ANEXA 3

10.  Prezentarea  proiectului in limba romana:   (Max. 10 pagini)

          10.1. Importanta si relevanta continutului stiintific

	10. Prezentarea stiintifica

Desi cunoscuti de multa vreme, azoderivatii raman inca in atentia chimistilor datorita surprizelor legate de structura si de proprietatile lor fizico-chimice, dar ei a aplicatiilor lor importante in ramuri de varf ale industriei moderne.   Asa cum s-a dovedit si din lucrarile noastre anterioare,1 studiul sintezelor si proprietatilor unor azoderivati mai speciali, cum este cazul celor care contin in molecula azulena, este legat de ambele aspecte sus-mentionate.

Cateva proprietati fizico-chimice speciale ale acestor derivati le confera o larga gama de utilizari incepand de la cele clasice de coloranti si terminand cu cele mai moderne, in stocarea datelor sau transmiterea de date. In cazul derivatilor azoici au fost demonstrate si studiate proprietatile NLO ale acestora, care sunt intensificate de cresterea polaritatii sistemului si de cresterea numarului de duble legaturi conjugate prezente (inclusiv azo). In acest sens, s-a costatat ca bis azo derivatii au coeficientii mult mai mari decat monoazo derivatii similari.2 Calcule de mecanica cuantica au aratat, de asemenea, ca inlocuirea sistemelor benzenice greu polarizabile cu altele posedand un caracter aromatic mai redus si deci mai usor de deformat, precum si introducerea de grupe polarizante, ca nitro sau amino, determina o crestere semnificativa a coeficentilor mai sus mentionati.3 Utilizarea de azoderivati ca produsi de stocare de informatie a fost de asemenea investigata.4 Acestia se pot folosi, de asemenea, drept coloranti pentru materiale si fibre plastice, pentru producerea de cerneluri si tusuri, pentru colorarea tesaturilor si a hartiei, in industria fotografica5 sau in tehnologia laserilor. Azoderivatii  cu simetrie scazuta au proprietati de cristale lichide,6 iar alte diazene sunt utilizate ca purtatori de sarcina.7

Proiectul este structurat din punct de vedere stiintific in 3 sectiuni:

10.1 Derivati fenilen-bisazozulenici. Aceasta sectiune va cuprinde: 4.1.1. sinteza materiilor prime; 4.1.2. obtinerea derivatilor orto-, meta- si para-azulen-fenilenbisazoici simetrici si nesimetrici; 4.1.3. studiul proprietatilor magnetice, optice si de bazicitate ale acestor combinatii.

10.2. Derivati azulen-fenilenbisazoici substituiti cu grupe functiunale polarizante la sistemele azulenice: 4.2.1. sinteza intermediarilor; 4.2.2. sinteza compusilor; 4.2.3. studiul proprietatilor lor fizico-chimice

10.3. Derivati tris si poli azoazulenici: 4.3.1. sinteze de materii prime; 4.3.2.sinteza produsilor; 4.3.3. studiul proprietatilor lor fizico-chimice

10.1. Derivati fenilen-bisazoazulenici


Azulena este o hidrocarbura aromatica polarizata datorita deplasarii unui electron spre inelul de 5 atomi de carbon realizandu-se, in felul acesta, un sextet aromatic la fiecare ciclu azulenic, cel de cinci si de sapte atomi. 
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Din acest motiv azulena dobandeste un caracter nucelofil, care se manifesta la ciclul de 5 atomi in pozitiile 1 si 3, ceea ce ii permite cuplarea cu saruri de diazoniu reactive, spre deosebire de hidrocarburile aromatice obisnuite, care necesita grupe donoare de electroni pentru a se implica in reactiile de cuplare. In acelasi timp, sarurile de diazoniu provenind de la 1-aminoazulene nu sunt stabile si nu dau reactii de cuplare decat cu substraturi foarte active cum ar fi beta-naftolul.


Din cele prezentate rezulta ca derivatii bisazoici nu pot fi  preparati decat prin cuplarea unei saruri de diazoniu cu nucleu benzenic cu molecule de azulena.

10.1.1. Sinteza materiilor prime


In majoritatea reactiilor de cuplare se pot utiliza intermediari comerciali. Totusi, izomerii aminoazobenzenului vor trebui preparati pentru a obtine derivatii bisazoici monoazulenici. Cel mai usor de obtinut este izomerul para, care rezulta intr-o etapa prin diazotarea anilinei si cuplarea sarii cu excesul de materie prima, urmata de transpozitia triazenei.
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Generarea izomerului meta necesita 2 etape indiferent de calea aleasa.
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In cazul izomerului orto reducerea grupei nitro din pozitia orto nu este posibila si de aceea singura metoda accesibila ramane cea prin derivatul monoacetilat, accesibil commercial.
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10.1.2. Obtinerea derivatilor monoazulenici


Acesti derivati se vor obtine printr-o reactie de cuplare normala a celor trei izomeri ai amonoazobenzenului. Acesti izomeri trebuie sa fie suficient de reactivi avand in vedere ca grupa azo este relativ atragatoare de electroni si activeaza sarurile de diazoniu in reactia de cuplare.
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10.1.3 Obtinerea derivatilor bisazulenici


Acesti derivati pot avea doua resturi identice sau diferite de azulena. In primul caz, teoretic, ar fi mai usoara cuplarea directa a derivatului azulenic cu fenilendiamina bis-diazotata, dar problema care apare este aceea a stabilitatii acestor saruri si a compatibilitatii redox dintre ele si azulena. 

Este cunoscut ca para-fenilendiamina se poate bis-diazota doar in medii puternic acide, iar sarea astfel obtinuta se descompune prin diluare sau neutralizare. Singurele reactii de cuplare cu pastrarea azotului descrise in literatura sunt cele cu fenolii.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
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Este destul de putin probabil ca azulenele sa se cupleze in mediu de acid sulfuric concentrat datorita instabilitatii lor in medii oxidante si acide. De aceea o modalitate mult mai sigura este cuplarea in trepte pentru care exista, in principiu, doua cai de abordare a sintezei. O prima cale abordeaza prepararea pornind de la 1,3 sau 1,4-acetilaminoaniline si necesita o etapa intermediara de hidroliza, cum este reprezentata mai jos pentru izomerul para: 
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A doua cale porneste  de la p-nitroanilina in care intermediarul obtinut dupa diazotare si cuplarea cu azulene sufera o reducere cu sulfura de sodiu transformand grupa nitro in amino. Aceasta varianta pare, insa, mai riscanta, avand in vedere sensibilitatea derivatilor azulenici la reactii de tip redox in care sunt generati radicali liberi.
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In cazul izomerului meta sarea de bis-diazoniu rezultata prin bis diazotarea meta-fenilendiaminei are un caracter oxidant mai redus si are o probabilitate de a da reactii de cuplare cu derivati de azulena mai mare. Chiar si in acest caz, daca se doreste obtinerea de compusi azoici avand resturi de azulene diferite, singurele accesibile raman sintezele in trepte.
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Sintezele devin mai complicate in cazul izomerului orto, unde pot interveni reactii secundare cu formare de benzotriazoli. Astfel, atat orto-fenilendiamina, cat si derivatul sau monoacilat formeaza benzotriazoli prin tratare cu nitrit de sodium si acid clorhidric, deci nu se poate folosi calea pornind de la amina acilata.
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Nici calea care porneste de la orto-nitroanilina nu da rezultatele dorite, intrucat grupa nitro din pozitia orto nu se reduce curat la amina, ci da produsi de transpozitie. Orto-Fenilendiamina a putut fi bis diazotata in acid sulfuric concentrat, dar sarea obtinuta este atat de instabila, incat nu se poate cupla cu pastrarea azotului. De aceea, in aceste cazuri este necesara gasirea altor cai de sinteza, care sa duca la produsii doriti. O astfel de cale ia in considerare obtinerea ftalimidei fenilendiaminei, diazotarea sa si cuplarea cu azulena. Grupa protectoare ftaloil se poate indeparta prin tratare cu hidrazina si apoi se diazotizeaza si se cupleaza cu o alta molecula de azulena. In acest caz cuplarea va avea loc fara ciclizare, deoarece nu mai exista niciun proton disponibil la azot si inelul ftalimidic este suficient de stabil pentru a nu fi expulzat de sarea de diazoniu formata in pozitia orto.8
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10.1.4 Studiul proprietatilor fizice ale derivatilor sintetizati

Prima parte din aceasta sectiune va debuta cu calculul geometriilor si a densitatilor electronice ale moleculelor sintetizate prin procedeul MOPAC. Este important de stiut daca izomerul orto este planar sau nu si daca geometria rezultata ii permite sa formeze complecsi cu metale, ceea ce ar spori imporanta studiului propus de noi. De asemenea substituirea azulenelor cu metil in pozitia 8 poate scoate molecula din plan si modifica cromoforul.


