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Prezenta inventie se referd la o serie de structuri-ghid: noi derivati, naftalendionici tiolati, cu
formula general3 | (Anexa 1b / Figura 1b), in care R1 este constituit din structuri Markush (Anexa 2b
/ Figura 2b), respectiv formula generald il (Anexa 1c / Figura 1c), in care R2 este constituit din
structuri Markush (Anexa 2¢ / Figura 2c¢), cu efect inhibitor asupra ADN topoizomerazei Il lant a (ADN
topo2a). ADN topo2a este incadrata inca din anii '60 in ,registrul” onco-tintelor (Farber et al., 1960)
si, totodatd, este considerati o macromoleculd de un real interes pentru dezvoltarea de noi
medicamente antiproliferative conform European Bioinformatics Institute (EBl.ac.uk: ,DNA

Descrierea inventiei:

Topoisomerase”).

Cele doua serii de structuri-ghid virtuale s-au construit pornind de la structura cadru a unui
derivat naftalendionic tiolat, cu denumirea IUPAC: N-(1,4-dioxo-3-sulfanil-1,4-dihidronaftaien-2-
il)piridin-3-carboxamida (Anexa 1a / Figura 1a), care a fost obtinut la Institutul National de
Cercetare-Dezvoltare pentru Tehnologii Criogenice si lzotopice in cadrul Proiectului nr. 1885/2007
“Obtinerea si caracterizarea de noi medicamente-tintd cu substantd activa de natura naftochinonica
— NANOQMED” (ICSL.ro: ,,Proiect 1885 NANOQMED”) finantat de Ministerul Educatiei si Cercetarii,
Autoritatea Nationalad pentru Cercetare Stiintifica, Centrul National de Mangement Proiecte in cadrul
Planului National de Cercetare, Dezvoltare si Inovare Il (Programul 4 — Parteneriate in domenii
prioritare, Domeniul nr. 6 — Biotehnologii) prin Contractul de Finantare nr. 61-002/2007.

Pe baza structurii chimice a derivatului naftalendionic tiolat s-a alcatuit, cu ajutorul
instrumentului software SmilLib v2.0 (Schiiller et al., 2003), care foloseste ca date de intrare
nomenclatura SMILES, o biblioteca combinatoriala cu derivati virtuali. La construirea bibliotecii
combinatoriale s-au folosit ca structuri cadru doua fragmente (structuri Markush) din molecula N-
(1,4-dioxo-3-sulfanil-1,4-dihidronaftalen-2-il) piridin-3-carboxamidei: o structurd cadru cu formula
generald | (Anexa 1b / Figura 1b), respectiv o structurd cadru cu formula generald |l (Anexa 1c /
Figura 1c). Cele doua stucturi cadru au fost concatenate in pozitiile R1 (formula generala 1), respectiv
R2 (formula generala 1) cu 42 de grupari de substitutie (structuri Markush), care reprezintd motive
structurale intdlnite adesea fin structura medicamentelor anticancer/antitumorale de tip
antineoplastic, alchilant, antimetabolitic si/sau imunosupresor (Anexa 2a / Figura 2a). Aditia
grupdrilor de substitutie la structurile de baza s-a facut prin situsul de legare “A” din structura
acestora dintdi (Anexa 2a / Figura 2a).

Cei 84 derivatii virtuali (scrisi ca notatii liniare SMILES) din biblioteca combinatorie au fost
testati in silico folosind aplicatia on-line FAF-Drugs (FAF-Drugs: ,,ADMETox web-based software”)
pentru similitudine cu stucturile-ghid folosind urmatorii metrici: greutatea moleculard (maxim 460
Da), numadrul de acceptori de legdturi de hidrogen {maxim 9), numarul de donori de legaturi de
hidrogen (maxim 5), log P (maxim 4,2), aria topologica a suprafetei polare {(maxim 150 A?), numirul
de legaturi rotabile sau flexibile (maxim 10) si numarul de inele chimice (maxim 4). Dintre toti
derivatii virtuali testati cu FAF-Drugs s-au calificat, conform conditiilor specificate, un numir de 72
de compusi (Anexa 3).

