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Vi ramwomee/60379 (1 CN 3142) In yet anot her aspect of the ipcTaArsolas4s a

pharmaceutical conposition conprises a therapeutically effective anmount of

a Formula 1 carboxam dine, or a pharmaceutically acceptable ester or salt
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For mul ac VB Rah A4S plieotaRt i b 2R sbE niREPRID Bl ROERRNEN ot her
t hi ngs, rhbddl&ix%o'ﬂy’gﬁm et DREpEREPRUNVE t&bnd #iofher kéhdko HaYe HBindsRY t O
treat an WO 01160379 14 J U. L ,~~~fl 3 PCT/US01/40148 infection, an

i nf est atdffeqt. Among ether thingspporae neglensides dlags tendrtp gonexaiy swpresapr induce bothor an
aut oi e dis .. Bri.ef scri.ptian of the W hg..Fi.gure I §.an

exenpl aryPe e kv T o Fidfeh e sbreeh RIS utue TPRy (o

For mul a ghd Typ@2reladve fo écHotdh acrlatideRilewkiodbsed. the ef fect of contenpl ated
and ot her conpounds on Type 1 cytokine synthesis in SEB-activated human T

cells. Figure 3 is a graphical depiction of the effect of 0.625 - | O-tM
concent r at i onVigdmidingd¥ (1 dhptahadurapesybd 2t trigzoleyhearboxamidicierhydmehidrige) s i n

SEB- actiyvated human T cells...Eigure 4 is a graphi cal i cti f the
tect drebeeARamchYER C8 Attty e ol EpBReatRin MR Wike. ' Frgure s
i's a groywikewkkidRPKCRbBIAS, 6. . haRe K W ESIBQRR.S/, M. PRak., 181985-957, 1973; R.
contenpl at ed and ot her conpounds on Type 1 cytokine synfhesis in

SEB- act i WaBiswehly i Huldmpn,d. IndamarddD DésRifatptntbwral Research, 10, 193-208,
1988; B. Gabrielsen, M. J. Phelan, L. Barthel-Rosa, C. See, J. W. Huggins, D. F. Kefauver, T.

P. Monath, M. A. Ussery, G. N. Chmurny, E. M. Schubert, K. Upadhya, C. Kwong, D. A.

. Carter, J. A. Secnist II1, J. J. Kirsi, W. M. Shannon, R. W. Sidwell, G. D. Kini, R. K. Robins,
J. Med. Chem., 35, 3231-3238, 1992). In addition, Viramidine™ like Ribavirin is an inhibitor
of IMP dehydrogénease (R. C. Willis, R. K. Robins, J. E. Seegmiller, Molecular
Pharmacology, 18, 287-295, 1980). Furthermore, preliminary toxicology studies suggests
that Viramidine™ is less toxic than ribavirin (D. Y. Pifat, R. W. Sidwell, P. G. Canonico,
Antiviral Research, 9, 136, 1988). Also, recent studies at our lab (R. Tam, K. Ramasamy,
ICN Pharmaceuticcals, Inc.,unpublished results, 1999) revealed that Viramidine™ and
ribavirin exhibited similar immunomodulatory properties. These results coupled with low
bioavailability and the toxicity associated with ribavirin prompt us not only to develop
Viramidine™ for other viral diseases but also to prepare other derivatives of ViramidinéTM,
including the synthesis of prodrugs of Viramidine™, and screen them as potential antiviral

agents.

The effect of other nucleoside analog compounds on selectively modulating
lymphocyte responses relative to each other has not been previously studied or documented.
We have discovered that the bimodal effect, or selective modulation of Type 1 and Type 2
responses relative to one another, also occurs after administration of other nucleoside analog

compounds, such as pro-drug forms of the compounds.
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joins the r ' Thexl Inf i n
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pharmacological properties of the molecules. This strategy has been very successfully used in

cases where the prodrug derivatization involves converting a carboxyl or a hydroxyl
functional group into an ester, which can be readily hydrolyzed in vivo either chemically, or
enzymatically. The promising prodrug concept, we anticipate that the introduction of other

moieties in the parent drug would increase the bioavailabilty, adsorption and antiviral effects.

Despite the existence of as-yet undefined mechanisms, we have discovered that
enormous potential benefits can be derived from selective modulation of Type 1 and Type 2
responses relative to each other. We have concluded, for example, that specific modulation of
Type 1 relative to Type 2 can be useful in treating a wide variety of conditions and diseases,

ranging from infections, infestations, tumors and hypersensitivities to autoimmune diseases.
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ternms "inmunonodul ator” and "nodul ator™ are herein used interchangeably and
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will restore i fe T UNCTIon' t o ot mal Y evers o or “inet ease Mimfine TUnct i on
above noggimounay,shich isprodaigs, theéir eerapfends @sdsahé eirthdsis. The conpounds of
Formula 1 may have multiple asymetric centers. Accordingly, they may be
prepared in either optically active formor_as a racemc m xture. The scope
of the i nventngmeaspest ebeadeEntAD. hersiafpproxided nyelsetde anuog ¢rimprauadae!

opti cal li-‘@ﬁ{mif' and non racem c mxtures thereof as well as the racemc
forms of e conpounds of Formula 1. The term"a" and "[i" indicate the
specific stereochem cal configuration of a substituent at an asymmetric
carbon atomin a chem cal structure as drawm.HGihe term "enantiomers"” refers
to a pair of stereoisoners that are non-superinposable mrror inmages of
each other. A mixture of a pair of enanti Ninal |l ratio, is a
"racem c" mxture. The term"isoners" refers/to\ di fferent conpounds that
have the sane formula. "Stereoisoners" are i (Nférs that differ only in the
way the atons are arranged in space. yg 0

OH OH

Formula 1 - Viramidine™ (ICN 3142)

In yet another aspect of the invention, a pharmaceutical composition comprises a
therapeutically effective amount of a Formula 1 carboxamidine, or a pharmaceutically

acceptable ester or salt thereof admixed with at least one pharmaceutically acceptable carrier.

In yet another aspect of the invention, a pharmaceutical composition comprises a pro-
drug form of a Formula 1 carboxamidine, or a pharmaceutically acceptable ester or salt

thereof admixed with at least one pharmaceutically acceptable carrier.