Se vor trasa spectrele RMN de proton si de carbon si se vor discuta influentele aparute prin inlocuirea unui rest fenil cu un radical de azulena sau diferentele ce apar prin disparitia simetriei moleculelor prin substituirea azulenelor cu alchili. Acest lucru va fi corelat cu efectele push-pull pe care structura produsilor obtinuti le poate promova. Faptul prezinta importanta datorita hiperpolarizabilitatii potentiale a acestor materiale.


O atentie deosebita va fi acordata studierii spectrelor electronice; se vor pune in evidenta influenta solventului si a pH-ului asupra lungimii de unda a celei mai importante benzi din vizibil. Solvatocromismul produsilor obtinuti va fi tratat cu toata atentia in ideea de a decela indicatii asupra hiprepolarizabilitatii acestora. De asemenea se vor determina punctele izosbestice acolo unde exista si se vor calcula constantele de bazicitate prin masurarea pH-ului la care apar absorbtii egale intre forma acida si bazica a compusului.

10.2 Derivati fenilen bis(azoazulenici) substituiti la azulena cu grupe functionale.


Azulenele sunt la limita capacitatii de cuplare cu saruri normale de diazoniu. Reactiile de cuplare sunt posibile la azulene nesubstituite, substituite cu alchil sau daca in pozitia 1 se afla o grupa donoare de elecroni care activeaza azulena. Azulenele substituite in pozitia 1 cu grupe atragatoare de electroni nu vor cupla in conditii normale. Totusi se cunosc si exceptii, de exemplu, o grupa acetil are o mobilitate mai ridicata ca grupa fugace electrofila decat protonul si substituirea sa nu este reversibila. De aceea ea poate fi substituita de o grupa azo in conditii dure de reactie, la temperaturi ridicate neuzuale pentru reactiile de cuplare.9  
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Este probabil ca acelasi tip de reactie sa poata fi folosit si pe alte tipuri de combinatii si pe alti izomeri ai nitroanilinelor, in special p-nitroanilina:
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Utilizarea unor azulene substituite in pozitia 1 pune, totusi, probleme sintezei acestora deoarece acestia nu sunt produsi comerciali.


Compusii bis azioici sintetizati vor fi caracterizati prin procedeele descrise in capitolul anterior, studiindu-li-se spectrele de rezonanta magnetica nucleara, precum si cele electronice, pentru a se evidentia influenta grupelor functionale asupra proprietatilor produsilor.


10.3. Sinteza de poliazoderivati


Prin cresterea numarului de grupe azoice se mareste rezistenta materialului si, in acelasi timp, i se modifica proprietatile fizice.


Din numarul mare de combinatii posibile intre gruparile fenilen, azulenil si azo au fost alese cateva combinatii mai accesibile, a caror sinteza ar putea fi realizata in cateva etape, iar un exemplu nerestrictiv este reprezentat mai jos:
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10.4 Studiul unor potentiale redox ale acestor combinatii


In cadrul laboratorului nostru au fost studiate potentialele de reducere si oxidare a numeroase combinatii azoice ale azulenelor.10 Ne propunem sa extindem aceasta preocupare la derivatii bisazoici si poliazoici in vederea stabilirii de posibile reactii redox pe aceste sisteme.

Potentiale de oxidare si reducere a catorva azobenzeni p-substituiti C6H5-N=N-C6H4Z (p) si azoazulene Az-N=N-C6H4Z (p) (1 mM) obtinute prin DPV.

Z in C6H5-N=N-C6H4Z (p)

E1/2ox

E1/2red

Z in 1-Az-N=N-C6H4Z (p)

E1/2ox

E1/2red

NH2

0.583

-2.064

pMeO

1.127

-1.854

pMeO

0.475

-1.650

H

1.320

-1.733

H

0.620

-1.673

pNO2

1.517

-1.228

pNO2
0.648

-1.250

 Potentialele sunt masurate fata de cuplul ferocen/feroceniu
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           10.2. Obiectivele proiectului

	Proiectul pe care il propunem are in vedere cateva obiective stiintifice importante si de actualitate. 

1. Primul obiectiv il constituie elaborarea unui procedeu pentru sinteza unor compusi apartinand unei noi clase si anume clasa derivatilor bis si poliazoici, care contin in molecula radicali fenilen, fenil si azulenil. Introducerea nucleelor azulenice induce o polarizare si o polarizabilitate superioare sistemelor similare care cuprind doar grupe aromatice benzenoide prin cresterea valorii energetice a orbitalilor HOMO si scaderea valorii celor LUMO. Sinteza compusilor propusi prezinta elementul de noutate prin aceea ca sarurile de diazoniu ale azulenelor nu sunt combinatii stabile si de aceea multe din reactiile de cuplare uzuale nu pot fi realizate utilizand aceste saruri. In aceste conditii materiile prime vor fi sarurile de diazoniu sau bis diazoniu cu nuclee benzenice, iar componentele de cuplare vor fi azulenele. Azulenele fiind, insa, nucleofili moderati nu pot cupla cu orice sare de diazoniu. Nici nitrozoderivatii azulenici nu pot fi avuti in vedere pentru sinteza grupei azo prin reactii de condensare Mills, deoarece acestia sunt stabili numai la temperaturi scazute. De asemenea, obtinerea si cuplarea compusilor bis azoici provenind de la fenilendiamine prezinta o serie de particularitati care trebuie avute in vedere. Se preconizeaza ca unele dintre sinteze sa aiba ca materii prime aniline pe care este grefata o grupa potential generatoare de substituent amino, de exemplu grupa nitro. Deci studiul sintezei acestor derivati prezinta interes stiintific si nu este unul de rutina. 

2. Al doilea obiectiv il constituie determinarea neechivoca a structurii produsilor obtinuti si studiul proprietatilor fizico-chimice ale acestora. Structura chimica a derivatilor di si poli azoici permite abordarea unui studiu privind influenta unghiului diedru intre nucleele aromatice asupra conjugarii sau eventuala generare de combinatii cu chiralitate anchimerica.  In legatura cu structura produsilor obtinuti va fi studiata si influenta acesteia asupra spectrelor RMN si a celor electronice. Asa cum s-a amintit mai sus, este de asteptat ca acesti compusi sa prezinte o polarizare si o plarizabilitate superioare celor monoazoici, prin posibilitatile de conjugare mult mai extinsa. Este foarte probabil ca printre izomerii sintetizati, unii care contin grupe azulenice diferite sa apara combinatii care sa cristalizeze in sisteme non-centrosimetrice si deci sa posede bune calitati NLO. De asemenea, aceleasi caracteristici de structura pot conferi calitati de cristale lichide altor materiale din aceasta clasa.

3. Al treilea obiectiv il constituie caracterizarea electrochimica a compusilor sintetizati folosindu-se atat voltametria ciclica, cat si metoda potentiostatica. Rezultatele obtinute prin studiul cineticii de electrod vor fi folosite la elaborarea unor posibile mecanisme de reactie electrochimice. Specificitatea sistemelor propuse consta in prezenta concomitenta a unui pol reducator de natura azulenica si a unuia relativ oxidant de natura azoica, care pot genera noi produsi prin reactia cu electrozii. Se pot anticipa astfel obtinerea de dimeri, oligomeri sau polimeri cu proprietati electrice interesante. Produsii sintetizati pe parcursul proiectului pot fi utilizati in scopuri electrochimice, de exemplu, acoperiri de electrozi sau generarea unor sisteme de elecroliti complecsi.  