O ultima etapa a constituit-o calificarea derivatilor virtuali similari cu structurile-ghid (in
numar de 72) ca inhibitori ai ADN topo2a. Calificarea s-a efectuat in silico, folosind un instrument
software dedicat screening-ului virtual: AutoDock Vina (Trott & Olson, qukgu\\mjtoDock Vina s-a
determinat, prin metoda andocarii moleculare (Jorgensen, 1991), da /&5
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combina cu topoizomeraza. Toti cei 72 de derivati virtuali supusi screening-ului virtual {Anexa 3) s-au
calificat ca inhibitori ai ADN topo2a prin metoda andocarii moleculare.

Revendicari: 2
Anexe: 3

Figuri (in anexe): 6
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Revendicari

1. Se revendica derivatii naftalendionici tiolati care au structura moleculara rezumata de
notatiile liniare SMILES (“simplified molecular input line entry specification”) si calificati drept
inhibitori ai ADN topo2a pe baza energiei de legare minime.

C1(C(=C(C(c2c1cccc2)=0)S)NN(P3(=0)OCCCN3)CCCl)=0
C1{C(=C(C(c2c1cccc2)=0)S)NNP3(=0)OCCCN3)=0
C1{C(=C(C{c2cTcoec2)=0)SINCICOP{=0}{NC3)NC)=0
C1(C(=C(C(c2c1cccc2)—0)S)NN(CCCl)CCCI)—O

