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COMPOUNDS RESISTANT TO METABOLIC
DEACTIVATION AND METHODS OF USE

RELATED APPLICATIONS
This patent application claims the priority of U.S. Provisional Application No.
60/430,397, filed December 3, 2002. The entire content of the above-referenced

provisional patent application is incorporated herein by reference.

BACKGROUND OF THE INVENTION

The clinical effectiveness of therapeutic compounds is dependent not only on the
activity of the compound itself, but also on the bioavailability of the compound or its
propensity to achieve therapeutically relevant concentrations in the bloodstream of the
patient before metabolism eliminates the compound from the body. The problem of
poor bioavailability is a significant limitation to the clinical development of a number of
potentially useful therapeutic compounds. In these cases, large doses or continuous
administration of drug is necessary to ensure that effective concentrations will be
attained in the patient. These strategies are often associated with significant adverse
effects.

‘One class of therapeutic compounds especially prone to inactivation by
metabolic enzymes, are the nucleotides, nucleosides and analogs thereof. These analogs
are important treatment options for cancer and viral infections due to their ability to
incorporate into DNA or RNA during replication or transcription and inhibit further
DNA or RNA synthesis. The effectiveness of certain of these compounds, especially
those incorporating cytosine or adenosine, is therefore severely limited due to rapid
deactivation by deaminases, which remove the free amines which are necessary for base
pairing and proper integration into DNA. It is thus highly desirable to provide
nucleoside analogs in a form which will persist for a longer period of time in a patient’s
body without degrading.

Cordycepin (3’-deoxyadenosine) is one example of an adenosine nucleoside
analog that has a number of biological effects, including antiviral activity (Richardson et
al. (1975) Int. J. Cancer 15:451-6), anti-cancer or anti-tumorigenic activity (Jagger et al.
(1961) Cancer Res. 21:216-20), anti-inflammatory activity (Zhou et al. (2002) European
Journal of Pharmacology 453:309-17), anti-fungal activity (Sugar et al. (1998)

-1-



WO 2004/050678 PCT/US2003/038638

10

15

20

25

30

L i 3 |
zélnz‘zmza obzal Agents and Chemotherapy ‘42(6) 1424 7; US Patent No. 5,679 648) and
ant1—parasrtlc activity (Trigg et al. (1971) Trans. R. Soc. Trop. Me‘d Hyg. 65: 5 14-20;

U S. Patent No. 5,663,155]. For one meéchanism of action Cordycepm must be
sequentrally phosphorylated mtracellulalily by adenosine kinase and adenylate kinase to
form 3 deoxyadenosme triphosphate (3’ deoxyATP) 3’ deoxyATP exerts many of its
antlcancer effects due to incorporation 1nto RNA in lieu of ATP, thereby acting as a
cha1n termmator dunng transcription in raprdly d1v1d1ng tumor cells (Klenow (1963)
Bzochem Bzophys Acta. 76:347-53; Muller etal. (1997) Cancer Research 37: 3824—33).
As an antiviral agent, 3’-deoxyATP exhlblts its b1ologrcal act1v1ty by dlrectly inhibiting
V1ra1 replrcatlon through its ability to block polyadenylation, thus xmterfermg W1th
processmg and maturation of viral and host mRNA |

~ THe effectiveness of Cordycepin ; Ias a drug is severely comprormsed by rapid
deammatron to the inactive metabolite 3’-deoxyinosine. This reactlon is catalyzed by
adenosme deaminase (“ADA”), an enzyme which is abundant in a wide range of tissues
[Agarwal et al. (1975) Biochem. Pharmacol. 24:693- 701). In order to prevent
deammatlon of Cordycepin or other adenosine nucleoside analo gs coadministration of
ADA 1nh1b1tors such a 2’-coformycin or 2. deoxycoformycin is rlecessary to achreve
s1gn1ﬁcantly effectlve concentrations of nucle051de analog both m vitro and in vivo
[Johns etal. (1976) Biochem. Pharmacol 25: 441-4; Adamson et al. (1977)
Pharmacology 15:84-89; Koc Y et al. (1996) Leukemza 10:1019- 24 Sugar et al. (1998)
Antzmzcrqbzal Agents and Chemotherapy 42(6):1424-7; Kodama et al. (2000) BioChem
}i’harirtacol. 59(3):273-81). Unfortunately, these ADA inhibitorsz are rather cytotoxic, as
tlley inhibit ADA so efficiently that enzyme resynthesis is required to regenerate its
act1v1ty (Padua et al. (1992) J. Neurochem 58: 421 -9; Agarwal et al (1977) Biochem.
Pharmacol 26:359- -67).

' In an effort to seck an effective alternatlve to the use of ADA inhibitors, several
Cordycepm prodrugs have been developed that are protected from inactivation by
deamination while retaining the potent biolo gical activity of the parent drug.

3" deoxyadenosine N’-oxide (3’-dAN! O):(Svendson et al. (1992) t’ancer Chemother.
Pharmacol 30: 86-94) and 9-(B-D- arabmofuranosyl) -6-azidopurine (6-AAP) [Kotra et
al (1998) J. Med. Chem.; U.S. Patent No 6,271 212) are examples of Cordycepin
prodrugs 1n which the amine group of Cordycepln is replaced with a small functional

group (N ox1de or Azido). These agents are metabollcally inert until they enter a target
2
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cell that is capable of reducing the prodrug to regenerate the metabohcally active
Cordycepln These prodrugs provide only a brief extension to the half life of
Cordycepln and thus there remains a si gn1ﬁcant need in the art for nucleos1de analogs
w1th 1mproved pharmacokinetic profiles.

‘
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SUMMARY OF THE INVENTION

l | The present invention provides compounds having increased resistance to
1nact1vat10n by metabolic enzymes and, thus 1mproved therapeutic efficacy and
bloavallablhty Particular compounds of the invention include nucleotlde and
nucleomde analo gs, wherein the free amme is derivatized with one or more aminal or
th10am1na1 groups to protect the compound from deamination by, for example,
deannnases and other metabolic enzymes, when administered to a subject in vivo or to a
blolo glcal product ex vivo. Accordingly, compounds of the invention include a variety
of therapeu‘uc nucleotide and nucleoside analogs (e.g., prodrugs) havmg increased
resmtance to degradatlon and inactivation.

[ :Co‘mpounds of the invention can be characterized as having the structure
- A-X, |

» wherein A is selected from the group consisting of a nucleotlde anucleotide ‘
anaiog, a nucleoside, and a nucleoside analo g, and wherein A compnses at least one
amine, wherein the amine is derivatized with at least one X;

| ( wherem n is either 1 or 2; and

- Whereln each X is independently selected from the group cons1st1ng of an aminal
havzing the structure -(CR4R5)-O-Rg, a thioaminal having the structrure -(CR;R2)-S-R3,
and' combinations thereof, wherein each R may be the same or different and is
1ndependent1y selected from the group consisting of a hydrogen, an alkyl, a substituted
alkyl an alkoxy, a substituted alkoxy, an aryl, and a substituted aryl. Accordingly, when
n 1s 2 X can be two thioaminals, two aminals or a combination of one thioaminal and
one ammal ‘
f In vanous embodiments, the amine may be a primary or secondary amine. In
add1t1on the amine may be an aromatic amme |

i ' In one embodiment, A comprises the nucleoside analog, Cordycepin (3’-
deofxyadenomne), or another adenosine analog. In other embodiments, X comprises, for

[t . . . . . . . .
example, analogs of cytosine, fluoroarabinofluorcytosine, ganciclovir, trimethoprim,

3.
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‘penciclovh:r, v,‘ala(':iclovir, vidarabine, arat;inoﬁlranosyiadenine (Ara-A), e;rabirfocytidir:xe, .
acyclovir, érabinofuranosylcytosine (Cytarabine, Ara-C), arabinoﬁnanos)yl 5- ‘

: ﬂuorocytosme cytldme 2’-deoxycytidine, fam01clov1r flucytosine, 5- ﬂuorocytosme

. 5°-fluoro- 1 2’-dioxalane cytosine (B-D-FDOC), 5-fluoro-2°3’- dldeoxycytldlne (D—D-

5 1 FddC), 5-ﬂuoro-2 ,3’-dideoxy-2’,3’-didehydrocytosine (B-D-Fd4C), and 5-fluoro-

: 3’deoxy-3’;thiacytidine (B-D-FTC). Such cqmpounds also include mondphosphate |

nucleotides, a diphbsphate nucleotides, triphosphate nucleotides and analogs thereof. |

In 2fl particular embodiment, the invention provides a compound having the

. following structure: ‘ , ! |

: P ‘ ‘ NXp,
o /'N XN
: ‘ ) N N
: o)
10 } “oH

wherein n is either 1 or 2; and
wherein each X is independently selected from the group consistiﬁg ofa
hydrogen, an aminal having the structure -(CR4R5)-O-Rs, a thioaminal having the
i structure 4j(CR1R2)-S—R3, and combinations thereof, wherein at least one X is the ‘
15 ' thioaminal or the aminal wherein each R is the same or different and is independently;
. selected frorn the group consisting of a hydrogen, an alkyl, a substituted a]kyl an
alkoxy, a subsntuted alkoxy, an aryl, and a substituted aryl.
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In another partlcular» embod1ment the 1nvent1on prov1des a compound having the

followmg structure (6—N—phenylthloam1nal Cordycepm)

| L

i

/
Z,

OH
Iu another particularvr embodiment, the invention provides a compound having the

i Lo

|

5 following étruclure: (6-N—(47methyl)phenylthioaminal Cordycepin)

‘o
\ t

o “oH
Colnpounds of the invention also can be modified to include one or more agents
that targot the compound, for example, to a particular cell or pathogen. Suitable
10 targetmg agents include, but are not limited to, antibodies, hormones, ant1body
fragments aptamers, peptides, small molecules and other binding agents. Altematwely |
or add1t10na11y, the compounds can be modified to include moieties that increase or
decrease solubility, such as polyethylene glycol (PEG), phophate esters, phosphoramide
esters, arhino aoid esters, t-BOC amino acids, lipids, steroids, amine-containing icarbon .
15  chains, ammo acids, and peptides.