4. Ultimul obiectiv il consitutie faptul ca abordarea unei tematici complexe si, relativ complete de cercetare fundamentala de catre cercetatorii tineri, in formare, le da posibilitatea sa devina cadre de cercetare temeinice, iar o parte din lucrari pot fi dezvoltate in vederea sustinerii unor teze de doctorat. In plus, de mai multi ani, in colaborare cu institutiile de invatamant superior, o serie dintre studentii din ultimul an isi efectueaza partea experimentala a lucrarii de diploma la noi in laboratoare. Acelasi lucru este valabil si pentru cei care urmeaza masteratele si este suficient sa amintim ca aproape toti doctoranzii nostrii si-au desfasurat activitatea experimentala din cadrul masteratului in colectivele noastre. Obiectivele propuse se incadreaza intr-o tematica larga, in care colectivele de cercetare au colaborari cu colective din Germania, Franta si Finlanda. Rezultatele acestor cercetari fac deja obiectul mai multor articole publicate in reviste de prestigiu sau comunicate la simpozioane si congrese.  




           10.3. Metodologia cercetarii 

	     Proiectul implica atat activitati experimentale cat si teoretice.

Activitatea experimentala consta in obtinerea materiilor prime precum si a azoderivatilor continand resturi azulenice in molecula. Ea consta in sinteza chimica a acestor compusi urmata de cromatografierea lor pe coloane de alumina sau silicagel. Pentru testarea puritatii sau evaluarea mersului reactiilor cu produsi incolori se va folosi HPLC-ul din dotare.

Controlul analitic al produsilor obtinuti se va face prin spectroscopia RMN de inalta performanta, folosindu-se aparate de inalta rezolutie da 300 si 400 MHz. De asemenea se vor efectua spectre de masa prin procedeul ESI, cel mai adecvat pentru molecule relativ mari si polare.  

Studiile de UV-Viz- curbele pentru determinarea izosbesticilor compusilor nou sintetizati se vor face pe aparate de spectroscopie electronica nou achizitionate, avand performante electronice deosebite. De asemenea, masurarea pH-ului solutiilor se va efectua cu un pH-metru electronic nou achizitionat.

Studiile electrochimice vor fi executate partial la Universitatea Politehnica Bucuresti si partial in cadrul institutului. Catedra de la Universitate poseda aparatura moderna in acest domeniu.

Partea teoretica se bazeaza pe corelari de potentiale de oxidare si reducere cu energiile orbitalilor HOMO si LUMO precum si in calcule de lungimi de legatura si unghiuri diedre cu ajutorul programului de mecanica cuantica-MOPAC



10.4.Resurse necesare:



10.4.1 Resursa umana

	Resursele umane de care dispune Centrul de Chimie Organica – C. D. Nenitescu sunt de un inalt grad stiintific cu experienta indelungata in sinteza organica si caracterizarea fizico-chimica a compusilor organici. Colectivul de lucru propus pentru realizarea proiectului are experienta in sinteza si caracterizarea compusilor organici. Majoritatea membrilor echipei sunt angajati ai Centrului de Chimie Organica - C. D. Nenitescu. Un membru isi elaboreaza teza de doctorat in cadrul Centrului de Chimie Organica – C.D. Nenitescu






10.4.1.1. Directorul de proiect






10.4.1.1.1 Competenta stiintifica a directorului de proiect              
	Dr. ing. Birzan Liviu - directorul de proiect, 

loc de munca – pozitia - CENTRUL DE CHIMIE ORGANICA – Costin D. Nenitescu – BUCURESTI, 

CS II 

1. Vechime la locul actual de munca 20 ani 

2. Domenii de competenta, rezultate semnificative: 

Studiul sintezei chirale a compusilor naturali. Intre anii 1992-1995 s-a studiat sinteza chirala a Roquefortinei C la Universitatea Rochester-NY, SUA si s-au preparat sintoane necesare sintezei unor imunodepresori.

Studiul reactiilor de substitutie electrofila si radicalica pe nucleul azulenic. Activitatea in tara incepe cu studiul reactiilor de substitutie electrofila si radicalica pe nucleul azulenic. Prima preocupare a constat in studierea reactiei de halogenare cu halogenuri metalice pe acest sistem. Vor fi enumerate pe rand o serie de alte preocupari avute de-alungul timpului: Cercetarea reactiei de diazotare si cuplare pe sisteme heterociclice si azulenice. Reactiile de obtinere de imine, amine, amide, imide, carbamati ale azulenei si ale dimerilor acesteia. Reactiile electrofile competitive pe derivatii azoici si iminici, continand grupe azulenice si aromatice de tip arilic si heteroarilic. Reducerea si alchilarea N-oxizilor la amine in prezenta grupei azo, dovedind compatibilitatea dintre grupa N-oxid si nucleul azulenic. Obtinerea primelor (-dicetone continand nucleul azulenic, deschizand drumul pentru sinteza a numerosi heterocicli cu 5 si 6 atomi in molecula, cum ar fi: pirazoli, oxazoli, etc. Insusirea si utilizarea calculelor de mecanica moleculara si mecanica cuantica in scopul corelarii structurii compsilor chimici cu proprietatilor lor fizico- chimice. Studiul mecanismelor de reactie aferente transformarilor chimice cercetate si prezentate mai sus. Un alt domeniu de interes l-a constituit studiul legaturii  structura-deplasari chimice ale protonilor si atomilor de carbon din spectrele RMN, structura-spectre electronice precum si scindarile derivatilor de azulena in spectrometrul de masa. In prezent, preocupare principala o constituie sinteza si proprietatile sarurilor de piriliu, de piraniliu si a piridinelor continand resturi azulenice. Pana in 1989 a participat la numeroase tehnologii pentru asimilarea unor intermediari necesari economiei nationale.

3. Articole publicate cu relevanta pentru acest proiect (selectie):
1.D. L. S. Yokotsuji; W. P. Dailey; A. S. Kende: L. Birzan; L. Kun “Generation, direct observation under matrix isolation conditions, and ab initio calculations for 2-azacyclopenta-2,4-dien-1-one” J. Phys. Chem. 1995, 99, 15870-3. 
2.A. C. Razus; L. Birzan; S. Nae; S. A. Razus; V. Cimpeanu; C. Stanciu; Azulene-1-azopyridines, Synthesis and N-alkylation at pyridine moiety Synth. Commum. 2002, 32, 825-37.

3. A. C. Razus, L. Birzan, S. Nae, L. Cristian and F. Chiraleu “Azulene-1-azopyridine 1’-oxides” Dyes and Pigments 2003, 57, 223-33.

4. A. C. Razus, L. Birzan, S. Nae, M. N. Surugiu and V. Cimpeanu Azulene-1-azo-2’-thiazoles. Synthesis and Properties J. Heterocyclic Chem. 2003, 40, 995-1004.

5. A. C. Razus, L. Birzan, S. Nae, O. L. Lehadus, C. Pavel and O. Costan Azulenic -ketones. Synthesis, properties and reactions to form five membered aromatic heterocycles Arkivoc 2005 (x), 71-85.

 6. E.-M. Ungureanu, A.C. Razus, L. Birzan, G. Buica, And M-S. Cretu Electrochemical Study Of 1-Methylazulene U.P.B. Sci. Bull., Series B, 2005, 67(3), 82-88.

7. Alexandru C. Razus, Liviu Birzan, Nina Mirela Surugiu, Andreea Cristina Corbu and Filip Chiraleu Syntheses of Azulen-1-yl-benzothiazol-2-yl Diazenes Dyes and Pigm. 2007, 74(1), 26-33. 
8. Alexandru C. Razus, Liviu Birzan, Claudia Pavel, Oana Lehadus, Andreea Cristina Corbu and Cristian Enache Azulene-substituted Pyranylium Salts. Syntheses and Products Characterization J. Heterocyclic Chem. 2006, 43, 963-77. 
9. Eleonora M. Ungureanu, Alexandru. C. Razus, Liviu Birzan, George Buica, Mariana Cretu and Enache Cristian Electrochemical chlorination of azulenic derivatives. Insight into mechanism of anodic oxidative chlorination Electrochimica Acta 2006, 52, 794-803. 

10. Alexandru C. Razus, Liviu Birzan, Andreea Corbu, Oana Zaharia and Cristian Enache Synthesis and Properties of 4-(3-Substituted azulen-1-yl)-2,6-diphenyl-pyridines Arkivoc 2006, 12, 121-129.

