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(57) Abstract: The present invention discloses the novel coumarin derivative 7,9- dihydroxy-3- (4,5, 7-trihydroxy-2-oxo-2ff-chro -
mene-3-yl ) -4H-furo [3,2- c] chromen-4-one (1), its synthesis, pharmaceutical composition, preparation and use thereof. The phar-

maceutical composition comprising : (1) 7, 9-dihydroxy-3- (4,5, 7-trihydroxy-2-oxo-2JFi-chromene-3-yl

) -4H- furo [3, 2-c] chro-

men-4-one (1) as active pharmaceutical ingredient; and (2) one or more pharmaceutical excipients, required to yield fina dosage
forms suitable for therapeutic administration. The composition is safe and efficient therapeutic agent for viral diseases including the
acquired immunodeficiency syndrome (AIDS).
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COUMARI N DERI VATI VE AS ANTI VI RAL AGENT, PHARMACEUTI CAL COWVPCSI TI ON
THERECF, | TS PREPARATI ON AND USE

DESCRI PTI ON

Techni cal Field

The invention relates to a novel antiviral coumarin derivative 7,9-
di hydroxy-3- (4,5, 7-trihydroxy-2-oxo-2ff-chronene- 3-yl )-4ff-furo |3, 2-
c] chromen-4-one (1), its synthesis, a new pharnaceutical conposition

based on 1, its preparation and use.

1
Techni cal Problem
Techni cal problem is related to safe and efficient therapy for
treatment of viral infections and various virus-causing di seases,
including the acquired inmunodeficiency syndrone  (AIDS) caused by
the human i nmmunodefi ci ency virus type-1 (HVv-1) , with effective
nmedi canmrent based on nore efficient pharnaceutical active ingredient
(API) .
The technical problem that is solved by the present invention is
based on a novel conpound 1 and its use, in the form of wvarious
phar maceuti cal final dosage fornmns, in the treatnent of wviral

di seases i ncl udi ng the H V-1
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. -
Previous State of Art
Coumarin derivatives are well known pool of numerous val uabl e
conpounds of various pharnmacol ogi cal activities, for instance see
literature reference 1:
1) F. Borges, F. Roleira, N. M hazes, L. Santana, E. Uiarte:
Si npl e Coumari ns and Anal ogues in Medi ci nal Chemi stry:

CQccurence, Synthesis and Biol ogical Activity, Curr. Med. Chem
12 (2005) 887-916.

4- Hydr oxycounari ns undergo aldol-type condensation reaction wth
al dehydes yi el di ng cor respondi ng 1- hydr oxyal kyl derivatives of
parent al dehyde at 3-position of starting 4-hydroxycoumarin . This

type of condensation products were already studied from both

synthetic and pharmacol ogi cal points of view

The prior art to the present invention is disclosed in the followng

literature references:

2) M. Mercep, M. Mesic, B. Hwvacic, 1. J. Elenkov, 1. Mlnar, s.
Mar kovi c, L. Sinmicic, A. Cenpuh Kl onkay: Substi tut ed
furochronenes, preparation thereof and their anti-inflammatory
action, WOR2005/010007A1 , Pliva - Istrazivacki institut d.o.o.;

3) M. Mercep, M. Mesic, B. Hrvacic, I . J. Elenkov, I . Ml nar:
Fur ochr onene derivative with anti-inflammatory activity,
WO2005/ 095411A1, Pliva - Istrazivacki institut d.o.o.;

4y z. lvezic: [Synthesis of novel hydroxycoumarin derivatives as

possible H V-1 protease inhibitors (in Croatian)] Ph.D. Thesis
(2000) Pliva I nc., Zagr eb, Croati a; Facul ty of  Science,

University of Zagreb, Croatia.

Mer cep ~ and co-wor kers in WOR2005/010007A1 ; Pliva-1strazi vacki
institut d.o.o.; di scl osed condensati on products of wvarious 4-
hydroxycoumarins with glyoxal vyielding several conmpounds of general
formula | of anti-inflammtory activity. Furt her nor e, in another
application Mercep and co-workers descri bed 2,7,9-trihydroxy-3-

(4,5, 7-trihydroxy-2-oxo-2H chronene- 3-yl )-2, 3-di hydro-4ff-furo[3,2-
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clchromen-4-one (IXI) for which they also reported anti-inflammatory

activity:
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Additionally |Ivezic disclosed several tetrakis-coumarin derivatives
Il of 4-hydroxycoumarin and various dialdehydes, as well as al koxy-
derivatives of corresponding bis-condensation products of general
formula 1v. The latter conpounds were tested on antiviral activity

including the anti-HV activity:

It is obvious to the person skilled in the art of pharmaceutical

chemistry that conmpounds |-1V do not have much connection with the
compound 1 from the present invention. The nbst simlar conpound are
Il and IV which are the closest derivatives to conpound 1, but
compound 11 and conpounds of general forrmula IV can establish nore
interactions wth various enzyne active sites, e.g. at |east one
hydrogen-bond nore than the conpound 1 in the sane situation; 11 as
hydr ogen-bond donor thanks to the hydrogen atom at 2-hydroxy-f urane
noiety, and IV as hydrogen-bond acceptor due to proton-accepting

potential of oxygen atom of 2-al koxy-f urane noiety.
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Thus, from standpoint of pharnmaceutical chemistry and pharnacol ogy,
there exist significant structural differences between the known

conpounds Il or IV versus conpound 1 from the present invention.

Furt hernore Kost ova descri bed sever al substituted counarin
derivatives with anti-HV activity, see literature reference 5:
5) I . Kost ova: Coumari ns as I nhibitors of H VvV Rever se

Transcri pt ase, Curr. HYV Res. 4 (2006) 347-363.

However, none of these coumarins is not structural analogue of the

conpound 1 from the present invention.

Closest prior art

It seenms that the closest prior art to the present invention s

disclosed in the patent application of z. lvezic and M. Trkovnik,

wherein 7,8-dihydroxy-3- (4,6, 7-trihydroxy-2-oxo-_2if-chromen-3-yl )-4H

furo[3, 2-c] chronen-4-one (2) and its antiviral activity wer e

described, ' see literature reference &6:

6) Z. | vezic, M. Tr kovni k: Pr oduct s of condensati ons of
hydr oxycoumarin derivatives with aromatic and al i phatic
di al dehydes, their preparation and antiviral action thereof, WO

03/029237 A, Pliva d.d., Zagreb, Croatia.

The above cited conpound 2 is used herein as the control conpound.

According to our Dbest know edge, the coumarin derivative 7,9-
di hydroxy-3- (4,5, 7-trihydroxy-2-oxo-2tf-chromene-3-yl) -4ff-furo[3, 2-
c] chronen-4-one (1) that is synthesized in our |aboratory, its

various pharnaceuti cal final dosage forms, and pharnacol ogi cal
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activity as therapeutic agent for treatnent of either wviral or,
specifically, immunodeficiency virus type-1 (HV-1) infections, has

not been disclosed in the form of patent or non-patent literature.

Summary of the | nvention

The present invention discloses the new counmarin derivative 7,9-
di hydroxy-3- (4,5, 7-trihydroxy-2-oxo-2H chronene- 3-yl )-4#-furo [3, 2-
cichromen-4-one (1), its synthesis, pharmaceutical conposition based

on 1, its preparation and use.

In anot her enbodi nent, t he present i nvention di scl oses t he

pharmaceuti cal conposition consisting of:

(1) 7,9-dihydroxy-3- (4, 5, 7-tri hydroxy- 2-oxo-2H chr omene- 3-yl )-4H
furo[3, 2-c] chronen-4-one (1) or a pharmaceutically accept abl e
salt or hydrate thereof as active pharmaceutical i ngredient; and

(2y one or nore pharnmaceutical excipients, required to yield final

dosage forms suitable for therapeutic administration.
The conposition is safe and efficient t her apeuti c agent for
treatment of viral infections and virus-causi hg di seases including

the acquired imunodeficiency syndrone (AlDS)

Bri ef Description of the Draw ng

Figure 1 - Cytotoxic activity of 7,9-dihydroxy-3- (4,5, 7-trihydroxy-
2- oxo-2H chronene-3-yl )-4Hfuro [3, 2-c] chronmen-4-one (1) on viability
of nodel MT-4 cell line. Dose - response curves obtained after 72 h

cul turing.
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Figure 2 - Cytotoxic activity of control compound, 7, 8-di hydr oxy- 3-
(4,6, 7-trihydroxy-2-oxo-2fi-chronen-3-yl )-4tf-furo[3, 2-c] chronen-4-one
(2), on viability of nodel MI-4 cell line. Dose - response curves

obtained after 72 h culturing.

Det ai | ed Descri ption

The present i nvention di scl oses the new counmarin derivative 7, 9-
di hydroxy-3- (4,5, 7-trihydroxy-2-oxo-2H chronene- 3-yl )-4ff-furo[3, 2-
c] chronen-4-one (1), its synthesis, phar maceuti cal conposi tion,
preparati on, and use thereof.

On the basis of new conpound 1 the present i nvention di scl oses
phar maceuti cal conposition conprising:

(1) 7,9-di hydroxy-3- (4,5, 7-trihydroxy-2-oxo-2.ff-chronene- 3-yl ) - 4H-

furo [3, 2-c] chromen-4-one (1) or a pharmaceutically accept abl e
salt or hydrate thereof as active pharmaceutical i ngredient; and
(2) one or nore pharmaceuti cal exci pi ents, required to yield final

dosage forms suitable for therapeutic administration.

The conposition is safe and efficient t her apeuti c agent for wviral
i nfections and Vi rus- causi ng di seases i ncl udi ng t he acqui red
i mrunodefi ci ency syndr one (AIDS) caused by human i munodefi ci ency

virus type 1 (HWV-1) , type 2 (HV-2) and their subtypes.

The conposition of the present invention can be in various final
dosage fornms that are selected by the manner of use and include the

following forns:
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(1) oral: tablets, capsules, granules, powder, divided powder,
ef fervescent tablets, oral solution, oral suspension, syrup,
| ozenges, chewing gum

(2) topical: ointrment, cream gel, lininment, lotion, poultice,

t herapeutic patch;

(3) parenteral: injection solution;

(4 wvaginal: irrigating solution, gel, tablet, vagi nal suppository;
(59 rectal: rectal suppository;

(6) ophthalmical : eye drops, eye ointment, eye wash;

(7) nasal: nasal drops, nasal spray, nasail ointnment, nasal wash;

(8) otic: ear drops; and
(9) inhalation: spray solution or suspension; as well as all other
conmonly wused pharmaceuti cal final dosage forms because conmpound

1 can be readily fornulated in many different dosage forns.

The pharmaceuti cal exci pients required to prepare final dosage
forns, as described above, are one or nore substances selected from

the group conprising:

(1) fillers; for solid dosage forns |ike tablets, capsules, powders,
supposi tories, etc.;
(2) diluents; for liquid dosage forms such as syrup, lininent,

lotion, nasal drops, eye drops, etc.;

(3) enollients; for topical dosage forms I|ike creams, ointnents,
etc.;

(4 emulsifiers;

(5) binders;

(6) disintegrants;

(79 lubricants;

(8) hunectants;

(9) thickeners;

(10) chelating agents;

(11) preservatives; this are used optionally, depending on cont_ai ner -
closure system used on packagi ng; v

(12) anti oxi dants; as well as all other classes of excipients that

are conmonly wused in the pharnmaceutical t echnol ogy.
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Filler is one or nore substances selected from the group conprising:
m crocrystalline cel l ul ose, | act ose, saccharose, inulin, mannitol,
sorbitol, maltitol, xylitol, dextrin, maltodextrin, starch, cal cium
carbonate, mxtures of these substances, or other pharnmaceutically

acceptable fillers.

Fillers in dosage forms |ike suppositories are selected from the
group conprising: glycerol; soaps |ike sodium stearate; hydrogenated

coconut oils Ilike Wtepsol H15; coconut oil; natural waxes |ike
beeswax or candelilla wax; mineral wax |ike paraffin; synthetic
waxes |ike castor wax or solid polyethyleneglycols (PEG ; mxtures

of these substances, or other pharmaceutically acceptable fillers.

Di | uent is one or nore subst ances sel ected from the group
conprising: purified water; ethanol; nmedicinal wnes; 1,2-propylene
gl ycol; glycerol; polyethyl eneglycols (PEG like PEG 400; plant oils
like sunflower oil, sesame oil, or medi um chain triglycerides;

mutually mscible or emulsifiable mnmixtures of these substances, or

ot her pharnmaceutically acceptable diluents.

Purified water that is used as the diluents in the composition of
t he pr esent i nvention neet s t he requi renents of Eur opean

phar macopoeia 8.0, p.3561-3562 for pharmaceutical wat er .