' In another aspect, the invention prov1des a composition containing one or more
compounds of the invention, formulated i in a suitable carrier (e.g., for pharmaceutical
appl1cat1on) The composition can further include one or more other therapeuuc agents
such as an antl -cancer agent, anti-viral agent or anti- fungal agent.

! | .5
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In yet another aspect, the invention p'rdizides a method fef pfotecting a coﬁpomd
(e.g., from deactivation e.g., by a deammase) compnsmg at least one amine (e.g., a |
primary amine, a secondary amine and/or antaromatlc amine), by denvatlzmg the amme
with at least one substituent, wherein the sub§t1tuent is selected from the group
consisting of a thioaminal having the structufe ;(CR1R2)-S-R3, an aminal having the
structure -(CR4Rs)-O-Rg, and combinations thereof wherein each R is the same or
different and is independently selected ﬁrom the group con51st1ng of a hydrogen, an
alkyl, a substituted alkyl, an alkoxy, a substltuted alkoxy, an aryl, and a substituted aryl

In another aspect, the invention prov1des a method for protectmg an amine,
comprising derivatizing the amine with at least one substituent selected from the group
consisting of an aminal, a thioaminal, or a comblnatlon thereof. In yet another aspect
the invention provides a method for protectmg a nucleoside, a nucleetlde or an analo g
thereof, wherein the nucleoside, nucleotide or-analog comprises at least one amine,
comprising derivatizing the amine with at least one substituent seleeted from the group
consisting of an aminal, a thioaminal, or a coinbination thereof. In various
embodiments, the thioaminal in the preceding aspects can comprise the structure —
(CR{R)-S-R3, wherein each R is the same :or different and is independently selected
from the group consisting of a hydrogen, an alkyl, a substituted alkyl, an alkoxy, a |
substituted alkoxy, an aryl, and a substituted aryl. In certain embodiments, the amir;al in
the preceding aspects can comprise the structure -(CR4R5)—O-Rg, wherein each R is the
same or different and is independently selected from the group consisting of a hydro geﬁ,
an alkyl, a substituted alkyl, an alkoxy, a subéﬁtuted alkoxy, an aryl, and a substituted
aryl. |

Such protection can prolong the half—iife of the compeund, increase its
bioavailability and/or increase its stability. Aceordingly, the method of the invention |
can be used in a variety of treatments to improve the efficacy of compounds, and in the
context of, for example, RNA interference and antisense modulation. In particular,
nucleotide and nucleoside analogs of the invention having increased resistance to
deamination can be incorporated into short iﬁterfering RNA molecules and antisense

molecules to improve the efficacy of the molecules in blocking gene expression.
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! In yet another aspect the invention provides for a nucleoude nucleos1de or
analog thereof wherein the nucleotide, nucleoside or analog comprises:at least one .
amme and wherem the amlne is denvatlzed with at least oné substituent selected from
the group consisting of an ammal a thioaminal, or a combination thereof.

Compounds of the present invention can be used in a vanety of therapeutic
applications, 1nclud1ng apphcatlons in which the parent compounds from which they are
derlved are used. For example derivatized nucleotide and nuc1e031de analogs of the
1nvent10n can be used in the treatment of cancers and parasmc viral and fungal
1nfectlons In such applications, the compounds can be admlmstered to a subject in vivo
or to blologlcal or food products ex vivo.

§Particular neoplastic disorders that can be treated include, for example,
leukernias, lymphomas,l sarcomas, carcinomas, neural cell tumors, squamous cell
carcinomas, germ cell tumors, undifferentiated tumors, seminoma, melanomas,
neuroblastomas mixed cell tumors, metastatic neoplasias, terminal deoxynucleotidyl
transferase-posftwe leukemlas or terminal deoxynucleotidyl transferase-positive
lymphomas and neoplasms due to pathogenic infections and malignancy.

Particular parasitic infections that can be treated include, for example, infections
by trypanasonal parasites, such as trypanasonal brucei and trypanasonal cruzi, and
mfectmns by plasmodlum paras1tes such as plasmodium falmparum, plasmodium vivax,
plasmodlum ovale and plasmodium malarie. ‘

Partlcular fungal infections that can be treated include, for example, 1nfect10ns by
Candida krusei, C. glabrata, C. albicans and C. tropicalis, C. parapsilosis, Trichophyton
rubrum, T. mentagrophytes, T. tonsurans, Microsporum audouini, M. canis and T.
floccosum, Nocardia asteroides and N. brasiliensis, Actinomyces israelii, species of the
genera Mucor,i Absidia, Rhizopus, Cunninghamella, Zygomycetes, Aspergillus |
fumigatus, A. flavus, A. niger, species of the genera Aspergillus, Crypttococcus
neoformans, Paracoccidioides brasiliensis, Coccidioides immitis, Blastomycetes
dermatitis and Histoplasma capsulatum. ’ '
Other embodiments of the invention will be clear from the following detailed

description and also are intended to be included within the scope of the invention.
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' DETAILED DESCRIPTION OF THE INVENTION |

| The present invention is based in part, on‘the discovery that by denvatlzmg
compounds contalnmg the free ammes such as nucleotldes nucle051des and analo gs
thereof, with aminal and thioaminal groups res1stance to enzymatic deammatlon of the
5 ' compound is substantlally 1ncreased until non—enzymatlc hydroly51s (e g in vivo)

| regenerates the active molecule. Accordmgly, derrvatlzed compounds of the present

- invention are protected until the!y are selectwely hydrolyzed to thelr actlve amine
counterparts. As a result, the compounds of the present 1nvent10n have a srgmﬁcantly
~ extended half-life. o ] ‘
10 - '
| DEFINITIONS ‘ ‘
As used herein, the following terms shall have the definitions referred to below.

1 ! [

“Free amine” shall refer to an farnine substituent (e.g., a primary éryl amine) that

15  iscapable of bemg deaminated by a deaminase. The amine may be, but is not limited to,

- a primary amlne ora secondary amine. In addmon the amine may be an aromatlc

~ amine. | , | ‘ ‘
. “Alkyl” shall mean a strai ght, branched, or cyclic alkyl group having at least one
- carbon atom such as methyl, etlryl, propyl, isopropyl, butyl, sec;butyl, t-bufyl, and pentyl

20 . groups. | ‘ ‘ | |

‘ “Alkoxy” shaﬂ denote an alkyl group as described above ‘bondedlthriough an
oxygen linkage (-O-). Examples of alkoxy groups include methoxy, ethoxy, propoxy,
isopropoxy, butoxy, and t-butoxy groups. ‘

“Aryl”%refers to monocyclic or bicyclic aromatic rings, such as phenyl,

25 ' substituted phenyl, and the like. An aryl group contains at least one ring having at least
5 atoms with zdternating (resonating) double bonds between adjacent carbon atoms or
suitable heteroatoms ‘ |

Opt1ona11y substituted alkyl groups, optlonally substituted alkoxy groups, and
optionally substituted aryl groups may bear one or more substituents including, but not

30 limited to halogen, hydroxyl, amino, alkylamino, dialkylamino, carboxyl, mercapto,

~ nitro, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylanlinocarbonyl,
| alkylcarbonylamino, alkylcarbonyl(alkyl)amino, sulphate, and phosphate substituents.

t

As used herein, the term “halogén” includes fluorine, chlorine, bromine, or iodine.

-8-
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The term “targetmg agent” as referred to herein 1ncludes moieties and
compounds that can be hnked toa compound of the 1nvent10n to direct or “target” the
compound to, for example a target cell or pathogen. Suitable targeting agents are Well
known in the art and include, for example antibodies, binding peptides, cellular ligands
and small molecules Targetlng agents also include hposomes and other carrier
molecules that, for example can encapsulate the compound The term antlbody
referred to herein 1nc1udes whole antlbodles and any antlgen binding portlon or s1ngle ?
chain thereof An "ant1body" refers to a glycoprotein comprising at least two’ heavy (H)
\chalns and two hght (L) chains inter-connected by disulfide bonds, or an antlgen binding
portion thereof The term "antigen-binding portion" of an antibody (or simply "antlbody
portion"), as used herein, refers to one or more fragments of an antibody that retain the
ability to speciﬁcally bind to an antigen. Examples of binding fragments include a Fab \ |
fragm;ent,v a F(ah')zé fragment, a Fd fragment, a FV‘ fragment, iand adAb fragment.
DERIVATIZED COMPOUNDS

In one aspect the invention provides a. compound having the general structure A— 1
X Whereln Ais selected from the group consisting of a nucleotide, a nucleotide analog,
a nucleoside and a nucleoside analog, and wherein A comprises at least one amine that:
s denvatlzed by X which can be a thioaminal having the structure (CR;R2)- S-R3 or an
‘ammal having the structure -(CR4R5)-O-Rgor both. N canbe 1 or 2. EachR can be the
same or different from another R. Each R is independently a hydrogen, an a]kyl a |
substltuted alkyl, an alkoxy, a substituted alkoxy, an aryl, or a substituted aryl. Aminal
and thioaminal derivatives of the invention include the free forms as well as salts (e.g.,
pharrrlaceutically acceptable salts) resulting form their being formulated with, for -
example, hydrochlonde hydrobromide or sulfate salts; organic acid addition salts such
as citrate, acetate, or oxalate; or salts derived from inorganic bases including alkah metal 'L
salts such as sodium salt or alkaline earth metal salts such as magnesium salt.

