatory, antiinfective, analgesic, or

antiparasitic activity;

12
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X, Y and Z are independently O, S, or N;

R” and R® are independently chosen from the group consisting of H, phenyl,
alkyl, aryl, heteroaryl, and vitamin B6 moieties having the structure

(6] OH NH,

H,C” N HyC™ N HC” TN
wherein at least one of R? and R® is a vitamin B6 moiety. The vitamin B6

moiety attaches to the Z or Y at the CHj; and
10 L is alkyl, alkenyl or alkynyl.

Exemplary R' compounds include but are not limited to cytarabine,
fludarabine, gemcitabine, clofarabine, cladribine, vidaza, dacogen,
pentostatin, aristeromycin, acyclovir, gancyclovir, pencyclovir, adefovir,

15 cidofovir, tenofovir, zidovudine, lamivudine, and cladribine.

Examples of 5’-nucleosides and their analogs include but are not limited to

the following:

0 E

B
R® Re
R/f‘ R4

R7 RS
20 or

13
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wherein B is a modified or unmodified nucleic base;
EisO,C N, orS;
AisC,S,0rO;

R%, R’, R%, R, R® and R’ are independently selected from the group
consisting of H, OH, F, NH,, N3, alkyl, alkenyl, and alkynyL.

Examples of the acyclonucleosides include but are not limited to:

E_ B

R" R10

or

B
H2C~E{

R10

wherein B is a modified or unmodified nucleic base;
EisQorC;

R'%andR" are independently selected from the group consisting of H, OH,
F, NH>, N3, alkyl, alkenyl, and alkynyl.

14
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Table 1: Exemplary nucleosides
N™N N™N
NH
HO ‘ /§ HO t :
N 0] N o] X
) o) P
HO N
HO HO OH # 19 ?/
HO F
Vidaza Dacogen Gemcitabine
NH, NH, NH,
N XN N
4 4
no < LI o <L

H01 o N N/J\Cl
F
HO

HO HO
Cladribine Clofarabine Fludarabine
H OH \[m NH,
N NH AN
2T | P N
HO < fj N” o |
o N N// HO o HO. N/KO
T Q L
HO Ns S
Pentostatin Zidovudine Lamivudine
O
N/go
HO o
HO
HO
Cytarabine
Table 2: Exemplary acyclonucleosides
0O e}
Q N N
Y NH y: NH
N NH HO ¢ fik HO ¢ f:\
< O NN N, NN
HOL o W N/)\NH ~
1N :
OH OH
Acyclovir Gancyclovir Pencyclovir

15
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HoN N
NH, N Ho
= N
g | N\> \ N)Qo Q.o Nk > 0
o P/ NN \ _OH
k\ N “__OH 0 ~ N N N
N N O 2 KN Ton NG oH
\\l OH H“
HO CH3
Adefovir Cidofovir Tenofovir

10

15

20

25

The exemplary nucleosides and acyclonucleosides shown in Tables 1 and 2
would attach as R' in their 5’-nucleosidyl or acyclonucleosidy! residue or analog
forms, e.g. would attach through the 5’-O" (compounds in Table 1), through any of
the O” in the acyclo part (compounds in the first row of Table 2) or through the CHy
of the phosphonate part (compounds in second row of Table 2).

Also contemplated herein are the pharmaceutically acceptable non-toxic acid
addition salts of the compounds described herein and pharmaceutically acceptable
formulations containing them. Such salts include those derived from organic and
inorganic acids such as, without limitation, hydrochloric acid, hydrobromic acid,
phosphoric acid, sulfuric acid, methanesulphonic acid, acetic acid, tartaric acid,
lactic acid, succinic acid, citric acid, malic acid, maleic acid, sorbic acid, aconitic
acid, salicylic acid, phthalic acid, embonic acid, enanthic acid, and the like.

The pharmaceutical compositions described herein are preferably formulated
in unit dosage form, meaning physically discrete units suitable as a unitary dosage,
or a predetermined fraction of a unitary dose to be administered in a single or
multiple dosage regimen to human subjects and other mammals, each unit
containing a predetermined quantity of active material calculated to produce the
desired therapeutic effect in association with a suitable pharmaceutical excipient or
excipients. The compositions can be formulated so as to provide sustained or
delayed release of active ingredient after administration to the patient by employing
procedures well known i the art.

Pharmaceutical compositions provided herein comprise one or more
compounds of formulae I-IV associated with at least one pharmaceutically
acceptable carrier, diluent or excipient. In preparing such compositions, the active
ingredients are usually mixed with or diluted by an excipient or enclosed within such

a carrier, which can be in the form of a capsule or sachet. When the excipient serves
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as a diluent, it may be a solid, semi-solid, or liquid material, which acts as a vehicle,
carrier, or medium for the active ingredient. Thus, the compositions can be in the
form of tablets, pills, powders, elixirs, suspensions, emulsions, solutions, syrups,
soft and hard gelatin capsules, suppositories, sterile injectable solutions and sterile
packaged powders.

Examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,
mannitol, starch, gum acacia, calcium silicate, calcium phosphate, alginates,
t'ragacanth, gelatin, microcrystalline cellulose, polyvinylpyrrolidinone, cellulose,
water, syrup, and methyl cellulose. The formulations can additionally include:
lubricating agents such as talc, magnesium stearate, and mineral oil; wetting agents;
emulsifying and suspending agents; preserving agents such as methyl- and
propylhydroxy-benzoates; sweetening agents; and flavoring agenis.

In preparing a pharmaceutical formulation comprising one or more
compounds described herein, it may be necessary to mill the active compound to
provide the appropriate particle size prior to combining with the other ingredients. If
the active compound is substantially insoluble, it is ordinarily milled to a particle
size of less than 200 mesh. If the active compound is substantially water soluble, the
particle size is normally adjusted by milling to provide a substantially uniform
distribution in the formulation, e.g. about 40 mesh.