 11. Alexandru C. Razus, Liviu Birzan, Claudia Pavel, Oana Lehadus, Andreea Corbu, Filip Chiraleu and Cristian Enache
Azulene-substituted Pyridines and Pyridinium Salts. Synthesis and Structure. 1. Azulene-substituted pyridines J. Heterocyclic Chem, 2007, 44, 245-250. 
 12. Alexandru C. Razus, Liviu Birzan, Claudia Pavel, Oana Lehadus, Andreea Corbu, Filip Chiraleu and Cristian Enache Azulene-substituted Pyridines and Pyridinium Salts. Synthesis and Structure. 2. Azulene-substituted pyridinium salts J. Heterocyclic Chem 2007, 44, 251-260. 
4.  Patent:

1. Procedeu catalitic pentru prepararea 5-alchil-salicilaldehidelor. Brevet Roman 102 463 din 30.10 1990.

5. Comunicari stiintifice la conferinţe cu volume publicate – 
1. Azulene-1-azopyridine, synthesis-alkylation A. C. Razus, L. Birzan, Stefania Nae, Victorita Tecuceanu, Poster la al-26-lea Simpozion National de Chimie, Calimanesti-Caciulata, Vilcea Romania, 4-6 oct. 2000

2. Biazulene-reactii A. C. Razus, Stefania Nae, L. Birzan Poster la al-28-lea Simpozion National de Chimie, Calimanesti-Caciulata, Vilcea Romania, 4-6 oct. 2002

3. 1-(azulen-1-il)-2-(benzotiazol-2-il) diazene. Sinteza si proprietati A. C. Razus, L. Birzan, S. Nae, N. M. Surugiu, A. Negoescu si V. Cimpeanu- a XXVIII-a Conferinta Nationala de Chimie 6-8 Oct. 2004, Calimanesti-Caciulata

4. Saruri de piridiniu si bis-piridiniu substituite cu 2-(azulen-1-il)etene. sinteza, proprietati, utilizari NLO. A. C. Razus, L. Cristian, L. Birzan, S. Nae, O. Costan si C. Enache- a XXVIII-a Conferinta Nationala de Chimie 6-8 Oct. 2004, Calimanesti-Caciulata

5. Etude électrochimique de composés azuléniques, E.-M.Ungureanu, A. Razus, A. Ion, C. Rabagiu-Roman, L. Barzan, M. Cretu, Journées d'Electro-chimie 2005, 5 - 8 juillet 2005, Saint Malo, France, Thème 2 Electrochimie Moléculaire et Bioeléctrochimie.

6. Redox behavior of some azulene derivatives, E.-M.Ungureanu, A. C. Razus, L. Barzan, M. Cretu, G. Buica, Romanian International Conference of Chemistry and Chemical Engineering RICCCE 14, S10-K02., 2006 
7. Electrochemical study of azulene derivatives by cyclic and differential pulse voltametry E.-M. Ungureanu, L. Barzan, A. C. Razus,  M. S. Cretu, F. M. Tugurel,  PD-8, Conferinta Nationala Chimia, 2006, “Ovidius” Constanta
8. Mechanisme de halogenation electrochimique des composes azuleniques E.-M.Ungureanu, A. C. Razus, L. Barzan, G. Buica, Le quatrieme colloque franco-romain de chimie applique, 28 Juin-2 Julliet 2006, Clemont-Ferrand, France
9. Sinteza unor saruri de piraniliu si a unor piridine substituite in pozitia 4 cu radicali azulen-1-il Alexandru C. Razus*, Liviu Birzan, Oana Lehadus, Claudia Pavel, Liliana Cristian, Oana Zaharia si Cristian Enache, Poster la al-29-lea Simpozion National de Chimie, Calimanesti-Caciulata, Vilcea Romania, 3-5, oct. 2006
             10. Discassion about mass spectra of 4-azulen-1-yl-2,6-dimethylpyridinium perchlorates C. Razus, L. Birzan, O. Lehadus, C. Pavel, C. Enache, Poster la al-29-lea Simpozion National de Chimie, Calimanesti-Caciulata, Vilcea Romania, 3-5, oct. 2006

11. Etudes electrochimique appliquees aux 2-[(E)-azulen-1-yldiazenyl]-1,3-benzothiazoles E. M. Ungureanu, M. S. Cretu, A. C. Razus, L. Birzan, Poster at the 14th Edition of the Conference of Microsensors, Microactuators and Microsystems, Lyon, France, June 10-14, 2007 
6. Experienta acumulata in programe nationale si internationale
· Reactii de substitutie pe sisteme azulenice. Halogenarea, participant, MCT, octombrie -decembrie 1996; aprilie - noiembrie 1998

· Reactii de oxidare ale unor compusi azulenici, participant, MCT, octombrie 1997-noiembrie 1998

· Studiul unor materiale pornind de la sisteme nesaturate homo si heteroatomice care contin grupe azulenil, participant, ANSTI, martie 1999- noiembrie 2000

· Studiul sintezei si al comportarii unor produsi azulenici care contin duble legaturi in molecula, participant, ANSTI, noiembrie 1999-octombrie 2001

· Derivati de 1,1’-biazulena, sinteze, proprietati, importanta aplicativa a domeniului, participant, MEC, octombrie 2001- decembrie 2002

· Contributii la stabilirea structurii si a reactivitatii unor compusi azulenici cu proprietati de transmitere neliniara a luminii, participant, CNCSIS, iulie -decembrie 2002

· 1-Vinilazulene substituite – o noua clasa de sintoni utilizabili pentru generarea unor molecule complexe si a unor materiale cu proprietati de transmitere neliniara a luminii (NLO) si proprietati electrochimice superioare, participant, 114000, MEC, noiembrie 2003-noiembrie 2005

· Sinteza si studiul unor materiale azulen-1-azo-heterociclice cu hiperpolarizabilitate inalta, participant, CNCSIS, iunie 2004-noiembrie 2004

· Compusi heteroaromatici stabilizati prin substitutie cu azulene. Sinteze, studiul proprietatilor lor fizico-chimice si electrochimice, utilizari in tehnica transmiterii neliniare a luminii (NLO), participant, 800000, MEC, octombrie 2005-prezent

7. Alte mentiuni:

 -  Membru al asociatiilor profesionale: Societatea Chimiştilor din Romănia

 -    Premiul II la Olimpiada Internationala de Chimie- Leningrad 1979.
 -  Referent la Journal of Organic Chemistry, Dyes and Pigments si The Chemical Education Journal.







10.4.1.1.2. Competenta manageriala a directorului de proiect

	

Coordonatorul de proiect are experienta si abilitatea de a administra activitatile si bugetul proiectului conform planificarii.  


10.4.1.2. Echipa de cercetare     

              

   Lista membrilor echipei de cercetare: (Fara directorul de proiect)

	Nr. crt.
	Nume si prenume
	Anul nasterii
	Titlul didactic

stiintific *
	Doctorat

* *
	Semnatura



	1
	Razus Alexandru Constantin
	1937
	CS I
	DA
	

	2
	Tecuceanu Victorita
	1973
	CP III
	DA
	

	3
	Enache Cristian 
	1970
	Cercetator
	Doctorand
	

	4
	Cristea Mihaela
	1980
	Asistent cercetare
	Doctorand 
	

	5
	Dragu Andreea
	1985
	Asistent cercetare
	Doctorand


	


* 
La “Titlu didactic/stiintific” completati cu una din variantele:  

    
Profesor / Conferentiar / Lector / Asistent / CS I / CS II / CS III / Cercetator

 ** 
La “Doctorat” completati cu una din variantele:  DA /NU / Doctorand

10.4.1.2.1. Cercetatori cu experienta

	.

Executant 1 : Alexandru Constantin Razus – Dr. Ing., 

                       Vechime la locul de munca actual: 44 ani 
1. Experienta profesionala: generala si in domeniu

- 1959 - 1960 Inginer stagiar  - Fabrica  medicamente SINTOFARM 

Descriere: “Productie medicamente”

-  1960 - 1962 Tehnolog sef de sector  – Fabrica  medicamente SINTOFARM 

Descriere: “Productie medicamente”

-  1962 – 1964 Inginer – Centrul de Chimie Organica – C. D. Nenitescu, Bucuresti; 

Descriere: “Solvolize in sisteme ciclopropilcarbinilice.”