In one embodiment of the present invention, A is a nucleotide, nucleotide analog,
a nucleoside, or a nucleoside analog. Accordingly, A can be a purine or a pyrimidine. A
also can he a polynucleotide, a polynucleoside or an analog thereof. A alsocanbea
monophosphate; diphosphosphate or triphosphate of a nucleotide, a nucleoside or an
analo g thereof. In a particular embodiment, A is Cordecypin. In other particular
embodiments, Ais tadenosine, cytosine, arabinofuranosyladenine (Ara-A),

o " -9.
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arabmocytldlne acyclovir, arabmofuranosylcytosme &Cytarabme Ara—C)
arabmofuranosyl—S fluorocytosine, cytldme 2’- ﬁeoxycytldlne famc1clov1r ﬂucytosme
5- ﬂuorocytosme 5-fluoro-1°,2’-dioxalane cytosine (B-D-FDOC) 5-fluoro-2°3’-
dldeoxycyndlne (D-D-FddC), 5-ﬂuoro-2’,3’-d1deoxy—2’,3 dldehydrocytosme (B—D-
Fd4C), 5 fluoro- 3’deoxy—3’thiacytidine (B-D-FTC) ﬂuoroarabinbﬂurocytosine
ganc1clov1r trimethoprim, penciclovir, Valac1cloV1r, and V1darab1ne A also can be a
monophosphate diphosphate or and tnphosphate of the aforementloned nucleos1de
analogs r ‘ :

PParticular Cordycepin denvatlves of the 1nvent10n 1nclude those havmg the

formula:

%

7,
7,
///

o OH
wherein n 1s either 1 or 2, and X is selected from the group cons1st1ng of a thioaminal
having the structure —(CR1R2)-S-R3, an aminal havmg the structure -(CR4R5s)-O-Rg, and
comblnatlons thereof, and R is selected from the group consisting of a hydrogen, an (
alkyl, a substituted alkyl, an alkoxy, a substituted alkoxy, an aryl and a substituted aryl.
Other particular Cordycepin derivatives of thq 1nvent10n include substituted

phenylthioaminals of Cordycepin having the following structures:
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6-N-(4-methyl)phenylthioaminal Cordycepin
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S

HO </‘/)

E?
=
=z

5 |  oH | |
| 6-N-(4-methoxy)phenylthioaminal Cordycepin
The nucleoside and nucleotide analogs described above may contain more than
one amine. In such circumstances, all or less than all of the amine groups may be
substituted with aminal and/or thioaminal substituents. In casés where n is 2, each |

10  amine can be derivatized with two aminals, one aminal and one thioaminal, or two
thioaminals (i.e., rgsulting in a bis-thioaminal). Where the resﬁlting compound is a bis-
thioaminal, the two thioaminals may the be the same or may be different.

In one embodiment the amine may be a primary or a seéondary amine. In
addition, the amine may be an aromatic amine.

15 In one embodiment, X is a thioaminal having the structure —(CR;R2)-S-R3 or an l
aminal having the structure -(CR4R5)-O-Rs wherein m is any number between 1 and
wherein R is selected frorﬁ the group consisting of ;:a hydrogen, an alkyl, a substituted
alkyl, an alkoxy, a substituted alkoxy, an aryl, and g substituted aryl.

-11- ’
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’ Compounds of the present invention also can 1be modified to alter the
ﬁmcuonahty, solubility and/or cell penneabthty of the compound. For example
addltlonal mo1et1es or subsitueénts may be 1noorporated within the compound (e.g, to the
th1oam1na1 group, the aminal group or d1rectly to the nucleoside, nucleotide or analog
thereot) .as is well known in the art, to modulate (e. g increase or decrease) the
solub111ty of the compounds. Such mod1fy1ng agents include, for example, polyethylene
glycol (PEG) phosphate esters phosphoram1date esters, lipids, steroids, amine-

i

conta1n1ng carbon chains, amino acids, amino acid esters (e.g., t-BOC amino acids) and
peptldes | A

Further modifications encompassed by the invention include l1nk1ng the
cornpounds to a targeting agent that binds to a target cell or pathogen. Suitable targeting
agents include, but are not limited to, antibodies, aptamers, hormones, binding peptides,
liposomes, cellular ligancls and small molecules. Such targeting agents can l:\e naturally;
oceu:rring molecules, recombinantly produced molecules, or engineered molecules. For
example‘ the molecule can be an engineered protein containing non—peptidic‘
components such as a small organic moiety, sugar residues, or RNA.

L1poph111c groups also can be attached to compound (e.g., to an R group of the
aminal or thioaminal subst1tuents) to increase cell permeability and increase the uptake

[

of: the compound into target cells Alternatively or addltlonally, the compound can be I
encapsulatedlnto liposomes or other microcapsules, as is well known in the art.

| Compounds of the present invention can be formulated as a composition (e.g., a
pharmaceutical compos1t1on) along with a suitable carrier. Suitable carriers are well
known 1 in the art and include, for example, agents that facilitate administration, increase
phys1ologlcal stability, facilitate storage or increase half-life of the composition.
Aocordingly,‘ in another embodiment, the invention provides a composition eomprising‘
at least one derivatized compound and a suitable (e.g., pharmaceutically acceptable)
carrier. Examples of suitable carriers known in the art include, but are not limited to,
SUCrose, lactose, starch, water, salt (e.g., salt solutions), alcohol, oils (e.g., vegetable
oils), polyethylene glycols, glycerols, collagen, gelatin, lactose, amylose, magnesium
stearate, talc, surfactants, silicic acid, viscous paraffin, perfume oil, fatty acid
monoglycerides and diglycerides, petroethral fatty acid esters, hydroxymethyl-cellulose‘,
polyviny.lpyri'olidone, saccharides, polysaccharides, and combinations and rnodiﬁcations

of these substances.
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Additionally, the compositions can be steﬂlized and if desired, mixed with

auxrhary agents eg 1ubneants preservatives, stabrhzers, wetting agents, emu1s1ﬁers

salts for 1nﬂuenc1ng osmotic pressure, buffers colormgs flavoring and/or aromatic -

’ : ?substanees and the like which do not deleterlously react with the active compounds.

Cornpositions of the invention may optionally inolude flavoring agents and other agents

'that may be necessary or desrrable to increase shelf life, such as preservatives, antl-

1

on1dants and other components advantageous for manufacture and distribution of the

H .
!

fcomposmon

Methodsf for fonnula’ting pharmaceutical reagents are well known in the art, and
the amount of active compound'in the composition can be readily determined by those

of ordinary skill depending, for example, on the nature and size of the subject or product

to be treated. In one embodiment, the derivatized compound of the invention is added at

C a concentration of between abont .01 mM to about 20 mM (e.g., between about 1.0 mM

15

.+ to about 10 mM). The compositions also can cdntain concentrated forms of the active ,‘

ingredient. In cases where the composition is formulated as a liquid (vol./vol.) or a solid

‘ (wt./wt.), the composition can contain active components at between about 0.001% to

about 100%, between about O 01% to about 10.0%, and between about 0.1% to about
5.0%. The composrtlons can also be further diluted, if necessary, to prolong direct

contact with skin or other bod11y tissues. ,

METHODS OF MANUFACTURE

Derivatized cornpounds of the invention can be prepared using techniques well

:‘ known in the art. In particular, aminal derivatives can be synthesized, for example, by -

25

30

reductive alkylation of the free amine of a nucleoside, nucleotide or analog thereof with
a corresponding alcohol (R’-OH) (e.g., alkylalcohol, arylalcohol, or alkoxyalcohol) in
the presence of formaldehyde, cyanoborohydride and a suitable organic solvent (Borch
etal. (1972) J. Org. Chem. 37(10):1673-4). For example, an aminal prodrug of the ;

nucleoside analog Cordycepin may be prepared according to the following scheme:

R'-OH, CH,0
AcOH,NaBH;CN
reflux

Scheme I RNH, > R-NH-CHy-OR'

13-
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I Th1oam1na1 denvatlves may be synthes1zed by methods known in the art. For
example th10am1nal denvates may also be synthes1zed by reductive alkylation of the
free amme ofa nucleot1de nucle031de or analo g thereof with a corresponding thiol (R’ :
SH) (e g , alkylthlol arylth1ol or alkoxythiol) in the presence of formaldehyde and
5 glao1al acetic acid i n ethanol (Kemal et al. (1980) Syntheszs 1025-8) according to the

followlng scheme

'R-SH, CH,0

.
5 . AcOH, BtOH
3; - reflux
Scheme IT RNH, ‘ » R-NH-CH,-SR'
10 Bia-tllioaminal derivatives may be synthesized in the same fashion as

thioaminals, with the éxception that the solvent 2,2,2-trifluoroethanol replaces the

ethanol according to the following scheme.

f , 'R'-SH, CH,O

l . AcOH, CF;CH,0H
: | reflux
Scheme 11 RNH2 > R_N'(CHZ_OR%
15 Other techniques known in the art may be used to prepare the aminal and

th1oam1nal derivatives of the present invention.

T HERAPE vric USES
Denvat1zed compounds (e.g., prodrugs) of the present invention regenerate to the
20 parent .nuc1e051de nucleotide, or analog thereof upon non-enzymatic hydrolysis (e.g.,
when placed in vivo). As aresult, the compounds can be used to a variety of diseases
treatable by the parentl nucleoside, nucleotide, or analog thereof. Alternatively or
add1tlonally, the compounds can be used to in the context of RNA interference and
antlsense modulation, as is known in the art for underivatized nucleotide and nucleos1de

25 analogs
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T reatment of Parasztzc Infectzons

In one embodrment the present invention prov1des amethod for treating a,
subject or a blolo gical product infected with a parasfte including administering to the
subj ect or b1ologlca1 product a therapeutically effective amount of a compound havmg
the structuré' A-X, where Ai 1s a nucleotide, a nucleotrde analog, a nucleoside, or a
nucleoside analog, and WhelfeiA has at least one amine. N i is either 1 or 2. Xisa.
thioaminal having the structure —~(CR1R2)-S-R; or an aminal having the structure -
(CR4R5)—O-‘R6 Risa hydrbgen an alkyl, a substituted alk);ll, an alkoxy, a substituted
alkoxy, an aryl or a substrtuted aryl. ‘