The tablets or pills comprising compounds provided herein may be coated or
otherwise compounded to provide a dosage form affording the advantage of
prolonged action. For example, the tablet or pill can comprise an inner dosage and
an outer dosage component, the latter being in the form of an envelope over the
former. The two components can be separated by an enteric layer, which serves to
resist disintegration in the stomach and permit the inner component to pass intact
into the duodenum or to be delayed in release. A variety of materials can be used for
such enteric layers or coatings, such materials including a number of polymeric
acids and mixtures of polymeric acids with such materials as shellac, cetyl alcohol,
and cellulose acetate.

Compositions for inhalation or insufflation include solutions and suspensions
in pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof,
and powders. The liquid or solid compositions may contain suitable
pharmaceutically acceptable excipients as described supra. Preferably the oral or
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nasal respiratory route for local or systemic effect administers the compositions.
Compositions in pharmaceutically acceptable solvents may be nebulized by use of
inert gases. Nebulized solutions may be breathed directly from the nebulizing device
or the nebulizing device may be attached to a face masks tent, or intermittent
positive pressure breathing machine. Solution, suspension, or powder compositions
may be administered, preferably orally or nasally, from devices, which deliver the
formulation in an appropriate manner.

Another embodiment provided herein relates to the method of delivering
nucleotides, acyclonucleotides and ANPs inside the cell by masking charged
phosphate group of the said compounds with different forms of vitamin B6 (i.c.
different moieties, different residues) and/or by using cell uptake mechanisms not
available to nucleotides, acyclonucleotides and ANPs. The uptake mechanisms
include but are not limited to facilitated transporters of vitamin B6 and would be a
function of the vitamin B6 moiety enabling passage of the nucleotides through the
cell membrane. Preferably the resulting conjugates or pro-drugs have the general
structures disclosed in Formulae I-1V.

Another embodiment provided herein is a novel compound of Formulae I-IV
or a pharmaceutical composition comprising a novel compound of Formulae I-IV for
use in ameliorating or treatment of neoplastic diseases, infectious diseases caused by
viral, bacterial or fungal infections or parasitic diseases.

Another embodiment provided herein is a novel compound of Formulae I-IV
or a pharmaceutical composition comprising a novel compound of Formulae I-IV for
use in ameliorating or treatment of pain.

As used herein, the terms “ameliorating” or “ameliorate” indicate an
improvement or bettering of a disease, an infection, a condition, or pain, e.g. to
make more tolerable.

As used herein, the terms “treat” or “treatment” refer to both therapeutic
treatment and prophylactic, maintenance, or preventative measures, wherein the
object is to prevent an undesired physiological condition, or obtain beneficial or
desired clinical results including a reduction in the severity of symptoms or
diminishing the underlying causes of the symptoms. Treatment includes eliciting a

clinically significant response, without excessive levels of side effects,
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Neoplastic diseases include but not limited to cancer and leukemia. Viral
diseases include but are not limited to those caused by a virus selected from the
group consisting of an adenovirus, an Alphaviridae, an Arbovirus, an Astrovirus, a
Bunyaviridae, a Coronaviridae, a Filoviridae, a Flaviviridac, a Hepadnaviridae, a
Herpesviridae, an Alphaherpesvirinae, a Betaherpesvirinae, a Gammaherpesvirinae,
a Norwalk Virus, an Astroviridae, a Caliciviridae, an Orthomyxoviridae, a
Paramyxoviridae, a Paramyxoviruses, a Rubulavirus, a Morbillivirus, a
Papovaviridae, a Parvoviridae, a Picornaviridae, an Aphthoviridae, a Cardioviridae,
an Enteroviridae, a Coxsackie virus, a Polio Virus, a Rhinoviridae, a
Phycodnaviridae, a Poxviridae, a Reoviridae, a Rotavirus, a Retroviridae, an A-Type
Retrovirus, an Immunodeficiency Virus, a Leukemia Viruses, an Avian Sarcoma
Viruses, a Rhabdoviruses, a Rubiviridae and a Togaviridae. Inflammatory diseases
include but are not limited to Multiple Sclerosis. Parasitic diseases include but are
not limited to Chaga’s disease.

Other embodiments provided herein are novel compounds of Formulae I-[V
or their pharmaceutical compositions for use in ameliorating or treatment of pain.

In other embodiments, any of the compounds according to Formulae I-IV or
their pharmaceutical compositions can be used as a medicament.

In further embodiments, any of the compounds according to Formulae I-TV
or their pharmaceutical compositions can be used in the therapy of a disease caused
by a bacterial infection, a fungal infection, a viral disease, a neoplastic disease, an
inflammatory disease, a parasitic disease, or pain.

In still further embodiments, any of the compounds according to Formulae I-
IV or their pharmaceutical compositions can be used for the manufacture of a
medicament for the treatment of a disease caused by a bacterial infection, a fungal
infection, a viral disease, a neoplastic disease, an inflammatory disease, a parasitic
disease, or pain.

Another embodiment provided herein is a method of delivering nucleoside-
or acyclonucleoside- monophosphates or ANPs into a cell using the compounds of
Formulae I-IV or the pharmaceutical compositions comprising such compounds.

This method can be performed in vitro or in vivo.
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Additional objects, advantages, and novel features of this invention will
become apparent to those skilled in the art upon examination of the following
examples thereof, which are not intended to be limiting.

Various publications are cited herein. Such publications can provide

5 exemplary, procedural or other details supplementary to those set forth herein.
Nothing herein is to be construed as an admission that the present disclosure is not
entitled to antedate such publication by virtue of prior invention. Further, the dates
of publication provided may be different from the actual publication dates which
may need to be independently confirmed.