Enol | i ent is one or nore substances sel ected from the group
conpri si ng: petroleum jelly; mneral oil; plant oils |like alnond,

sunf | ower, or sesanme oil; mediumchain triglycerides; nat ur al or
synthetic esters of nobnovalent alcohols wth higher fatty acids Ilike
i sopropyl nyristate, jojoba oil, or beeswax; silicone oil; higher
fatty acids like stearic acid; higher fatty alcohols [I|ike cetyl
al cohol ; m xtures of these substances, or other pharmaceutically

acceptable enollients.

Emulsif ier is one or nore substances sel ected from the group
conprising : I anol i n; et hoxyl at ed I anol i n; [ anol i n al cohol s;

et hoxylated lanolin alcohols; lecithin; hydrogenated |ecithin; nono-
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-0-
and diesters of glycerol with higher fatty acids like glyceryl
nonostearate ; sorbitan esters with higher fatty acids such as
sorbitan nonostearate; ethoxylated higher fatty alcohols or acids

i ke polyoxyethylene (23) |aurylether or polyoxyethylene (2) oleate,
wherein numbers 23 and 2 represents the nunber of ethyleneglycol
units; esters of ethoxylated sorbitan like polysorbate 60; water
"soluble soaps like sodium stearate; mixtures of these substances, or

ot her pharmaceutically acceptable emulsif iers.

Binder is one or nore substances selected from the group conprising:
gl ucose syrup; glucose-fructose syrup; honey; saccharose; | act ose;
gel ati ne; sorbitol; mal titol; xylitol; cel lul ose guns like
hydr oxypr opyl nmet hyl cel | ul ose (HPMO) , hydroxypropyl cellul ose (HPC) |,
hydr oxyet hyl cel I ul ose (HEC) , nmet hyl cel I ul ose (M) sodi um
car boxynet hyl cel I ul ose (NaCMO) synt hetic pol yrer s such as

pol yvi nyl al cohol (PVA) , polyacrylic acid (PAA) and its copolyners,

pol yvi nyl pyrrol i done (PWP) ; hyaluronic acid; various guns |ike gum
arabic, xanthan gum tragacanth; alginic acid and its salts |like
sodi um al gi nat e; m xt ures of t hese subst ances, or ot her

pharmaceutically acceptable binders.

Di si nt egr ant is one or nore substances selected from the group
conpri si ng: crossl i nked pol yvi nyl pyrrol i done (PVP) ; sodium starch
gl ycol at e; crossl i nked sodi um car boxynet hyl cel | ul ose (NaCMO)
nodi fi ed st ar ches; m xtures of t hese subst ances, or ot her

pharmaceutically acceptable disintegrants

Lubri cant is one or nore substances sel ected from the group
conpri si ng: magnesi um cal ci um al um ni um and zinc soaps, e.g.
magnesi um st earate; hi gher fatty aci ds like stearic aci d; talc;
colloidal silica (silicon dioxide) ; mixtures of these substances, or

ot her pharmaceutically acceptable lubricants.

In ophthalmc water-based final dosage forns, lubricant s selected
from the group conprising: hydr oxypr opyl met hyl cel | ul ose (HPMO) ;
hydr oxypr opyl cellulose " (HPC) ; hydroxyethyl cellul ose (HEC) ; nethyl
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cel I ul ose (MC); sodium carboxynet hyl cel I ul ose (NaCMC) ;  pol yvi nyl

al cohol (PVA) ; polyacrylic acid (PAA) and its copolyners; hyaluronic

acid; polyvinyl pyrrolidone (PWP) ; glycerol; 1, 2-propyl ene gl ycol ;

t rehal ose; pol yet hyl ene gl ycol s (PEG like PEG 400; mnmixtures = of
t hese substances, or other pharmaceutically acceptable ophthalmc

| ubricants

Hunect ant is one or nmore substances sel ected from the group
conprising: glycerol; 1,2-propylene glycol; hexylene glycol; liquid
sorbitol; d- pant henol ; pol yet hyl ene gl ycol s; other conmmonly known

pharmaceutically acceptable hunectants, or their mxtures.

Thi ckener is one or nmore substances sel ect ed from the group
conpri si ng: cel I ul ose guns like hydr oxypr opyl nmet hyl cel | ul ose

(HPMO) , hydroxypropyl cellul ose (HPCQ) , hydroxyet hyl cellul ose (HEQ ,
nmet hyl cel l ul ose (MO , sodium carboxynet hyl cel | ul ose (NaCMO)
synthetic polymers such as polyvinyl alcohol (PvA) , polyacrylic acid
(PAA) and its copolyners, pol yvi nyl pyrrol i done (PVP) ; various guns
like gum arabic, xanthan gum tragacanth; alginic acid and its salts
like sodium alginate; m xt ures of these substances, or other

pharmaceutically acceptable thickeners.

Chelating agent is one or nore substances selected from the group
conprising: sodium or potassium salts of ethylenediam notetraacetic

(edetic) acid (EDTA) ; diethylenetrianine pent aacetic acid (DTPA) ;
nitrilotriacetic acid (NTA) ; water sol ubl e citrate salts like
trisodium citrate dihydrate; m xtures of these substances, or other
pharmaceutically acceptable chelating agents. Representative exanple

of such chel ati ng agent s i's di sodi um edet at e di hydrate

(Na,EDTA»2H,0) .

Preservative is one or nmore substances selected from the group
conpri si ng: par abens like nmet hyl 4- hydr oxybenzoat e, et hyl 4-
hydr oxybenzoat e, propyl 4- hydr oxybenzoat e, butyl  4-hydroxybenzoat e;

4-chl oro-mcresol ; triclosan; chl or obut anol ; chl or hexi di ne and its

salts; quaternary ammonium salts such as benzal konium chloride or
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cetrimonium brom de; benzoic acid; sorbic acid; benzyl alcohol; 2-
phenoxyet hanol ; dehydroacetic acid (3-acetyl-2-hydroxy-6-nethyl-4.ff-
pyran-4-one) ; m xtures of t hese subst ances, . or ot her

pharmaceutically acceptable preservatives.

Ant i oxi dant is one or nore substances selected from the group

conpri si ng: ascorhic aci d, its salts and esters like calcium
ascorbate or ascor byl pal mtate; 2,6-di-tert-butyl-4-net hyl phenol

(BHT) ; tert-butyl-anisole (BHA) ; propyl gal | at e; a- t ocopher ol and
its esters l'i ke a- t ocopheryl acet at e; rosemary (Rosmari nus
of ficinalis) extract; m xt ures of these substances, or other

pharmaceutically acceptable antioxidants.

Synthesis of 7,9-dihydroxy-3- (4,5 7-trihydroxy~2-oxo-2ff-chronene-3-

yl) -4fl-furo[3, 2-c] chromen-4-one (1)

The synthesis of  conpound 1 was perforned by the Pechmann
condensation of phlorogl ucinol (3) and cyanoacetic acid (4 in the
presence of gaseous hydrogen chloride (HC1) as catalyst in refluxing

diethyl ether as reaction solvent (step 1).

Thus obtained internediate ketimde 5 was separated after work-up of
the reaction mxture and hydrolyzed by refluxing in concentrated
hydrochlorid acid (HCL) furnishing 4,5,7-trihydroxy-2fi-chronmen-2-one

(6) (step 11) . Al so, the conpound 6 is comercially avai l abl e

pr oduct

Coumarin derivative 6 was subjected into condensation wth glyoxal

(7) in refluxing acetone (75 °¢ yielding conmpound 1 in an aldol-
type condensation (step 111)

The preparation of compound 1 in step IlIl can be alternatively

per f or ned at tenperatures between -20 °c to +100 -°C e.g. in

refluxing 1, 4-dioxane.
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Al ternatively, the synthesis of both internediate coumarin 6 (steps
I and 11), and conpound 1 (step 111) can be perforned wth other
protic or Lewis acids that are known to those skilled in the art of

-organi ¢ and pharnmaceuti cal chemi stry.

Also, instead of these reaction solvents: di et hyl et her in the |
reaction step of Pechnmann condensati on; as well as acetone in the
Il reaction step of aldol-type condensation; other inert organic

solvents |ike tetrahydrofuran (THF) , 1, 4-di oxan, di i sopropyl et her,

di chl or onet hane, can be used.

The synthesis of conmpound 1 is shown in Schene 1.

OH N H Cl
| :
C HC1l(g) / Et,0
+ éH2 -

| o

30-35 °C / 6 h
HO OH “Con /
3 4 ' 5

1. EtOH / H,0 (1:1)
OH OH
crystallization N o) 0
—] ——_ " H ——————
2. 36% HCl / H2O (2:1) HO 0 o) H H
130 °C / 90 min 6 7

Schene 1

The procedure for synthesis of conpound 1 and characterization data

for intermediate 6 and final conpound 1 are described in Exanple 1.
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Anal yti cal methods for its qualitative (TLC) , quantitative (HPLC) ,
and determination and mass spectra (M5) analyses are described in

Exanmple 2.

Since free phenolic OH groups of conmpound 1 do act as acids, the
correspondi ng salts wth pharmaceutically accept abl e, non-t oxi c
bases can be prepared. Such salts do have certain advantages over

free acid 1 due to eventually increased water solubility.

Exanpl es of wuseful bases that can be enployed for preparation of
vari ous pharmaceutically acceptable salts of conmpound 1 are: sodium
hydr oxi de (NaOH) , potassium hydroxide (KoH) , calcium hydroxide
[Ca(OH) ,1., magnesium hydroxide [MJ(OH)2], ammonium hydroxide (NH40H),
tetranet hyl / et hyl ammoni um hydroxide [R4(NOH; R= a3, C,Hs], choline
hydr oxi de [ (CH3) 3N (CH2CcH20H)OH] , ot her pharmaceutical ly accept abl e

bases, or mxtures of these substances in various nplar ratios.

These pharmaceutically accept abl e salts of conpound 1 can be
prepared by reaction of 1 with above nentioned bases at -20 °C to
+100 °c in an inert reaction solvent such as purified water,

nmet hanol , et hanol , i sopr opanol , other inert organic solvents, or

m xtures of these substances.

Thus obtained solutions or suspensions of fornmed salts are  converted
to pure anhydrous or solvated or hydrated salts by crystallization,
evaporation to dryness, or by Ilyophilisation, or other alternative

common techniques known in the art of pharmaceutical chem stry.
Oten such salts form various sol vat es or hydrates t hat can
alternatively be enployed as active pharmaceuti cal i ngredi ent (API)

of the composition of this invention.

The procedure for preparation of representative pharmaceutical ly

acceptabl e nonosodium salt of conmpound 1 is described in Exanple 3.

Preparation of the conposition from the present invention
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The composition . from t he pr esent i nvention i nvol ves all

pharmaceutically useful final dosage fornms as described above.

The technology of preparation of wvarious final dosage forns are

known to the person skilled in the art of pharmaceutical t echnol ogy,

see for instance literature reference 7:

7y J. Swarbrick, J. C. Boylan: Encycl opedi a of pharnmaceuti cal
technol ogy; New York, M. Dekker (1998-2001)

Final dosage form of powder is manufactured by honogeni zation of
powder ous i ngredi ent 7,9-di hydroxy-3- (4,5, 7-trihydroxy-2-oxo0-2H
chronene-3-yl) -4Hfuro [3, 2-c] chronen-4-one (1) which serves as an
active pharmaceuti cal i ngredi ent (API) with one or nore powderous
excipients selected from the group conprising: filler, lubricant,

and optionally, other pharnmaceutical exci pi ents.

Thus obtained powder can be granul ated, by wusing one or nore
suitable diluents and binders, yielding dosage forns of granules.
Diluents like purified water for wet granulation process are used on

quantum satis (qg.s.) principle.

Powders and granules <can be conpacted to give final dosage forms of -
tablets, or alternatively, filled into gelatin or various vegetable

capsules furnishing final dosage form of capsules.

Liquid dosage fornms such as oral solution, suspension, or syrup are
prepared by dissolution of conpound 1 in suitable diluent like
purified water, or mxtures of purified water wth hunmectants and
thickeners. Liquid formulations based on predominantly water have to
be preserved agai nst m cr obi ol ogi cal spoi | age by addition of

suitabl e preservative.

Topical dosage form of ointnent is prepared by honogenization of
fine powderous conmpound 1 into the  hydrophilic or lipophilic

ointnment base. The fornmer are, for instance, a mxture of solid and
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liquid polyethylene gl ycol s (PEG , whilst the latter are various

m xtures of waxes, plant oils, lanolin, etc.

Creamrs and lotions from the class of water-in-oil (WO or oil-in-
water (OW enmulsions are prepared by honogenization of conpound 1

in the corresponding base enulsions.