Compos1t10ns and methods of the invention are effective against a wide Vanety
of paras1tes Parasites are generally transferred by insects, in which essential parasite
life cycles oceur. Paras1tes may be transmitted to humans directly from insects or
indirectly fr,om insects through another animal host that acquired the parasite. Generally
paras'itic diseases can infect athe blood, the tissues, the lymphatic system, major organs
and organ systems, the dennis and the gastrointestinal tract. Examples of parasitic
diseases characterized byinfe"ctions of the blood, lymph and tissues, include, but are not
limited to trypanosom1as1s leishmania, toxoplasmosis, sarcocystls pneumocystis,
sch1stosom1a51s and elephantltls Gastrointestinal d1sorders include, but are not limited
to, Entamoeba the ﬂagellates Giardia lamblia, Dientamoeba fragilis and Trichomonas
vaginalis, the nematodes Ancyclostoma, Ascaris, Enterobius and both cutaneous and
visceral leishmaniasis. Examples of parasites include, but are not limited to, species of
the genera Entamoeba Ascaris Ancyclostoma, Strongyloides, Trichuris, Wuchereria,
Lelshmama Plasmodlum Toxoplasma, Sarcocystis, Pneumocystls Schistosoma, Loa,
Onchocerca Brug1a D1petalonema Mansonella, Dracunculus, Babesia and
Trypanosoma. In part1cu1ar, Trypanosm1a31s is associated with trypanasonal parasite
(such as try]oanasonal brucei and trypanasonal cruzi) and malaria is associated with
plasmodium parasite (snch as plasmodium falciparum, plasmodium vivax, plasmodium
ovale and piasmodium malarie)

The comp031t10ns of the present invention are administered to a subject or
biological product fora necessary period of time to achieve the desired result. Subjects
with a suspected or dlagnosed parasitic infections may only require treatments for short

periods of time or until the infection has proceeded to remission or has been effectively
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; eliminalte:d Altern‘atively; to effectively eliminate certairi parasites, administration may

‘ |
require long term treatments such as for months or years 1 ;
l

Adm1mstratlon may be by any of the methods of adm1mstrat1on descnbed herem

Nasal sprays are a preferable method for adm1n1ster1ng compos1t1ons to the pulmonary

. System and the bloodstream and are useful to treat dlseases caused by speCIes of the

s
genera Trypanosoma Leishmania, Plasmodium and Sch1stosoma Access to the

gastromtestmal tract is also achievable using oral, enema or 1n3ectable forms of

‘ adrmmstratmn Such forms of compositions may also be useful fo treat gastromtestmal

; d1sorders 'as descnbed herein. Oral administration may often be the most effectlve

10

' spec1es of Ancyclostoma

method to adm1n1ster compositions directed to parasites of the gastromtestlnal tract such
as 1nfect1ons by Entamoeba histolytica, E. coh E. poleki, Ascaris lumbncmdes G1ard1a

lambha Enteroblus vermicularis, Necator americanus, Wuchereria bancroft1 and various

*In another embod1ment of the invention, the composition contams ‘additional
therapeutlc agents to maxmuze the effect of the compos1t1ons in an additive or
synerg1st1c manner. Agents which may be effectlve in combination with the

compositions of the invention include other drugs and treatments which are known or

1 suspectecl to have a positive effect against the parasite. Examples of additional agents '

known ;to:be effective against one or more pathogenic parasites include benzidazoles,
nitrofurfurylidines, dimereaprols, suramins, pentamidines, melarsoprols, melarsen '
oxides,iqninines, sulfonamides, sulfones, chloroquines, pyrimethamines, entimony
sodium gluconates; sulfadlazines, and derivatives, modifications and combinations of
these agents Therapies using various combinations of these agents would be safe and
effectlve therapies against infections. Combinations of therapies may also be effect1ve in
inducing suppression or elimination of an infection such as compositions of the

invention plus radiation therapy, toxin or drug conjugated antibody therapy using

monoclonal or polyclonal antibodies directed against, for example, the parasite, infected
cells, gene therapy or specific anti-sense therapy. Effects may be additive, loganthmm
~ or synergistic, and methods involving combinations of therapies may be s1multaneous

protocols intermittent protocols or protocols which are empirically determmed

i : A -16-
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T reatment of F ungal Infections ; : o

In another embodiment, the present 1nvent1on provrdes a method for treatmg a .

: subJect or a b1ologlca1 product mfected w1th a fungal or fungal—hke orgamsm 1nclud1ng

« admmlstenng to the subject or blolo glcal product a therapeutically e effectlve amount of a

compound havmg structure A-Xn, where A is anucleotide, a nucleotlde analog, a

: nucle051de or a'nucleos1de analog, and where A has at least one amme N is either 1 or

P2, X 1s a thloammal having the structure —(CR1R2) -S-Rs or an ammal havmg the

ﬁ structure (CR4R5) O-R¢.Risa hydro gen, an alkyl, a substituted alkyl an alkoxy,

' substrtuted alkoxy, an aryl, or a substituted aryl

Compounds of the invention are effectlve against a wide Varlety of ﬁlngal and

_fungal-like organisms. Examples of 1nfect1ons Wthh can be treated. by compounds of the

' invention include the fungal diseases cand1d1351s tinea pedis, tinea corpons and tinea

capitis, asperg1110s1s muCOrmycosis, phaeohyphomycos1s crypt00000031s

coccldlcrdomycosm blastomycos1s hlstomycos1s paracoccidiodomycosis and the

Dematiaceous 1nfect1ons and the fungal like d1seases nocardiosis and actmomycosw

Treatable infections can occur in blood, ,t1ssues, the lymphatic system, the

respiratory and gastrointestinal tract, the major organs and organ systems, and the

dermis. Fungal‘ organisms which are sensitive to treatments include Candida krusei, C.

glabrata, C. albicans and C. tropicalis, the causative agents of candidiasis, and

' Trichophyton rubrum, T. mentagrophytes, T. tonsurans, Microsporum audouini, M.

canis and T. floccosum, the causative agents of tinea pedis, tinea corporis and tinea

capitis. Compounds can also be used to treat infections by Nocardia asteroides and N.

. brasiliensis, Ac‘unomyces israelii, specles of the genera Mucor, Ab51d1a Rhizopus,

'Cunmnghamella and unrelated Mucorales Aspergillus fumigatus, A. ﬂavus A. niger

“and other species of Aspergillus, Cryptococcus neoformans, Paracoccidioides

brasiliensis, Coccidioides immitis, Blastomycetes dermatitis and Histoplasma
capsulatum. In addition, diseases fwhich cfan be treated include, but are not limited to,
mycotic or mycotic-like infections of the %blood, lymph and tissues such as candidiasis,
aspergﬂlosis, mucormycosis, blastomycosis, cryptococcosis, blastomycosis,
histoplasmosis, coccidioidomycoéis and paracoccidiodo-mycosis, nocardiosis and

actinomycosis.
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' : Compositions of the mventlon can further include other anti- fungal agents
Examples of such. add1t1ona1 agents known to bc effective against one or more
pathogemc fungal and fungal- 11ke orgamsms 1ncludc flucytosine, mycoconazole
ﬂuconazole 1traconazole ketoconazole and gnseofulvm, antibiotics such as
amphotcrrcm B, sulfad1az1ne pemclllm chlortetracychne chloramphenicol,
streptomycm and other sulfonamldes and derlvatwes modifications and combinations
of these agents. Therap1es usmg vanous combmatmns of these agents would be safe and
effectlve theraples agamst 1nfect10ns Combmatlons of therapies may also be effective in
1nducmg suppression or ehmmatlon of an 1nfect10n such as compositions of the |
mventlon plus radiation therapy, toxin or drug conJ jugated antibody therapy usmg
monoclonal or polyclonal antibodies directed agamst for example, the orgamsm
1nfected cells, gene therapy or specrﬁc antl-sense therapy. Effects may be additive,
lo ganthrmc or synerglstlc and methods 1nvolv1ng combinations of theraples may be
s1mu1taneous protocols mterrmttent protocols or protocols which are empirically

determmed.

Treatment of Neoplastic Disorders | |
‘ ‘ In another embodiment, the present 1nvent1on provides amethod for treating a

subj ect or a biolo g1ca1 product infected havmg a neoplastlc disorder, including

- administering to the subject or biological product a therapeutically effectlve amount of a

compound having the structurc A-X,, where A is a nucleotide, a nucleotide analog, a
nucleoside, or a nucleoside analog, and where A has at least one amine. N is either 1 or
2. X is a thioaminal having the structure —-(CR;R;)-S-R3 or an aminal having the
structure ~(CR4Rs)-O-R¢. R is a hydrogen, an alkyl, a substituted alkyl, an alkoxy, a
substltuted alkoxy, an aryl, or a substituted aryl.

The neoplastic dlsorder may be any d1sease that can be characterized as a
neoplasm a tumor, a mahgnancy, a cancer or a disease which results in a relatively
autonomous growth of cells. The neoplastic d1sorder may be a leukemia, lymphoma,
sarcoma, carcinoma, neural cell tumor, squamous cell carcinoma, germ cell tumor,
und1fferent1ated tumor, seminoma, melanoma, neuroblastoma, mixed cell tumor,

metastatic neoplasia, neoplasia due to pathogenic infections or other malignancy.

i
«! i
b { i
O ‘ '
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i As With the embodiments described above‘ the compound can be formulated as

1

‘a compos1t10n and may contaln additional therapeutlc agents, such as ant1—cancer agents

Such therapeutic agents 1nclude for example, a chemotherapeutlc agent an alkylatmg

‘ agent a purine or pyrimidine analog, a vinca or v1nca-hke alkaloid, an etoposide or

| etopos1de -like drug, an antibiotic, a corticosteroid, a nitrosourea, an antlmetabohte a

? p1at1num based cytotoxic drug, a hormonal antagomst an anti- androgen an ant1-

; estrogen ora derivative, mod1ﬁcat10n or comblnatlon of these agents

: THERAPEUTIC ADMINISTRATION

10

Compounds of the present invention can be admlmstered to a variety of subj ects

in VlVO or to biological or food products ex vivo, e.g., to remove pathological

| contammants Subjects that may be treated include both human; and non-human

: subj ects Suitable subj ects include, but are not 11m1ted to, mammals such as a human,

dog, cat horse, cow, cattle, pig, sheep, goat, rodent camel, chicken, or 'wild animal. For

15

‘ example since parasitic infections are often transmltted to humans 1nd1rectly from

animals, treatment of animals is envisioned. Zoo animals such as monkeys (primates)

tend to acquire parasitic infections which are treatable with compositions of the

inven;tion Elimination of the parasite in the animallhost is an effective means for |

| ehmmatlng or preventing infections in humans. In addition, since'most fungal

20

| orgamsms can infect across species and genera boundanes elimination of the fungal

: organrsms in the animal is sometimes an effective means for eliminating or preventing

infections in humans. Zoo animals, such as penguins and monkeys, are typically

infected with a range of different fungal organisms and may be suitable subjects for the

: methods of the present invention.