- 1964 - 1968 Cercetator Stiintific – Centrul de Chimie Organica – C. D. Nenitescu, Bucuresti;

Descriere: “Solvolize in sisteme ciclopropilcarbinilice.”

 - 1968 - 1989 Cercetator Principal III – Centrul de Chimie Organica – C. D. Nenitescu, Bucuresti;

Descriere: “Reactii de alchilare Friedel-Crafts.”
- 1989 - 1991  Cercetator Principal II – Centrul de Chimie Organica – C. D. Nenitescu, Bucuresti;

Descriere: “Chimia compusilor azulenici.”

- 1991 – prezent Cercetator Principal I – Centrul de Chimie Organica – C. D. Nenitescu, Bucuresti;

Descriere: “Chimia compusilor azulenici.”

2. Experienta in domeniu:  Activitate de peste 15 ani in studierea influentei sistemului azulenic asupra unor structuri din care acesta face parte: caracterizarea compusilor obtinuti si reflectarea conjugarii azulenei cu restul moleculei in proprietatile fizice si chimice, mecanisme de reaeactie. Au fost utilizate procedee de analiza fizico-chimica in scopul caracterizarii complete a sute de compusilor azulenici nou sintetizati. Unele dintre procedee si rezultate au facut obiectul unor publicatii specifice. Activitate de cercetare de peste 45 ani in domeniile sintezei compusilor organici, a caracterizarii lor, a studierii proprietatilor fizico-chimice si a determinarii unor mecanisme de reactie, activitate recompensata prin premiul Academiei Romane. Are peste 80 lucrari publicate in reviste de prestigiu, conferinte tinute in tara si strainatate, peste 40 participari la simpozioane din tara si strainatate.
3.   Brevete  de invenţii: 

1. Procedeu de preparare a dietil-zincului. Brevet RSR 53 582 din 22.01.1971.

2. Procedeu de preparare a clorurii acidului dicloracetic.Brevet RSR 75 601 din 11.08.1980

3. Procedeu de preparare a clorurii acidului dicloracetic. Brevet RSR 77 963 din 08.08.1981

4. Procedeu de preparare a clorurii acidului dicloracetic.Brevet RSR 78 095 din 08.08.1981

5. Procedeu pentru prepararea 1-fenil-4-etiloctan-1,3-dionei. Brevet RSR 90 461 din 15.05.1986

6. Procedeu pentru purificarea glucoheptonatului de sodiu. Brevet RSR 101 548 din 24.09.1990.

7. Procedeu catalitic pentru prepararea 5-alchil-salicilaldehidelor. Brevet Roman 102 463 din 30.10 1990.

4.   Lucrari semnificative publicate:

 1. A.C. Razus, V. Wertheimer, F. Badea and A.-M . Glatz, Solvolytic Behaviour of Strained Systems. The Benzo[b]bicyclo[3.1.0]hex-2-en-4-yl cation, Tetrahedron Letters, 1975, 22-23, 1799-1802.

2. S.A. Osadchii, V.I. Mamatyuk ,

 V.G. Shubin, A.C. Razus, E. Bartha and Zs. Arvay Cyclopropylalkyl Cations of a Spiro[2,4]heptane System, Russ. Chem. Bull., 1994, 43, 2074-2078.

3. G. Iftime, P. G. Lacroix, K. Nakatani and A. C. Razus Push-Pull Azulene-Based Chromophores with Nonlinear Optical Properties Tetrahedron Lett., 1998, 39, 6853-56.

4. A. C. Razus Syntheses of Polycyclic Compounds by Oxidative Coupling of Azulene-1-azo-arenes J. Chem. Soc., Perkin Trans., 1, 2000, 981-988.

5. A. C. Razus, C. Nitu Oxidative benzylic substitution of azulene-1-azo(4’-methylbenzene)s, J. Chem. Soc., Perkin Trans., 1, 2000, 989-994.

6. A. C. Razus, C. Nitu, S. Carvaci, L. Birzan, S.A. Razus, M. Pop and L. Tarko Synthesis and reactions of N-(azulen-1-ylmethylene)arylamines J. Chem. Soc., Perkin Trans., 1, 2001, 1227-1233.

7. A. C. Razus, L. Birzan, S. Nae, L. Cristian, F. Chiraleu and V. Cimpeanu, Azulene-1-azopyridine 1’-oxides Dyes and Pygm., 2003, 57, 223-233.

8.. A. C. Razus, C. Nitu, V. Tecuceanu and V. Cimpeanu, 2-Substituted (azulen-1-yl)ethenes Eur. J. Org. Chem., 2003, 4001-4010.

9. L. Cristian, I. Sasaki, P. L. Lacroix, B. Donnadieu, I. Asselberghs, K. Clays and A. C. Razus, Donating Strenght of Azulene in Various Azulen-1yl Substituted Cationic Dyes: Application in Nonlinear Optics. Chem Mater., 2004, 16, 3543-3551.

10.. A. C. Razus, C. Nitu, C. Pavel, C.-A. Ciuculescu, V. Cimpeanu, C. Stanciu and P. P. Power, Oxidation of 1-(4’-substituted phenyl)-2-(4-methylphenyl)diazene; benzylic substitution versus C-azo bond breaking Canad. J. Chem., 2005, 83, 244-250.

11. E.-M. Ungureanu, A. C. Razus, L. Birzan, G. Buica, M. Cretu and C. Enache Electrochemical chlorination of azulene derivatives. Insight into the mechanism of anodic oxidative chlorination Electrochimica Acta, 2006, 52, 794.
5.  Membru al Societatii de Chimie din Romania

6. Lista comunicari stiintifice relevante pentru proiect 


1.Reactii de Substitutie in Pozitia Benzilica la Compusi Azulen-1-azo-(4’-metilbenzenici) Substituiti la Grupa azulenil. Universitatea Tehnica Darmstadt-Facultatea de Chimie Organica,.Darmstadt, 1998. Conferinta.
2. Compusi cu legaturi duble homolitice si heterolitice substituite cu azulene si arene. Sinteze, proprietati, utilizari. Al XXVI-lea Simpozion National de Chimie. Calimanesti-Caciulata. Rm. Vilcea, 2000. Conferinta
3. Electrochemical and Chemical Oxidation of Derivatives of Azulene. N.D. Totir, A.C. Razus, C. Nitu, C. Lete and S. Lupu, The 198th Meeting of “The Electrochemistry Society”Hyatt Regency Phoenix. Oct., 2000. SUA. Comunicare.

4.Electrochemical Behaviour of Some derivatives of azulene. N. D. Totir, A. C. Razus, C. Nitu, C. Lete and S. Lupu, Bunsen Kolloquium, September, 2002 – Dresden. Poster.  Congres
5. Comparative Study of Chemical and Electrochemical Oxidation of Some Azulene Derivatives. C. Lete, G. Palleschi, C. Nitu, M Badea and A.C. Razus, The 8th International Symposium on Kinetics in Analytical Chemistry, Rome, Italy, 2004.

7. Experienţa acumulată în programe naţionale si internaţionale
· Reactii de substitutie pe sisteme azulenice. Halogenarea, director proiect, MCT, octombrie -decembrie 1996; aprilie - noiembrie 1998

· Reactii de oxidare ale unor compusi azulenici, director proiect, MCT, octombrie 1997-noiembrie 1998

· Studiul unor materiale pornind de la sisteme nesaturate homo si heteroatomice care contin grupe azulenil, director proiect, ANSTI, martie 1999- noiembrie 2000

· Studiul sintezei si al comportarii unor produsi azulenici care contin duble legaturi in molecula, director proiect, ANSTI, noiembrie 1999-octombrie 2001

· Derivati de 1,1’-biazulena, sinteze, proprietati, importanta aplicativa a domeniului, director proiect, MEC, octombrie 2001- decembrie 2002

· Contributii la stabilirea structurii si a reactivitatii unor compusi azulenici cu proprietati de transmitere neliniara a luminii, director proiect, CNCSIS, iulie -decembrie 2002

· 1-Vinilazulene substituite – o noua clasa de sintoni utilizabili pentru generarea unor molecule complexe si a unor materiale cu proprietati de transmitere neliniara a luminii (NLO) si proprietati electrochimice superioare, director proiect, 114000, MEC, noiembrie 2003-noiembrie 2005

· Sinteza si studiul unor materiale azulen-1-azo-heterociclice cu hiperpolarizabilitate inalta, director proiect, CNCSIS, iunie 2004-noiembrie 2004