In a further aspect of the invention, a compound according to Formula 1 is used in the
treatment of any condition which responds positively to administration of the compound, and
according to any formulation and protocol which achieves the positive response. Among

other things, it is contemplated that compounds of Formula 1 may be used to treat an
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3-Cyano-1-(2,3,5-tri-Oacetyl -, ~D-ribofuranosyl)-1,2,4-triazole (7): A
mXturemeribé‘smaﬂoﬂoztmemfmﬁgl e (18.8 g, 200 nmml) (6),
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extract was washed with sat. NaHCO3 (300 ni), water (200 niL) and brine (
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(SO0 nL). This organic solution 10
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Schenme 2 NH. NCI HzN O~ Reunoi cacid- O HO OH

The term “protecting group” refers to a chemical group that is added to, oxygen or
nitrogen atom to prevent its further reaction during the course of derivatization of other
moieties in the molecule in which the oxygen or nitrogen is located. A wide variety of
oxygen and nitrogen protecting groups are known to those skilled in the art of organic

synthesis.

The term “lower alkyl” refers to methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, i-
butyl or n-hexyl. This term is further-exemplified to a cyclic, branched or straight chain from

one to six carbon atoms.
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3: NHHNCI HNTIrN NI " NO Ro- 0O HOOHR = CHz-(CH )~3-CH3 R = F.u”-u
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Scheme 3 12 WD 011 60379 PCT/ US0114014~ '~ ~ U L 2003 Most of these

conpounds may be obtained as described (C. Sergheraert, C. Pierlot, A
Tartar, Y. HdihetgrmMary@refersrtio,a mondxadent mmrateéﬁrorﬁa&—ﬁﬁmcyéﬁtsyadlcsynt hesi s

of cou ri.n-base rodrug formof Vira eTMrra asfollovvs

"ayipe el 08 f6-hopie YioF cprcpRioned REEEE-maRh RO R & - °0 PO o
Schemi‘ 4 A%zﬂ@&Cshgstﬁﬁreer\ﬁuﬁrﬂr@msrb%r mri %ﬂ&@rmwmyuﬂo._forﬁs because of
possi bl e i nvol'venent of a stéreosel ective transporter Am no acid

derivatives of Viram di neTM coul d be synt hesi zed as shown bel ow. -~.
EDC/ DVAPI Vi r dibiedene " tetoxatyede” Acfeds 1o 2 mpoig\alentsatiratedoorainSatisated carbogysis HzN

NN O Amriocal %avmgg)t least one hetero atom, such as N, O, S, Se or P, within the ning, each
available position of which can be optionally substituted or unsubstituted, independently,

with hydroxy, oxo, amino, imino, lower alkyl, bromo, chloro, and/or cyano.

The term “monocyclic” refers to a monovalent saturated carbocyclic radical having at
least one hetero atom, such as O, N, S, Se or P, within the ring, each available position of
which can be optionally substituted, independently, with a sugar moiety or any other groups
like bromo, chloro and/or cyano, so that the monocyclic ring system eventually aromatized

[e.g., Thymidine].

The terms “immunomodulator” and “modulator” are herein used interchangeably and
refers to natural or synthetic products capable of modifying the normal or aberrant immune

system through stimulation or suppression.

The term Veffective amount” refers to the amount of a compound of formula (1) that
will restore immune function to normal levels, or increase immune function above normal

levels in order to eliminate infection.

The compounds of Formula 1 may have multiple asymmetric centers. Accordingly,
they may be prepared in either optically active form or as a racemic mixture. The scope of the
invention as described and claimed encompasses the individual optical isomers and non-

racemic mixtures thereof as well as the racemic forms of the compounds of Formula 1.

The term “o” and “B” indicate the specific stereochemical configuration of a

substituent at an asymmetric carbon atom in a chemical structure as drawn.

The term “enantiomers” refers to a pair of stereoisomers that are non-superimposable
mirror images of each other. A mixture of a pair of enantiomers, in a 1:1 ratio, is a “racemic”

mixture.

The term “isomers” refers to different compounds that have the same formula.

“Stereoisomers” are isomers that differ only in the way the atoms are arranged in space.
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OH OH

Formula 1 - Viramidine™ (ICN 3142)

wherein the chemical configuration of the compound is in the L-configuration or the D-
configuration. An exemplary synthesis of contemplated compounds (here: Viramidine™)

may follow a procedure as outlined below and shown in Figure 1.

3-Cyano-1-(2,3,5-tri-O-acetyl-3-D-ribofuranosyl)-1,2,4-triazole (7): A mixture of
3-cyano-1,2,4-triazole (18.8 g, 200 mmol) (6), 1,2,3,5-tetra-O-acetyl-F-D-ribofuranose (63.66
g, 200 mmol) and bis(p-nitrophenyl)phosphate (1 g) were placed in a RB flask (500 mL).
The flask was placed in a pre-heated oil bath at 165-175° C under water aspirator vacuum
with stirring for 25 minutes. The acetic acid displaced was collected in a ice cold trap that is
placed between aspirator and the RB flask. The flask was removed from the oil bath and
allowed to cool. When the temperature of the flask reached roughly to 60 — 70° C, EtOAc
(300 mL) and sat. NaHCOj3 (150 mL) were introduced, and extracted in EtOAc. The aqueous
layer was extracted again with EtQAc (200 mL). The combined EtOAc extract was washed
with sat. NaHCOj; (300 mL), water (200 mL) and brine (150 mL). The organic extract was
dried over anhydrous Na;SO, filtered and the filtrate evaporated to dryness. The residue was
dissolved in ether (100 mL) which on cooling at 0° C for 12 h provided colorless crystals.
The solid was filtered, washed with minimum cold EtOH (20 mL) and dried at high vacuum
over solid NaOH. Yield: 56.4 g (80%). mp 96-97° C. 'HMR (CDCly): §2.11 (s, 3H,
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1-4-D-Ribofuranosyl-1,2,4-triazole-3-carboxamidine (Viramidine™)

Hydrochloride (8): A mixture of (7) (14.08 g, 40.0 mmol), NH,CI (2.14g, 40.0 mmol) and
anhydrous ammonia (150 ml) was heated in a steel bomb at 85 °C for 18 h. The steel bomb
was cooled, opened and the contents were evaporated to dryness. The residue was
crystallized from MeCN-EtOH to provide 10.6 g (95%) of 8. Mp 177-179 °C. '"HMR
(DMSO-ds): 63.44-4.2 (m, 3H), 4.40 (m, 2H), 5.04 (t, 1H), 5.29 (m, 1H), 5.74 (m, 1H), 5.87
(d, 1H, C,-H), 8.96 (bs, 3H) and 9.17 (s, 1H, CsH). Anal. Calc. For CsH,4CINsQO, (279.68): C,
34.35; H, 5.05; N, 25.04; Cl, 12.69. Found: C, 34.39; H, 5.10; N, 25.14; C], 12.71.