10 While embodiments of the invention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from
the spirit and teachings of the disclosure. The embodiments described herein are
exemplary only, and are not intended to be limiting. Many variations and
modifications of the compounds and methods disclosed herein are possible and are

15  within the scope of the invention. Where numerical ranges or limitations are
expressly stated, such express ranges or limitations should be understood to include
iterative ranges or limitations of like magnitude falling within the expressly stated
ranges or limitations. Use of broader terms such as comprises, includes, having, etc.
should be understood to provide support for narrower terms such as consisting of,

20  consisting essentially of, comprised substantially of, and the like. Accordingly, the
scope of protection is not limited by the description set out above but is only limited
by the claims which follow, that scope including all equivalents of the subject matter
of the claims. Each and every original claim is incorporated into the specification as
an embodiment of the invention. Thus, the claims are a further description and are

25  an addition to the preferred embodiments disclosed herein.
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EXAMPLES

1. 5’-aracytidilic acid N-pyridoxylamide

NH,

OH ‘N

HaN
HO- P o

1 \OH
N ’BuOH/Hzo (1:1)

1 2

D

PCT/US2012/049181

3

QO
HO
OH

To a solution of 2.02 g of NaHCOs5 in 20 mL of water was added 2.41 g of

pyridoxamine dihydrochloride with stirring. The resultant clear solution on standing

10  overnight deposited a crystalline precipitate. The precipitate was collected by

filtration, washed with water and dried.

To a solution of 1-B-D-arabinofuranosylcytosine 5’-monophosphate 1 (230
mg, 0.71 mmol) in H,O/BuOH (1:1; 15 ml), pyridoxamine 2 (480 mg, 2.85 mmol, 4

equiv.) was added and the reaction mixture was heated to reflux. A solution of

15  dicyclohexylcarbodiimide (588 mg, 2.85 mmol, 4 equiv.) in ‘BuOH (11.4 ml,

0.25M) was slowly added and refluxed overnight. The reaction mixture was cooled

to room temperature and the solids formed were filtered. Evaporation of the

solvents followed by purification by flash column chromatography (CH,Cl,’MeOH
9:1 to 1:1) afforded the desired product 3 (85 mg, 0.179 mmol, 25% yield).
20 '"H NMR (500 MHz, DMSO/D,0 exchange): 8 7.7 (s, 1H), 7.67 (d,J=7.5
Hz, 1H), 6.03 (d, /=4 Hz, 1H), 5.78 (d, /=7 Hz, 1H), 4.47 (s, 2H), 3.99 (m, 3H),

3.93 (m, 1H), (3.86-3.80 (m, 3H), 2.8 (s, 3H).
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Remoyval of pyridoxamine-N,N’-dicyclohexylearboxamidinium counter

ion
OH NH2
H
o)
O g
H OH
5 4

In the above reaction conditions when H,O/BuOH in the ratio of 1:5 was
used, the product was obtained as the carboxamidinium salt 4. The counter ion was
removed to obtain as a free acid is as follows. A glass column was loaded with 5 ml
of Dowex 50WX8 (H+ form) and thoroughly washed with DI water (5 CV). 0.2

10  mmol of carboxamidinium salt was loaded on the column and the column was
washed further with water (2 CV). Finally the product was eluted with 2.5%
NH,OH solution. The appropriate fractions were evaporated and the product was

dried under high vacuum to afford the desired product 3.

15 2. N-pyridoxyl-Lysine-Fmoc (5)

0 HO.

7 NH CO,Me
HO xOH /\/\)\2 NaBH,/MeOH = N
| P + FmocHN COMe "‘—‘O—OC_—’ N | H NHFmoc
N OH
HCl

To a stirred cold solution of H-Lys(Fmoc)-OMe HCI (1.047 g, 2.5 mmol) in
20  MeOH (10 ml) was added KOH (0.2 g) and pyridoxal hydrochloride (560 mg, 2.75
mmol). The resultant mixture was stirred for 1 h and then NaBH, (133 mg, 3.5
mmol) was added slowly at 0 'C. The mixture was further stirred for 1 h at room
temperature and then water was added. The crude mixture was extracted with
CH,Cl,, washed with brine, dried (Na,SQ,) and evaporated under vacuo.
25  Purification by flash column chromatography (CH2Cl/MeOH 9:1) provided the
desired compound 5 (300 mg, 30% yield).
"H NMR (500 MHz, CDCl;): 8 7.89 (s, 1H), 7.78 (d, /= 5 Hz, 2H), 7.60 (d,
J=15Hz, 2H), 7.41 (m, 2H), 7.32 (m, 2H), 4.90 (s, 1H), 4.60 (m, 2H), 4.43 (d, /=5
22
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Hz, 2H), 4.22 (m, 1H), 4.10 (dd, J = 15, 80 Hz, 2H), 3.79 (s, 3H), 3.34 (m, 1H), 3.20
(d, /=5 Hz, 1H), 2.48 (s, 3H), 1.76 (m, 2H), 1.53 (m, 2H), 1.28 (m, 2H).

3. Removal of Fmoc protection

HN

Y\/\/ NHFmoc HNM NHFmoc

HO COMe HO COsMe
6

10 Fmoc protected compound 5 (200 mg, 0.374 mmol) was added to piperidine
(0.074 ml, 0.748 mmol) in DMF (0.3 ml) at RT. The resulting mixture was stirred at
room temperature for 2 h and then the solvents were evaporated. The crude product

6 was used in the next step without further purification.

15 4. Conjugate of pyridoxyllysine and arabinocytidine-5’-phosphate (7)

H:C  OH HG O

=Ny
HO CO,Me HO CO,Me O
HO
20
Compound 7 was prepared analogously to compound 3.

5. N-pyridoxylamide of 2'-Deoxy-2',2'-difluoro-5'-cytidylic acid (16, B6-
25 GemMP)

The title compound was prepared according to the scheme below.
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15