25

Administration may be to an adult, an adolescent, a child, a neonate or an infant,

‘oreventoa subject in utero. Dosages range from between about 1 ng/kg subject weight
{

to about 50 mg/kg subject weight. Administration of the composition may be for a short

| term,l continuous or sporadic as necessary. Alternatively, administration may be for a

30

long term ranging from months to years. As eompositions of the invention are generally
safe and non-toxic at required dosages, this does not present a problem.

3 Compositions are administered in a manner which is most useful for the infection
belng treated. Useful methods of admmlstratlon include oral, parenteral, sublingual,

rectat or enteral administration, pulmonary absorption or topical application. Parenteral

i f -19-
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admimstratron may be 1ntravenously, subcutaneously, 1ntrapleura11y, 1ntracav1tar11y,
1ntramuscularly, mtra—arterrally, 1ntrathecally, ntraperitoneally or by direct 1 inj ectron or
other adminrstratlon directly to the site or sites of 1nfect1on Inj ectable forms of
admrmstrat1on are sometimes preferred for maximal system1c effect When long term
adm1n1strat1on by injection is necessary, medl—ports 1n-dwell1ng catheters or automatrc
pumprng mechanisms may be used. These devices prov1de direct and 1rnmed1ate access
to the artenes in and around the heart and other major organs and organ systems. For
example such devices are useful for treatlng parasitic diseases that infect organs and
organ systems such as the blood and tissue dwelling nematodes malaria,

!

trypanosomras1s and le1shman1a ' ;

| Another effective method of admlmstering composmons (e.g., to 1nfect10us sites)
may be by transdermal transfusion such as with a transdermal patch and other means of
d1rect contact ‘with affected tissues or by adm1n1strat10n (e.g., toan 1nternal 1nfectlon)
through an incision or some other natural or artificial opening into the body.
Compos1t10ns may also be admrmstered to the nasal passages as a spray Diseases
locahzed to the respiratory tract, the head and brain area are treatable in this fashion as
artenes of the nasal area prov1de arapid and efficient access to the upper areas of the
body Sprays also provide immediate access to the pulmonary system and the
bloodstream. 'Compositions may be administered as a bolus inj jection or spray, or
administered sequentially over time (episodically) such as every two, four, sin or eight
hours, every day (QD) or every other day‘(Q‘OD), or over longer periods of time as
necessary (e g weeks to months or for as long as it takes an infection to resolve or for
the subject's own system to be able to overcome an infection).

‘ Orally active compositions are preferred as oral admrnrstratmn is usually the
safest, most convement and economical mode of drug del1yery. 'Oral administration can
be disadvantageous because compositions are poorly absorbed through the
gastrointestinal lining. Compounds which are poorly absorbed tend to be highly polar.
Consequently, compounds which are effective, as described herein, may be made orally
bloavallable by reducing or eliminating their polarity thhout significantly
compromlsrng their functional activity. This can often be accomplished by formulating
a‘cor‘npos'ition with a complimentary reagent which neutralizes its polarity, or modifying
the compound with a neutralizing chemical group. Oral bloavallabllrty is also a problem

because drugs may be exposed to the extremes of gastric pH and gastric enzymes

:-20-
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These problems can be overcome m a similar) ‘manner by mod1fy1ng the molecular

;structure to be able to wrthstand very 1ow pH conchtrons and resrst the enzymes of the

;gastnc mucosa such as by neutrahzmg an ionic group, by covalently bonding an 10n1c‘- :

‘mteract1on or by stabilizing or removing a disulfide bond or other relatrvely lablle bond.
When the composrt1on is adm1n1stered orally, it may bein the form of a 11qu1d a
spray, a powder a pill, a tablet or a capsule. To facilitate oral admrnlstratlon |
compos1trons of the mventron will preferably 1nclude ﬂavormg agents and other agents
ito mcrease shelf- life. ‘ N
tAdm1mstratron by any method can be: accurately quan‘utated by measuring levels
of the compos1t10n from a sample of bodrly ﬂuld such as blood serum or plasma. ‘
'Effectlve serum levels of active components of the 1nvent10n are between about 0. Ol nM
to about 50 mM. When applied by direct contact, effective levels of active 1ngred1ent
may sometlmes be analyzed by determmmg concentration of the composrtlon in the
areas whrch are in close contact with the area of application. For example when apphed
toplcally to the skln effectrve levels may be determined from fluid or tissue samples of
the dermal tlssues within a few cent1meters under the area of apphcatlon In such cases,
composition strength may be predetermined and used as a concentrated solution.
Composmons can be administered by oral or enema formulatlons or by rectal
1mgat10n to maximize their contact with and effectiveness on the gastromtestmal

system In such cases, dosages are between about 1% to about 20% (Vol/vol ) or between

about 1 mM to about 100 mM. Doses are admrmstered until symptoms improve

sufficiently for the subject's immune system to resolve the infection (eg., parasmc or
fungal) or the parasite is killed or eliminated. Multiple and frequent dosing is not
problematic because the compounds of the invention are safe, non-toxic and ‘
physiologically stable. | |

P;ositive effects of treatment include a reduction of parasite,‘ parasitemia, or
fungal (or fungal-like) organism load' death or inactivation of the parasite or the fungal
(or fungal like) organism; decreased infectivity of the parasite; decreased infectivity or
spore-formmg ability of the fungal or fungal-like organism; or ehmmatron of the
parasite or fungal (or ﬁmgal -like) organism from the body. Preferably, the subject has a
parasitemia or infection which is reduced at least 100-fold, more preferably 1000-fold,
and, even more preferably is undetectable after treatment. Parasitemia or infection.may

be determmed by growmg parasrtes Or organisms, respectlvely, from brologlcal samples
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e |
obtamed from the Sllb_] ect suspected to be infected with the ‘parasite or organism into
surtable Cultures and countmg »the parasites or colonies which can be grown.
Alternatlvely, brologrcal samples are obtained from selected areas of the subject
suspected to be 1nfected and the ‘numbers of parasites or organisms visualized directly or
1nd1rectly under a mrcroscope or other suitable devise and counted. Fluorescent-
conJugated antrbodres may also be used in, for example an ELISA or other markers to
detect mycotrc or related antrgen or anti-antigen ant1bod1es or parasitic antigen or anti-
antlgen antlbodles ina brologrcal‘ sample to determine the degree of infection and the
effect of treatments. Co :

‘ Another embodlment of the invention is directed to compounds described above
Wthh can be used prophylactrcally For example, subjects exposed to areas where a
paras1trc fungal or fungal- hke d1sease is endemic may be conhnuously treated with
composrtrons to prevent a parasrtrc fungal or fungal-like infection from taking hold.
SubJ ects Who have been genetrcally screened and determmed to be at high risk for the
future development of an 1nfectron may also be administered compounds of the present
1nvent10n,‘possrbly begmmng at birth and possrbly for life. Administration may be by
any means descrrbed and dosages may be reduced in comparison to dosages required for
treatment Both prophylactrc and therapeutic uses are readily acceptable because these
compounds are generally safe and non-toxic at useful dosages.

| Another embodiment of the invention is directed to methods for the treatment of

biologrcal;products (e.g., suspected of being contaminated with a parasite). Products
which canjbe treated or pretreated include, but are not limited to, whole blood,
fractionated blood, ‘plasma,}serum, transplantable organs, living cells including bone
marrow, stem cells, primary cells surgically obtained and established cell lines, and
products derived from living cel}s. Products which can be derived from living cells
include blood products such as insulin, the blood clotting factors (e.g., Factor V, VIII,
VIII' IX, X, X1, X10), cytoklne's ?(e g., interferon ¢, 8, or 7; the interleukins I1-1, II- 2, II-
3, etc ), complement protems antibodies, immune system regulators, recombinant
protems and other macromolecular products. |

Treatment can involve contact of the biological product with a solution
compnsrng a compound of the present invention. Productslmay be sprayed, powdered,
sprinkled, ;misted, subjected t‘o, pressurizing conditions, subrnerged, coated or otherwise

ahinistered compounds of the invention to foster contact between the compound and

-22.
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’ the para51te fungal organism or fungal like orgamsm Contact may also be encouraged

by 1ncubatmg compounds of the. mvenuon with the product Incub ations may be |
performed at between about 0° C to about 50° C between about 4° C and about 37° C, |
and, in'a part1cular embodiment, at about room temperature ( 18°-22°C). For example,

» the brologrcal product, which may 'be living, is placed in a stenle container and sprayed

. or 1m1nersed in a solution or sp1ed W1th a powder contalmng a; derlvatlve compound at

| an effectlve concentrat1on The product is maintained in thi$ solutlon fora penod of

time as necessary to achieve the des1red result (e.g., effectlvely inactivate or destroy the

| paras1te or the infectious orgamsm) ‘This time period may be minutes to weeks, between ‘
about one mlnute to one week, and between about one hour to| one’ day The product 18

‘ then removed from the solution, Washed if necessary, and utrhzed as desired. As

: compos1tlons of the invention are generally safe; and non-tox1c removal of product may

not even be necessary, washing may not be necessary and the product may even be

| stored or shlpped in the composition. In such cases, composmons of the invention may

j also contaln additional components useful or desirable to accommodate the product

' dunng storage or shipping. |

| " For example, biological products such as blood and blood products are requ1red

: in Vast quantrtres world-wide 1nclud1ng areas of the world where parasitic, fungal or,

; fungal-hke diseases are endemic. Food and food products (salts and spices, sugar,

molasses sorghum alimentary paste, dairy products, oils) mcludmg grains and ‘

: vegetables (corn wheat, rice, barley, peas, soybeans), breads, frults (grapes, citrus fruits,
bananas, apples pears) and even ﬁsh and meats can be 51m11arly treated. Maintaining an
effectlve quant1ty of a compound exh1b1t1ng anti-parasitic or anti-fungal activity in such

| supphes may prevent the spread of paras1t1c fungal or fungal hke diseases from such

3 products Other products which are also required for medical uses include bone marrow

“and transplantable organs. Such products are typically obtamed locally under emergency
COI‘ldlthl’lS In such cases, there may be an undetected infection that would be passed to

the subj ect receiving the product. Prophylactlc treatment of these products would

alleviate this risk and, as compositions of the invention are effectlve against a 'broad

range of paras1tes, treatment only requires contact with this one composition. Multiple

treat'ments would not be required or could be significantly re:duced:, increasing the

overall chances of success for the therapy being administered to the subject.

o o
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The followmg examples are expected tobe 111ustrat1ve of the 1nvent10n and inno !