Alternatively, the synthesis may proceed from commercially available Ribavirin™ as

follows:

2',3',5'-Tri-0O-acetyl-1-5-D-ribofuranosyl-1,2,4-triazole-3-carboxamide (9). A
suspension of 1-AD-ribofuranosyi-1,2,4-triazole-3-carboxamide (Ribavirin™) (28.4 g, 116.4
mmol) (5) in acetic anhydride (200 mL) and pyridine (50 mL) was stirred at room
temperature overnight. The resulting clear solution was concentrated in vacuo to yield a clear
foam (43.1 g, quantitive). This foam was homogenous on TLC and used directly for the next
step without purification. A small amount was purified by flash chromatography to yield an
analytical sample; '"H NMR (300 MHz), DMSO-d;) §2.01, 2.08, 2.09 (3s, 9 H, COCH3), 4.10
(m, 1 H), 3.52 (m, 2 H), 5.58 (t, 1 H), 5.66 (m, 1 H); 6.33 (d,.1 H, J. =3.0 Hz, C,H), 7.73,
7.92,(2 s,2 H, CONH,), 8.86 (s, 1 H, CsH triazole). Anal. (C;oH3N40s) C, H, N.

3-Cyano-2',3',5'-tri-O-acetyl-1- #D-ribofuranosyl-1,2,4-triazole (10). To a solution
of 9 (43.1 g, 116.4 mmol) in chloroform (500 mL) was added triethylamine (244 mL) and the
mixture cooled to 0 °C in an ice-salt bath. Phosphorus oxychloride (30.7 mL, 330 mmol) was
added dropwise with stirring and the solution allowed to warm to room temperature. After the
mixture was stirred at room temperatire for 1 h, TLC (hexane/acetone 3:1) indicated
complete disappearance of starting material. The brown reaction mixture was concentrated to

dryness in vacuo and the residue dissolved in chloroform (500 mL). This organic solution

10
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pure 10 as an amorphous solid. This solid was identical in all respects with an authentic
sample: mp 101-103 °C; IR (potassium bromide) v 2250 (CN), 1750 (C=0), cm'; 'H NMR
(300 MHz, CDC13) §2.04, 2.06, 2.07 (3 s, 9 H, acetyl methyis), 4.15 (dd, 1 H), 4.40 (m,1 H),
5.47 (t, 1 H), 5.63 (dd, 1 H), 5.95 (d, 1 H, J=3.2 Hz, C\H), 8.34 (s, 1 H, C;sH triazole).

1-4-D-Ribofuranosyl-1,2,4-triazole-3-carboxamidine Hydrochloride (8). To a
suspension of 10 (4.0 g, 11.4 mmol) in methanol (100 mL) was added a molar solution of
methanolic sodium methoxide (12 mL) and the mixture stirred at room temperature
overnight. The solution was acidified to pH 4 with methanol washed Dowex H+ resin, the
resin was filtered, and the filtrate was concentrated to dryness in vacuo. The residue was
dissolved in a minimum amount of methanol (15 mL) and transferred to a pressure bottle.
Ammontium chloride (0.61 g, 11.4 mmol) and a solution of methano! saturated at 0 °C with
dry ammonia gas (75 mL) were added, the bottle was sealed, and the solution was stirred at
room temperature overnight. The solution was concentrated to dryness'in vacuo and the
resulting residue crystallized from acetonitrile/ethanol to yield 8 as a crystalline solid (2.95 g,

93%). This sample was identical in all respects with an authentic sample.

In certain pharmaceutical dosage forms, the pro-drug form of the compounds,
especially including acylated (acetylated or other) derivatives, pyridine esters and various salt
forms of the present compounds are preferred and can be administered in a method of
treatment of a condition of a patient. One of ordinary skill in the art will recognize how to
readily modify the present compounds to pro-drug forms to facilitate delivery of active
compounds to a target site within the host organism or patient. One of ordinary skill in the
art will also take advantage of favorable pharmacokinetic parameters of the pro-drug forms,
where applicable, in delivering the present compounds to a targeted site within the host

organism or patient to maximize the intended effect of the compound.

A contemplated example of the formation of a pro-drug form of the compounds
disclosed herein is as follows. One of the simplest prodrug of Viramidine™ is the tri-O-
acetyl derivative of Viramidine™. The tri-O-acetyl derivative is prepared as depicted in

scheme 1:

11
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Vi ram di neTM coul d be obtai ned not only by nodi fying the sugar portion of

t he parent nol ecul e but also by derivatizing the am dine functionality too.
Follow ng are a few cl asses of prodrugs that nay be prepared by nodifying

the anidine group as descrifgg el ow. H HEN ~ NONpgRQRO OR HH N M\ NN O

RO~ ROUOR HHCI ~O-IIN/ N . NN, I i0/~ HJ &l Schcrme 13 OH OCCH,
DCC u. HCI/ D oxanc Schc é\AgM-,L,HZNN&ROMﬁ NZHN ~'"'"-0H OC(O CH3 ,
DCCii. Pd/C/HCI/D|oxane hev15 lI;,lclﬁy HN \ JN HO~ HO OH

NH. HCI HCLHN OCOCHz N~, O HOY C]-I

X_Z ii. HCVEther /X_Oi
HO AcO

HO OH AcO OAc

Scheme 1

5'-Retinoyl derivative of Viramidine™ is another simple prodrug form and been

prepared as follows:

NH.NCI
i. (COC), HZN)S/'r\\l
Retinoicacid - N
CUROICACIE i Viramidine/DMAP oN
iii. HCVEther Retmoicacid— O
HO OH
Scheme 2

Other 5'-derivatives of Viramidine™ includes the following shown in Scheme 3:

R = CHy-(CH3)13-CH;
R = 0-CH»-(CH3)3-CHj3
R = N-CHj-(CHj)13-CH3

R= NN
\e=/
CaHyy
8- ,dﬁ;b
CH,0
Scheme 3



17 wo oli6a3~9 HH NN~ RCH-OV N. N -Carbonyl dnm dazole 0 N u.