There can be many other preparation technologies of the conposition
of the present invention in all nentioned and other possible final
dosage forms, what is knowmn to the person skilled in the art of

phar maceut i cal t echnol ogy.

For denonstrati on, typi cal final - dosage forns of the conposition

from this invention are given in Exanples 8-15.

Study of cytotoxicity of 7,9-dihydroxy-3- (4,5,7-trihydroxy-2-oxo0-2H

chronene-3-yl) -4ff-furo[3, 2-c] chromen-4-one (1) via determ nation of

mexi mal non-t oxi c concentration (MNC) and cytotoxic concentration

(CC50) and conparison wth literature analogue 2

Cytotoxicity of compound 1 was determned through the study of cell
growmh and viability by the nethods of determ nation of maximal non-
toxic concentration (MNC) and concentration required for cell
viability by 50% (CC.,). Maxinal non-toxi c concentration (MNO)  was
defined as the highest concentration of the test substance, which
does not cause injury or death of the treated cells. Cytotoxic
concentration at 50% (CC,,) was defined as the concentration of the
test substance at which 50% of the cells die as a result of toxicity

of the test substa_nce.

Evaluation of cytotoxicity was an inportant part of the assessment
of antiviral —activity of conpound 1 since its beneficial antiviral
effect should be selective for virus-specific processes wth little
or no effects on the netabolism of host cells. The study was

performed wth 7,8-di hydroxy-3- (4,6, 7-trihydroxy-2-oxo-2fi-chronen- 3-



WO 2016/156888 PCT/HR2016/000005
—16-

yl) -4tf-furo[3, 2-c] chronmen-4-one (22 as a control conpound which was

described in the literature reference 6.

The study of cytotoxicity of compounds 1 and 2 was performed on MT-4

cell 1line.

The MI-4 cell line was not infected wth human inmunodeficiency

(HV) virus and was used as a classical nodel for reproduction of
acute infection wth H V-1, for the study of effects of various
putative i nhibitors of H V-1, and for the titration of virus

infectivity by cytopathic effect; see literature reference 8:

8) D. Montef iori , E. Robinson, Jr. Shirl ey, S. Schuf f man, wW.
Mtchell: Evol uti on of antiviral dr ugs and neutrali zi ng
antibodies by rapid and sensitive microtiter infection assay., J.

Clin. Mcrobiol. 26 (1998) 231-235.

Cell wviability was estimated by a nodification of the 3- (4, 5-

di net hyl t hi azol - 2-yl ) -2, 5-di phenyl tetrazolium broni de (MIT)  assay,

which is described in the literature reference 9:

9) T. Mosmann: Rapid colorinetric assay for cellular growmth and
survival: Application to proliferation and cytotoxicity assays,

J. Immunol. Methods 65 (1983) 55-63.

Cell viability was reported as the percentage (% of viable cells in

the wells treated with different concentrations of the test conpound

1, conmpared to the control cells wuntreated wth the substance.
Maxi mal non-t oxic concentration (MNC) and cytotoxic concentration
for 50% of cells (ccs0) were cal culated from the constructed "dose -
cellular survival" curve.

Bot h MNC and CC50 val ues wer e eval uat ed si mul t aneously by
mor phol ogi cal and by cell survi val criteria. We used MIT-test,
determining the living and early apoptotic cells. Wen mcroscopic

observation of the norphology of the nonolayer were carried out at
72 h after the treatnent wth test conmpound 1 and control conpound 2

solutions in concentration range from 10 mM to 0.01 mM typical
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cytopathol ogy characterizing toxic effects were not registered. We
found some norphology changes of cell line in conparison wth the
cell control only .in treated wells with highest concentration of 100
mM  whose inpact could be due to the content of a diluent wused

(DVBO)

To evaluate whether this effect is due to. the toxicity of the tested
substance 1, control conpound 2, or DNSO rrbrtgagi ng control of
growmh nmedium RPM 1640 supplenented wth 2% FBS and DVMBO was
tested. We conducted a test with the sane concentration range as the
test conmpound 1 and control conpound 2. The results show that the
toxicity of DMSO in lower dilutions is extrenely small and does not

have a toxic effect on the cells of both Iines.

Cytotoxic activity of conmpound 1 on viability of nodel Mr-4 cell
line can be seen from the dose - response curves obtained after 72 h
culturing, see Figure 1. Cytotoxic activity of control conmpound 2 on
viability of nodel Mr-4 cell line can be seen from the dose -

response curves obtained after 72 h culturing, see Figure 2.

The results of MNC and ccso obtained in the cell line for conpounds 1
and 2 are given in Table 1. Detailed experinental procedure of
cytotoxicity determnation of conmpounds 1 and 2 is given in Exanple

4.

Table 1. Cytotoxic effect of 7,9-dihydroxy-3- (4, 5,7-trihydroxy-2-
0xo0- 2#- chromene- 3-yl) -4ff-furo[3, 2-c] chronen-4-one (1) and control

conpound 2 on Mr-4 cells at 72 h.

No. Conmpound (M | (M

Closest State of the Art:

1 | Control conmpound 2| 0.01 10

This invention:

2 | Conpound 1 - | o001 10
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a2 MNC= nmaxi mal non-toxic concentration.

P ocso= cytotoxic concentration for 50% cells.

In conclusion, the results showed that both conpound 1 and control
conpound 2 exhibit Ilow and practically the same cytotoxicity against

MI-4 cell line. These results were dose-dependent.

We concl uded t hat these results strongly support the initial
hypot hesis that conpound 1 is essentially non-toxic, and thus can be
safely wused as pharnaceutical active substance (API) . Of course,
further toxicol ogical studies have to be perforned, but this is
obviously not essential for denonstration of novelty and inventive

step of this invention.

Study of antiviral activity of 7,9-dihydroxy-3- (4,5, 7-trihydroxy-2-

0x0-2H chronene-3-yl )-4ff-furo[3, 2-c] chronen-4-one (1) and conparison

with literature analogue 2

The first study of antiviral activity of conmpound 1 and the control
conpound 2 was performed on exanple of its influence on replication
of human imunodeficiency virus 1 (HV-1) by mcrotiter infectivity
assay in cell culture and by evaluation of concentration of conpound
1 or 2, which inhibits virus replication by 50% (1cs0) as well as by

selectivity index (Sl)

The cell line wused in this study was also the M-4 cell line as

descri bed above.

A mcroplate assay of infectivity in cell cul ture, based on
consideration of a cytopathic effect of the virus was described in
t he literature, see ref erence 8. At | east 4 di fferent

concentrati ons: | OKMNC, MNC, M\CT!, MNC™2, and MNC-3 were used. The

value of MNC is given in Table 1.

In each trial, the follovving controls were set:
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(iy cell control - only cells in culture nmedium and not infected
with the virus; and

(ii) viral control - one colum to cells infected with the virus were

added only ‘medi um (200 pi) without the test compound 1 or the

control compound 2.

Replication of HV-1 in cell culture was nmeasured by the MIT assay
in addition, by recording the RT activity in the culture medium
(fluid) . This test shows the effect on the process of reverse

transcription in the virus under appropriate experinmental condition.

The activity of conpound 1 or control compound 2 against the
cytopathic ef f ect of HV-1 was expressed as percentage (%

protection (survival) of the cells defined by the followi ng fornula:

oD, - OD
% protection = X 100 (%

OD,. - ODb,.

wher ei n:

ODvs absorption of cells infected and treated with conmpound 1 or 2

ODvc = absorption of the virus-infected <cells (virus control wthout
compound 1 or 2), and

ODcc = absorption of uninfected cells (cell control)

The i nhibitory concentration 50% (1 C50) was defi ned as the

concentration of test conpound 1 or control conmpound 2, expressed in

mvi which inhibits 50% viral replication. Ics0 was determ ned
directly from the curve "dose (concentration) - response (anti-HV
effect)". The 1c50 was expressed as percentage (% of:

(iy cell viability which was obtained by the MIT assay; or
(ii) percentage (% inhibition of enzynme reverse transcriptase (RT)

activity .
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On the basic of the data about CcCso and 1c50 for the test substance 1
or control subst ance 2, the selectivity i ndex (sl) value was

esti mat ed.

The study of the effects of any potential anti-H'V active substance
starts always wth the biological activity of the substance on the

virus, wthout taking into account the mechanism or target of this

ef fect. The i npact of substance 1 or control compound 2 on the
replication of HWV-1 was tested on cell line M-4 my MTT assay for
recording the cytopathic effect wunder the action of the virus. In

fact, the test reported survival rates of cells infected wth the
virus and treated wth different concentrations of test substance 1
or control substance 2. The expectation is that in the antiviral

effect, the cells wll be protected from the cytopathic effect of

the virus conpared to the virus control.

In all cases, we nmade a conparison wth the survival of cells not
infected wth virus and wthout the addition of inhibitors (cell
control) , and cells infected with the virus, wthout the addition of

inhibitors (virus control)

Ther ef ore, in each experinent antiviral ef f ect existed follow ng
obligatory statenents:

(i) cells not treated with virus and substances (control cells);
(ii) cells treated wth the virus, wthout addition of the test
substance 1 or control substance 2 (control virus) ; and
(iii) ~cells infected wth a virus, in which the «culture nedium
after inoculation was added to the appropriate concentration

of the test substance 1 or control substance 2.

The results of the experinents are given in Tables 2 and 3.

Table 2. Survival (% protection) of the M-4 cells infected with
H V-1 wunder the action of 7,9-dihydroxy-3- (4,5,7-trihydroxy-2-o0xo-
2tf-chronene-3-yl )-4Hfuro [3, 2-c] chronen-4-one (1) or 7,8-dihydroxy-
3- (4, 6, 7-trihydroxy-2-oxo-2H chronen- 3-yl )-4Hfuro [3, 2-c] chronmen-4-
one (2) of previously determined MC = 0.01 nmM
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Concentration Sur vi val (% protection)
No. o Control conpound 2 Compound 1
e (state-of-the art) (this invention )
1 5 _ a _ a
2 1 _a " a
3 0.1 - a - 2
4 0.01 55 92
5 0. 005 50 75
6 0. 001 25 60
7 0. 0001 0 55
8 0. 00001 0 50
9 0. 000001 0 0

a The corresponding concentrations were cytotoxic, therefore, the

experinents at these concentrations were not preforned.

The results from Table 2 show the survival (protection) of MI-4
cells after infection with H V-1 and treated with the test conpound
1 and control conpound 2 at various concentrations of MC. Thus was
determned not only the biological activity of conpounds 1 and 2,
but also the 1C;o0 for both conpounds by the MIT test. Based on data
"dose - anti-HV effect", the values of 1o of the test conpound 1

and control conpound 2 were deternined (Table 3).

Table 3. Conparison of protection of M-4 cells (% survival) in MC
€cs0, I C50, and SI of 7,9-dihydroxy-3- (4, 5, 7-trihydroxy-2-oxo-2tf-
chronene-3-yl) -4tf-furo[3, 2-c] chronen-4-one (1) and 7, 8-dihydroxy- 3-
(4,6, 7-trihydroxy-2-oxo-2H chronen- 3-yl )-4Hfuro [3, 2-c] chronen-4-one
(2) in MI-4 cells infected with H V-1 according to the MIT assay.

No Parameter Compound 2 gom?ound }
: (state-of-the-art) (this invention)
1 MNC [mM] 0.01 0.01
% protection of the
2 MT?4 cells in MNC 100
3 CCso [mM] 10 10
4 ICso [mM] 0.005 0.00001
5 SI = CCs0/ICso 20103 1000e103

In conmparison of the effect of the concentration of MC and icso

shows that compound 1 protects the cells in high degree in MNC, 92%
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It protects the cells of 60% even at a concentration 10 tinmes (1 X)
lower than is the MC .
In contrast, t he control conpoynd 2 from the prior art showed
significantly | ower antiviral activity, provi di ng only 55%
protection of the <cells versus 92% observed for the conpound 1 from
this invention. Mor eover even at |10OOx |ower concentration (0. 0001
itiy than 1s MC, the prior art control conpound 2 showed 0% of cell
protection activity, i n conparison with 55% which gave the conpound
1 from this invention.
At all concentrations of conmpounds 1 or 2, dose-dependent reduction
of cell survi val in varying degrees was observed. Thi s i ndi cates
t hat, reducti on of the concentration of conpound 1 or 2 decreases
the survival rate of the cells, because t hen cytopat hic ef f ect of
the virus increased.
I'n concl usi on, t he t est conpound 1  protects t he cells with
significantly st ronger antiviral activity than the control conpound
2 from the prior art.
Det ai | ed experi ment al procedure of study of antiviral activity of

conpounds 1 and 2 is given in Exanple 5.