' !

way 11m1t the scope of the 1nvent10n

|
-
! ‘

S

ExampJe 1: Svnthes1s of Thioaminal Prodrugs of Cordycepin

. 5 A solutlon of Cordycepin (1eq), and thiol 1a-9a (3-4eq) 0.1 ml of aqueous formaldehyde
S 37 % \W/V 2 8-3.6eq.) and glacial acetlc acld in ethanol was heated under reflux for ;
overmght The products were concentrated under reduced pressure and
chromato graphed on a silica gel sand eluted with CHZCIZ/Methanol (8.5: 1 5 viv). o I '
Evapora‘uon of the appropnate fractlons afforded Cordycepin prodrug compounds 1b-9b

10 as whlte power. ' j f

HO
Thiol 1a-9a (RSH),

- CH,0, AcOH, EtOH,
reflux

)

0
2
///
-0

H

! : 1b R=CH,CH;

‘e * : 2b R=CH,CH,0H
3b R=C¢H;
4b R=4-CH,CgH,
5b R=4-CH;0C:H,
6b R=4-HO,CC¢H, ,
7b R=4-O,NC¢H,
8b R=4-AcNHC¢H,
9b R=2-Pyrimidyl

la Ethauethiol; 1b 6-N-(Ethanethio)methyl-Cordycepin, Cordy-104 (129mg, 37%)

1H-I\:]M}R (300 MHz, DMSO-Dg): 8 1.19 (t, J=7.5 Hz, 3H), 1.89 (m, 1 H), 1..92 (m, lH),'
15 2.63 (q,J=7.2 Hz, 2H), 3.50 (dd, J=12 Hz, J=3 Hz, 1H), 3.67(dd, J=12 Hz, J=3Hz, 1H), |
4.36 (m, 1H), 4.56 (bs, 1H), 4.75(s, 1.5H), 5.90(d, J= 6.3 Hz, 1H), 8.26(s , 1H), 8.42 (s,
1H). FAB-HRMS calcd for C;3H;sN503S (MH+) 326.1297, found 326.1287.

1
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{3a‘TIi1iop1&enol' 3b 6-N-(phenylthiol)methyl-Cordycepin Co'rdy 110 (210 mg, 57.2 %). 3

374, 1=6 Hz, 1H), 4.35(bs, 1H), 4.55(bs, 1H), 5.05(bs, 1.6H?), 5.90(s, 1H), 7.22(m,

I

;1H), 30(t, = 6 Hz, 2H), 7.44(d, 1=7.2 Hz, 2H), 8.28(s, 1H), 8.32(s, 1H). FAB-HRMS |
calcd for C17H19N503$ (MH+) 374. 1276 found 374.1287.

:4a p- Thlocresol 4b 6-N- (4-methylbenzylthlol)methyl Cordycepln Cordy-106 (238 5

Lo
[
-

(135 mg, 38 %).

i

|

[

!

'
l
s

| 1HNMR(3OO MHz, BOD): 8 1.13 s, 3H) 2.06(m, 1H), 238(m 1H), 2.81(t, J= 6Hz, :

l

{
b

PCT/US2003/038638

’23 2- mercaptoethanol 2b 6—N—(2-hydroxyethanethlo)methyl Cordycepm Cordy-105

2H), 3. 58(s, 1.83 H), 3.66 (dd, J=12 Hz, I= 3Hz 1H), 3.76(t, =6 Hz, 2H), 3. 97(ad,

J=12'Hz, J= 3Hz, 1H), 4.55(bs, 1H), 469(bs 1H), 4.86(bs, 18H) 5.98(d, I=3 Hz, 1H),
f8 19(s 1H), 8.60(s, 1H). BC.NMR (300 MHz, BtOD): 535 73,36.00, 63.91, 65.64,

78. 14 84.35,94.32, 142.87, 155.33, 156! 68 187.82. FAB I—IRMS caled for

C12H.17N5O4S (MH-) 364.1054, found, 364 1055.

NMR(3OO MEHz, DMSO): § 1.91(m, 1H), 2.26(m, 1H), 3.49(d, J= 6 Hz, 1H),

mg, 61.5 %).

g _NMR (300 MHz, EtOD): 8 2.03 (m, 1H), 2.26(s, 3H), 2. 38(m 1H), 3.64(dd, J=12
Hz, J=3 Hz, 1H), 3.94(dd, J=12 Hz,J= 3 Hz,1H), 4.54(m, 1H), 4.65(m, 1H), 5.06(bs,

1.7H), 5.96(d, J=3 Hz 1H), 7.02(d, = 6Hz, 2H), 7.34(d, J=6 Hz, 2H), 8.26(s, 1H),
8.45(s, 1H). *C-NMR (300 MEHz, E{OD): 21.08, 33.92, 46.90, 63.43, 76.29, 82.25,

'H-NMP (300 MHz, DMSO):  1.92(m, 1H) 2.25(m, 1H), 3.49 (m, 1H), 3.68(m, lH),

93.34, 121.14, 130.27, 133.37, 137.99, 140.62, 152.90, 154.65. FAB-HRMS calcd for
CigH2iN505S (MH:+) 388.1448, found 388.1443. |

113 (134.1 mg, 47.5 %).

:Sa 4-methoxybenzenethiol; Sb 6-N—(4-methoxybemothio)ﬁethyl-Cordycepin, C\ordy-

B

3.73(s, 3H), 4.37 (m, 1H), 4.57 (bs, 1H), 4.95(bs, 1.5H), 5.15(bs, 0.78 H), 5.71(d, 0.7H),
5.91(d, =7 Hz, 1H), 6.88(d, 1= 7.5 Hz, 2H), 740 (4, J=7.5 Hz, 2H), 8.31(s, 1H),
8. 49(s 1H), 8.65(m, 0.7 H). FAB—HRMS caled for C1sHsNsO,S (MEL+) 404.1403,

found 404.1393.
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(1716 mg, 51.3 %). |

e THNMR (300 MHz, DMSO): & 1. 92(m 1H), 223(m 1H), 3.53(m, 1H), 3.68(m, lH)
5 435(s, 1H), 4.56(s, 1H), 5.12(bs, 1H), 5.24(bs, 1.6H), 5.90(s, 1H), 6.18(s, 1H), 7.73(d,
=75 Hz, 2H), 8.13 (d, J=8Hz, 2H), 8.37(s, 1H), 8.45(s, 1H), 8.94(bs, 0.5H). FAB-
15

20

S o ‘
6a ?;-:mercaptqben'zoic acid; %6b 6.-£N-(1;;;;afa%enzdatethio)methyl—Cc;rdyc:epin; Cbrdy- )
114 | ST L o o
(1381mgmg,448%) 1o f'j o o o
H-NMR (300 MHz, DMSO) 51. 91(m lH) 2.23(m, 1H), 3.54(d, J—15 Hz, lH) 3.68
(d J=15 Hz, 1H), 4.36 (bs, ;lH) 456(bs IH) 5.08(bs, 2H), 5. 71(bs 0.56 H), 59l(s

1H), 7.28(t, J=7.5 Hz, 1H), '7 51(t J="7.5Hz, 1H) 7.78(d, J=7.5 Hz, 1H), 7.84, (d,

. 1=7.5 Hz, 1H), '8.36(s, 1H), 845(s 1H), 8. 87(bs O7H) 13.25(bs, 0.85 H) FAB- HRMS
B calcd for Ci5HaoNsOsS (ME) 4181195 found 418.1185.

7a 4- nltrobenzenethlol 7b 6—N—(4-n1trobenzylthlo)methyl Cordycepm Cordy-115

HRMS calcd for Cl7H19N6O3S (MH+) 419. 1134 found 419.1138.

. 8a 4- acetamldothlophenol 8b 6-N-(4-N-acetylbenzylthlo)methyl Cordycepln Cordy |

116) ; |
(145.1 mg, 49.6 %). "HNMR (300 MHz, DMSO): 3 1.92(m, 1H), zoz(s 3H), 225(m
1H), 353 (d, J=9Hz, 1H), 3.67(m, 1H), 4.36 (bs, 1H), 4.57(bs, 1H), 4.98(bs, 1H),

" 5.13(bs, 0.8H), 5.70(d, J=2Hz, 0.6H), 5.90(s, 1H), 7.38(d, J=6 Hz, 2H), 7.51(d, J=6 Hz,

25

30

2H), 8.31(d, J=1Hz, 1H), 8.41(bs, 1H), 8.68(bs, 0. 9H), 9.98(s, 1H). FAB-HRMS calcd

~ for 019H23N604S (MH+) 431.1485, found 431, 1502.

Example 2: Enhanced Stabilitv of Thioal‘ninal Prodrugs

To analyze the half- hfe of thioaminal prodrugs HPLC stability analysis was
performed on the followmg Cordycepm prodrugs Solutions (0.63mM) of each of the
following compounds was prepared in 30mM phosphate buffer (pH 7.3) containing 5 %
DMSO and incubated at 37 C The timé point at which half of the Cordycepin prodrug
was hydrolysed to form the parent nucleoside analog, Cordycepin (t %) is listed 1n Table

1 below.