HCUDi oxane RO~ RO OR Schene 16 ilSeS 1 ~+ J UL 203 PCT/USO | 401 J’RJ:UEHQB(]:}
= PherWPOMR6BTR | -S-S-Ph- and Rto Al kyl, L~p~ds, vitanPEF/USSIKeI48NAS

Chol esterol denvanves It is contenplated that conmpounds according to

Formula 1 wll be used to tre(gt a wde variety of conditions, and in fact

any condi t i onVi@#tiafthese spwRaundsaary b ehtgingd asdgsenbed (Ca SergherertohePisFlohdye of
the co s¥ SRR MOE AR Ltk Nir mg&i icthehS ﬁpgﬁ_g'd‘,eibbg) cont enpl at ed t hat
conpounds” of’ t'he I nvenfion nhay be used’t©o freat 'an"1’nfection, an
infestation, a cancer or tunor or an autoi nmune disease. It is further

cont enpl at ed Symstiesishd commprintbdsedqirodring formy efViramidimefMhrayisesbtbined as get
conditions or diseases in specific organs of a patient, such as the liver
or hear tfollp¥$iect i ons contenplated to be treated with the conpounds of the
present invention include respiratory syncytial virus (RSV), hepatitis B
virus (HBV), hepatitis C virus (HCV), herpes sinplex type 1 and 2, herpes
genitalia, herpes keratitis, herpes encephalitis, herpggnépster, human

i mmunodefi ci ency vﬁus (HN), influenza A virus, hantanh virus (henorrhagic
fever), human papi ma virus (HPV), neasles, and f ng,}j nf estati ons
contenpl ated to be QRH WEDE/BMAPFmmpdiumds of thée préseyt invention

i ncl ude protozoan i tatio VE?.S WelT as hé ninth ancf“*q@ er parasitic
infestations. Cancer¥ or tuldt@EEht enpl at egltg @ed include those
caused by a virus) and the effect may involve T bl ti\ng /the transformation
of virus-infected cells to a neoplastic statdg nhi ?’O 'n (é}pe spread of
viruses fromtransforned cells to other normal®cel | S¥and/ arresting the
growt h of virus-transfornmed cel |l Schefdtoi Nmune and ot her di seases
contenplated to be treated include arthritis, psoriasis, bowel disease,
juvenil e di abetes, lupus, nmultiple sclerosis, gout and gouty arthritis,
rheumatoid arthritis, rejection of transplantation, giant cell arteritis,

allergy and agh By id&iers are considbred et pQ&({rﬁg Poihs Pedduyedt éés(gﬂjbé}g

involvement of a stereoselective transporter. Amino acid derivatives of Viramidine™ could

. be synthesized as shown below:

NH.NCI
. EDC/DMAP/Viramidine HN r§
Z-Amino Acid — No
ii. PA/C/HCVDioxane o\
Amnio Acid- O
HO OH
Scheme 5

For specific delivery of drugs to the liver and the biliary system the endogenous bile
acid transport system is an attractive candidate. Synthesis of bile acid conjugates of

Viramidine™ could be accomplished as represented below:

Nucleotide derivatives are another class of prodrugs or prodrug forms. Preparation of
protected 5’-monophosphate derivatives are shown below. By protecting the negative charges
of phosphates with neutral substituents would form more lipophilic derivatives that are

expected to revert back to the corresponding monophosplates once inside the cell.
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Still other contenplated uses of the conpounds according to the pt)zsgﬂa
i nvention include use as internediates in the chem cal synthesis Lr 2003
nucl eonigim/eps7onucl eoti de anal ogs that are, in turn, usefpérRsolddgigpreutic
agents or for other purposes. In yet another aspect, a method of treating a
mammal conprises adm nistering a therapeutically and/or prophylactically

ef fecti ve anount of a pharnmaceutical containing a conpound of the present
invention. In this aspect the effect may relate to nodul ati on of sone

portion of the mammal's imune system especially nodul®N6h of | ynphoki nes
profiles of Type 1 and Type 2 with respect to one anotphgr. Where nodul ation

of Type 1 and Type 2 | ynphokj pgemRe®Wisimdide 1 S partifedl ag R cont enpl at ed
t hat the nodul ati aChoh@ycid nchHude—suppresstomof both TypeNﬁfgnd Type 2, and

nore preferably stinulation wHCFpprnd | ynphoki nes, oiAna ogl ative increase
of a type 1 response to a type 2 response. I¢hoii@A@arQWI y cont enpl at ed

that ViramdineTM (1.39 p,g/m) increases the express i and synt hesi s of
Type 1 cytokines in (preferably activated) T-Iynphoc¥{bes, & results from
vari ous experinments are shown in cl ur £s 2-5. Figure 2 depicts the effect
of Sp.MViram dine (a conpound according to Fornula 1 ), R bavirin, and

| evovirin on Type cyt oki.ne synthesis in_SEB-activated human_T cells (n=5

1
donors), in whPElgouds danvatives & erpther clase of Prodrigspr prodsug framey Breparatigr ghnse
as conp of - - gl
Fapr oo Bl e s A b oy Bl Rec P B chagges
0. 625 - 16f ghidspimtcEypich fiewtsal ekisnaiesisnidigd faem mofsHBppBilapdeyivatoasahit are
Enterotoxin B)-acti v%t d gﬁman T cells (datﬁ r gtresent. 4 i&di vi dual
donor s) . expseted 1 (RvVEE Dagk 1odine GeITesRORHRE BIR0aR "FPE eg opcedpdifie theicslly cont act
hyper-sensitivity (CHS) assay of Viramdine is clearly denonstrated in
Figure 4, and Figure 5 shows a conpari son between Viram di ne and
Levovirin/ R bavirin ~s~ aspect to peak response nucl eosi de NPREENt ration

and peak range of responses (y-axis depicts nunber of resgﬂ{lj;ifrs in a
m He

particul ar experinent). Preuaration of human T-cells an vation in
vitro Periphefal¢8l lmp@]gﬂubI’%EF“"(‘?@T‘T’%’“%?‘&"L_sol at ed

al thy donors
or rheumat oi d\ar tdm t pat I"entcsciw, e madH,¥1,gr adi ent centri fﬁ':g%i on
: noga Park

followed by T cell enrichnent,,ustigoxkaenPhokwik (@ne Lt

CA). Cont ami nating nonocytes were renoved byg&d'lié_r;é'rﬂ: b Purified
T cells were > 99% CD2+ , <1% HLA-DR+ and < 5% CD25+ ‘@nd intained in
RPM - APS ( RPM - 1640 nedi um cont ai ni ng} 20 nmM HEPES buffer,H 01/ 60379
0.1~~~ ~ . ~.t9t.,VJ PCTIS®M/'40148 pH 7.4, 5% autol ogous plasm:, 1
% L-glutamne, 1 %penicillin/streptomycin and 0.05% 2 nercapt oet hanol ).