Study of antiviral activity of 7, 9-dihydroxy-3- (4,5, 7-tri hydroxy- 2-
oxo- 2f | - chr onene- 3-y| )-4H-furo ‘[3, 2-c] chronen-4-one (1) via study of
reverse transcriptase (RT) activity and conparison with literature
anal ogue 2

Fur t her nor e, antiviral activity of conmpound 1 was studied on reverse
transcri ptase (RT) activity to elucidate potenti al mechani sm of its
antiviral action. This was done by wusing Mr-4  cell line which was
not i nfected with HI V- 1. Sour ce of H V-1 culture , fluid was
chronically i nfected and producing H V-1  subtype B cell line HO/HTLV

I B.
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Reverse transcriptase (RT) activity was deternmn ned:

(a) in the culture fluid of infected H V-1 MT-4 cells at 72 hours
after their infection (viral control);

(b) in the culture fluid of non=infected with H V-1 cells at 72
hours and culturing wthout the addition of any substance (cell
control) ; and ‘

(c) in the culture fluid infected with HV-1 M-4 cells at 72 hours
after infecting them in which the desired concentration of the

test compound 1 or the control conpound 2 to the growth nedium

was added.

RT activity was determned according to the instructions of the
pr oducer. Separately was reported RT activity of st andard
reconbi nant reverse transcriptase (rRT), available in every kit. It
was prepared 12-fold dilutions of the standard rRT. The manufacturer
provides data on the anobunt of rRT in pg/well and pg/n for\ each 12-
fold dilution. The nmethod wused represents colorinmetric method for
non-radi oacti ve det ermination of RT activity. It includes two
st ages:

(1) the synthesis of reverse transcript at the 3- or 24-hours

i ncubation at 33 °cv(vvhich was determned experinentally) ; and

(2) quantitative determnation of the resulting product.

In the synthesis of DNA using bronine deoxyuridine triphosphate (Brd
UTP) , which enter into the conposition of the reaction nixture. It
is included in the structure of the matrix/prinmer nmaking up the DNA
chain. Determination of incorporated Brd UTP was done by tracer-
antibody Brd UTP, conjugated to the enzyme alkaline phosphatase.

Foll owed colorimetrically determining the absorbance at A405 nm
which is proportional to the RT activity in the sanple. According to
the manufacturer, RT activity was considered positive when A405
values for the sanple exceeded at least 2 times the values of A405
for negative control. O herwise the sanple was reported as such
lacking RT activity, i.e. negative. The test was done by conparing
the RT activity in ithe virus controls (100% reported with viral RT

activity in the wells treated wth the test substance in the



WO 2016/156888 PCT/HR2016/000005
—24-

different concentrations in strict absence of RT activity in control
cel I s. Percent inhibition of replication using the RT test was
expressed as the difference between 100% (positive viral control
without inhibitor) and % reported RT activity in the wells treated

with the inhibitor (conpounds 1 or 2) at various concentrations.

The RT test was perforned by using HS-Lenti RT activity Kkit test
provided by Cavidi (Sweden) for direct study of inhibitory effect of
rRT. HS-Lenti RT activity assay provides an opportunity for direct
determ nation of the effects of the test conmpound 1 and the control
conmpound 2 on the activity of rRT, of known concentrations. This was
achieved ‘at the incubation nmixture to determine RT activity by
including the test or the control substance in dilutions desired,
whi ch showed activity in the prelimnary study. Such opportunity is
provided by the test kit manufacturer, see Iiterbature reference 10:
10) X. Shao, D. Ekstrand, R. Bhikhabhai, c. Kallander, J. Gonowtz:
A non-radioactive microtitre plate reverse transcriptase (RT)
assay, based on immobilized tenpl at e, for screening of RT
activity inhibitors and evaluation of 'the nmpde of action,
Antiviral Chem Chenother. 8 (1997) 149-159.

Detail ed experinmental procedure for study of effect of conpounds 1
and 2 on reverse transcriptase (RT) activity is described in Exanple

6.

The neasurenent of RT activity is a wdespread nethod for the
guantitative det ermi nati on of retroviruses replication. In the
experi ment al set-up, primarily endogenous activity in supernatants
was neasured, i.e. in the culture fluid of virus infected cells and

treated/untreated wth inhibitor at 72 hours after cultivation.

For the control, commonly used substance wth proven antiviral

activity was enployed; in our case, we used Kivexa, which contains
600 mg Abacavir and 300 mg of Lam vudine, which is applied in
clinical practice as nucleoside inhibitor of RT. In the presence of

RT inhibition in the test, it is concluded that not only the
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replication of the virus is inhibited, but also probably the target
of the inhibitory effect is RT itself. To confirm this conclusion,
it is necessary that percentage (3) of inhibition of the RT
coincides with the % inhibition in the mcrotiter MTT assay. To
prove this definitively, manufacturing conpany offers a test and for
exogenous RT activity. Reaction nixture supplenented wth inhibitor
was prepared at desired concentration for the assay, and then, to
t he »rri xture, r econbi nant RT was added with a known activity and
concentration. After incubation, we determned whether the activity
of the enzyme shall be anended (i nhi bi ted) by action of the
conpounds 1 or 2. Table 4 shows the effects of different
concentrations of tested conpound 1 and control conmpound 2 on the
replication of HV-1 by neasuring the endogenous and exogenous RT

activity .

Table 4. Effect of different concentrations (colum 3) of Kivexa
(Abacavir + Lam vudine) , 7,9-di hydroxy-3- (4,5,7-trihydroxy-2-oxo0-2.fi-
chronene-3-yl )-4Hfuro [3, 2-c] chronen-4-one (1) and 7, 8-di hydroxy- 3-
(4,6, 7-trihydroxy-2-oxo-2H chronen- 3-yl) -4H-furo [3, 2-c] chronen-4-one
(22 on the replication of HV-1 in the infected M]_'—4 cells. The
effect is nmeasured by RT activity in the culture Iliquid (endogenous
RT) (columm 4), and by direct inpact on rRT (exogenous reconbinant

RT; colum 5) .

RT A405RT/ r RT A405RT/
Concentration RT control rRT control
No. Conpound (" A405, AA05,
(% (%
i nhi bitiona i nhi bition=
0.01 100 n.a.
Ki vexa 0. 005 . 70 n.a.
1 (Abacavi r +Lami vudi ne ) 0. 0001 59 n.a.
0. 00001 25 n.a.
0.01 0.437/1.000 3. 145/ 2. 964
’ (56.3) (0)
0. 490/ 1. 000
Conpound 2 0.005 (51) -
2 (state-of -the-art) 0. 001 0.743/1.000 .
' (25.7)
0. 0001 0. 994(/0)1. 000 | .
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0. 01 0.110/1.000 0. 805/ 2. 964
' (89) (72. 85)
0.234/1.000 2.980/ 2. 964
0. 005 (76.6) (0)
Conpound 1 0.450/ 1. 000 .
3 (this invention) 0/0001 (55) -
0.493/1. 000
0. 00001 (50.7) _
0.987/1.000
0. 000001 (1.3) -
Kivexa (600 mg of Abacavir + 300 mg of Lamivudine)= a reference RT
inhibitor, n.a. = not analysed; because of the lack of Abacavir

tri phosphat e

a Negative control of the test for endogenous RT activity was A405=
0.212. The positive control was A405= 1.000. The experinental
results were the average of 3-6 wells; these were selected in a
manner that the extinctions in the MIT assay (A540) do not differ
for nore than 10%

b Negative control of the test for rRT activity was A405= 0.232. The
positive control for the test was rRT A405= 2.964.

¢ These were not analysed due to the strength of the results in the

previous dilutions.

It is crucial that if the substance is nucleoside inhibitor of RT,
to perform the activity, phosphoryl ati on of cell ki nases is
required. The latter is not possible in the "cell-free" system i.e.
in the execution of the exogenous RT reaction. The last would be
possible only in the case of working with triphosphates of the test
subst ance. For this reason, exogenous RT for Abacavir was not
carried out. However, this is only applied to nucleoside anal ogues

and not for test compounds 1 or 2.

Conpound 1 inhibits >89% H V-1 infectivity in M-4 cells (Table 4),
which is consistent with the inhibition of RT in supernatants
(endogenous RT) . Sinmilar situation is against rRT, which is. slightly

| ower conpared to the inhibition of endogenous RT.
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From this study, one can conclude that the conpound 1 from this
invention showed a strong antiviral activity through inhibition of
RT, whilst the control | conpound 2 from the prior art is mnor or
totally inactive (either endogenous or exogenous) RT inhibitor. In
this manner, an antiviral activity of the prior art control compound

2 as observed earlier is probably not based on RT inhibition.

The RT inhibitory activity of the conmpound 1 is simlar or slightly
stronger than for the known antiviral agent Kivexa (Abacavir +

Lam vudi ne)

Thus antiviral activity of compound 1 does target the reverse
transcri ptase (RT) of human immune deficiency virus-1 (HV-1) ,
despite the fact that inhibition against FRT is slightly lower, in

conparison with the inhibition of endogenous RT.

Study of antiviral activity of 7,9-dihydroxy-3- (4,5, 7-trihydroxy-2-

ox0-2ff-chronene-3-yl )-4H-furo[3, 2-c] chronmen-4-one (1) via

determnation of viral load by FDA approved test and conparison wth

literature analogue 2

The preparation of the MI-4 cell line and H V-1 culture was the sane
as in previously described studies. Mnitoring of the anmount of
virions during anti-viral analysis by neasuring of the viral |oad
with FDA approved test was preformed as follows: The study was
conducted with Real-Tine polynerase chain reaction (PCR) test for in
vitro quantitative assay of HWV-1 wth automated system Abbott
Mol ecul ar' s nR000, approved by the United States (us) Food and Drug
Adm ni stration (FDA) , and with the CE nmark. Extraction of wviral
nucleic acid was «carried out wth an automatic extractor with
nmagneti c particles - Abbott Mol ecul ar' s nR000sp and Real -Tine
anplification; detection was performed wth nR000rt. The sensitivity
and range of the test was 40 (1.6 log copies/m) to 10,000,000 (7.0
log copies/m) copies/m by the extraction of 1 ml of sanple. The

target region of the viral genone was a fragnment of the integrase
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gene pol. The test was designed to detect H V-1 subtypes A-H group

P and N. In every test sanple, an internal control was placed.

The study included three controls: negative, |ow positive, and high

positive with the following result:

(i) negative control - result negative (not detected) ;

(ii) low positive control - result 938 copies/n (2.97 log) control
| evel s; and

(iii) high positi've control - result 92,927 copies/n (4.97 1log)
control |evels. »

The controls were wthin the pernmissible range and the study was

val i d.

Beside the viral and cell controls, two sanples were tested:

(1) viral control: MI-4 cells infected with HV-1 culture fluid
derived from chronically infected -and producing H V-1 subtype B
cell line. The flask with infected cells was incubated for 5
days (120 h) at 37 °Cc and 5% content of CO,. After expiry of the
incubation period, the supernatant was collected and frozen at -
70 °Cc to the study;

(2y cell control: only M-4 cells in culture medium and not infected
with a HIV-1; |

(3 sanple 1: acute infected MI-4 cells with H V-1 and treated wth
the control compound 2 from the prior art, at maximl nontoxic
concentration (MNC) of 0.01 mvt and

(4 sanple 2: acute infected MI-4 cells with HV-1 and treated wth
the conmpound 1 from the present invention, at naxinmal nontoxic

concentration (MNC) of 0.01 nM

Result from this study is given in Table 5. Experi nment al procedure

for this study is described in Exanple 7.

Table 5. Conparison of antiviral effects of 7,9-dihydroxy-3- (4, 5,7-
tri hydroxy- 2- oxo- 2f f - chr onene- 3-yl ) -4H-furo[3, 2-c] chronen-4-one (1)

and 7, 8-di hydroxy-3- (4,6, 7-trihydroxy-2-oxo-2ff-chronen-3-yl) - 4H-
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furo[3, 2-c] chronen-4-one (29 against HV-1 in MT-4 cell line by

nmeasuring of the viral [|oad using FDA-approved test.

No. Sample Viral load [copies/ml]
(log)
. 4.897
1 Viral control (3.69 log)
Negative
2 |Cell control (HIV RNA not detected)
3 Compound 2 1.227
(state-of-the-art) (3.09 log)
4 Compound 1 1.016
(this invention) (3.01 log)
In this study, lower viral I|oad against the result for the vira

control nmeans stronger antiviral activity. Conpound 1 showed the
lowest viral load, lower than is the result from the viral control
run, what clearly indicates its antiviral activity. Moreover, the
viral load obtained with conpound 1 was significantly |ower than was
the viral load at the control. conpound 2 from the prior art, what

proves stronger antiviral activity of the former versus the latter

conmpound .