C1{C(=ClCic2c1cccc2)=0)SINCN(
C1(C(-C(C(c2c1cccc2)-O)S)NCCN(CCCI)C)—O
C1{C{=C{C{c2c1cccc2)=0)SINN(CCTC)=0
C1(C{=C(C(c2c1cccc2)=0)S)NN(C3C(=0)NC(=0)NC=3)CCCl)=0
C1{C(=C{C{c2c1ccec2)=0)S)NNCIC{=0)NC(=0)NC=3)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC3C{=0)NC(=0)NC=3)=0
C1{C{=C{C{c2c1cccc2)=0)SINNIC(=0)NC(=0)C=C3)=0
C1{C(=C(C(c2c1cccc2)=0)S)NC3=CC(=0O)NC(=0)N3)=0
C1{C(=C{C{c2ciccec2)=0)S)NOC(=0)C{Ce3ccei{cc3)N)N)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(c3ccc(cc3)N)C{C(=0)O)N)=0
CL{C(=C(C(c2c1ccce2)=0)SINC(Ce3coe{N{CIC)ce3)N)=0
C1(C{=C(C(c2c1cccc2)=0)S)Nc3ccc{N{CCCI)CCCl)cc3)=0
C1{C(=C({C{c2c1cecc2)=0)S)NCCN(C(=O)NCCCHN=0)=0
C1(C(=C(C(c2clcccc2)=0)S)NCCNC(N{N=0)CCCl)=0)=0
C1{C{=C({C{c2ciccec2)=0)SINN{C{=0)N)N=-0)=0
C1(C(=C(C(c2clcccc2)=0)S)NNC{=0O)NN=0)=0
C1{C({=C{C{c2c1ccec2)=0)SNN{C(=OINCICCCCC3IN=0)=0
C1(C(=C(C(c2c1cccc2)=0)S)NNC3C{OC(C(C30)0)C0)0)=0
C1{C{=C(Clc2c1cecc2)=0)SNCOS(=0}{=0)C)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(COS(=0)(=0)C)CcCOs(=0)(=0)C)=0
C1(C{=C{Cle2c1ccce2)=0)S)NNNCe3cec|Cl=0IN)cc3)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC3=NCA=C{C(N=CN4)=S)N3)=0
C12=C{C(N=CNINC3C{cac(C(C=35}=0)coccl)=0)=S)NC=N2
C1(C(=C(C{c2c1cccc2)=0)S)NC3=NC4=C(C(N=C(N4)N)=S)N3)=0
C1{C{=C(C{c2c1cccc2)=0)S)NNC3=NC(C4=C{N=CN4}N3)=5)=0
C1(C(=C(C(c2clccecc2)=0)S)NCC(=0)NC(C(=0)0)CCC(=0)0)=0
CL{C(=C(Clc2e1cocc2)=0)SINN(CEn[cHIcHNC{nCANININC)C)=0
C1(C(=C(C(c2clcccc2)=0)S)NCN(c3ccc(C{=0)NC({C(=0)0)C)cc3)C)=0
C1{C{=C{C(c2c1ccce2)=0)SINC(C{=0)O)NCcIcce{N(CC)C)ec3)=0)=0
C12C(N=C{NC=1NC=C2CNC3C(c4c{C(C=3S)=0)cccc4)=0)N)=0
CH{C(=C(C{c2c2ccec2)=0)SINN{CcIccdCN=C{Ncacc3)C)=0)C)=0
C1(C(-C(C(c2c1cccc2)-O)S)NNc3[s]c(C(-O)NC(C(—O)O)C)cc3)—
c1(c(=qqac1m)=o)sm=ome(aom JCCL azu )
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CHC(=C(Clc2ciceec2)=0)SINC{=0)COC{=0)CCCC)=0
C1(C(=C(C{c2c1cccc2)=0)S)NC{c3cnccc3)=0)=0
C1{C{=C{C(c2c1cccc2)=0)S)Nc3encce3)=0
C1{C(=C(C(c2c1cccc2)=0)S)NC{N(P3{=0)OCCCN3)CCCl)=0)=0
C1{C(=C{C{c2cicecc2)=0)S)NC(=0)P3(=0)OCCCN3)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(=0)NP3(=0)OCCCN3)=0
€1{C[=C{C(c2¢c2ccec2)=0)SINC(=0)CICOP(=ONNC3)INC)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(N(CCCI)CCCl)=0)=0
C1{C{=C({Clc2cicecc2)=0)SINC{=0)CN{CCCHCCCH=0
C1(C(=C(C{c2c1cccc2)=0)S)NC(=0)CCN(CCCI)C)=0
CHC(=CC{c2eclcece2)=0)SINCIN(CLCIC)=0)=0
C1(C{=C(C(c2c1cccc2)=0)S)NC(N(C3C(=0O)NC(=0)NC=3)CCCl)=0)=0
C1{C{=C(Clc2c1cecc2)=0)SINC(=0)NCIC(=0)NC{=0)NC=3)=0
C1(C(=C(C{c2c1cccc2)=0)S)NC(C3IC(=O)NC(=0)NC=3)=0)=0
C1{C{=C(Clc2c1cocc2)=0)SINCIN3C(=0)INC(=0)C=C3)=0)=0
C1{C(=C(C{c2c1cccc2)=0)S)NC(C3=CC(=0)NC{=0)N3)=0)=0
C1{C({=C{C{c2ctceec2)=0)SINC(=0)OC(=0)C{Cc3ccc(cc3)N)N)=0
C1({C(=C(C(c2c1ccec2)=0)SINC(=0)C(c3ccc{cc3)N)C(C(=0)O)N)=0
C1{C(=C(C{c2c1cccc2)=0)SINC(=0)C(Cc3cce{N(C)Clcc3)N)=0
C1(C(=C(C(c2c1ccec2)=0)S)NC(c3ccc{N(CCCI)CCCl)cc3)=0)=0
CL{C(=C(C{c2c1ccec2)=0)S)NC{=0)CCN(C(=0INCCCI)N=0)=0
C1{C(=C{C(c2c1cccc2)=0)S)NC(=0)CCNC{N{N=0)CCCl)=0)=0
CH{C{=C(Clc2ciecec2)=O)SINCIN(C[=0ININ=0)=0)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(=O)NC{=0)NN=0)=0
C1{C{=C(C{c2c1cecc2)=0)S)NCIN(C(=0)NCICCCCC3)N=0)=0)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC{=0)COS{=0)(=0)C)=0
C1{C{=C{Cle2cicocc2)=0)SINC{=0)NNCc3ecc{C(=D)N)cc3)=0
C1{C(=C(C(c2c1cccc2)=0)S)NC(C3=NC4=C(C(N=CN4)=S)N3)=0)=0
C12=C{C{N=CN1C(=0)NC3Clcac{C(C=35)=0)ccecd)=0)=5)NC=N2
C1{C{=C(C{c2c1cccc2)=0)S)NC(=0)NC3=NC(C4=C(N=CN4)N3)=S)=0
CL{C(=C(C(c2c1ccec2)=0)SINC{=0)CN{c3cec{C{=0INC(C(=0)0)C)ec3)C)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(=0)C{C(=0)O)NC{c3ccc{N(CC)C)cc3)=0)=0
C12C{N=C(NC=1NC=C2CC{=0O)}NC3C(c4c{C(C=35S)=0)ccecd)=0)N)=0
C1{C(=C(C(c2c1cccc2)=0)S)NC{N(Cc3cca4C(N=C(Nc4cc3)C)=0)C)=0)=0
C{C{=C(Cle2ctcecc2)=0)S)NCICIC(FIF)F)=0)=0)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(C(=0)COC{=0)CCCC)=0)=0
C1(C(=C{Clc2c1cecc2)=0)SINC(C{c3cncee3)=0)=0)=0
C1{C(=C(C{c2c1cccc2)=0)S)NC(c3cncec3)=0)=0