Reagents & Conditions: i) Ac;O/MeOH; ii) DMTCI/Py; iii) NH,OH; iv)
iPrCOCI/Py; v) Cl,CHCOOH/DCM/MeOH; vi) (PhO),P(O)H/Py/MeCN; vii)
TMSCI/Py, then I,, then 2 (pyridoxamine)/TMSCVEt;N; water; viii) NH,OH
5 2’-Deoxy-2’,2’-difluorocytidine 8 was purchased from Carbosynth Ltd. N-
Acetyl derivative 9 was prepared analogously to [Ludwig, Peter S.; Schwendener,
Reto A.; Schott, Herbert. Synthesis, 2002(16), 2387-2392]: a mixture of 8 (6.94 g),
Ac;0 (4.03 mL), water (15.5 mL), and dioxane (126 mL) was heated at 70 °C for 2
h 20 min, concentrated in vacuo, and mixed with acetonitrile. Precipitate was filtered
10  off, washed with acetonitrile, and dried in vacuo at 60 °C for 18 h to give 6.30 g of
compound 9. Concentration of filtrate and dilution it with acetonitrile was repeated
two more times to give 0.608g, and 0.112 g of 9. Combined yield 7.02 g.
To the sohution of compound 9 (7.02 g) in pyridine (37 g) DMTCI (8.18 g,
1.05 eq.) was added at 0°C, and the reaction mixture was stirred at room temperature
15  overnight, concentrated in vacuo at 50 °C, distributed between ethylacetate and 5%
aqueous NaHCOs. Organic phase was dried over Na;SOa, concentrated in vacuo,
and purified on silica gel column using a gradient from 50% hexanes in DCM, to 5%
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MeOH in DCM. Yield 11.01 g (70.6 %) of pure 10. Compound 10 (11.01 g) was
heated in a sealed tube with pyridine (33 mL) and concentrated aqueous ammonia 8
g) at 50 °C for 3 h, concentrated in vacuo, distributed between ethylacetate and 5%
aqueous NaHCO3. Organic phase was separated, dried over Na;SOy, and
concentrated in vacuo to give pure compound 11 in quantitative yield.

Compound 11 (2.6 g, 4.28 mmol) was dissolved in a mixture of pyridine (2.5
mL), and acetonitrile (2.5 mL), and treated with /PrCOCI (0.994 mL, 1.1 eq.) of at
0-25°C until bis-acylation was complete according to TLC analysis (5% MeOH in
DCM) (approximately 2 h). Reaction mixture was distributed between ethylacetate
and 5% aqueous NaHCOs, organic phase was separated, dried over Na,SO,, and
concentrated in vacuo to give compound 12 as a white solid foam (3.00 g), which
was used without further purification.

To remove DMT protective group, compound 12 (3.00 g) was treated with
10% solution of MeOH in DCM (40 mL) containing CLHCCOOH (3% v/v) until
the deprotection of compound 12 was complete (6 h at room temperature, and
overnight at 0°C).

The reaction mixture was neutralized with 5% aqueous NaHCOs and
extracted with DCM. Organic phase was separated, dried over Na,SQ,, concentrated
in vacuo, and purified on silica gel using a gradient of MeOH (0 — 4%) in DCM,
providing compound 13 in 68% yield.

Compound 13 (1.17g) was treated with (PhO),P(O)H (1.66 mL, 3 eq) in
pyridine at 0-25 °C for 2 h. Reaction mixture was concentrated in vacuo, then co-
evaporated 3 times with toluene, 2 times with acetonitrile, 2 times with DCM, and,
finally, co-evaporated with 5 g of silica gel, and DCM to obtain a sample pre-loaded
into silica gel. This material was applied to the starting zone of a flash column and
eluted with a gradient from 2% TEA, 48% hexanes in DCM to 2% TEA, 4% MeOH
in DCM. After drying in vacuo over P;0s, a TLC-pure 14 was obtained in a yield of
2.09 g. However, 31P NMR spectrum showed ~25% contamination of compound 14
with PhOPO,H. This mixture was used as is on the next step.

Compound 14 (1.83 g) was dissolved in pyridine (6.5 mL}) and treated with
Me;SiCl (1.2 mL) for 0.5 h at 0-25°C under vigorous stirring to give a suspension of
a white solid. Concentrated solution of iodine in THF was then added dropwise at
0°C over a period of ~1 min under vigorous stirring. First drops of iodine
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decolorized instantly, however the final solution was brownish. After another 2 min
of stirring, the reaction mixture was treated with a mixture consisting of
pyridoxamine free base (0.793 g), Me;SiCl (0.75 mL), TEA (2.1 mL), and pyridine
(prepared in advance by stirring for 0.5 h at room temperature before use). After 0.5
h, combined reaction mixture was concentrated in vacuo and purified on silica gel
(DCM~>DCM, 15% MeOH, 2% TEA) to provide amidate 15 in a yield of 0.189 g.
Compound 15 (0.189 g) was treated with a mixture of conc. aq ammonia and
methanol (1:2 v/v) at room temperature for 48 h. Reaction mixture was concentrated
in vacuo and purified on silica gel (iPrOH, 4% NH,OH-> iPrOH, 4% NH,OH, 40%
MeOH) to give 0.134 g of compound 16 as a solvate with iPrOH. To remove
isopropanol, compound 16 was repeatedly lyophilized from aqueous solution until

no iPr group was detectable in 1H NMR spectrum (5 times). Final yield 0.054 g.

6. Antiproliferative activity of 3 and 16, stability in growth media and in

vivo activity

Summary

The N-pyridoxylamide of 5’-aracytidilic acid (B6-araCMP, compound 3) and
the N-pyridoxylamide of 2'-Deoxy-2',2'-difluoro-5"-cytidylic acid (B6-GemMP)
were prepared, shown to be stable in buffers and media over the time course of
experiments, demonstrated accelerated uptake by cells, improved anti-proliferative
activity and inhibited tumor progression in vivo. Preliminary cell based data was
generated in three pancreatic cell lines (Capan2, Pancl and MiaPaca), two prostate
cancer cell lines (PC3 and 22Rv1), and rodent multiple myeloma cell line STGM1;
in vivo data was generated in immunocompromised mice with subcutaneous
implants of Capan2 cells.