In concl usion, 7, 9-di hydroxy-3- (4,5, 7-trihydroxy-2-oxo-2ff-chronene-
3-yl) -4tf-furo[3, 2-c] chronen-4-one (1) is characterized by very |ow

toxicity and very high antiviral activity.

This study shows the antiviral activity of the conmpound 1 from this
invention is significantly st ronger than that of the control
compound 2 from the prior art (Tables 2, 3 and 5), and sinilar or
slightly stronger than to those of known antiviral agent Kivexa
based on fixed conbination of active pharnmaceutical i ngredi ents

Abacavir + Lamivudine (Table 4).

Tentative mechanism of antiviral action of conpound 1 is based on
inhibition of reverse transcriptase (RT) enzyme, but this night not

be the only aspect of its antiviral action.
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Use of the conmposition from this invention

Due to denonstrated profound antiviral activity of 7,9-dihydroxy-3-

(4,5, 7-trihydroxy-2-oxo-2fi-chronene' 3-yl )-4H-furo [3, 2-c] chronen-4-

one (1) , the conposition of the present invention that is derived
from 1, in its various final dosage forns is used for treatnent of
various viral infections and virus-causing diseases.

The conposition of the present invention can be used against the

foll owi ng viruses: enteroviruses A-J; rhinoviruses A-C, rotaviruses
A-C, norovirus; influenza virus A-C and their several types |Ilike

HINL, H2N2, H3N2, H5N1, H7N7, HIN2, HON2, H/N2, H/N3, HION7, H7N9,

and their ot her rel atives; human papi | | omavi r uses (HPV)
pol yomavi r uses like John Cunningham virus (Jcv) and Merkel cell
virus (MV) ; poxviruses; herpesviruses such as human sinmplex virus 1
(HSV-1) , human sinplex virus 2 (HSV-2), varicella zoster virus,
Epst ei n-Barr Vi rus (human her pesvi rus 4, EBV/ HHV- 4) , human

cyt onegal ovi rus (HHV-5) , and Kaposi's sarconma-associ ated her pesvi rus
(HHV-8); hepatitis A-C viruses (HAV, HBV, HCV) ; retroviruses like
human i nmunodefi ci ency virus type 1 (HV-1), type 2 (HV-2) and
their subtypes; SARS coronavirus; Ebola virus (EBOV) ; Marburg virus
(MARV) ; Banna virus; rubella virus; nmeasl es  virus; munps Vi rus;

human parainfluenza viruses (hPIV 1-4); rabies virus; orbiviruses;

as well as against other viruses that affect human  or ani nal
or gani sm
In this manner the conposition of the present invention is used for

t r eat ment of diseases caused by above-nentioned viruses selected

from the group conprising:

(i) non- cancer di seases: enteritis (ent eroviruses A-J) ; comon
cold (rhinoviruses A-O ; gastroenteritis, di arr hoea
(rotaviruses A-E, norovirus) ; gastroenteritis (norovirus) ;
i nfluenza (i nfluenza Vi rus A-O ; progressive mul tifocal
| eukoencephal opat hy (Jcv) , nephrophat hy, Mer kel cell cancer

(M2V), smallpox (variola) (poxvirus); herpes (HSV-1, HSV-2);
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chi cken- pox, her pes zoster (shingl es) (varicella zoster
Vi rus); i nfectious nmononucl eosi s (HHV-4); hepatitis A
(hepatitis A virus); hepatitis B (hepatitis B virus);
hepatitis C (hepatitis C wvirus) ; acquired i mrunodefi ci ency
syndr ome (H V-1, H V- 2, and their subtypes) ; severe acute
respiratory syndr ome (SARS) ; Ebola (EBOV) ; Marburg Vi rus

di sease (MARV) ; fever and encephalitis (Banna virus) ; rubella

(rubella Vi rus); neasl| es (measl es Vi rus); minps (rmunmps

~

virus); parainfluenza (hPIV 1-4); rabies (rabies virus);

(ii) vi rus-associ at ed cancer di seases: Hodgkin' s | ynphong,
nasophar yngeal carci noma, Burkitt's | ynphona ( EBVI HHV- 4) ;
nmucoepi der noi d carci noma (HHV-5) ; hepatocel | ul ar carci noma
(HBV, HCV) ; cancer of cervix, anus, peni s, vagi na, and
or ophar yngeal cancer (HPV) ; pri mary ef f usi on | ynphong,

Kaposi's sarcoma (HHV-8); as well as

(iii) autoinmune di seases often associ ated with various viruses:
dermatonyositis systenic | upus eryt hemat osus, r heunat oi d
arthritis, mul tiple scl erosi s, Sjogren's syndr one; and

various other viral diseases of human and aninals.

Depending on the kind of final dosage form the conposition of the
pr esent i nvention can be admi ni st ered: oral ly, topically,

parenterally, vagi nal |y, rectally, via eyes, nose, or ears, or by
inhal ation. The therapy involves one or nore adninistrations per day
of pharmaceutically ef fective doses from 0.1-15 ng/kg of body
wei ght , what represents 7.5-1.125 mg of active conpound 1 per

average adult person of 75 kg body weight.
Exanpl es

Ceneral renarks

Thin |ayer chr omat ogr aphy (TLQ) was carried out on silica gel

plates, Al -foil, 604HF254, Merck, Darnstadt, Gernany.
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Hi gh performance liquid chromatography (HPLC) was performed on
Agilent 1260 Infinity instrunent.
I nfrared (IR spectra wer e recor ded on  Bruker Al pha FT-1R

spectrometer with dianmond-ATR sanpling node, and wave nunbers (v)

are expressed in cnri,

NVR spectra were recorded on Bruker Avance 111 NVR spectrophotoneter
at 500 Mz (3% or 125 MHz (%3c). Chemical shifts (d) were expressed
in ppm against tet r anet hyl si | ane as an internal standard, whil st

coupling constants are given in Hz.

Mass spectra were recorded on Agilent 6224 Accurate Mss TOF LG M
system of the following characteristics: dual AP-ESI (el ectro-spray
at atnospheric pressure) source; mass anal yser for positive and
negative ions of 25-20.000; mass resolution of >10.000 across whole

mass area; accuracy >2 ppm
Room tenperature (r.t.) neans the tenperature interval of 20-25 °c

Studies of antiviral activities of the conmpound 1 from the present
invention and the control compound 2 from the prior art were
conducted in collaboration wth Departnent of Virology of National
Cent er of I nf ecti ous and Parasitic Di seases (NCI PD) , Sofi a,
Bul garia; Assist. Prof. Dr. P. CGenova-Kalou, Dr. D. Pencheva, Assoc.
Prof. dr. A. Tchorbanov, Assoc. Prof. D. 1. Aexiev, and Prof. Dr.

T. Kantardjiev.

Exanple 1. Synthesis of 7,9-dihydroxy-3- (4,5,7-trihydroxy-2-oxo0-2ff-

chronene-3-yl) -4Hfuro [3, 2-c] chronen-4-one (1)

(a) Preparation of 4,5, 7-trihydroxy-2ff-chronen-2-one (6) : To a 3-

necked 3 1 reaction flask, diethylether (900 M) was added, followed
by phl orogl uci nol (3; 126.00 g; 1 mol) and cyanoacetic acid (4

85.00 g; 1 nol) . The reaction nixture was intensively stirred wth
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evol ution of gaseous hydr ogen chl ori de (HC1) for 6 hours with
cooling and maintaining the tenperature bet ween 30-35 -°cC The
reaction was carried out for 6 hrs. The mixture was then left
over ni ght . The organic | ayer was decanted and residual pr oduct

poured into a mxture of water (3 1) and ice (1 kg) . Thus 6bt ai ned
suspension was stirred for 1 h and filtered on a Buchner funnel. The
internediate product is ketimde 5, which was further «crystallized

from 50% aqueous et hanol

Thus purified keti m de 5 was hydrol ysed in a mxture of 36%
hydr ochl ori c acid (1 1) and distilled water (500 m) at reflux

temperature (130 °c for 90 minutes. Then, the reaction mxture was

cooled to room tenperature and obtained product in the form of
precipitate was separated by filtration, and washed wth water
(3x100 nm) . Crude pr oduct was dried on vacuum oven (60 °C
overnight) and purified by crystallization from water-ethanol 9:1,
V/IV. Isolated product was dried in vacuum oven at 60 °C overnight

yielding 174.60 g (909 of pure conpound 6 in the form of vyellow
crystals, mp. 325 °C (dec.)

Single spot on TLC, Rg= 0.40; benzene/ et hanol/ et hyl acetate= 3:4:5,
VI VIV.

MS miz: 193.03 [M - H*]; M (5)= 194.02.

FT-IR (KBr) v (cnft): 3502, 3411, 3258, 3082, 2631, 1608, 1565, 1470,
1426, 1358, 1296, 1266, 1211, 1160, 1075, 806.

IH-NMR (DMBO-de) & (ppm : 5.90 (s, 1H H6) , 6.05 (s, 1H H8), 6.10
(s, 1H H3), 10.50 (s, 3H 4,5, 7-OH) _

13C-NVR (DMBO-de) & (ppm) : 89.9, 96.0, 97.2, 102.0, 155.0, 157.1,
159.0, 162.0, 168.0.

(b) Preparation of 7.,9-di hydroxy-3- (4, 5, 7-trihydroxy-2-oxo-2ff-

chronmene-3-yl) -4ff-furo[3, 2-c] chronen-4-one (1) : To a 3-necked flask

(250 m), aceton (75 m), 4,5, 7-tri hydroxy-2-oxo-2tf-chromen-2-one

(6; 4.74 g; 0.022 nrol), and glyoxal (7 0.93 ml of 40% solution)
were added. The reaction mxture was heated under reflux (75 °¢o for
1 h. Then, the reaction mxture was evaporated to dryness. The crude

pr oduct (3.07 g) was triturated in a refluxing m xt ure of
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benzene/ et hanol / et hyl acetate (30 m; 3:4:5 V/VIV) , separated by
filtration, washed wth the sane solvent m xture, and dried in
vacuum oven at 40 °C overnight. Thus obtained product 1 was in the

form of pale brown powderous crystals (2.95 g; 72%9 , mp.>300 °C
(dec. ).

MS mz: 409.08 [M - H*]; M. (l1)= 410.29.

FT-IR (KBr) v (cntl): 3163, 3088, 2680, 2642, 1604, 1578, 1473, 1406,
1364, 1334, 1287, 1149, 1080, 829.

IH-NMR (DMBO-de) & (ppm : 6.12 (d, 1H, J= 2.2 Hz) , 6.14 (d, 1H, J=
2.1 H), 6.32 (d, 1H J= 2.1 Hz) , 6.35 (d 1H J= 2.1 Hz) , 6.89 (s,
1H , 10.6 (bs, 5H)

13C-NVR (DVMBO-de) & (ppm) : 88.6, 91.3, 93.1, 95.1, 97.1, 97.3, 98.4,
105. 1, 108. 4, 150. 4, 153. 8, 154. 0, 154. 6, 155.7, 157. 3, 158. 6,

159.5, 160.1, 161.5, 170.1.

Exanple 2. Analytics of 7,9-dihydroxy-3- (4, 5,7-trihydroxy-2-oxo-2H

chromene-3-yl) -4Hfuro [3, 2-c] chronen-4-one (1

Thin layer chronmatography (TLC) nethod for analysis of conpound 1:
silica gel A-foil plates Merck 60HF,, (Darmstadt, Germany) ; eluent:
benzene/ et hanol / et hyl acetate = 3:4:5, V/V/V, visualization of the

spot was performed wunder UV lanp at 254 nm Rg(1)= 0.12.

H gh performance |liquid chromatography (HPLC) nethod for analysis of
compound 1: columm: ZORBAX Extend Cls, 2.1x50 mm 1.8 um: nmobile
phase: water (A : acetonitrile () , gradient program to= 80% A +
20% B, tiomin= 10% A + 90% B; colum tenperature: 40 °c, detection: s
carried out by neans of PDA detector at 206 nm retention tinmg,

tg(l)= 1.20 min.

Exanple 3. Preparation of nonosodium salt of 7,9-dihydroxy-3- (4, 5,7-

tri hydroxy-2-oxo-2ff-chronmene- 3-yl )-4H-furo [3, 2-c] chronen-4-one (1)

To 96% ethanol (100 m) , powderous conmpound 1 (1.00 g; 2.44 nmmol)
was added and stirred at room tenperature for 15 mnutes. Then,

sodi um hydroxide (0.10 g; 2.44 mol; 1 equiv.) was added and stirred
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under inert atnosphere of nitrogen (N2y for 1 h. Thus obtained
reaction mxture was evaporated to dryness, and further dried at 60
°Cc in deep vacuum for 20 h. Thus obtained product (1.05 g; quant.)
was rmonosodium salt of conmpound 1 in the form of odourless fine

powder .