2. Se revendica utilizarea structurii derivatiilor naftalendionici tiolati de la revendicarea 1
ca structuri-ghid pentru dezvoltarea de noi substante antiproliferative — inhibitoare ale ADN topo2a.

% A Ay
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Anexa 1: Formule generale

Anexa 1la: Figura 1a — formula si structura derivatului naftalendionic tiolat N-(1,4-dioxo-3-
sulfanil-1,4-dihidronaftalen-2-il)piridin-3-carboxamida — SMILES (“simplified molecular input line
entry specification”): 0=C(Nc2c(S)c(=0)clccccclc2=0)c3ccenc3

Anexa 1b: Figura 1b — formula generala | si structura pentru formula generala | — enhanced
SMILES (“simplified molecular input line entry specification”): O=c1c(S)c(N[R1])c(=0)c2cccecl2

Anexa 1c: Figura 1c¢ — formula generala H si structura pentru formula general3 Il — enhanced
SMILES (“simplified molecular input line entry specification”): 0O=C([R2])Nc2¢(S)c(=0)clccecclc2=0
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Anexa 2: Structuri Markush

si/sau imunosupresor

Anexa 2a: Figura 2a — Structuri Markush care reprezinta motive structurale intalnite adesea
in structura medicamentelor anticancer/antitumorale de tip antineoplastic, alchilant, antimetabolitic
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Anexa 2b: Figura 2b — Structuri Markush pentru R1 corespunzitoare formulei generale |

Y s 4 |
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Legendad: “A” reprezintd locul de legare a grupdrii de substitutie la structura cadru
reprezentatd de formula generala | (pentru R1), respectiv Il (pentru R2).
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Anexa 2c: Figura 2¢ — Structuri Markush pentru R2 corespunzatoare formulei generale Il
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Legendad: “A” reprezintd locul de legare a grupérii de substitutie la structura cadru
reprezentatd de formula generala | {(pentru R1), respectiv Il (pentru R2).
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Anexa 3: SMILES (“simplified molecular input line entry specification”) pentru noii derivati

naftalendionici tiolati, calificati ca inhibitori ai ADN topo2a

C1(C(=C(C(c2c1ccec2)=0)S)NN(P3(=0)OCCCN3)CCCl)=0
CHC{=C{C{c2c10cce2)=0)SINP3(=0)OCCCN3)=0
C1(C(=C(C(c2c1cccc2)=0)S)NNP3(=0)OCCCN3)=0