For det ewhenedtiiiealkyf groups mhaecﬂ;hﬁf@)éa%ﬁec@bs (CH3 e eHC(0)S-CH.Cbl-;cel |s in a

! onomyci (BB BTGt G R AOTafr Lol OT e bt B ealesSel

pl ates i gHL,O0H,Presence of 0 to 20 Et M nucl eoside for up to 48 h at 37C and
5% COZ in a humdified incubator. Follow ng activation, supernatants were
anal ysed for cell-derived cytaokine production. For proliferation and
viability studimBo agidphpsnbptrayfatgsarggpoiber gassed@redrags the eubkbeonthepized e
format ugj 6 cells in a volume of 0.2 m and activation with 2ng
PMA and %%(T&Elgb%iogr%(l)grr‘g'ci n. In separate experinents, 5 x 106 T cells in 2nl
were activated with 2 gcva plus 1 p,g ionomycin. Alternatively, cells
can be activated in viffrowth SgB,NBi| ow ng published pro Ntes. Here
total RNA was isol ate r T ceII;{ followng 6 - 24h inc tion and

anal yzed by RT - PCENo dieter mi ndteaRRA P&vErQHGH2Q) ar i oustzt gries and

i nfl anmat ory medi ators.N»%/\go I arate exper| nMents, humanN{ el |s were
purified further Qushngogg! | i H Bl reagents fromgst I

Technol ogi es, W@%Q to give pure popul agt- NK-poP + (< 1 % CD8+
usi ng RosetteSep duna + T cell isolation reageft) OHan + (< 1 % CD4+
usi ng RosetteSep huftth CDAH T cell isolation resgen®) THRI| s@bsets, after
which 1 x 106 cells per mM wereSesme§ated with PMA and iononycin, as in the
total T cell experiments. Extracellular cvtoki Re ArmmpEaceriifyigmerncyt oki ne

| evel s were determned in cell supernatants, follow ng appropriate
dilution, using ELISA kits specific for 1L-2, IFNg, TNFa, IL-4 and IL-5

(Bi osource International, Camarillo) CA). Miurine cytokine | evels were
determ ned using ELI SA kits specific for nurine IFNg and IL-4 (R and D
Systens, M nneapolis, M\N). All ELISA results were expressed as pg/m. Sone
data are shown as percentage of activgyed control, calculated as the ratio
of activated T cell cytokine level in the presence of test nucl eosi de over
t he cytokine level of untreated activated T cells x 100 % Zero effect on

T | - ' o T . a D Y I Y 1 - N . o . T 1




WO 01/60379 1~ . PCT/USOLl/40148 In vtvo - Admnistration s.c., or QrZ—LU A
viramidine resulted in 100% survival (10 C57BL/6 mnice/gp) of PTV 7 nj AdlUUg
s.c. WRAKeS7Strain). For 24h post infection by PTV in BCURSON4DI#8 ni num
effective s.c. dose of 32 nglkg for ribavirin and for viram dine was 96
ng/ kg given s.c, b.i.d for 5 days. For 24h post,  infection by PTV in vivo
t he i ni mum &thgderyaives 9f megephosphats PRYIRES 48 EheWBBEIPW: n and f or

viram di ne was 40 ng/ kg given p.o. b.i.d for 5 days. In general, the nost

preferred uses accorgigyng to the present invention are those in which the
active conpounds arelrelatively | ess cytotoxic to the HChr get host cells
and relatively rm?;leNa i-we agai L (iﬂ_garget. In this fespect, it may al so
be advant ageous t at u@ eI HES ey, e increased,NtapHNty over
D- nucl eosi de \gni ch d éﬁ&m etz Rar macaki net i s.%Thi s result may
attain becauj'}—fil_ Np b

y It

4B i degi. HRYDiewine be Rr®s @gTHAEP LK _enzyies, and
ave | qnger half Iives. IS contleop\oat at conpounds
sentyinvention will be administered_ig vivo, in vitro,

or ex Vvivo in any appropriate pharnmaceutical fornmul atd®n, 'afad under any

appropriate protocol. Thus, adm nistration _take place orally,

parenteral |y (including subcutaneous injectio _S,Aq‘]fyﬁtl‘i’pé%eﬂgﬂg‘f'

intranuscul arly, by intrasternal injection orbilea¢ids Comlesteeal Heriveames) , by

i nhal ation spray, or rectally, topically and so forth, and in dosage unit

fornmul ati ons contai ni ng conventi onalSchem@a8A0xi ¢ pharmaceutically acceptabl e

carriers, adjuvants and vehicles. By way of exanple, it is contenplated

that cospRMNSs-baGAPrSUrigs &OVEiRidHI®Hidy BeBRAhPBy TG inglsthdmad:ed in

adm xture Wi th a pharmaceutical |y acceptable carrier. For exanple, the

conpounds of the present invention can be adm nistered orally as

phar macol ogi cal ly acceptable salts. Because the conpounds of the present

i nvention are' nostl| yNB®Cer sol uble, they can be adm ni st li ntravenously

i n physiol ogi cal salije sol ut@oﬁe.g., buffered to a pH ¢f about 7.2 to
880R!

therefore ma

N citrates can

7.5}. Conventi onal Hpuf DSQBabHSH, i car boRate
IJ n)\ he art may

Sy
be used for this purp Ck enary skill

modi fy the fornulat on? Wi t hiiHGUBeoxergac hi ngs of the @pe\ [ fioc ion to
provi de nuner guspf ions for a particular roubg_;,gb mMYyi stration
wi t hout rendering .t he npositions of the pres nvent i nstabl e or

conprom si ng thel F‘udwer afgHitic activity. In par @@)@ﬁl,ﬂ(t) e gi fication of
the present conpounds to renderggheg nore soluble in water or other
vehicle, for exanple, may be easily acconplished By=&Hnor nodifications
{salt formulation, 22 WO 01160379 PCTI US01/4014§ egferification, etc.)
that are well within the ordinary skill in the art, Lt is also well wthin
the ordinary skill of the art to nodify the route Of adudfe®Pati on and
dosage regi men of a particular compound in order tR= ag® t he

phar macoki neti cs of the present conpounds for maxi num efarci al effect in
patients. In addition, conpounds according to the pré¥ént invention may be
adm ni stered alone or in conbination with other agents for the treatnent of
the above i nPesdrigs st natle6€ael5 tdi @R sripHoapHatddavdudd bt e titaestigGMddithegy t o the
present invention conprise the admnistration of at |east one conpound of

t he predOMd bypaesmpsmeabolicistapet i onal derivative thereof and at Least one
ot her pharnmaceutically active ingredient. The active ingredients) and

phar maceutic L Nl : et her
Bnd whon acm o) 4y B el BB R R Bop N B i P B BA Bl s BEpitd

separ at éelowi:n any order. The anounts of the active ingredients) and
pharmaceutically active agents) and the relative timngs of adm nistration
will be selected in order to achieve the desired conbined therapeutic
effect. Preferably, the conbination therapy involves the adm nistration of
one conpound of the present invention or a physiologically functional
derivative thereof and one of the agents nentioned herein bel ow. Exanples
of other drugs or active ingredients contenplated to be effective in

conmbi nation wth a nodul ator according to Fornula 1 are anti-viral agents
such as interferon, including but not limted to interferon a and vy,