· Compusi heteroaromatici stabilizati prin substitutie cu azulene. Sinteze, studiul proprietatilor lor fizico-chimice si electrochimice, utilizari in tehnica transmiterii neliniare a luminii (NLO), director proiect, 800000, MEC, octombrie 2005-prezent

· Senzori electrochimici inovativi pentru analize clinice si de mediu, responsabil proiect, 200000, MEC, august 2006-prezent

Executant 2: Victorita Tecuceanu – dr. in chimie

1. Experienta profesionala: 

- iulie 1999 – ianuarie 2000 Asistent cercetare stiintifica stagiar -  Centrul de Chimie Organica – C. D. Nenitescu, Bucuresti; 

Descriere: “Sinteză organica”

- ianuarie 2000 – septembrie 2004 Asistent cercetare stiintifica - Centrul de Chimie Organica – C. D. Nenitescu, Bucuresti; 

Descriere: “Chimia compusilor azulenici”

- septembrie 2004 – prezent Cercetator stiintific - Centrul de Chimie Organica – C. D. Nenitescu, Bucuresti; 

Descriere: “Chimia compusilor azulenici”

2. Experienta in domeniu: Din momentul angajarii in cadrul Centrului de Chimie Organica “C.D. Nenitescu”, la 1 iulie 1999, a activat in cadrul colectivului condus de Dr. Ing. A.C. Razus. Obiectul activitatii sale in cadrul colectivului a constat, la inceput, in sinteza de materii prime pentru obtinerea de compusi noi din clasa azulenelor. Metoda de lucru este originala, constituind subiectul unui articol aparut intr-o revista de interes international. Pe parcursul cercetarilor, a contribuit la elaborarea unei metode noi de sinteza pentru compusii vinil-azulenici, metoda ce se incadreaza in asa numita “chimie verde”, in acord cu normele de protectia mediului incojurator. Intre anii 1999 si 2005 a participat la realizarea mai multor cercetari finantate prin Granturi acordate de Academia Romana si de Ministerul Cercetarii si Tehnologiei. Din luna mai a anului 2004 a preluat sarcina de elaborare a actelor necesare contractarii diverselor programe nationale de finantare a cercetarii fundamentale, de tipul Granturilor CNCSIS si a programelor CERES. In luna decembrie a anului 2006 si-a sustinut public teza de doctorat cu titlul “1-(Azulen-1-il)etene-2-substituite. Influenta substituentilor asupra sintezei, mecanismului acesteia si asupra unor trasaturi caracteristice ale produsilor”. Conducator stiintific Dr. Ing. Alexandru C. Razus.

3.  Lucrari publicate:

1.  1,1(-Biazulene Derivatives. Syntheses and Reactions, A.C. Razus, L. Birzan, S. Nae, C. Nitu, V. Tecuceanu, V. Cimpeanu,  Arkivok, 2002 (ii), 142-153.

2. Considerations on the Fragmentations of some –substituted Azulenes in the Mass Spectrometer A.C. Razus, L. Birzan, P. Filip, M. Danila, V. Tecuceanu, L. Cristian, M. Popescu, Rev. Chim.  2002, 53(10), 641-46.

3. 2-Substituted(Azulen-1-Yl)Ethenes  A.C. Razus, C. Nitu, V. Tecuceanu, V. Cimpeanu, European Journal of Organic Chemistry, 2003, 23, 4601-4610.

4. The Coupling Capacity Of Diazotized N-Substituted Aminopyridines - A Mechanical Quantum Approach A.C. Razus, L. Birzan, S. Nae, V. Tecuceanu, L. Tarko,  Revue Roumaine de Chimie, 2003, 48(3), 191-196.
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10.4.1.2.2. Cercetatori in formare

	In echipa de lucru sunt inclusi si tineri cercetatori, urmarindu-se promovarea acestora si elaborarea unor teze de doctorat de inalta valoare stiintifica:

1. ENACHE Cristian –  cercetator, doctorand 

Lucrari publicate:

1. Synthesis and Properties of 4-(3´-Substituted azulen-1´-yl)-2,6-diphenyl-pyridines. A. C. Razus, L. Birzan, Andreea Corbu and C. Enache, Arkivoc, 2006, 121-129.

 2. Alexandru C. Razus, Liviu Birzan, Claudia Pavel, Oana Lehadus, Andreea Corbu, Filip Chiraleu and Cristian Enache
Azulene-substituted Pyridines and Pyridinium Salts. Synthesis and Structure. 1. Azulene-substituted pyridines J. Heterocyclic Chem, 2007, 44, 245-250.

3. Alexandru C. Razus, Liviu Birzan, Claudia Pavel, Oana Lehadus, Andreea Corbu, Filip Chiraleu and Cristian Enache Azulene-substituted Pyridines and Pyridinium Salts. Synthesis and Structure. 2. Azulene-substituted pyridinium salts J. Heterocyclic Chem 2007, 44, 251-260. 
2. CRISTEA Mihaela – asistent cercetare- Centrul de Chimie Organica – C.D. Nenitescu

Lucrari publicate:

      1.1,3-Dipolar cycloaddition reactions of 1-(3-nitrophenacyl)-1,10-phenanthrolinium N-ylide with activated alkynes F. Dumitrascu, C. Draghici, M. R. Caira, A. Badoiu, L. Barbu, M. Cristea Arkivoc, 2005 (x), 165-173

      2. Synthesis and X-ray Structure of a new Pyrrolo[1,2-b]-pyridazine Derivative M. R. Caira, F. Dumitrascu, C. Draghici, D. Dumitrascu, M. Cristea Molecules, 2005, 10, 360-366.

      3 Azulene Derivatives Soluble In Polar Solvents. 1-(Azulen-1-yl)-2-(Thien-2- or 3-yl)-Ethenes Alexandru C. Razus, Liviu Birzan, Victorita Tecuceanu, Mihaela Cristea,

Alina Nicolescu and Cristian Enache Rev.Roum,Chim., in print

3. DRAGU Andreea – asistent cercetare - Centrul de Chimie Organica – C.D. Nenitescu

Activitatile la care vor participa, sunt in conformitate cu cele prevazute in planul de realizare al proiectului: vor participa la obtinerea informatiilor din literatura pentru tema propusa, la obtinerea de cantitati de materii prime necesare pentru etapele urmatoare, la sinteza derivatilor bisazoici monoazulenici, a derivatilor bisazoici meta si para biazulenici, a derivatilor bisazoici orto biazulenici, a derivatilor bisazoici biazulenici functionalizati, precum si la sinteza derivatilor bisazoici triazulenici functionalizati


10.4.2 Alte resurse

10.4.2.1. Resurse financiare

	Obiective/Activitati
	Resurse umane

(om x luna)
	Resurse umane/materiale

Abrevieri: CP – coordonator proiect

E 1...4 – executant 1...4
	Resurse financiare de la buget

(RON)

	ETAPA I – 2007/3 luni

Documentare sinteza de materii prime; incercari preliminare

	6 persoane × 0.56 luni

	CP – stabilire responsabilitati in cadrul proiectului
	HG 1579/2002

1(1.1.): 61306

7(7.1.): 30000

14(14.13): 8694


	Completarea documentarii asupra informatiilor existente in literature in legatura cu tema propusa
		CP , E1, E2, E3, E4, E5 – documentare
	
	Obtinerea de cantitati de materii prime necesare pentru etapele urmatoare
		E2, E3, E4, E5 – obtinere materii prime
	
	Analizarea si caracterizarea materiilor prime
		CP, E1, E2, E3 – analizarea si caracterizare materii prime
	
	ETAPA II – 2008 / 4 luni 

Obtinerea derivatilor bisazoici monoazulenici

	6 persoane × 0.75 luni

	CP – stabilire responsabilitati in cadrul obiectivului
	HG 1579/2002

1(1.1.): 13000

7(7.1.): 100000

14(14.13): 20000


	Sinteza derivatilor bisazoici monoazulenici

		E2, E4, E5 – sinteza materii prime
	
	Caracterizarea produsilor obtinuti

corelarea spectrelor UV-VIZ, SM si RMN cu structura bis azo derivatilor obtinuti

		CP, E1, E2, E3 – caracterizare produsi

	
	Studii electrochimice

		CP, E1 – studii electrochimice

	
	ETAPA III – 2008 / 7 luni

Obtinerea derivatilor bisazoici diazulenici (izomerii meta si para)