CL(C(=C(Clc2c1coec2)=0)SINCICOP(=0){NC3INC)=0
C1(C(=C(C(c2c1cccc2)=0)S)NN(CCCI)CCCl)=0
C1{C({=C{C{c2cicecc2)=0)SINCN{CCCHCCCH=0
C1(C{=C(C(c2c1cccc2)=0)S)NCCN(CCCI)C)=0
C1{C(=C(C{c2ccecc2}=0)SINNICCTC)=0
C1(C(=C(C(c2c1cccc2)=0)S)NN({C3C(=0)NC(=0O)NC=3)CCCl)=0
C1(C(=C(C{c2cceec2)=0)SINNCIC{=0)NC(=0)NC=3)=0
C1(C(=C(C(c2c1ccec2)=0)S)NC3C(=0)NC(=O)NC=3)=0
C1(C(=C(C{c2clcecc2)=0)SINNIC(=OINC(=0)C=C3)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC3=CC(=0)NC(=0)N3)=0
C1(C{=C{Clc2c1cece2)=0)SINOC{=0)C{Cc3cce(ccIININ)=0
C1(C{=C(C(c2c1cccc2)=0)S)NC(c3cce(cc3)N)C(C(=0)O)N)=0
C1{C{=C(C{c2c1ccec2)=0)S)NC(Ce3cccN{C)Clec3)N)=0
Cl(C(—C(C(c2c1cccc2)—O)S)Nc3ccc(N(CCCI)CCCI)cc3)-O

C1(C(=C(C(c2c1cccc2)=0)S)NCCNC(N(N= 0)CCC|)—0)—0
C1{C{=C(Clc2c1coec2)=0)SINN{C{=0)N]N=0}=0
C1{C(=C(C{c2c1cccc2)=0)S)NNC{=0)NN=0)=0

CL(C(=C{C{c2ctccec2)=0)SINN{C(=0)NC3CCCCC3IN=0)=0
C1{C(=C(C{c2¢1cccc2)=0)S)NNC3C(OC(C(C30)0)CO)0)=0
C1{C{=C(Clc2c1ccec2)=0)SINCOS(=0){=0)C)=0
C1(C(=C(C(c2clccec2)=0)S)NC(COS(=0)(=0)C)CCOS(=0)(=0)C)=0
C1{C(=C(Clc2c1ccec2}=0)SINNNCe3cce{ C(=0)N)ec3)=0
C1(C(=C(C(c2¢1ccec2)=0)S)NC3=NC4a=C(C(N=CN4)=S)N3)=0
C12=C{C{N=CNINC3C(cac(C{C=35)=0)ccced)=0)=S)NC=N2
C1(C(~C(C(c2c1cccc2)-—0)$)NC3—NC4-C(C(N-C(N4)N)—S)N3)"O
C1(C(=C{C{c2ctcccc2)=0)S)NNC3=NC{C4=C{N=CN4)N3)=5)=0
C1(C(=C(C(c2c1cccc2)=0)S)NCC(=0)NC(C(=0)0)CCC(=0)0)=0
CH{C{=C{C{c2c1cccc2)=0)SINN(Ce3n[clsfc){nc{ncaN)N)ne3)C)=0
C1(C(=C(C(c2c1cccc2)=0)S)NCN(c3ccc(C(=0)NC(C(=0)0)C)cc3)C)=0
C1{C{=C{C{c2c1ccec2)=O)SINCIC{=0)O)NC{c3coc{N(CC]C)ce3)=0)=0
C12C(N=C(NC=1NC=C2CNC3C(c4c(C(C=35)=0)ccccs)=0)N)=0
C1{C{=C{Clc2c1coce2)=0)SINN(Cc3ccdC{N=C{Ncdcc3)C)=0)C)=0
C1(C(=C(C(c2c1ccec2)=0)S)NNc3[s]c(C(=O)NC(C(=0)0)C)cc3)=0
C1(C{=C(C{e2ctceec2)=0)SINC{=0INCIC[=0)0)CCC(=0)0)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(C(F)(F)F)=0)=0
C1(C{=C{C{c2ciceec2)=0)S)NC{=0)COC(=0)CCCC)=0
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C1(C(=C(C(c2c1cccc2)=0)S)NC(N(P3(=0)OCCCN3)CCCl)=0)=0
CL{C(=C{Clc2c1cocc2)=0)SINC{=0)P3(=0)OCCCN3)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(=0)NP3(=0)OCCCN3)=0
CL{C{=ClC{c2c1cccc2)=0)SINC(=0)CICOP{=ONC3I)NC)=0
C1(C(=C(C(c2c1cecece2)=0)S)NC(N(CCCI)CCCl)=0)=0
CH{C{=C{Clc2cieeec2)=0)SINC{=0)CN{CCTHCCCH=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(=0)CCN(CCCI)C)=0
CH{C(=C(C{c2¢c1coec2)=0)SINCINICCT)C)=0)=0
C1(C(=C(C(c2c1ccee2)=0)S)NC(N(C3C(=0)NC(=0)NC=3)CCCl)=0)=0
C1{C(=C(C(c2c1cccc2)=0)SINC{=0)NC3C(=0}NC(=0)NC=3)=0
C1(C(=C(C(c2c1ceec2)=0)S)NC(C3C(=0)NC(=0)NC=3)=0)=0
CHC{=C{C{c2c1eccc2)=0)SINCINIC(=0NC(=0)C=C3)=0)=0
C1(C(=C(C(c2¢c1ceccc2)=0)S)NC(C3=CC(=0)NC(=0)N3)=0)=0
C{C{=ClC{c2c1cccc2)=0)SINC(=0)OC({=0)C(Cec3coc{ce3JN)N)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(= 0)C(c3ccc(cc3)N)C(C(-O)O)N) 0