Exanpl e 4. St udy of cytotoxicity of 7, 9-di hydroxy-3- (4,5, 7-

trihydroxy-2-oxo0-2.ff-chronene-3-yl) -4ff-furo[3, 2-c] chronen-4-one (1)

on nodel Mr-4 cell culture and conparison with the control conpound

2 from the prior art

Cytotoxicity of compound 1 and control conpound 2 was deternined
through the study of cell growh and viability by the methods of
determ nation of maxi mal non-t oxi c concentration (MNC) and

concentration required for cell viability by 50% (ccs0) .

The study of cytotoxicity of conpounds 1 and 2 was performed on MI-4
cell line of human origin; a cell line transformed wth the human T-

cell lymphotropic wvirus-1 (HTLV-1) .

The cells in the suspension «culture are growing in clusters. They
were cultivated in Roswell Park Menori al Institute (RPM) growth
nmedium of type RPM 1640 (Sigma-Aldrich, USA) supplemented with 15%
fetal bovine serum (FBS; Sigma-Aldrich, USA), 100 Um penicillin G
sodium (Sigma-Aldrich, USA) , and 100 pg/m  streptonycin sul phat e
(Si gma- Al dri ch, USA) . Cells were passaged 1:3-1:5 at a density

around 6-8-104 cells/nm, whi | e the passage was re-suspended
repeat edl y.
Cell viability was estimated by a nodification of the 3- (4, 5-

di met hyl t hi azol - 2-yl) -2, 5-di phenyltetrazolium brom de (MIT)  assay,

which is described in the reference 9.

The MIT reduction assay was one of the nost frequently used nethods
for measuring cell proliferation and cytotoxicity. The intensity of

col our, neasur ed spectrophotonetrical ly, of the MIT formazan
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produced by living, net abol i cal ly active cells by neasuring the
activity of succinate dehydrogenase, nostly located in mitochondria

was proportional to the nunber of live cells present.

MIT is a yellow water soluble tetrazolium dye that is reduced by
live, but not dead, <cells to a purple formazan product that is

i nsoluble in agqueous solutions.

Since the <cell culture we have worked wth were suspension, a
solution of poly-L-1ysine (PLL; M,= 90,000; Signa-Aldrich, USA) was
used for «cell attachnent on the bottom of a 96-well plate. The
plates were treated wth 100 Wi of PLL at a concentration of 50
pg/ml in phosphate buffered saline (PBS; Signa-Aldrich, Usp) , phHe
7.4, then incubated for 1 h at room tenperature. Followed aspiration

of PLL solution and washing the plate twice with sterile PBS. Cells

were then seeded at a concentration of 7-8-104 cells/100 Wi for all

experiments. Since the final volunme of the culture nmedium in each
well was 200 Wi, additional 100 Mi of 10% FBS (containing no cells)

was added. For the purpose of the experinent, there was no need of
formng a dense cell nonolayer and after 24 h, when the adherent

cells were stick to the plastic, the supernatant was decanted and
adding 50 i of previously prepared dilution of test conmpound. The
well was completed with culture nedium (150 Wi) to a final volune of
200 Wi . The plate was incubated at 37 °c and 5% content of co2 for 3
days (72 h). Cells grown in nedium without the test conpound served

as a control.

After 72 h incubation, the nmedium was replaced with MT (Sigm
Aldrich, UsA) and dissolved at a final concentration of 5 ny/ m in
serumfree medi um for further 3 h incubation. Then, the MIT-
formazan  product was sol ubilised in ethanol/di net hyl sul f oxi de
(DMBO,  Sigma- Al drich, USA) (1:1, V/IV), and the optical density was
neasured at a test wavelength of 540 nm Each experinent was

performed in triplicate.
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Cell wviability was reported as the percentage (% of viable cells in.

the wells treated with different concentrations of the test
subst ance conpar ed to the control cells unt r eat ed with the
subst ances. Maxi mal non-t oxic concentration (MNC) and cytotoxic

concentration for 50% of «cells (ccs0)  were' cal cul ated from the

constructed "dose - cellular survival" -curve.

Bot h MNC  and ccso  val ues wer e eval uat ed si mul t aneousl y by
nor phol ogi cal and by cell survival criteria. We used MIT-test,
determining the living and early apoptotic «cells. Wen mcroscopic

observation of the norphology of the nonolayer were carried out at
72 h after the treatment with test conpound 1 and control conmpound 2
solutions in concentration range from 10 mM to 0.01 nM typical
cytopathol ogy characterizing toxic effects were not registered. We
found sonme norphology changes in conparison wth the cell control
only in treated wells wth highest concentration of 100 nM whose

i mpact could be due to the content of a diluent used (DVSO

To evaluate whether this effect is due to the toxicity of the tested
conpound 1, control conpound 2, or DMSO nortgaging control of
growmth nmedium RPM 1640 supplemented with 2% FBS and DVSO was
tested. We conducted a test with the sane concentration range as
with conpounds 1 and 2. The results show that the toxicity of DMSO
in lower dilutions is extrenely small and does not have a toxic

effect on the cells of both I|ines.

Cytotoxic activity of conmpounds 1 and 2 on viability of nodel MI-4
cell line can be seen from the dose - response curves obtained after
72 h culturing, see Figures 1 and 2.

The results of MNC and ccso obtained for both compounds 1 and 2 are

given in Table 1.

Exanple 5. Study of antiviral activity ‘of 7, 9-di hydroxy-3- (4, 5,7-

tri hydroxy-2- oxo- 2H chr onene- 3-yl| )-4ff-furo[3, 2-c] chronen-4-one (1)

and conparison with the control conmpound 2 from the prior art
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The conmpounds 1 or 2 were dissolved in dinethyl sul foxi de  (DMSO;
Si gma- Al dri ch, USA) to a concentration of 1 nol/1 (1 M) and after
diluted in cell growth nmedium RPM 1640 with 2% heat inactivated
fetal bovine serum (FBS; Sigma-Aldrich, USA) . Al further solutions

of conpounds 1 or 2 were prepared ex tenpore.

MI-4 cell line was not infected with H V-1 and was used as a classic
nodel for reproduction of acute infection with HV-1. The cells were
cultivated in RPM 1640 growh nmedium supplenented wth 15% fetal
bovine serum (FBS; Sigma-Aldrich, Usp) , 100 U penicillin G sodium
(Si gma- Al drich, USA) , and 100 pg/ml streptomycin sul phate (Si gna-
~Aldrich, UsA

H V-1 culture fluid was chronically infected and producing HV-1
subtype B cell line H9/HTLV 1I1l B. The culture fluid was centrifuged
and collected as a virus stock. The latter, wused in the experinents,
was of predeterm ned infectivity of 2-106 infectious virions/n
accordi ng to the nmcrotiter infectivity assay based on the
cytopathic ef f ect of HYV, through ingestion of MIT, cont ai ni ng

protein 24 antigen (p24) and enzyne reverse transcriptase (RT)

A mcroplate assay of infectivity in cell cul ture, based on
consideration of a cytopathic effect of the virus was described in

the literature, see reference 8.

After counting the cells, they were resuspended in growth nedium at
a concentration of 6-8-10% cells/100 Wi . Followed screening of cell
suspensions (100 pi/well of that above) into sterile 96-well plates
pretreated wth poly-L-lysine (PLL) . Since the fi nal volume of the
culture nedium in each well was 200 pi, additional 100 pi of 10% FBS
(containing no cells) was added. At the end of rows and columms were

not seeded cells, but only culture nmedium wthout FBS.

After 24 h, the supernatant was decanted and added in 50 Hi HIV-1 in
dilution 1071, One or two columms were not infected, acting as the

control <cells. The plate was placed in an incubator at 37 °Cc and 5%
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content of c®, for 1 h. The virus was then renobved and in one or
two colums of infected cells were added 200 pi medium containing
the appropriate concentration of the test substance 1 or the control
substance 2. At least 4 different concentrations: | OxMNC, MNC, M\C 1,
MNC-2, and MNC-3 were used. The value of MNC is given in Table 1.

In each trial, the following controls were set:

(iy a cell control - only cells in culture nedium and not infected
with the virus; and

(ii) a viral control - one colum to cells infected with the virus
were added only nedium (200 Mi) without the test substance 1 or

the control substance 2.

For 5 days (120 h) the plates were incubated at 37 °C and 5% content

of CO0,.

After expiry of the incubation period, the supernatant from each
well was flipped in the well (mrror) of non-sterile 96-well plate.
This was done in order to study only the supernatant from wells wth
parallel survival, e.g. indiscernible each other by nore than =10%

the sanme virus dilution/sane concentration of the test substance.

Subsequent |y, the MIT test was carried out as already described
above .

In the living and early apoptotic cells after 4 h incubation from
formazan crystals, which absorb light at wavelength of 540-570 nm
After accounting for the survival of the <cells is determned
separately from which wells of non-sterile 96-well plate to collect

the supernatant for further research, e.g. determ nati on. of reverse
transcriptase (RT) activity, culture medium was collected only from
the wells wth parallel survival, i.e. indiscernible each other by
more than +10% the sanme virus dilution/sane concentration of the

test conpound 1.

Replication of HV-1 in cell culture was neasured by the MT assay

in addition, by recording the RT activity in the culture nmedium
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(fluid). This test shows the effect on the process of reverse

transcription in the virus under appropriate experinental condition.

The activity of the conpound 1 or 2 against the cytopathic effect of
H V-1 was expressed as percentage (% protection (survival) of the

cells defined by the following fornmnula:

oD, - OD,,

% protection =" X 100 (%

OD.. - OD,,

wherein :

Obvs = absorption of cells infected and treated with compound 1 (or
2)

ODvc = absorption of the virus-infected cells (virus control without

compound 1 or 2)

ODcc = absorption of uninfected cells (cell control)

The i nhibitory concentration 50%  (1C50) was defi ned as the
concentration of conpound 1 (or 2), expressed in nmM which inhibits
50% viral replication. Ics0 was deternmined directly from the curve
"dose (concentration) - response (anti-HYV effect)". The 1c50 was
expressed as percentage (% of: ‘

(iy cell viability which was obtained by the MIT assay; or

(ii) percentage (% inhibition of enzynme reverse transcriptase (RT)

activity.

On the basic of the data about ccso and 1cso0 for the test conpound 1
and control conpound 2, the selectivity index (sI) value was

esti mat ed.

The study of the effects of any potential anti-HV active substance
starts always with the biological activity of the substance on the
virus, wthout taking into account the mechanism or target of this
effect. The inpact of . conpound 1 and control conpound 2 on the
replication of HV-1 was tested on cell line M-4 my MT assay for

recording the cytopathic effect under the action of the virus. In
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fact, the test reported survival rates of cells infected wth the
virus and treated with different concentrations of test substance 1
or the control substance 2. The expectation is that in the antiviral

effect, the cells wll be protected from the cytopathic effect of

the virus conpared to the virus control.

In all <cases, we nmade a conparison wth the survival of cells
infected with virus and wthout the addition of inhibitors. (cell
control), and cells infected with the virus, wthout the addition of
inhibitors (virus control)

The results of these experiments are given in Tables 2 and 3.

Exanple 6. Study of antiviral activity of 7,9-dihydroxy-3- (4,5,7-

t ri hydr oxy- 2- oxo- 2H chr onene- 3-yl )-4H-furo[3, 2-c] chromen-4-one (1)

by determ nation of reverse transcriptase (RT) activity and

conparison with the control conpound 2 from the prior art

As described earlier, conpound 1 or the control conpouhd 2 were
di ssolved in dinethyl sul f oxi de (DMSO; Sigma-Aldrich, USA) to a
concentration of 1 mpl/1 (1 M) and after diluted in cell growh
medium RPM 1640 with 2% heat inactivated fetal bovine serum (FBS;

Si gma- Al dri ch, USA) . Al further solutions of conpound 1 or 2 were

prepared ex tenpore.

This MI-4 cell line was not infected with H V-1 and was used as a
classic nodel for reproduction of acute infection wth HV-1. The
cells wer e cultivated in RPM 1640 growt h medi um (Si gma)

suppl emented with 15% fetal bovine serum (FBS; Signma-Aldrich, usA) ,
100 Um penicillin G sodium (Sigma-Aldrich, USA), and 100 pg/rml
streptonmycin sulphate (Signma-Aldrich, USA) . As the cell lines which
are working was suspension, we used a solution of poly-L-lysine

(PLL; M,= 90, 000; Sigma-Aldrich, USA) to attach them onto the bottom
of a 96-well plate. The plate was dropped wth 100 i of PLL at
concentration 50 pHpg/ml at PBS, followed by incubation for 1 h at

room tenperature. After wi thdrawal of the PLL solution, the plate
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was washed twice with sterile PBS. Thus treated plate was stored at

+4 °C until use.
H vV-1: Source of HV-1 culture fluid was chronically infected and
producing H V-1 subtype B cell line HY/HTLV I1Il B. The culture fluid

was centrifuged and collected as a virus stock. The latter wused in

the experinents was of a predeternined infectivity of 2-106
infectious virions/m according to the mcrotiter infectivity assay
based on the «cytopathic effect of HV through ingestion of MT

assay, see literature references 8 and 9.