-26-
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P Table 1 o

Cerdycepin Prodrug ) t % (hours) '
1b ‘ >72i ‘
2b >72
3b 15
5b 17
7b 1
8b 28

Example 3: Blologlcal Activity of Thloammal Prodrugs

The in vitro cytotoxicities of thloamlnal prodrugs of Cordycepln were compared ‘
to the parent drug Cordycepin using a standard MTT assay of cell viability (Hansen et
al. (1989) J. Immunol. Meth 119:203-10). Leukemia cell lines growing in the |
exponentlal phase (MOLT HL-69, and CEM/CI) were plated at a final concentratlon of
1x10° cells/ml and exposed to serial dilutions of the Cordycepin prodrugs In a subset of
the experiments (denoted by “+”), the cells were preincubated with 1uM of the ADA
inhibitor 2’-deoxycdforﬁ1ycin for 30 minutes prior to addition of prodrug. Cell viability |
was deterrnmed after 1ncubat10n for 5 days at 37 C by addition of 3-(4,5-
dimethylthizaol-2-yl)-2, 5 dlplenyl-tetrazohum dye. IC50 was deﬁned as the drug
concentration that reduced cell viability 50% in comparison with the appropriate control
As Table 2 below illustrates, the Cordycepin prodrugs 3b, 4b 5b and 8b were more
potent cytotoxic agentsthan Cordycepin, both in the presence and absence of ADA
inhibitor. Fprthermore,‘ the compound 3b was not significantly attenuated in the absence
of ADA inhibitor, suggesting that it does not require protection from ADA in order to

retain its biological activity.

-27-



WO 2004/050678 PCT/US2003/038638
i ! ' ! ' T b .

: I . < i |
i N ‘

Table2 3

,
|
; % ; SN ‘
. MOLT | "6 | CEMICI
' CIcso@vy I 1cso @n | Ics0iM)
I L. ‘ + - | RN | - 4+
Cordycepin | 80 21 T [0 T2 |2
3 8 16 T2 (7 |55 |2
4] 35 RN ,17";1 24 5
B NA WA |NA  |NA |15 3
RETE N/A NA  |NA-  |NA |15 3

The contents of all references, pendlng patent applications and pubhshed lpatents c1ted
b throughout this apphcat1on are hereby expressly 1ncorporated by reference
5 ‘
. EQUIVALENTS , |
Those skllled in the art will recognize, or be able to ascertaln usmg no more than
routine experimentation, many equlvalents to the specific embodlments of the 1nvent10n
| described herein. Such equlvalents are 1ntended to be encompassed by the followmg

{

10; Iclalms

' ;
1

' -28-
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Weclalm ’ 3 ; | i
1. A compound havmg the structure i

| } AX,

Whereln Ai 1s selected from the group consisting of a nucleotlde a nucleotlde
analog, a nucleos1de and a nucleos1de analog, and whereln A compnses at least one
amme Wherem the amme is derivatized w1th at least one X;

1 wherein n 1s elther 1 or2; and
| wherein each Xis 1ndependent1y selected from the group, con51st1ng of an aminal
having the structure (CR4R5) O-Rg, a thioaminal having the structure -(CR;Ry)- S-R3,
and combinations thereof, wherein each R is the same or different and is independently
selected from the group consisting of a hydrogen, an alkyl, a substituted alkyl an

alkoxy, a substltuted alkoxy, an aryl, and a substituted aryl

2. The compound of claim 1, wherein A comprises a nucleoside analog, |
3. . The compound of claim 1, wherein A comprises cordycepin. .
4. + The compound of claim 1, wherein A is selected from the .group consisting of

adenosine, cytosine, ﬂuoroarabinoﬂuorcytosine, ganciclovir, trimethoprim, penciclovir,
valaciclovir, vidarabine, arabinofuranosyladenine (Ard—A), atrabinOCytidine, acyclovir,
arabinoﬁlranosylcytosine (Cytarabine, Ara-C), arabinofuranosyl-3-fluorocytosine,
cytidine, 2’-deoxycytidine, famciclovir, flucytosine, S;ﬂuorocytosine, 5’-fluoro-1°,2’-
dionalane cytosine (B-D-FDOC), 5-fluoro-2°3’-dideoxycytidine (D-D-FddC), 5-fluoro-
2’,3"-dideoxy—2’,3’7didehydrocytosine (B-D-Fd4C), and 5-ﬂuoro-3’deoxy—3’thiacytidine
(B-D-FTC). | |

5. The compound oficlaim 1, wherein A is selected from the group cons1s1ng ofa
nucleotlde a monophosphate nucleotide, a dlphosphate nucleotide, a tnphosphate

nucleotide and analogs thereof.

6. The compound of claim 1, wherein the amine is a primary or secondary amine.

29
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~ the compound is | adm1mstered to a subject.

] P Lo . .. .
7. iThe compound of claim 1, wherein the amine is an aromatic arhine.
I
R N
8. A compotind having the following structure:
~ I

NX,,

Y

7
%
O

H

wherem n is elther 1 or2; and

wherem each Xi is mdependently selected from the group consisting of a

. hydrogen, an ammal havmg the structure -(CR4Rs)-O-Rs, a thioaminal having the
structure -(CR1R2) S-R3,'and combinations thereof, wherein at 1east one X is the

"+ thioaminal or | the aminal, wherein each R is the same or different and is mdependently ‘

? selected from: Ethe group consisting of a hydrogen, an alkyl, a substituted alkyl, an
‘ alkoxy,;asubs’titdted alkoxy, an aryl, and a substituted aryl. |

i
i

9. The compound of claim 1 or 8, wherein X is capable of bemg hydrolyzed when

10.  The comﬁound of claim 1 or 8 , further comprising a targeting ageht. [
1 E 1 ‘ |
11.  The compound of claim 10, wherein the targeting agent is selected from the

group con51st1ng of an antibody, an antibody fragment, a hormone, an aptamer and a

1

peptide.

1

12. The co'm;l,ouhd of claim 1 or $, wherein the compound comprises a solubility

- agent to modujlat{a the solubility of the compound.

-30 -
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f - 13, The compound of clalm 12, ‘Wherein the solub1hty agent is selected from !the

b groupnconsmtmg of polyethylene glycol (PEG), phophate esters, phosphorarmde lesters, '

ammo a01d esters, t-BOC amino acids, lipids, ster01ds amme—contalmng carbon chams
E amlno acids, and peptides.

50 X

; 1;4. The compound of claim 1 or 8, wherein n is 2, and wherem each X compnses a

' th10am1nal ‘ .

i i

15,1 The compound of claim 1 or 8, wherein n is 2, wherem one X comprises an

10 ammal and wherein the other X comprises a thloammal
i 16. 3 A composition comprising the compound of claim 1 or 8 and a carrier.

' 17. . ' The pharmaceutical composition of claim 16, further comprising a second

5 therap‘eutic agent.

18. - The compound of claim 8, wherein the compeund comprises the following

- structure:

20

-31 -
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19 The c6mpound of claim 8, wherein the comiabund ﬁ'coinpﬁ‘se‘s the following

structure:

}

20 The c‘ompiound of claim 8, wherein the compound compfises the following

SffllCtLlIG .

OH

10
21. A me’éhpdffor protecting a compound comprising at least one free amine, the
method comﬁri\sirllg‘derivatizing the amine with at least one subs:titueﬁt, wherein the
sﬁbstituent is‘s'ele"ct‘e'd from the group consisting of an aminal ha\}ing the structure -
(CR4R5)-O-R6, a thioaminal having the structure —(CRlej-S-Rg, and combinations

15  thereof, Wherfain éach R is the same or different and is independently selected from t:he j
group consisting éf :a hydrogen, an alkyl, a substituted alkyl, 'an alkoxy, a substituted
alkoxy, an aryl, and a substituted aryl. S
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22. The method of claim 21, wherein the method protects the compound from

1 i ) d l

deactwauon : : ' : | - !
; '
b

23. The meéthod of claim 22 wherein the method protects the compound from

deactlvauon by a deammase

t
)
t

, \ . i . ' |
. . . ¥

24, Tne method of claim 21, wherein the amine is a primary orlscéondar& amine.

25. Tne method of claim 21, wherein the amine is an aromatic amine.

26.  Amethod fop treating a subject suffering from a neoplastic disorder comprising
adm1n1ster1ng to the subJ ect a therapeutically effectlve amount of a compound
compnsmg the followmg structure:
' A-Xqy .

wherein A is'selected from the group consisting of a nucleotide, a nucleotide
analog, a nucleoside; and a nucleoside analog, and wherein A comprises at least one
arnine, wherein the amine is derivatized by at least one X

wnerein n is either 1 or 2; and

‘ wnereill each Xis indé;pendently selected from the group consisting of an aminal

ha&ing the structure -(CR4R5)-O-Rg, a thioaminal having the structure -(CR;R;)-S-R3,
and combinations thcreof, wnerein each R is the same or different and is independently

seiected from the group consiéting of a hydrogen, an alkyl, a substituted alkyl, an
alkoxy, a substituted alkoxy, an aryl, and a substituted aryl.

27. The method of claim 26, wherein the neoplastic disorder is selected from the‘
group consisting of a leukemia, lymphoma, sarcoma, carcinoma, neural cell tumor,
squamous cell carcinoma, germ cell tumor, undifferentiated tumor, seminoma,
mélanomu, neuroblastoma, mixed cell tumor, metastatic neoplasia, terminal
deoxynucleotidyl transferase-positive leukemia, or terminal deoxynucleotidyl -
transferase-positive lymphoma, and neoplasia due to pathogenic infections and

malignancy.
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28. | A method for treating a subject or a blOlO grcal product infected w1th a parasne

-compnsmg adnnmstermg to the subject or the brologlcal product a therapeut1ca11y

effective amount ofa compound comprising the followmg structure
A-X, ‘ |

whereln A is selected from the group con31st1ng ofa nucleotrde a nucleotlde

[

analo g a nuc1e031de and a nucleoside analog, and wherem A compnses 'at least one
amlne Wherem the amine is derivatized by at least one X;

wherein n is either 1 or 2; and

‘wherein each X is independently selected from the group consisting of an aminal

having the structure -(CR4Rs)-O-Rg, a thioaminal having the structure f(CRle);S-Rg, ‘

and fcombina‘tions thereof, wherein each R is the same or different and is independently

selected from the group consisting of a hydrogen, an alkyl, a substituted alkyl, an
alkoxy, agsubstituted alkoxy, an aryl, and a substituted aryl.