Ri bavirin, acyclovir, and AZTTM anti-fungal agents such as tol naftate,
Fungi zoneT~t, LotrimnT"', Mcel exTM Nystatin and Anphoteraci n;
anti-parasitics such as Mntezol TM Ni cl oci deTM VernoxTM and Fl agyl TM
bowel agents such as |Inmmodi unifM Lonotil TM and PhazyneTM anti-tunor agents
such as interferon a and y, AdrianycildTM CytoxanTM | nmuranTM

Met hotrexate, Mthraci nTM TiazofurinT~", Taxol TM dermatol ogi c agents such
as AclovateTM CyclocortTM DenorexTM FloroneT"', OxsoralenTM coal tar

N 1 I L L R T o o ' o L o N 1




24 WD 01/60379 1 ~ J UL 2003 PCT/US01/ 40148 i ncludi ng wat er, glyqphs Zj"“
oil's, alcohols, flavouring agents, preservatives, colourin agent s and the™
li ke Wﬁ’yﬂl{ﬁ@ﬂ?sed For solid oral preparations such as $a1/40048| et s,
capsules, and for solid preparations such as suppositories, suitable
carriers and additives including starches, sugar carrier, such as dextrose,
mannitol, |lactose and related carriers, dld uenys, granulating agents,

| ubricants, binders, qjsiAt e@PaIxJagH @.n.d‘p-tbw[ﬂ i ke maypleyused. |f
desired, the tablets df capsu es may t;,l oat ed or ustal ned rel ease
by standard techni Bu@%ﬂqr par ent er al for Ia |ons Pg’at?u r-wil
usual |y conprise stéril ter_or _aqueous_sodiu chlorl S ju i on, though
ot her ingredients incl Jﬂm}% theﬁm:t hat ai d di sper5| on nay b cI uded. Of
course, where,st&i dler i g used and nad\q;qa erlle t he
conposi tions CQ_,H‘PEerl rrust a SO e sterilize Qt abl suspen5| ons
may al so be prepd@¥d, /Tn V\/m ch case ap I’OE)I’I at§ I| | car suspendi ng
agents and the |Ik€9‘a ey oyed™ Xo§Hy) CL I\/B\/@Hclaim 1. A
met hod of treating a condltlon in a patient comm’rsomg adm nistering a
conpound according to Formula 1 NH HCI N HZN ~N HO O CH OH Formula 1
wherein the conmpound is in L-configsdhehd mn. 2. A rrthGHZ,mfI"%Nmati ng a
condition in a patient conprising: 14 JUL 203 PCTI l*SO%/ﬁ adm ni stering
a pro-drug formof the conpound according to Formula N HZN ~N HO
O OH OH Fornula 1 wherein the conpound is in L- conflguratlon or
D-configuration. 3. The nethod of claim1, wherein the condition is
selected fromthe group consisting of an HV infection, an infection, a

n HBV i nfection, d a Human Papill Virus infection. 4. |The nethod of
claim1l wherein the condl tion conppAses a liver diseasey, N
H,yN H-N »
) DMSO/DCC JY 0 Ny
O — e N T AALO
Q

o)

[ ]

pd
"z,

~ £
s o]

.z Q

ﬁ«

H,N N
Pd/C/HCVDioxane 2 »
o) N B O\\ N\N
HO—P N o)
O
/ PhO
HO OH O><O

Scheme 11

Following is another class of potential phosphonate prodrug of Viramidine™:

N - - 2

0 N [ \
[\
HO"‘,P O\N \\ N\N
HO \/\g_j (R-C(0)-S(CH,),-0)5 \/\Q
HO OH
Scheme 12

16



~~'" SEP 20~' L~~. ~ ~u~ ~~~ 5. The nethod of claiml, wherein th t of
adm ni steri n.? i ncreases a Type 1 response relative to a Type 2 rgst;ojm_ |Zﬂﬂ3
the pHMAMM037%. The nethod of claim 1, wherein the stepP@HUSHMOMSst eri ng
conprises oral adm nistration. 7. The nmethod of claim1l, wherein the step

of adm ni sterl ng conprises adm ni s%thgrl ng, t he orrpound in a dose between 0.1

my per kg of OB¥Aposle RodgesAdudsthe Presibls gom @?ﬂ%‘é? f tag gEuUPS SHOWHER ght of
t he pat 9 e ected
fromth%é’g 8%?%‘ %@T’s?@ﬁgﬂo gfdﬂ Vin yégg??on 9§@?§C@Q{ %)S??%%Ségd n HBV
infection, and a Human Papill oma Virus infection. '~ --, ~ 9. The nethod
of claim2 whedeigs of VeragodiseT™ could berpbiasned nat bily by mbchéa@the]sﬁgar'ﬁoammt hod
of cl ai mherel st.ep, of, adm ni sterin Creas 1 response
rel ati tg%%“"’ﬂ/‘ﬂ@ ngg ﬁ‘EBy fenyagigl ?é‘m‘ﬁ“ﬁg’ ?‘Fﬁéloﬁoég]ng’égéf

wher ei O rbd m}ﬁtﬁ:fa bk Bebparily M6 AthdtheadiTlite The
nmet hodnfg%v}@?%l&% 2& gr ein tge gt (gp of admar‘?q ?efi ng co rﬁ%@scr}&d

adm ni shedswng t he conmpound in a dose between 0.1 ng per kg of body wei ght
of the patient and 1. Org per kg of body weight of the patient. i 13. The
met hod of claim1 further conprising adm nistering an interferon. 14. The
nmet hod of claim 2 further conprising admnistering an interferon. 15. The
nmet hod of claim 13 or cléE£114 wherein the interfenanai s i nterferon al pha.
-27 ~~ ~EN~~~ S! - ~FE' ~ y.n
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analogs that are, in turn, useful as therapeutic agents or for other purposes.