Methods and Data

Potent Antiproliferation Observed (prostate and pancreatic cancer cell
lines): In a 96-well plate, each well was prepared to contain 50 uL of 50,000 cells in
media (HyClone IMDM Modified +4mM L-Glu, HEPES with 10% Fetal Bovine
Serum) to which was added 50 uL media containing either the free nucleoside
(cytarabine or gemcitabine) or the conjugate (compound 3 or 16) that achieved the
following final concentrations: 0, 0.1,0.2,0.5, 1,3, 10, or 100 uM. The cells were
incubated at 37°C with 5% CO, for 24, 48 or 72 hours (data trends similarly for all
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incubation periods while the 48 hour data is shown). The Promega MTS based
proliferation assay kit (Promega; CellTiter 96® AQ,cqus Non-Radioactive Cell
Proliferation Assay (MTS)) was used as per manufacturer's instructions. In short, to
each well 100 uL of MTS/PMS reagent was added and allowed to incubate for
approximately 2 hours at 37°C to achieve a colorimetric indication of active cell
metabolism. This was quantitated by reading the visible absorption at 415 nm. The
data (Fig. 1) was normalized to the absorption range defined from minimal
absorbance (media absent cells and drug present), to maximum absorbance (media
with cells in the absence of drug). All points were measured in triplicate and
averaged before normalization to a 0-100% range. Data was plotted (Fig. 1) as
percent inhibition versus log of the compound concentration. Where sigmodial
curve fitting was possible, a four-parameter logistic non-linear regression model
equation was used to generate the curves and ICsy values. As Figure 1 and the table
insert illustrates, the pyridoxamine conjugates frequently demonstrate significantly
improved potency in a number of cell lines. The pulse chase experiments shown in
Figure 2 were done as described above with the one alteration that at either the 10 or
60 time point after addition of drug the media was replaced with drug-free media
and the cells were allowed to continue incubation for a total of 48 hours. In Figure
2, the left graph shows the results of 10 or 60 minutes of exposure to Gem or B6-
GemMP in 22Rv] cells with 48 hours post incubation in fresh media prior to MTS
assay. Data points were collected in quintuplicate; error bars show standard
deviations. The right graph shows the results of a 60 minute pulse of the compounds
over a range of concentrations in Capan2 cells. Sigmodial curve fitting employed a
four-parameter logistic non-linear regression model equation.

Potent Antiproliferation Observed (rodent multiple myeloma cell line): In a
96-well plate, each well was prepared to contain 50 uL of 50,000 STGMIcells in
media (HyClone IMDM Modified +4mM L-Glu, HEPES with 10% Fetal Bovine
Serum) to which was added 50 uL media containing cytarabine or compound 3
(MU004-26) that achieved the following final concentrations: 0, 0.1, 0.2,0.5, 1, 3,
10, or 100 uM. The cells were incubated at 37°C with 5% CO, for 24, 48 or 72
hours (data trends similarly for all incubation periods while the 72 hour data is
shown). The Promega TMS based proliferation assay kit was used as per

manufacturer’s instructions. In short, to each well 100 ulL of MTS/PMS reagent was
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added and allowed to incubate for approximately 2 hours at 37°C to achieve a
colorimetric indication of active cell metabolism. This was quantitated by reading
the visible absorption at 415 nm. The data (Fig.3) was normalized to the absorption
range defined from minimal absorbance -media absent cells and drug present, to
maximum absorbance - media with cells in the absence of drug. All points were
measured in triplicate and averaged before normalization to a 0-100% range. Data
was plotted (Fig.3) as percent inhibition versus log of the compound concentration.
As the Figure 3 illustrates the Cytarabine ICsy =0.5 uM while the Conjugate ICsp = 1
uM.

Conjugate stability in media Observed: The rapid release of nucleoside or
nucleotide from the conjugate into the growth media appeared to be ruled out. To
test for this event conjugate 3 was incubated in isotonic saline, sterile media or
media that was conditioned by 3 days of cell growth. In conditioned media the cells
were removed from the media by centrifugation and conjugate was added to the
media and incubated at 37°C for 0.25, 24 and 72 hours. Proteins and large molecules
were removed via precipitation with a 5:4:1 v:v:v mixture of Acetonitrile: methanol:
1 % Formic acid and subsequent centrifugation. The supernatant (100uL injection
volume) was subjected to HPLC analysis on DNA Pac PA 200 (Dionex, USA)
column in a gradient of 400 mM ammonium acetate in 20% acetonitrile (3-40% over
10 minutes). At the three incubation times tested neither free cytarabine nor free
pyridoxamine (or any other pyridoxyl based compound) was detected.

Figure 1 illustrates the B6-GemMP compound in pancreatic cell lines is 2—
100-fold more potent than Gem alone (top row); and up to 7-fold more potent in the
prostate cancer cell line 22Rv1. In addition, the B6-araCMP compound appears
>10-fold more potent than araC in 22Rv1 cells. Not all cell lines are more sensitive
to the conjugates than the parent drug as shown in the PC3 prostate cancer line with
Gem (sensitivity +3-fold). However, such cells are still responsive to the compounds
on the same order as the parent drug and this highlights the fact that the conjugation
has not blocked drug sensitivity; while still allowing for a novel cell uptake route.

In Figure 2 the conjugates were designed to exploit alternative uptake
mechanisms and provide the phosphorylated form of the nucleoside analogs they are
derived from, thus potentially enabling a more rapid effect on the cells. This was

tested for with a 10 or 60 minute pulsed exposure of 22Rv1 cells to compounds,
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followed by 48 hours of incubation in fresh media. As shown in Figure 2 a pulse of
as little as 10 minutes elicited measurable anti-proliferation in 22Rv1 cells with the
conjugate only. In the case of the 100 uM pulse for 60 minutes the conjugate
decreased proliferation 40% more than the free gemcitabine. Interestingly the
100uM pulse of free gemcitabine stimulated proliferation 10% as was seen with the
48 hour exposure to lower concentrations (0.1-10 uM). In the Capan?2 cells a trend is
seen over all concentrations tested, again suggesting a more rapid effect in the case
of the conjugate compared to the free Gem. The conjugates relatively greater
potency with shorter cell exposure may be in part a function of providing the
monophosphorylated drug form; however, the surprising observation of increased
potency with as little as 10 minutes exposure to the conjugate, suggests the vitamin
transporter may more rapidly move the conjugate into the cell relative to the
traditional route of nucleoside uptake. It would be expected the predominant route
of nucleoside uptake, the human equilibrative nucleoside transporter (-ENT), would
more slowly transport the conjugate (if at all) relative to the unconjugated
nucleoside, and thus provides an unanticipated novel property of the vitamin-B6
conjugation approach.