Reverse transcriptase (RT) activity was determ ned:

(a)) in the culture fluid of infected H V-1 M-4 cells at 72 hours
after their infection (viral control);

(b) in the culture fluid of non-infected wth HV-1 cells at 72
hours and culturing wthout the addition of any substance (cell
control) ; and

(¢cy in the culture fluid infected with HV-1 M-4 cells at 72 hours
after infecting them in which the desired concentration of the
test:- compound 1 or the control compound 2 to the growth nedium

was added.

The culture fluids were collected in Eppendorf tubes and centrifuged
at 10.000 rpmnmn for 10 mnutes, and then the supernatant was
transferred to another Eppendorf tube, and stored at -70 °c until

the time for determination of RT activity.

Centrifugation was carried out according to the nmanufacturer's

instruction to elimnate even single cells into supernatant. RT
activity was determ ned accordi ng to the instructions of the
pr oducer. Separatel y was reported RT activity of st andar d
reconbi nant reverse transcriptase (rRT), available in every kit. It

was prepared 12-fold dilutions of the standard rRT. The nanufacturer
provides data on the ampunt of rRT in pg/well and pg/m for each 12-

fold dilution. The nmethod wused represents <colorinetric nethod for
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non-r adi oacti ve det ermi nation of RT activity. It includes two

st ages:

(1) the synthesis of reverse transcript at the 3- or 24-hours
i ncubation at 33 °c (which was determ ned experinmentally) ; and

(2) quantitative determ nation of the resulting product.

In the synthesis of DNA using brom ne deoxyuridine triphosphate (Brd
UTP) , which enter into the composition of the reaction mxture. It
is included in the structure of the matrix/prinmer making up the DNA
chain. Determination of incorporated Brd UTP was done by tracer-’
anti body Brd UTP, conj ugated to the enzynme alkaline phosphatase.
Absorbance was followed colorinetrically at A405 nm The later is
proportional to the RT activity in the sanmple. According to the
manuf act urer, the RT activity was considered positive when A405
values for the sanple exceeded at least 2 tines the values of A405
for negative control. Oherwise the sanple was reported as such.
lacking RT activity, i.e. negative. The test was done by conparing
the RT activity in the virus controls (10099 reported with viral RT
activity in the wells treated wth the test substance in the
different concentrations in strict absence of RT activity in control
cel I s. Percent inhibition of replication wusing the RT test was
expressed as the difference between 100% (positive viral control
without inhibitor) and % reported RT activity in ‘the wells treated

with the inhibitor (conpound 1 or 2) at various concentrations.

The RT test was performed by using HS-Lenti RT activity kit test for
direct study of inhibitory effect of rRT, provided by Cavidi
(Sweden; cat. no. 52010) . HS-Lenti RT activity assay provides an
opportunity for direct determination of the effects of the test
compound 1 or the control conpound 2 on the activity of rRT, which
“has a known concentration. This was achieved at the incubation
mxture to determine the RT activity by including the test substance
in dilutions desired, which showed activity in the prelininary
study. Such opportunity is provided by the test kit manufacturer,

see literature reference 10 for details.
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The procedure was as follows: In wells of a conpany plate coated
with a matrix poly-rA, are added reaction mixture to RT, the prinmer
containing oligo-dT, Brd UTP as a source of dNTP and prepared at
buffer of the commerci al test 1 Ox nore concentrated (as reaction
m xture was in a volume of 100 Mi) of the test substance dilutions.

Control was just a reaction mixture wthout active substance. After

30 minute incubation at 33 °c, to each well rT standard of known
concentration was added. In the subsequent incubation rRT nanifests
its activity by formng a product of the reverse transcription - RT-

product. This was followed by washing and determination of the RT
pr oduct by anti body égai nst Br du, conj ugat ed with al kal i ne

phosphatase for 90 minutes. Mnifestation of the enzyme reaction was
carried out using a suitable substrate for alkaline phosphatase for
30 minutes and then the absorbance was detected at a wavelength of
405 nm In order to select the appropriate dilution of the
reconbi nant enzyne, we prepared in advance twelve dilutions, and, on
the basis of the results obtained, we built standard regression

curve. We selected this dilution of the curve at which the
absorption decr eases in direct proportion to increase in the
dilution of the reconbinant enzyne; the area where the regression

curve has a linear form

Results : The neasurenment of RT activi ty is a widespread nmethod for
the quantitative determnation of retroviruses replication. In the
experi ment al set-up, primarily endogenous activity in supernatants
was neasured, i.e. in the culture fluid of virus infected cells, and

treated/untreated wth inhibitor at 72 hours after cultivation.

For the control, conmonly used substance wth proven antiviral

activity was enployed; in our case, we used Kivexa (600 mg Abacavir

+ 300 mg Lamivudine) , which is applied in clinical practice as
nucl eoside inhibitor of RT. In the presence of RT inhibition in the
test, it is concluded that not only the replication of the virus is
i nhibited, but also probably the target of the inhibitory effect is
RT itself. To <confirm this conclusion, it is necessary t hat

per cent age (% of inhibition of the RT coincides wth the %
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inhibition in the mcrotiter MT assay. To prove this definitively,

manufacturing conpany offers a test and for exogenous RT activity.
Reaction mixture supplenented wth inhibitor was prepared at desired
concentration for the assay, and then, to the mixture, reconbinant
RT was added with a known activi ty and concentration. After
i ncubation, we deternmned whether the activity of the enzyne shall
be amended (inhibited) by action of the conpounds 1 and 2. Results

are given in Table 4.

Exanple 7. Study of antiviral activity of 7,9-dihydroxy-3- (4,5,7-

trihydroxy-2- oxo- 2H chromene- 3-yl ) -4Hfuro [3, 2-c] chronen-4-one (1)

via determination of viral load by FDA approved test and conparison

with the control conpound 2 from the prior art

The preparation of the MI-4 cell line and H V-1 culture was the sane
as in previously described studies. The nonitoring of the amount of
virions during anti-viral analysis by neasuring of the viral |oad
with FDA approved test was preformed as follows: The study was
conducted with Real-Tine polynerase chain reaction (PCR) test for in
vitro quantitative assay of HV-1 with automated system Abbott
Mol ecul ar' s nR2000, approved by the United States (Us) Food and Drug
Adm ni stration (FDA) , and with the CE nmark. Extraction of viral
nucleic acid bwas carried out wth an automatic extractor with
nmagneti c particles - Abbott Mol ecul ar' s nR000sp and Real -Tine
anplification; detection was performed wth nR000rt. The sensitivity
and range of the test was 40 (1.6 log copies/m) to 10,000,000 (7.0
log copies/m) copies/m by the extraction of 1 ml of sanple. The
target region of the viral genonme was a fragment of the integrase
gene pol. The test was designed to detect H V-1 subtypes A-H group

P and N. In every test sanple, an internal control was placed.

The study included three controls: negative, |low positive, and high
positive with the following result:

(i) negative control - result negative (not detected) ;

(ii) low positive control - result 938 copies/m (2.97 log) control

| evel s; and
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(iii) high positive cont rol - result 92,927 copies/m (4.97 1o09)
control |evels.

The controls were wthin the permissible range and the study was

val i d.

The following samples were tested:

(1) viral control: MT-4 cells infected wth HV-1 culture fluid

derived from chronically infected and producing

cel | line. The flask with infected <cells was

H V-1 subtype B

i ncubated for 5

days (120 h) at 37 °C and 5% content of CO,. After expiry of the

i ncubation period, the supernatant was collected

70 °Cc to the study;

(22 cell control: only M-4 cells in culture nedium
with a H V-1,

(3) sanmple 1: acute infected MI-4 cells with H V-1
the control conpound 2 from the prior art, at
concentration (MNC) of 0.01 mM and

(4 sanmple 2: acute infected MI-4 cells with H V-1

| the conmpound 1 from the present invention, at

concentration (MNC) of 0.01 niM
Result from this study is given in Table 5.

Exanple 8. Preparation of the conposition from the

and frozen at -

and not infected

and treated wth

maxi mal nont oxi ¢

and treated wth

maxi mal nont oxi ¢

invention in the

dosage form of powder with 20% of 7,9-dihydroxy-3-

(4,5, 7-tri hydrony

2- oxo- 2f f-chronmene- 3-yl )-4ff-furo [3, 2-c] chronen-4-one

(1)

Conposition (for 100 g of powder)

(1) 20.00 g conpound 1

(22 1.00 g colloidal silicon dioxide
(3 10.00 g xylitol

(4 69.00 g maltodextrin

Preparation : Previ ousl y wei ght ed i ngredients

aggl omrer at ed and honpbgeni zed in V-bl ender for

(1-4) wer e de-

15 m nutes. The‘
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product was in the form of white off to pale brown fine free-flow ng
powder. Such powder can be granulated to yield granules of various

sizes that can be enployed as sole final dosage form

Powder or granules is used either as a bulk form or as divided form
wherein the correct single dose is weighted and filled into suitable

container, e.g. sachet.

Exanple 9. Preparation of the conposition from the invention in the

dosage form of tablets wth 100 mg of 7,9-dihydroxy-3- (4,5,7-
tri hydroxy-2-oxo-2ff-chronmene-3-yl )-4H-furo[3,2-c] chronen-4-one [ON

per tabl et

Composition ' (for 1000 g of tablets)

(1) 100.00 g compound 1

(2) 6.00 g nmethyl cellul ose

(3) 50.00 g cross-linked polyvinylpyrrolidone
(4 15.00 g magnesium stearate

(5) 829.00 g lactose nonohydrate

(6) gq.s. purified water

Preparation : Powderous conpound 1 was honogenized with |actose

nonohydrate in V-bl ender for 15 mnutes, subsequently granul at ed
with aqueous solution of nethyl cellulose. The wet nmass was forced
through a sieve and granulate dried in an oven. After drying,
granul ate was m xed W th pol yvi nyl pyrrol i done and nmagnesi um
stearate, and honogenized in V-blender for 15 minutes. The resulting
mxture was pressed into tablet cores. Tablet content: 100 mg + 15%

of conpound 1 per tablet.

Exanple 10. Preparation of the conposition from the invention in the

dosage  form of capsules with 25 mg 7,9-di hydroxy-3— (4,5, 7-
trihydroxy-2-oxo-2ff-chromene-3-yl )-4tf-furo[3, 2-c] chronen-4-one [&N

per capsul e
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Conposi tion (for 1000 g of honopgeneous m xture for capsules
filling)
(1) 62.50 g conmpound 1
(2 10.00 g magnesium stearate
(3) 927.50 g corn starch
Preparation : Previ ously wei ght ed i ngredients (1-3) wer e de-
aggl omerated and honobgeni zed in V-blender for 20 mnutes. Thus
obt ai ned honogeneous powder was filled into vegetable ( HPMC)
colourless capsules of size 1 using manual capsule filling nachine.

ot ai ned capsules were of average weight of 400 ng. Capsule content:

25 mg * 15% of conpound 1 per capsule.

Exanple 11. Preparation of the conposition from the invention in the

dosage form of syrup-suspension wth 2% of 7,9-dihydroxy-3- (4,5,7-

trihydroxy-2-oxo0-2 H-chronene-3-yl )-4H-furo [3, 2-c] chronen-4-one (1)

Conposition (for 100 g of syrup) :
(1) 2.00 g conpound 1

(2y 5.00 g glycerol

(3) 30.00 g saccharose

(49 0.50 g potassium sorbate

(55 0.25 g sodi um benzoat e

(6) 1.00 g citric acid, anhydrous
(7) 0.80 g xanthan gum

(8) 0.10 g lenon flavour

(9) 60.35 g purified water

(10) qg.s. 1% aqueous solution of tartrazine vyellow dye

Preparation : Potassium sorbate, sodium benzoate, and glycerol were

dissolved in purified water with stirring at room tenperature for 10
m nutes. Then, xanthan gum and saccharose was added, and dissolved

with stirring at 40-50 °c for 15-20 mnutes. Then, conpound 1 was
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added and honogeni zed by stirring for 10 mnutes. Afterwards, orange
fl avour, citric acid, and small anobunt of aqueous solution of
tartrazine dye were added, and the resulting syrup was honbgenized
by stirring at 40 °Cc to room tenperature for 30 minutes. The product
was in the form of yellow viscous syrup-suspension of orange taste.