In yet another aspect, a method of treating a mammal comprises administering a
therapeutically and/or prophylactically effective amount of a pharmaceutical containing a
compound of the present invention. In this aspect the effect may relate to modulation of some
portion of the mammal’s immune system, especially modulation of lymphokines profiles of
Type 1 and Type 2 with respect to one another. Where modulation of Type 1 and Type 2
lymphokines occurs, it is particularly contemplated that the modulation may include
suppression of both Type 1 and Type 2, and more preferably stimulation of Type 1

lymphokines, or a relative increase of a type 1 response to a type 2 response.

It is particularly contemplated that Viramidine™ (1.39 ug/ml) increases the express-
ion and synthesis of Type 1 cytokines in (preferably activated) T-lymphocytes, and results
from various experiments are shown in Figures 2-5. Figure 2 depicts the effect of 5uM
Viramidine (a compound according to Formula 1), Ribavirin, and levovirin on Type 1
cytokine synthesis in SEB-activated human T cells (n= 5 donors), in which viramidine shows
a clear increase in the Type 1 response as compared to the control with Triazole. Figure 3 is
a graphical representation of a dose-response effect of Viramidine in the range of 0.625 - 10
uM on Type 1 cytokine synthesis in SEB (Staphylococcal Enterotoxin B)-activated human T
cells (data represent 4 individual donors). The in vivo effect of an increased Type 1 response
in a contact hyper-sensitivity (CHS) assay of Viramidine is clearly demonstrated in Figure 4,
and Figure 5 shows a comparison between Viramidine and Levovirin/Ribavirin ;5 respect to
peak response nucleoside concentration and peak range of responses (y-axis depicts number

of responders in a particular experiment).

Preparation of human T-cells and activation in vitro

Peripheral blood mononuclear cells were isolated from healthy donors or rheumatoid
arthritis patients by density gradient centrifugation followed by T cell enrichment using
Lymphokwik (One Lambda, Canoga Park CA). Contaminating monocytes were removed by
adherence to plastic. Purified T cells were > 99% CD2+, <1% HLA-DR+ and < 5% CD25+
and were maintained in RPMI-APS (RPMI-1640 medium containing 20 mM HEPES buffer,
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ml) were activated by the addition of 10 ng PMA plus 0.5 pg ionomycin (both from
Calbiochem, La Jolla, CA) and incubated in 24 well plates in the presence of 0 to 20 uM
nucleoside for up to 48 h at 37°C and 5% CO; in a humidified incubator. Following
activation, supernatants were analysed for cell-derived cytokine production. For proliferation
and viability studies, the protocol as above was modified to a 96 well-plate format using 0.2 x
10° cells in a volume of 0.2 ml and activation with 2ng PMA and 0.1 ug ionomycin. In
separate experiments, 5 X 108 T cells in 2ml were activated with 20 ng PMA plus 1 pg
ionomycin. Alternatively, cells can be activated in vitro with SEB following published
procedures. Here total RNA was isolated from T cells following 6 - 24h incubation and
analyzed by RT -PCR to determine mRNA levels of various cytokines and inflammatory
mediators. Also in separate experiments, human T cells were purified further (using cell
enrichment reagents from Stem Cell Technologies, Vancouver, BC) to give pure populations
of CD4+ (< 1% CD8+ using RosetteSep human CD4+ T cell isolation reagent), and CD8+ (<
1% CD4+ using RosetteSep human CD4+ T cell isolation reagent) T cell subsets, after which
1 x 10° cells per ;nl were activated with PMA and ionomycin, as in the total T cell experi-

ments.

Extracelluiar cvtokine analvses

Human cytokine levels were determined in cell supernatants, following appropriate
dilution, using ELISA kits specific for IL-2, IFNg, TNFa, IL-4 and IL-5 (Biosource Inter-
national, Camarillo, CA). Murine cytokine levels were determined using ELISA Kkits specific
for murine IFNg and IL-4 (R and D Systems, Minneapolis, MN). All ELISA results were
expressed as pg/ml. Some data are shown as percentage of activated control, calculated as the
ratio of activated T cell cytokine level in the presence of test nucleoside over the cytokine
level of untreated activated T cells x 100 %. Zero effect on cytokine levels by test
nucleosides would give a percentage of activated control value of 100 %. Alternatively data
were shown as percentage change from activated control ([(test pg/ml — activated control
pg/mi)/activated control pg/ml} x 100%). Zero effect on cytokine levels by test nucleosides
would be 0 %.
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previously descnbed (Ishii, N., K. Takahashi, H. Nakajima, S. Tanaka, P.W. Askenase.
1994. DNFB contact sensitivity (CS) in BALB/c and C3H/He mice. J. Invest. Dermatol.

102:321). Briefly, mice were sensitized by application of 20ul of 0.3% DNFB in acetone :
olive ail, 4 : 1 onto the shaved abdomens of naive mice. For optimal elicitation of CHS, the
mice were challenged on both sides of each ear with 20ul of 0.12% DNFB, five days after
sensitization. Unsensitized mice were also challenged and used as controls in each
experiment. After 24h, ear thickness measurements were taken and response to DNFB was
assessed by subtracting post-challenge from pre-challenge values. Where indicated, 7-B-D-
ribofuranosyl-4-oxopyrrolo[2,3-d]pyrimidine-5-carboxamidine, at a dose of 6.2 pg in 50u!
PBS (0.3 mg/kg) or 12.4 pg in 100ul PBS (0.6 mg/kg), was administered by i.p. injection at
the time of challenge with DNFB. These doses of 7-f-D-ribofuranosyl-4-oxopyrrolo[2,3-
d]pyrimidine-5-carboxamidine gave maximal effect in preliminary optimization studies.
Following final ear thickness measurements, mice were sacri ﬁced-by cervical dislocation and
axillary/lateral axillary lymph nodes were removed. Following isolatiox; of total cellular RNA
from isolated lymph node cells, RT-PCR and Southemn Blot analyses were performed to
monitor for mouse IFNg, IL-2, and IL-10 mRNA levels.

Further experiments

It is generally contemplated that a shift of an immune response towards a Type 1
response is favorable. Consequently, it is contemplated that compounds according to the
inventive subject matter may be particularly useful in treatment of viral diseases (preferably
in viral infections in which the type 1 response is reduced or suppressed). To confirm the
effectiveness of modulating an immune response, various experiments have been conducted,
and the following is an exemplary summary of some of the experiments conducted with

contemplated compounds:

In vitro — Viramidine inhibited Punta Toro virus infection of LLC-MK2 (rhesus
monkey kidney cells) with EC50 of 8 mg/ml (Adames sirain) and 12 mg/ml (Balliet strain) -
CC50 was 320 mg/ml (1.0 - 1.2 virus rating).
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viramidine was 40 mg/kg given p.o. b.i.d for 5 days.