Figure 4 illustrates the conjugate of vitamin B6 and gemcitabine is
efficacious in a mouse model of human pancreatic cancer. In this model, immune
compromised nude mice were injected subcutaneously with the human pancreatic

cell line Capan-2 (~ 1076 cells/100ul). After tumor growth was detected the animals

. were randomized and either administered the isotonic saline vehicle control alone or

with the gemcitabine conjugate (20 mg/kg; 3-times per week). This demonstrated
the gemcitabine conjugate stabilized tumor growth relative to untreated growth in a
statistically significant manner.,
Publications
* Stryer, L., “Flow of Genetic Information”. Biochemistry, Fourth Ed., Ch. 5,
pp. 95-97 (1993).
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CLAIMS
What is claimed is:

5 1. A compound having the general structure:

1l
R2-X—P—R!

Y
I

3
wherein R is a 5”-nucleosidyl or acl;clonucleosidyl residue compound
having anticancer, antiviral, antiparasitic or antiinflammatory activity;

X and Y are independently O, S, or N; and

R” and R? are independently chosen from the group consisting of H, phenyl,

10 alkyl, aryl, heteroaryl, and a vitamin B6 moiety having one of the structures
T OH
CH, 0 NH,
HO
ﬁ/\ oH HO___ | CHzé HO. | CHZ% Hoﬁ/wzé
NS NS NS
HC” N HiC” SN HaC” N HiC” SN
o} OH NH,
4
Hoj%/CHZOH Hoj%/CHZOH Hoj%/CHZOH
> N
H,C” SN H,C” N Y
or

H,C

wherein at least one of R? and R? is a vitamin B6 moiety.

15 2. A compound having the general structure:
i
X—P—R"
Ri2-y

wherein R! is 5’-nucleosidyl or acyclonucleosidyl residue having anticancer,
antiviral, antiparasitic or antiinflammatory activity;
20 X and Y are independently O, S, or N; and

R is a vitamin B6 moiety having the following structure:
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3. A compound having the general structure:

1
R&-Z—L—X—P—R!

Y
I

R3
5 wherein R! is 5’-nucleosidyl or acyclonucleosidyl residue having anticancer,
antiviral, antiparasitic or antiinflammatory activity;
X, Y and Z are independently O, S, or N;
R? and R? are independently chosen from the group consisting of H, phenyl,

alkyl, aryl, heteroaryl, and a vitamin B6 moiety having one of the structures

OH
CH, 0 NH,
HO HO CH
fi/\OH = | zé HO. =~ | CHZ% HOﬁ/CHzé
NS NS N
HsC N HsC N HsC N HsC \N
o] OH NH,
’
Hoj\/)a/CHZOH HO%/CHZOH HO%/CHZOH
NS [ NS
H,C N H,C N N
or

H,C
10
wherein at least one of R” and R? is a vitamin B6 moiety; and
L is alkylyl, alkenylyl or alkynylyl.
4. A compound having the general structure:
15
7
RP-Z—L—X—P—R
Y
T
z
R3

wherein R! is 5’-nucleosidyl or acyclonucleosidyl residue having anticancer,

antiviral, antiparasitic or antiinflammatory activity;
33
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X, Y and Z are independently O, S, or N;
R and R? are independently chosen from the group consisting of H, phenyl,

alkyl, aryl, heteroaryl, and a vitamin B6 moiety having one of the structures

-

OH
CH, 0 NH,
HO
fﬁAOH HO__~ | CHzé HO - | CHZ% Hoﬁ/wzé
NS NS NS
H:C” °N H,C~ °N Hc~ N HsC SN
o) OH NH,
o
Hoj\/)a/CHZOH HO%/CHZOH Hoj\)/j/CHZOH
NS NS NS
H,C” N H,C” °N N
or

H,C

wherein at least one of R* and R? is a vitamin B6 moiety; and

L is alkylyl, alkenylyl or alkynylyl.

5. The compound of any one of Claims 1-4, wherein R' is selected from the

10 group of compounds of the following structures:

oo e kel e, ko B
RS RG RG RG
R R4 R Vs R4 R® Yo R4

R7 R5 . R5 . R5

15

wherein B is a modified or unmodified nucleic base;

EisO,C,N, or S;

and

R* R’ R® R7, R® and R’ are independently sclected from the group
20 consisting of H, OH, F, NH;, N3, alkyl, alkenyl, and alkynyl.
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10

15

20

25

10.

The compound of any one of Claims 1-4, wherein R’ is selected from the

group of compounds of the following structures:

and

H
B
H,C—E $ H
R10
wherein B is a modified or unmodified nucleic base,
EisOorC; and

R' and R are independently selected from the group consisting of H, OH,
F, NH;, N3, alkyl, alkenyl, and alkynyl.

. A pharmaceutical composition comprising a compound according to any one

of Claims 1-6 and a pharmacecutically acceptable carrier, diluent, excipient,

or a combination thereof.

. The use of the compound of any one of Claims 1 — 6 for delivering the

nucleoside- or acyclonucleoside- monophosphate or acyclonucleoside

phosphonate into a cell.

The use of the compound of any one of Claims 1 — 6 or the composition of
Claim 7 in the manufacture of a treatment for a disease caused by a bacterial

infection.
The use of the compound of any one of Claims 1 — 6 or the composition of

Claim 7 in the manufacture of a treatment for a discase caused by a fungal

infection.
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11. The use of the compound of any one of Claims 1 — 6 or the composition of

Claim 7 in the manufacture of a treatment for a viral disease.

12. The use of Claim 11, where said viral disease is caused by virus selected
5 from the group consisting of Alphaviridae, Arbovirus, Astrovirus,
Bunyaviridae, Coronaviridae, Filoviridae, Flaviviridae, Hepadnaviridae,
Herpesviridae, Alphaherpesvirinae, Betaherpesvirinae,
Gammaherpesvirinae, Norwalk Virus, Astroviridae, Caliciviridae,
Orthomyxoviridae, Paramyxoviridae, Paramyxoviruses, Rubulavirus,

10 Morbillivirus, Papovaviridae, Parvoviridae, Picoraviridac, Aphthoviridae,
Cardioviridae, Enteroviridae, Coxsackie virus, Polio Virus, Rhinoviridae,
Phycodnaviridae, Poxviridae, Reoviridae, Rotavirus, Retroviridae, A-
Type Retrovirus, Immunodeficiency Virus, Leukemia Virus, Avian
Sarcoma Virus, Rhabdovirus, Rubiviridac, and Togaviridae.