	6 persoane ×

1.31 luni

	CP – stabilire responsabilitati in cadrul obiectivului
	HG 1579/2002

1(1.1.): 143047

14(14.1.): 3000

14(14.2.): 6000

14(14.3.): 35000

14(14.13): 12953


	Sinteza derivatilor bisazoici meta si para biazulenici
		E2, E3, E4, E5 – obtinere produsi
	
	Caracterizarea produsilor obtinuti

corelarea spectrelor UV-VIZ, SM si RMN cu structura bis azo derivatilor obtinuti

		CP, E1, E2, E3 – caracterizare produsi

	
	Studii electrochimice

		CP, E1 – studii electrochimice

	
	ETAPA IV – 2009 / 5 luni

Obtinerea derivatilor bisazoici diazulenici (izomerul orto)

	6 persoane × 0.93 luni

	CP – stabilire responsabilitati in cadrul obiectivului
	HG 1579/2002

1(1.1.): 81741

7(7.1.): 50000

14(14.13): 18259


	Sinteza derivatilor bisazoici orto biazulenici

		E2, E3, E4, E5 – obtinere produsi
	
	Caracterizarea produsilor obtinuti

corelarea spectrelor UV-VIZ, SM si RMN cu structura bis azo derivatilor obtinuti

		CP, E1, E2, E3 – caracterizare produsi

	
	Studii electrochimice

		CP, E1 – studii electrochimice

	
	ETAPA V – 2009 / 7 luni

Obtinerea derivatilor bisazoici diazulenici functionalizati

	6 persoane × 1.31 luni 

	CP – stabilire responsabilitati in cadrul obiectivului
	HG 1579/2002

1(1.1.): 143047

14(14.1.): 3000

14(14.2.): 6000

14(14.3.): 35000

14(14.13): 12953


	Sinteza derivatilor bisazoici biazulenici functionalizati
		E2, E3, E4, E5 – obtinere produsi
	
	Caracterizarea produsilor obtinuti

corelarea spectrelor UV-VIZ, SM si RMN cu structura bis azo derivatilor obtinuti
		CP, E1, E2, E3 – caracterizare produsi

	
	Studii electrochimice
		CP, E1 – studii electrochimice

	
	ETAPA VI – 2009 /  5 luni

Obtinerea derivatilor trisazoici azulenici

	5 persoane ×

0.93 luni

	CP – stabilire responsabilitati in cadrul obiectivului
	HG 1579/2002

1(1.1.): 102176

14(14.13): 14824


	Sinteza derivatilor trisazoici monoazulenici 

		E2, E3, E4, E5 – obtinere produsi
	
	Caracterizarea produsilor obtinuti

corelarea spectrelor UV-VIZ, SM si RMN cu structura tris azo derivatilor obtinuti

		CP, E1, E2, E3 – caracterizare produsi

	
	Studii electrochimice

		CP, E1 – studii electrochimice

	
	ETAPA VII – 2010 / 5 luni

Valorificarea aspectelor de noutate ale rezultatelor cercetarii

	6 persoane × 0.93 luni

	CP , E1, E2, E3, E4, E5 – diseminare rezultate
	HG 1579/2002

1(1.1.) 61306

14(14.1.): 1500

14(14.2.): 3000

14(14.3.): 17500

14(14.13): 16694


	Diseminarea rezultatelor prin publicarea nationala sau internationala a rezultatelor

			

	


10.4.2.2. Infrastructura disponibila 

	In vederea realizarii experimentelor necesare derularii proiectului Centrul de Chimie Organica dispune de urmatoarele echipamente si facilitati pentru experimentare :

 spectrometru RMN Brucker Avance 400, 1H – RMN : 400 MHz; 13 C – RMN : 100.62 MHz , uzura medie 5%,  

cromatograf GC-FISSONS VIC 900, 

spectrofotometru UV-VIS, stabilitate <0.0003 A/h la 500 nm; lungime de unda 190-1100 nm; banda spectrala  < 2nm, achizitionat in 2005, 

lichid cromatograf (HPLC), coloana analitica LC 1120/LC 1150; cuptor de termostatare coloane, autosempler, achizitionat in 2005, 

autoclave, etuve, 

băi de ultrasunete, 

pompe de vid avansat, 

agitatoare, termostate/criostate, 

aparatură de sticlă specifică laboratoarelor de chimie organică, 

aparatură de multiplicare şi îndosariere documente.

Reţea de computere şi echipamente periferice, conxiune INTERNET.


ANEXA 3

11.  Prezentarea  proiectului in limba engleza:   (Max. 10 pagini)

	11. Although known for a long time, azoderivatives still remain in the attention of the chemists due to the unexpected results linked with their structure and their physico-chemical properties important for some top industrial branches.  

As it was proved from our previous papers,1 the study of the synthesis and properties of some special azoderivatives how is the case of those that contain an azulene in the molecule is linked both on scientific interest and industrial applications.  Some peculiar phisyco-chemical properties enable them to be used in many fields starting with that classical ones, as dyes and finishing with most up to date ones in data stocking and transmission. In the case of the azo derivatives, was proved that their NLO properties are enhanced by the increasing of the system polarity and of the length of the chromophore, as a result of the increasing of the number of conjugated double bonds present (including azo). Therefore, it was observed that bis azo derivatives have the  coefficients much higher than those registered for the corresponding mono azo compounds.2 The quantum mechanics have also shown that both the replacement of the benzene system, which are hardly polarizable with others that possess a diminished aromatic character and are therefore easier to be polarized, and the introduction of polarizing groups as nitro or amino induce a significant increase of the above mentioned coefficients.3    The utilization of the azoderivatives as stocking products has also been investigated.4 These can be used also as dyes for materials and plastic fibers, for ink manufacture and stamp inks, for the photographic industry5 or in the laser technologies. Azoderivatives with low symmetry have liquid crystal properties6 and other diazenes are useful as charge carriers.7
The project is structured in three sections:

11.1 Phenylene bisazoazulene derivatives. This section contains: 4.1.1. the preparation of row materials; 4.1.2. the preparation of o-, m-, or p-phenylene-bisazoazulenes with a symmetric or an asymmetric structure; 4.1.3. the study of the magnetic, optic or acid-base properties of these combinations.

11.2. Phenylene bis azoazulenes derivatives containing polarizating functional groups at azulenes moieties; 4.2.1. the preparation of the row materials; 4.2.2. the preparation of the azulenic compounds; 4.2.3. the study of their phisico-chemical properties.

11.3. Tris and poly azoazulenic derivatives: 4.3.1. the preparation of the row materials; 4.3.2 the preparation of the azulenic compounds; 4.3.3. the study of their phisico-chemical properties.

11.1 Phenylene bis azoazulenes derivatives


Azulene is an aromatic hydrocarbon which is polarized due to the transition of an electron toward the five-atom ring for achieving an aromatic sextet at both cycles.
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Therefore azulenes acquires a nucleophilic character which appears at five-membered ring at the positions 1 and 3 which permit its coupling with reactive diazonium salts contrary to the benzenoid aromatic hydrocarbons that need activation electron donor groups for azo coupling reactions. At the same time, the diazonium salts obtained from 1-azulenamines are not stable and give azo coupling reactions only with very reactive substrates such as -naphthol. 


As a conclusion, it can be postulated that the azulenic bisazoic derivatives can be prepared only by coupling a diazonium salt possessing a benzenic core with an azulenic molecule.

11.1.1. The preparation of the row materials


For the majority of the coupling reactions commercial reagents are used. 


The generation of bis azoderivatives containing only one azulenic moiety into the molecule requires the synthesis of amino-azobenzene isomers. The easiest to be obtained is the para-isomer which results in one (or two) step by the aniline diazotization followed by coupling of the resulted diazonium salt with an excess of the aniline and in situ transposition of the generated triazene.   
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The synthesis of metha- isomer needs two steps indifferently of selected route.
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For the ortho isomer, the reduction of the nitro group is not selective and therefore the single accessible way remains that using the mono acetylated derivative commercially accessible.
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11.1.2. The preparation of phenylene bisazoazulenic derivatives


The proposed derivatives possess two identical or different azulenic moieties. In the first case, theoretically, would be easier the direct coupling of the azulenic derivative with diazotized phenylenediamines.  The stabilities of these salts and also of their redox compatibilities with azulenes, however, rises some problems.