1

29. The method of claim 28, wherein the parasite is selected from the group

consisting of trypanasonal parasite, trypanasonal brucei, trypanasonal cruzi, plasmodium.

parasite, plasmodium falciparum, plasmodium vivax, plasmodium ovale; and

plas'rnoditim malarie.

30.  The method of claim 28, wherein the subject has a parasitemia which is

undetectable after treatment.

1

31. A‘method for treating a subject or a biological product infected with a fungal or

i

fmrgal—like organism comprising administering to the subject or the biological product a

therépeutically effective amount of a compound comprising the following structure:
AX, .

wnerein A is selected from the group consisting of a nucleotide, a nucleotide
analog, a nucleoside, and a nucleoside analog, and wherein A comprises at least one
amine, wherein the amine is derivatized by at least one X;

wherein n is either 1 or 2; and

Whereln each X is independently selected from the group cons1st1ng of an aminal
havmg the structure -(CR4R5)-O-Rg, a thioaminal 'havmg the structure ~(CR1R2) S-Rs,

and combmatlons thereof, wherein each R is the same or different and is 1ndependent1y

-34 -
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Co <
selected from the group con51st1ng ofa hydrogen an alkyl a subst1tuted alkyl an

i 1

alkoxy, a subshtuted alkoxy, an aryl and a subst1tuted aryl.

? ; i 1 f . n ‘ 3 |
1 H ! ' l i

32,0 . The method of clalm 31 Wherem the subject has an orgamsm load which is

reduced at least 100-fold after treatment, W
! I ‘ ! ; l l
R ‘

33. The method of claim 31 Wherem the subject has a mycos1s which is undetectable

aﬁer treatment ‘ c . . f ]
i o | ; ' }
r

. i

|

v

|
l
\
~
i
I

1

1
'

34, ‘The method of claim 3 1, wherein the ﬂmgal-‘,organism is a'eukaryotic organism.

‘35 The method of claim 31 whereln the orgamsm is selected ifrom the group
consmtmg of Candida kruse1, C. glabrata, C. alblcans and C. troprcahs C. parapsﬂosi,ls,'
Tnchophyton rubrum, T. mentagrophytes, T tonsurans Microsporum audouini, M.,
canls and T. ﬂoccosum Nocardia asteroides and N. brasiliensis, Actlnomyces 1srae111
spemes of: the genera Mucor Absidia, thzopus Cunnmghamella Zygomycetes, -
Asperglllus fumigatus, A. flavus, A. niger, spemes of the genera Asperg111us
Crypttococcus neoformans, Paracoccidioides brasrhen51s Coccidioides 1mm1t1s

Blastomycetes dermatitis and Histoplasma capsulatum
l |

i

‘36 The method of claim 31 wherein the fungal-hke organism is a specres of the

genera Actmomyces or Nocardia.

i
0

i
i
1 b
i

The method of any one of clalrns 26, 28 or 31, wherein each Xis capable of

371

i

belng hydrolyzed When the compound is adm1mste1'ed to a subject.

38 The method of any one of claims 26 28 or 31, wherein the compound furthe1
comprlses a targeting agent ‘ ‘ ‘
39. The method of clalm 38 whereln the targeting agent is selected from the group

cons1st1ng of an antrbody, an antlbody ﬁagment a hormone, an aptamer and a peptide.

iii o
. o ,
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40. ' Themethod of any one of claims 26, 28 or 31, wherein the compound comprises

a solubilitfy hgent to modulate the solubility of the compo;und.
: E | : y ‘ |

41. T\h;e:compo‘und of claim 40, wherein the solubility agent is selected from the

group cons1st1ng of polyethylene glycol (PEG), phophaté esters, phosphoramlde esters,

amino ac1d esters, t-BOC amino acids, lipids, ster01ds amme-contammg carbon chains,

ammo ac1ds and peptides.

4. The ‘method of any one of claims 26, 28 or 31, wherein A comprises a nucleosidé

analog..
43. THe method of claim 26, 28 or 31, wherein A compriées cordycepin.

44.  Themethod of any one of claims 26, 28 or 31, wherein the compound is
administered parenterally, sublingually, subcutaneously, intramuscularly, intrathecally,
intraperitoneally, intrapleurally, enterally, by pulmonary absorption or by topical

applicafion.

45.  The method of claim 44, wherein the parenteral e{dministration is by intravenous
injection. -
46. The method of any one of claims 26, 28 or 31, wherein the compound is

administered daily for multiple days.

47. ’i‘ﬁe method of any one of claims 26, 28 or 31, wherein the therapeutically
effective amount of the compound is between about 1 ng/kg subject weight to about 50

mg/kg subject weight.

48. The method of any one of claims 26, 28 or 31, wherein treatment results in a
compound concentration in at least one measurable fluid of the subject of between about

0.1 nM toiabout 50 uM.

I
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| 49.% The method of : any one of clalms 26 28 or 31 wherein the: amme is a primary or

: secondary amme

|‘|‘¢ ) \ ' ' ) . )
;l

50. The method of any one of clalms 26 28 or 31, wherem the amine is an aromatlc

amme I |
b ,

, o S

51.£ ; The method of clalm 28 or 31, Whelem the biological product comprlses 11V1ng

cells ; 3 .
i o C
o

B o il
1 | |
: i
i . )

52. Thé method of claim 51, wherein the living cells are selected from the group

: cons1st1ng of whole blood fractionated blood, plasma, sentra, bone marrow and

transplantable organs

ot : i ’ . i
I i ' C :

53., ‘The method of claim 28 or 3 1, wherein the biological prodﬁct is a food product..

54..  The method of claim 53, wherein the food broduct is selected from the group
con31st1ng ofrice, Wheat barley, corn, soybeans, breads, oils, sugars, spices, da1ry
products ahmentary paste vegetables and fruit.

1

55.  'The method of claim 28 or 31, wherein the biological product is derived from

; 1ivfng cells.

56.; The method of claim 55, wherein the biological product derived from living cells

is sélected from the grdup consisting of cytokines, antibodies, immune system

- regulators, recombinant proteins and blood products.

57 :Th'e method of claim 28 or 31, wherein the biological product is incubated in a |

, solutiolnlcomprisving the compound.

58.  The method of claim 28 or 31 , wherein the biological product is powdered with a

powder comprising the compound.
t !

-37.



WO 2004/050678 PCT/US2003/038638

15

20

25

30

59 ! ‘The mefthod‘of any:o;neéof clalms 26, 28 or 31, wherein the subject is a'mammal.

10

[ ;
‘ H H
i

i

PR !
e . . v
l 'l i

60 | 1 | ,The method of clalm 59 whereln the mammal 18 selected from the group

cons1st1ng of humans goats, camels dogs cats cattle monkeys, horses plgs and

7
rodents : , e
. ! ' ’ . i ' ' . |

l” : -w'?;,

6!1 2 The method of any one of cIalms 26, 28 or 31, further compnsmg co- | | !
.admlmsterlng the compound W1th a second therapeuuc agent.
P ! ,
’62 A method for protectmé a ﬂee amme icomprising derlvatrzmg the amine Wlth at
least one, substltuent selected from the group consisting of an ammal a thioaminal, or a
,combmatlon thereof.
L ‘ z

63. . ;The method of claim 62, Wherein the thioaminal comprises the structure
—(CRle) S-R3, wherein each R is the same or different and is independently selected
from the group consisting of a hydro gen, an alkyl, a substituted alkyl an alkoxy, a
subst1tuted alkoxy, an aryl, and a substltuted aryl

| :

6‘4 The method of claim 62, wherem the aminal compnses the structure

(CR4R5) O-Rs, wherein each R is the same or different and is 1ndependently selected
{from the group cons1st1ng ofa hydrogen an alkyl, a substituted alkyl, an a]koxy,
‘subst1tuted alkoxy, an aryl, and a substituted aryl.
‘65’ . A method for protectmg a nucleosrde a nucleotide or an analog thereof, wherein
the nucleoside, nucleotide or analog comprises at least one amine, comprising |
.denvatlzmg the amine w1th at least one substituent selected from the group consisting of

1

N l ] . . ' . .
‘an aminal, a thioaminal, or a combination thereof.

66..  The method of claim 65, wherein the thioaminal comprises the structure
—(CRle) S-R3, wherein each R is the same or different and is 1ndependently selected
‘from the group: cons1st1ng of a hydrogen an alkyl, a substituted alkyl an alkoxy,
‘subst‘ltuted alkoxy, an aryl, and a subst1tuted aryl.
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Z %67 X The method of cla1m 65, wherem the ammal compnses the structure

g (CR4R5) O-R5, Wherem each Ri 1s the same or dlfferent and is mdependently selected
from the group cons1st1ng of a hydro gen,: an alkyl a substltuted alkyl, an alkoxy,

subst1tuted alkoxy, an aryl and a, substltuted aryl ‘

. :Z<' :
t‘-t | ‘

1168. ! A nucleot1de nucleos1de or analog thereof wherein the nucleotide, «nucleomde or
i |
analo & compnses at least one amine, and wherem the amine is derivatized w1th at least

.one subst1tuent selected from the group ‘cons1st1ng of an aminal, a thloammal ora

; rcombmatlon thereof. | |

; 69. The nucleot1de nucleos1de or analo g of claim 68, Wherem the thloamlnal

‘ compnses the structure —(CRle) -S-R3, wherem each R is the same or dlfferent and is
mdependently selected from: ithe group con51st1ng of a hydro gen an alkyl, a substltuted
‘alkyl, an alkoxy, a substltuted alkoxy, an aryl, and a substituted aryl.

70. | The nucleotide, nucleoside or analog of claim 68, wherein the amin:alvcompn'ses
~the structure -(CR4R5)-O-Rg, wherein each R is the same or different and is
1ndependently selected from the group cons1st1ng of a hydrogen, an alkyl, a substltuted
alkyl an alkoxy, a substltuted alkoxy, an aryl and a substltuted aryl.

[
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