15

13. The use of Claim 11, wherein the viral disease is a hepatitis C viral infection

or a HIV viral infection.

14. The use of the compound of any one of Claims 1 — 6 or the composition of

20 Claim 7 in the manufacture of a treatment for a neoplastic disease.

15. The use of Claim 14, where said neoplastic disease is cancer.

16. The use of Claim 14, where said necoplastic discase is leukemia.
25
17. The use of the compound of any one of Claims 1 — 6 or the composition of

Claim 7 in the manufacture of a treatment for an inflammatory discase.
18. The use of Claim 17, where said inflammatory disease is Multiple Sclerosis.
30

19. The use of the compound of any one of Claims 1 — 6 or the composition of

Claim 7 in the manufacture of a treatment for a parasitic discase.
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20. The use of Claim 19 where said parasitic disease is Chaga’s disease.

21. The use of the compound of any one of Claims 1 — 6 or the composition of

Claim 7 in the manufacture of a treatment for pain.

22. The compound according to any one of claims 1-6 or the pharmaceutical

composition of claim 7 for use as a medicament.

23. The compound according to any one of claims 1-6 or the pharmaceutical
10 composition of claim 7 for use in the therapy of a discase caused by a
bacterial infection, a fungal infection, a viral discase, a neoplastic discase, an

inflammatory discase, a parasitic disease or pain.

24. Use of a compound according to any one of claims 1-6 or the pharmaceutical
15 composition of claim 7 for use for the manufacture of a medicament for the
treatment of a disease caused by a baclerial infection, a fungal inflection, a
viral disease, a ncoplastic disease, an inflammatory discase, a parasitic

disease or pain.
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25. A compound having the general structure:
I
R2-X—P—R'
Y
R3
wherein R' is a substituent derived by removal of the hydrogen from the 5°-

O-hydroxyl of a nucleoside or removal of an equivalent hydrogen from an

5 acyclonucleoside;
X and Y are independently O, S, or NH; and

R” and R? are independently selected from the group consisting of H, phenyl,

alkyl, aryl, heteroaryl, and a vitamin B¢ moiely having one of the structures

T OH
CH, 0 NH,
HO
fEAOH Ho | CHzé Ho. | CHzé Hoﬁ/wzé
NS NS NS
H,e” SN HsC” N HiC” SN HiC™ SN
_o OH NH,
HO_A\_CHOH  HO__\_CH,OH Hoj\/)/j/CHZOH
. NS NS
HC” N H,C” SN H,C™ SN
or

10 wherein at least one of R? and R® is a vitamin Bg moiety.

26. The compound of Claim 25, wherein R'is selected from the group consisting

of
E E E
R R6 R6 R6
R R* R ‘s R4 R YO R4
R7 R5 . R5 . R5
and
15
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R4

wherein B is a modified or unmodified nucleic acid base;
E is O, CH,, NH, or S;
and

5 R*, R’, R® R7, R® and R’ are independently selected from the group
consisting of H, OH, F, NH;, N3, alkyl, alkenyl, and alkynyl.

27. The compound of Claim 25, wherein R'is selected from the group consisting

of:
10 R‘H R‘IO
and
B
H,C—E H
R10
15 wherein B is a modified or unmodified nucleic acid base,
E is O or CH,; and

R' and R are independently selected from the group consisting of H, OH,
F, NH,, N3, alkyl, alkenyl, and alkynyl.

28. A compound having the general structure:
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o)
X—P—R!
R12-Y

wherein R' is a substituent derived by removal of the hydrogen from the 5°-
O-hydroxyl of a nucleoside or removal of an equivalent hydrogen from an

acyclonucleoside;
5 X and Y are independently O, S, or NH; and

R is a vitamin B moiety having the following structure:

T

CH,
HO_~ CHZ%

29. A compound having the general structure:

0
RZ—Z—L—X—IIZ’—R1

Y
I

R3
wherein R’ is a substituent derived by removal of the hydrogen from the 5’-

10 O-hydroxyl of a nucleoside or removal of an equivalent hydrogen from an

acyclonucleoside;

X, Y and Z are independently O, S, or NH;
R? and R? are independently selected from the group consisting of H, phenyl,

alkyl, aryl, heteroaryl, and a vitamin B moiety having one of the structures
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-

OH
Ch, _O NH,
HO HO CH
e eyl et ey
NS NS NS
Hc” N Hc” N , H ¢ N HiC™ N ,
_0 OH NH,
HO.__~_CHOH  HO___\__CH;OH HO%/CHZOH
NS NS NS
H.c” N H,c” N N
, ,or

H,C
wherein at least one of R” and R is a vitamin Bg moiety; and

L is alkylyl, alkenylyl or alkynylyl.

30. A compound having the general structure:

=0

R2-Z—L—X—P—R!

A -N—r~—<—T

3

wherein R' is a substituent derived by removal of the hydrogen from the 5°-
O-hydroxyl of a nucleoside or removal of an equivalent hydrogen from an

acyclonucleoside;
X, Y and Z are independently O, S, or NH;

10 R? and R are independently selected from the group consisting of H, phenyl,

alkyl, aryl, heteroaryl, and a vitamin B¢ moiety having one of the structures
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OH

eH, _0 NH
HO HO CH
f}/\OH Z | 2% HO 7 | CHzé Hoj\/)/j/CHzé
X , x> X
HyC” SN Hac” SN , Hc” SN , Hac” SN
o OH NH,
2
HOJ\/)S/CHZOH Hof%/CHZOH HO%/CHZOH
X X X
?HZC N , %HZC N or ? N

HoC

wherein at least one of R? and R? is a vitamin B moiety; and
L is alkylyl, alkenylyl or alkynylyl.