CH{C(=C(C{c2cceec2)=0)SINC{=0)C{Cc3cce(N(( :
C1(C(= C(C(chlccch)—O)S)NC(c3ccc(N(CCCI)CCCI)cc3)-O) (0]
CHC(=C{C{c2c1cocc2}=0)SINC(=0)CON{C(=0)NCTCIN=0)=0
C1(C(=C(C(c2c1ccec2)=0)S)NC(=0)CCNC(N{N=0)CCCl)=0)=0
C1{C{=C{Clc2c1cecc2)=0)SINCIN{C[=0)N)N=0)=0)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(=0)NC(=0)NN=0)=0
CL{C(=C{Clc2ciccec2)=<O)S)NCIN(C{=0)NCICCCCC3IN=0)=0)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(=0)COS(=0)(=0)C)=0
CHC{=C(C{c2c2ccoc2)=0)SINC(=0)NNCc3ccc{C(=0)N)cc3)=0
C1(C(=C(C(c2¢c1ccec2)=0)S)NC(C3=NC4=C(C(N=CN4)=S)N3)=0)=0
C12=C{C{N=CN1C{=O)NC3C(cAc{C(C=3S)=0)ccccd)=0)=S)NC=N2
C1{C(=C(C(c2c1cccc2)=0)S)NC(=0)NC3=NC(C4=C(N=CN4)N3)=S)=0
CH{C(=C(Cc2c1coec2)=0)SINC(=0)CN{c3cec{C(=0INCICI=0)0)C)ce3)C)=0
C1(C(= C(C(chlccch)—O)S)NC( 0)C(C(=0)O)NC(c3ccc(N(CC)C)cc3)=0)=0
C=C2CC({=0)NC3C(cac(C{C=38)=0)ccccd}=0)N)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(N(Cc3ccdC(N=C(Ncdcc3)C)=0)C)=0)=0
C1{C{=C{Clc2c1c0cc2)=OISINCICICIFHFIF)=0)=0}=0
C1(C(=C(C(c2c1ccec2)=0)S)NC(C(=0)COC(=0)CCCC)=0)=0
CH{C(=C{Clc2c1cecc2)=0)SINC|C{c3encec3)=0)=0)=0
C1(C(=C(C(c2c1cccc2)=0)S)NC(c3cncec3)=0)=0
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