In general, the most preferred uses according to the present invention are those in
which the active compounds are relatively less cytotoxic to the non-target host cells and
relatively more active against the target. In this respect, it may also be advantageous that L-
nucleosides may have increased stability over D-nucleosides, which could lead to better
pharmacakinetics. This result may attain because L-nucleosides may not be recognized by

enzymes, and therefore may have longer half-lives.

It is contemplated that compounds according to the present invention will be
administered in vivo, in vitro, or ex vivo in any appropriate pharmaceutical formulation, and
under any appropriate protocol. Thus, administration may take place orally, parenterally
(including subcutaneous injections, intravenous, intramuscularly, by intrasternal injection or
infusion techniques), by inhalation spray, or rectally, topically and so forth, and in dosage
unit formulations contéining conventional non-toxic pharmaceutically acceptable carriers,

adjuvants and vehicles.

By way of example, it is contemplated that compounds according to the present
invention can be formulated in admixture with a pharmaceutically acceptable carrier. For
example, the compounds of the present invention can be administered orally as
pharmacologically acceptable salts. Because the compounds of the present invention are’
mostly water soluble, they can be administered intravenously in physiological saline solution
(e.g., buffered to a pH of about 7.2 to 7.5). Conventional buffers such as phosphates,
bicarbonates or citrates can be used for this purpose. Of course, one of ordinary skill in the art
may modify the formulations within the teachings of the specification to provide numerous
formulations for a particular route of administration without rendering the compositions of
the present invention unstable or compromising their therapeutic activity. In particular, the
modification of the present compounds to render them more soluble in water or other vehicle,

for example, may be easily accomplished by minor modifications (salt formulation,
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this may occur simultaneously or separately in any order. The amounts of the active

ingredient(s) and pharmaceutically active agent(s) and the relative timings of administration

will be selected in order to achieve the desired combined therapeutic effect. Preferably, the

combination therapy involves the administration of one compound of the present invention or

a physiologically functional derivative thereof and one of the agents mentioned herein below.

Examples of other drugs or active ingredients contemplated to be effective in
combination with a modulator according to Formula 1 are anti-viral agents such as interferon,
including but not limited to interferon a and y, Ribavirin, acyclovir. and AZT™; anti-fungal
agents such as tolnaftate, Fungizone™, Lotrimin™, Mycelex™, Nystatin and Amphoteracin;
anti-parasitics such as Mintezol™, Niclocide™, Vermox™, and Flagyl™, bowel agents such
as Immodium™, Lomotil™ and Phazyme™; anti-tumor agents such as interferon « and v,
Adriamycin™, Cytoxan™, Imuran™, Methotrexate, Mithracin™, Tiazofurin™, Taxol™;
dermatologic agents such as Aclovate™, Cyclocort™, Denorex™, Florone™, Oxsoralen™,
coal tar and salicylic acid; migraine preparations such as ergotamine compounds; steroids and
immunosuppresants not listed above, including cyclosporins, Diprosone™, hydrocortisone;
Floron™, Lidex™, Topicort and Valisone; and metabolic agents such as insulin, and other
drugs which may not nicely fit into the above categories, including cytokines such as IL2,
L4, 116, TLR, IL10 and IL12. Espectally preferred primary drugs are AZT, 3TC, 8-
substituted guanosine analogs, 2,3-dideoxynucleosides, interieukin Il, interferons such as

laB-interferons, tucaresol, levamisole, isoprinosine and cyclolignans.
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therapeutically effective amount will vary with the infection or condition to be treated, its
severity, the treatment regimen to be employed, the pharmacokinetics of the agent used, as
well as the patient (animal or human) treated. It is contemplated that various alternative
dosages are also appropriate, including dosages between 0.5 mg/kg and 0.1 mg/kg and less,
but also dosages between 0.5 and 1.0mg/kg and more. It is further contemplated that while
treatment success may be achieved with some viral infections at relatively low plasma
concentrations of the compounds of Formula 1, other viral infections may require rel'atively
high dosages. It is contemplated, however, that an appropriate regimen will be developed by
administering a small amount, and then increasing the amount until the side effects become

unduly adverse, or the intended effect is achieved.

Administration of the active compound may range from continuous (intravenous drip)
to several oral administrations per day (for example, Q.1.D.) and may include oral, topical,
parenteral, intramuscular, intravenous, sub-cutaneous, transdermal (which may include a
penetration enhancement agent), buccal and suppository administration, among other routes

of administration.

To prepare the pharmaceutical compositions according to the present invention, a
therapeutically effective amount of one or more of the compounds according to the present
invention is preferably intimately admixed with a pharmaceutically acceptable carrier
according to conventional pharmaceutical compounding techniques to produce a dose. A
carrier may take a wide variety of forms depending on the form of preparation desired for
administration, e.g., oral or parenteral. In preparing pharmaceutical compositions in oral
dosage form, any of the usual pharmaceutical media may be used. Thus, for liquid oral

preparations such as suspensions, elixirs and solutions, suitable carriers and additives
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1

OH OH

Formula 1

wherein the compound is in L-configuration.

2. A method of treating a condition in a patient comprising:

administering a pro-drug form of the compound according to Formula 1,

NH.HCI

HaN N
I\
I

HO 0

OH OH

Formula 1

wherein the compound is in L-configuration or D-configuration.

3. The method of claim 1, wherein the condition is selected from the group consisting of
an HIV infection, an HCV infection, a n HBV infection, and a Human

Papilloma Virus infection.

4. The method of claim 1 wherein the condition comprises a liver disease.
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7. The method of claim 1, wherein the step of administering comprises administering

the compound in a dose between 0.1mg per kg of body weight of the patient and
1.0mg per kg of body weight of the patient.

8. The method of claim 2, wherein the condition is selected from the group consisting
of an HIV infection, an HCV infection, a n HBV infection, and a Human

Papilloma Virus infection.
o) 9. The method of claim 2 wherein the condition comprises a liver disease.

10.  The method of claim 2, wherein the step of administering increases a Type 1

response relative to a Type 2 response in the patient.

11.  The method of claim 2, wherein the step of administering comprises oral

administration.

12, The method of claim 2, wherein the step of administering comprises administering
the compound in a dose between 0.1mg per kg of body weight of the patient and
1.0mg per kg of body weight of the patient.

13.  The method of claim 1 further comprising administering an interferon.
14.  The method of claim 2 further comprising administering an interferon.

15.  The method of claim 13 or claim 14 wherein the interferon is interferon alpha.
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