It is declared with the mark: "shake well before use".

Exanple 12. Preparation of the conposition from the invention in the

dosage form of ointment with 3% ww of 7,9-dihydroxy-3- (4,5,7-

trihydroxy-2-oxo-2ff-chromene-3-yl )-4ff-furo[3 2-c] chronen-4-one (1)

Composition (for 100 g of ointnent)
(1) 3.00 g conpound 1

(22 3.00 g lanolin alcohol

(3) 2.00 g cetostearyl alcohol

(49 20.00 g mineral oil, heavy

() 72.00 g petroleum jelly

Preparation : Mxture of petroleum jelly, heavy nineral oil, lanolin

and cetostearyl alcohol was nelted at 50-55 °c with stirring until
clear pale yellow liquid is obtained. Then, conmpound 1 was added,
and honogeni zed by stirring with gradual cooling from 50 °c to 30-35
°c during 1 h, and filled at this tenperature into 30 m jars. Thus
obtained ointnent was in the form of pale yellow occlusive grease of

slight odour after lanolin.

Exanple 13. Preparation of the conposition from the invention in the

dosage form of «cream wth 2% ww of 7,9-dihydroxy-3- (4,5,7-

tri hydr oxy- 2- oxo- 2H chr onene- 3-yl) -4H-furo [3 2-c] chronmen-4-one (1)

Composition (for 100 g of crean) :
(1) 2.00 g conmpound 1

(2y 5.00 g 1,2-propylene glycol
(3) 4.00 g cetyl alcohol
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(49 4.00 g glyceryl npnostearate

() 5.00 g polysorbate 60

(6) 5.00 g hexadecyl palnitate

(7) 10.00 g isopropyl nmyristate

(8) 0.25 g citric acid, anhydrous

(99 0.50 g ammoni um hydrogencitrate

(10) 0.20 g nethyl 4-hydroxybenzoate (nethyl paraben)
(11) 0.10 g propyl 4-hydroxybenzoate (propyl paraben)
(12) 63.95 g purified water

Preparation : QG phase was prepared by nmelting of isopropyl
nmyristate, hexadecyl pal mitate, pol ysor bat e 60, gl yceryl
nonost ear at e, and cetyl al cohol at 70-75 ~°c. Aqueous phase was

prepared by dissolving nethyl and propyl parabens, citric acid, and
ammoni um hydrogencitrate in a mixture of purified water and 1, 2-
propylene glycol at 45-50 °c with stirring. Thus obtained solution
was heated to 70-75 °c. Then, hot aqueous phase (70-75 °¢ was added
dropwise with intensive stirring to the oil phase (70-75 °¢0 during
30 minutes. The mixture was stirred at 70-60 °c during 30 minutes
and at 60-50 °Cc during additional 30 mnutes. Thus obtained enulsion
was further honogenized by stirring at 50 °c down to 25 °Cc during 1
h. The product was filled into suitable containers, e.g. jars or
tubes. The product was in the form of alnobst odourless, [light oil-

in-water (OW cream

Exahme 14. Preparation of the conposition from the invention in the

dosage  form of suppositories wth 100 mg 7,9-dihydroxy-3- (4, 5,7-

trihydroxy-2-oxo-2H chromene-3-yl) -4H-furo[3,2-c] chromen-4-one (1)

per suppository

Composition (for 100 g of suppositories)

(1) 3.50 g compound 1
(2) 96.50 g hydrogenated coconut oil, type Wtepsol H15
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Preparation : Wtepsol H15 was“nelted at 40-45 °c with stirring wuntil

colourless viscous liquid is obtained. Then, conmpound 1 was added
and honmogenized wth stirring at 40-45 ~°c for 15 mnutes. Thus
obt ai ned suspension was filled into PE HD suppository nolds of type
A3 (internal volume 3 mL), then cooled and sealed. The product was
in the form of pale yellow hard suppositories. Anal ysis showed the
content of 100 mg + 10 mg (10% of conpound 1 per suppository. These

suppositories can be used for either vaginal or rectal application.

Exanpl e 15. Preparation of the conposition from the present

invention in the form of liquid nasal spray wth 0.01% of 7 9-

di hydroxy-3- (4,5, 7-trihydroxy-2-oxo0-2 tf-chronmene-3-yl )-4f-furo[3,2-

c] chromen- 4-one (1)

Composition (for 100 g of liquid for spray)

(1) 0.01 g conpound 1

(22 0.90 g sodium chloride

(3) 0.10 g sodium di hydrogenphosphat e
(4 0.05 g sodium hydrogenphosphat e
(5 0.05 g disodium edetate dihydrate
(6) 2.00 g glycerol

(7) 96.89 g purified water

Preparation : Sodium chloride, sodi um phosphat es, di sodium edetate
di hydrate were added to a mixture of water and glycerol, and
di ssolved by stirring at room tenperature for 15 mnutes. Then,

compound 1 was added and honogenized by stirring at r.t. for 30

m nutes. Thus obtained solution was filtered through:
(1) the 1.2 pm pol ypropyl ene (pPy filter;
(2) 0.2 pum filter to reduce bioburden; and

(3) through_O.l um filter.

The product was in the form of pale yellow alnost odourless 1iquid.
Analysis showed the content of 0.1 mg/m £ 10% of conpound 1. The
solution was filled into 10 m plastic (PE-HD) bottles wth spraying
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device or alternatively into containers for nasal or oral (pulnonal)

aerosols for administration by inhalation devices.

Concl usi on

A. 7,9-D hydroxy-3- (4,5, 7-trihydroxy-2-oxo-2ff-chronene-3-yl )-4H-

furo[ 3, 2-c] chronen-4-one (1) is a new, previously unknown
conmpound that is characterized by a profound antiviral (H V-1)
activity :

B. According to our best know edge, the closest prior art
structural analogue is 7,8-dihydroxy-3- (4, 6, 7-trihydroxy-2-o0xo0-
2H-chronmen-3-yl )-4H-furo[3,2-c]chronmen-4-one (2) , disclosed in

the literature reference &6:

c. The present i nvention - discloses experi nent al results t hat
strongly support the claim that the conpound 1 exhibits
significantly st ronger antiviral (HV-1) activity than the
control compound 2 from the prior art. This statenent was proved
by different anti-viral nodels:

(a) determination of percentage (%) of cell protection against

H V-1 virus in M-4 cell line; for results see Tables 2 and
3; and
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(by antiviral analysis by neasuring of the viral load with FDA
approved t est with Real -Tine PCR test for in vitro

guantitative assay of HV-1; for results see Table 5.
Moreover, the study of potential nechanism of antiviral action
of compounds 1 and 2 (for results see Table 4), which was
presuned to be via reverse transcriptase (RT) inhibition, showed
that the conpound 1 from this invention is a strong RT
inhibitor, whilst the control conpound 2 from the prior art is

mnor or totally inactive RT inhibitor.

D. In concl usion, the conpound 1 from the present invention is
characterized by stronger anti-viral (HV-1) activity than the
conpound 2 from the prior art, which is also based on different
nechanism in the sane tinme. The antiviral activity of conpound 1
m ght i nvol ves RT inhibition as predom nant nmanner of its

action .

In this nmanner, these facts support the claim that the conpound
1 from the present invention is unexpectedly nore effective

antiviral agent than is the control conpound 2 from the closest

prior art.
Therefore t he conpound 1, process for its preparation,
phar maceuti cal conposition and use thereof are inventive.

I ndustrial Applicability

Conpound 7, 9-Di hydroxy-3- (4,5, 7-trihydroxy-2-oxo-2fi-chromene- 3-yl ) -

47-furo[3, 2-c] chronen-4-one (1) or a pharmaceutically accept abl e
salt or hydrate thereof is used as active pharnmaceutical i ngredi ent
(API) for producti on t he conposition di scl osed vi a present

invention. Conpositions are used in manufacturing of nedicament for .
treatnment of viral infections and virus-causing diseases, including
the acquired inmunodeficiency syndrome (AIDS) caused by the hunan

i mrunodefi éi ency virus type 1 (HV-1)
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CLAIMS

A conmpound of formula (1)

t hat is 7,9-dihydroxy -3- (4,5, 7-trihydroxy-2-oxo-2H chronmene - 3-
yl)-4Hf uro [3,2-c] chronen-4-one , or a phar maceutical ly

acceptable salt or hydrate thereof.

A process for the preparation of 7,9-di hydroxy -3- (4,5, 7-
tri hydroxy-2-oxo-2if-chromene -3-yl )-4Hfuro [3,2-c] chronen-4-one

(1) , where the process involves reaction of 4,5,7-trihydroxy-2.fi-
chronen-2-one (59 with glyoxal (6 in inert reaction solvent at

-20 °c to +100 °c yielding conpound 1.

A process for the preparation of 7,9-di hydroxy -3- (4,5, 7-
tri hydroxy-2-oxo-2/i-chromene -3-yl )-4Hfuro [3,2-c] chronen-4-one

(1) according to the claim 2, wherein inert reaction solvent is
selected from the group consisting of: acetone, tetrahydrof uran,

1, 4-di oxan, diisopropylether , dichloronethane

A process for the preparation of 7, 9-di hydroxy -3- (4, 5, 7-
tri hydroxy-2-oxo-2H chromene -3-yl) -4Hfuro [3,2-c] chronen-4-one
(1) according to the claim 3, wherein inert reacti on solvent is

selected to be acetone at 75 °C

A pharmaceuti cal conposition consisting of:

(1) 7,9-di hydroxy -3- (4,5, 7-trihydroxy-2-oxo-2H chronene -3-yl )-
4tf-furo [3, 2-c] chronen-4-one or a phar maceutical ly
acceptable salt or hydrate thereof as active pharmaceutical

i ngredient; and
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(2) one or nore pharmaceutical exci pi ents, required to yield

final dosage fornms suitable for therapeutic administration.

The conpound according to claim 1, or pharmaceutical formnulation
thereof according to claim 5 for use in a therapy of viral

i nfections and virus-causing diseases of human and ani mal s.

The conpound according to claim 1, or pharnmaceutical fornulation
according to claim 5 - for use in therapy according to claim 6 -
where viral infection and virus-causing disease is caused by one
or nore viruses sel ect ed from the group consisting of :
enteroviruses A-J; rhinoviruses A-C, rotaviruses A-C, norovirus;
influenza virus A-C and their types s.uch as HIN1, H2N2, H3N2,
H5NL1, H7N7, HIN2, HON2, H7N2, H7N3, H1O0N7, H7N9; human
papi | | omavi r uses; pol yomaviruses : John Cunningham virus and
Mer kel cell Vi rus; poXVi r uses; her pesvi ruses such as hunman
sinplex virus 1, human sinplex virus 2, varicella zoster virus,
Epstei n-Barr Vi rus or human her pesvi rus 4; human
cyt onmegal ovi rus, and Kaposi's sarcoma-associ ated her pesvi r us;
hepatitis A-C viruses; SARS coronavi rus; Ebola virus; Marburg
virus; Banna virus; rubella virus; neasles virus; munps Vvirus;

human parai nfluenza viruses; rabies virus and orbiviruses.

The conpound according to claim 1, or pharmaceutical fornrulation
according to claim 5 - for use in therapy according to claim 6 -

where virus-causing diseases is one selected from the follow ng

groups :

(i) non- cancer di seases: enteritis, common col d,
gastroenteritis, di arr hoea, gastroenteritis, i nfluenza
progressive multifocal |eukoencephal opathy , nephrophathy ,
Mer kel cell cancer, smallpox, herpes, chicken-pox, herpes
zoster, infectious nononucleosis, hepatitis A, hepatitis

B, hepatitis C, severe acute respiratory syndronme, Ebola,
Marburg virus disease, fever and encephalitis, rubel | a,

nmeasl es, nunps, parainfluenza, rabies;
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(ii) Vi rus-associ at ed cancer di seases: Hodgkin' s | ynphonn,
nasophar yngeal car ci noma, Burkitt's | ynphoma,
nmucoepi der noi d car ci noma, hepat ocel | ul ar car ci nomsg,;

cancer of cervix, anus, penis, vagina, and oropharyngeal
cancer; primary effusion |ynphoma, Kaposi's sarcomng;

(iii) autoi mmune di seases associ at ed with various viruses:
dermat omyositis , systemc |upus erythematosus, r heumat oi d

arthritis, multiple sclerosis, Sogren's syndrone.

The conpound according to claim 1, or pharmaceutical fornul ation
according to claim 5 - for use in therapy according to claim 6

where viral infection is human imunodeficiency virus infection.

The conpound according to claim 1, or pharmaceuti cal fornmul ation
according to claim 5 - for use in therapy according to claim 6
where viral infection is human i munodeficiency virus type 1

“infection
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Figure 1
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