5 31. A pharmaceutical composition comprising a compound according to any one
of claims 25, 28, 29, 30 and a pharmaceutically acceptable carrier, diluent,

excipient, or a combination thereof.

32. The use of one or more of the compounds of any one of Claims 25, 28, 29 or
30 for delivering the nucleoside-monophosphate, acyclonucleoside-

10 monophosphate, or acyclic nucleoside phosphonate into a cell.

33. The compound of any one of claims 25, 28, 29, 30, wherein R'is selected

from the group consisting of:
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HjC. o] NHNH2
=
L L
HO.
HO o N™ F0 o N™ S0 and
H
OH OH OH ,

0
Hac\ﬁLNH
|
HO N,&O
o |
»
0
F\fLNH
HO N)x\o
:O: '
OH ,

NH,

NNZN
HO </ |N,J

ey
)
0
F
\fu\NH
HO. . NJ\O

OH OH
NHNH,

5

=N

|
HO, o N/go
OH ;

34. The compound of any one of claims 25, 28, 29, 30, wherein R'is selected

from the group consisting of: cytarabine, fludarabine, gemcitabine,

clofarabine, cladribine, vidaza, dacogen, pentostatin, aristeromycin,

5 acyclovir, ganciclovir, pencyclovir, adefovir, cidofovir, tenofovir,

zidovudine, lamivudine, and cladribine.

35. The use of one or more compounds in the manufacture of a treatment for a

viral disease, a ncoplastic disease, an inflammatory discase, a parasitic

disease, or a discase caused by a bacterial or a fungal infection, the one or

10 more compounds having the following structure:

43

CA 2843885 2019-07-24

O
l NH
N 0
O
OH OH

H



R2—X—F|>—R1 >|<—||>—R1 RZ—Z—L—X—IT—R1
Y R'2-Y Y
| |
R ; R3 ., and
0

wherein R' is substituent derived by removal of the hydrogen from the 5°-O-
hydroxyl of a nucleoside or removal of an equivalent hydrogen from an

acyclonucleoside;
5 X, Y, and Z are independently O, S, or NH;
L is alkylyl, alkenylyl or alkynylyl;

R? and R? are independently selected from the group consisting of H, phenyl,

alkyl, aryl, heteroaryl, and a vitamin Bs moiety having one of the structures:

T

OH
CH, 0 NH,
HO Ho CH
fi/\OH Z | zé HO Pz | CHQ‘E Hoj\/)/j/CHzé
N NS NS
HC” SN HiC™ SN Hi G SN Hie” SN
_O OH NH,
Hoj\/)a/CHZOH HO%/CHZOH Hoj\/)/j/CHZOH
N N NS
H,c” °N H,c” N N
or

H,C

10 wherein at least one of R? and R? is a vitamin B moiety; and
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R' is a vitamin B moiety having the following structure:

CH,
HO 7 CHZ%

|
Hc” N - and

in combination with a pharmaceutically acceptable salt, carrier, diluent,

excipient, or a combination thereof.

5 36. The use of claim 35, wherein R' is selected from the group consisting of:
I T P

RB RG V RG RG

R® R* R s R* R® O R*
R7 R5 . R5 . R5
and
RY R4
10 H H

wherein B is a modified or unmodified nucleic acid base;
E is O, CH,, NH, or S;
and

15 R*, R°, R R7, R® and R’ are independently selected from the group
consisting of H, OH, F, NH;, N3, alkyl, alkenyl, and alkynyl.

37. The use of claim 35, wherein R is selected from the group consisting of:

45
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and
H
B
%HZC—Eg< ;
R10
wherein B is a modified or unmodified nucleic base;

5 E is O or CH,; and

R' and R are independently selected from the group consisting of H, OH,
F, NH;, N3, alkyl, alkenyl, and alkynyl.

38. The use of claim 35, wherein the nucleoside is selected from the group

consisting of:

10

0 NH,
HsC N

o} NH;
s NH Y HC NH Ny ey
L L ¢ IL | &
HO HO. 4 o ,K HO, Ao
N N
W o N o W o) N W o N0 W o) N W o N
— y A— y s N
) 0 0
N F. F.
SRS S RN 6N 5 W &«
HO i
o WOON Ho N0 HO NS MO N7 S0
H 0 ) 0
¥
OH ,
HC “ o} INHNH, NHNH;
=B
e ol o
HO HO.
HO o N Q a N Q and o N (4]
K Hy

OH B OH

OM OH OH OH

t

39. The use of claim 35, wherein the nucleoside is selected from the group

consisting of:
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cytarabine, fludarabine, gemcitabine, clofarabine, cladribine, vidaza,
dacogen, pentostatin, aristeromycin, acyclovir, ganciclovir, pencyclovir,

adefovir, cidofovir, tenofovir, zidovudine, lamivudine, and cladribine.

40. The use of claim 35, where the viral discase is caused by virus selected from
5 the group consisting of alphaviridae, arbovirus, astrovirus, bunyaviridae,
coronaviridae, filoviridae, flaviviridae, hepadnaviridae, herpesviridae,
alphaherpesvirinae, betaherpesvirinae, gammaherpesvirinac, Norwalk
virus, astroviridae, caliciviridae, orthomyxoviridae, paramyxoviridae,
paramyxoviruses, rubulavirus, morbillivirus, papovaviridae, parvoviridae,
10 picomaviridae, aphthoviridae, cardioviridae, enteroviridae, coxsackic
virus, polio Virus, thinoviridae, phycodnaviridae, poxviridae, reoviridae,
rotavirus, retroviridae, A-Type retrovirus, immunodeficiency virus,
leukemia virus, avian sarcoma virus, rhabdovirus, rubiviridae, and

togaviridac.

15 41. The use of claim 35, wherein the viral disease is a hepatitis C viral infection

or a HIV viral infection.
42. The use of claim 35, where the neoplastic disease is cancer.
43. The use of claim 35, where the neoplastic disease is leukemia.
44. The use of claim 35, where the inflammatory disease is Multiple Sclerosis.

20 45. The use of claim 35, where the parasitic disease is Chaga’s disease.
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FIG. 4
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