It is known that p-phenylenediamine can be bis diazotized only in strong acidic media and the obtained bis diazonium salt decomposes at dilution or neutralization. There were reported until now only its azo coupling reactions with phenols.
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The coupling with azulenes in a sulfuric acid medium seems to be prohibited due to their low stability in strong oxidant and acidic media. There are two possible ways for solving this problem namely: (a) starting from 1,3 or 1,4-acetylaminoaniline with a hydrolytic step, as presented below for the for para-isomer.
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(b) The other route consists in m- or p-nitroanilines diazotization, coupling of the intermediate salt with azulenes and the reduction of the nitro group to amine which finally is diazotized and coupled. This way seems, however, hazardous if we consider the sensibility of the azulene derivatives at the reducing media when free radicals are generated.
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The bis diazonium salt resulted from m-phenylenediamine by bis diazotization has a lower oxidant character and, therefore has a greater possibility to succesfully couple with azulene derivatives. Even in this case, if asymetric derivatives are desired with two different substituted azulenic moieties the single possible synthetical way ramains the above analysed stepwise route.
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The syntheses become more complicated for the o- isomer where secondary reactions are possible with benzotriazole formation. Thus, both o-phenylenediamine and its monoacetylated derivative generate benzotriazoles by treating with sodium nitrite and hydrochloric acid, therefore, the N-acetylaminoaniline can not be used as starting material for this target.
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The way starting with o-nitroaniline also fails because the nitro group in ortho position cannot be cleanly reduced to amine and only transposition products results. o- Phenylenediamine could be bis diazotized in concentrated sulfuric acid the generated salt however is in such degree unstable that can not be coupled with azo group preservation. Therefore, other paths must be found to lead to the desired products as for example, the generation of o-(N-phthalimido)-aniline, its diazotization followed by the coupling of the resulting diazonium salt with azulenes. The protecting group, phthaloyl can be removed by treating the product with hydrazine and than the new amine can be diazotized and coupled with another molecule of an azulene derivative. In this case the coupling will take place without cyclization because there is no nitrogen proton remained to be replaced by azo group and the phthalimidic group is stable enough to not be opened by the attack of the diazonium ion.8    
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11.1.4. The study of the physical properties of the synthesized derivatives


The first part of this section will start with the calculation of the geometries and of the electronic densities of the synthesized molecules using MOPAC program. It is important to know if the ortho isomer is planar or not and if the resulted geometry allows it to form complexes with metals ions, which would increase the impact of our study. At the same time, the substitution of azulenes with methyl at the position 8 could hinder the co planarity of azulene with the entire molecule and therefore could change the chromophore.


All the compounds will be characterized by NMR proton and carbon spectra. The influences of the phenyl replacement with azulene moieties or the differences induced by the disappearance of the molecule symmetry by azulene substitution with alkyl groups will be studied. These facts will be also correlated with push-pull effects generated by the structures of the synthesized compounds. This fact is important due to the potential hyperpolarizability of these materials. 


A special attention will be accorded to the study of the electronic spectra. It will be observed the influence of the solvent and of the pH on the wave length for the most important band in visible region. The solvatochromism of the obtained products will be treated very carefully for finding signs of their hyperpolarizability. There will be determined also the isosbestic points where they exist and will be calculated the bazicity constants of the azoderivatives by measuring the pH in which are present equal concentrations (absorptions) of acidic and basic form of compounds. 

11.2 Phenylene bis(azoazulenes) derivatives substituted at azulene with functional groups

Azulenes are on the limit of the coupling capacity of the normal diazonium salts. The coupling reactions are possible with the unsubstituted azulenes, substituted with alkyl or if at position 1 there is one electron donor group which activates azulene. The azulenens substituted at position 1 with electron withdrawing groups will not couple in normal conditions. However, there are known some exceptions. For example, an acetyl group has a higher mobility as electrophilic leaving group than the proton has and more of that its substitution is not reversible as in the case of proton. Therefore, it can be substituted by an azo group in severe reaction conditions, at high temperatures unusual for normal coupling reactions.9

[image: image25.wmf]O

O

N

H

2

O

2

N

N

a

N

O

2

N

O

N

N

O

2

N

O

N

N

H

2

N

a

N

O

2

R

N

O

N

N

N

R

AcCl

SnCl

4

HCl

H

2

Pd

HCl

R = NHAc, OMe, OOCPh



It is possible that this reaction way to be also used for other derivatives as described below:
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The use of the substituted azulenes at position 1 needs the synthesis of the row materials because these azulenes are not commercially available.


The synthesized bis azocompounds will be characterized by the procedure described in the previous chapter. It will be studied their magnetic resonance spectra and mainly electronic spectra for emphasizing the influence of the functional groups on the physical properties of the products.

11.3 The preparation of polyazoderivatives


By increasing the number of the azoic groups the mechanical properties of the material is enhanced and at the same time the physical properties are modified, usually a bathochromic shift could be observed.


There are a high number of possible polyazoderivatives containing azulene, phenylene and azo groups. Therefore, some more accessible combinations were considered, whose synthesis could be realized in several steps using the intermediates already prepared. Here is presented one example:


[image: image27.wmf]N

N

N

H

2

O

N

N

O

2

N

N

N

N

N

O

2

N

N

N

H

2

N

N

N

N

N

N

N

N

N

a

2

S

N

a

N

O

2

A

z

H

HCl


11.4. The study of redox potentials of these combinations


Our team in collaboration with the University Polytehnica Bucharest has studied the reduction and oxidation potentials of numerous azoic derivatives of azulenes. We propose to extend this study also to the bis azoderivatives and polyazoderivatives to determine the possible redox reactions on these systems. In the follow table we exemplifies some electrochemical data:

Oxidation and reduction potentials of some p-substituted azobenzenes C6H5-N=N-C6H4Z (p) and azoazulenes Az-N=N-C6H4Z (p) (1 mM) obteined by DPV.10

Z in C6H5-N=N-C6H4Z (p)

E1/2ox

E1/2red

Z in 1-Az-N=N-C6H4Z (p)

E1/2ox

E1/2red

NH2

0.583

-2.064

pMeO

1.127

-1.854

pMeO

0.475

-1.650

H

1.320

-1.733

H

0.620

-1.673

pNO2

1.517

-1.228

pNO2
0.648

-1.250

 Potentials are measured using ferocen/feroceniu couple.

 
 Razus A. C., Birzan L.,  Surugiu N. M., Corbu A. C.,  Chiraleu F. Dyes and Pigm. 2007, 74(1), 26-33. Razus A. C., Birzan L., Nae S., Surugiu M. N.  Cimpeanu V. J. Heterocyclic Chem. 2003, 40, 995-1004. Razus A. C., Birzan L., Nae S., Cristian L. Chiraleu F. Dyes and Pigments 2003, 57, 223-33. Razus A. C., Birzan L., Nae S., Cristian L., Chiraleu F., Maganu M., Cimpeanu V., Tarko L. Rev. Roum. Chim., 2003, 48 (6), 455-61.

2 Liu X. J., Leng W. N., Feng J. K., Ren A. M., Zhou X. Chin. J. Chem. 2003, 21, 9-15

3 Zhu W. Wu G-S. J. Phys. Chem. A 2001, 105, 9568-74.

4 Liu Z. F., Hashimoto K., Fujishima A. Science 1990, 347, 658-60

5 Ignatyev N., Welz-Biermann U., Willner H., Finze, M., Bernhardt E., Kucheryna A. Brevet PCT WO 2005/021661 A1 din 2005

6 Kovshev E. I., Blinov L. M., Titov, V. V. Uspeh. Khim. 1977, 46, 753-96.

7 Katagiri K., Oguchi Y. Brevet JP 60-10256 din 1985

8 E. D. Bergmann, M. Bentar J. Org. Chem. 1954, 19, 1594.

9 K. Hafner, A. Stephan, C. Bernhard Just. Lieb. Ann. Chem. 1961, 650,42

10rezultate nepublicate inca


	11.2. Project objectives

The project that we propose considers several important scientific and actual objectives.

1.The first objective is the elaboration of a procedure for the synthesis of some compounds belonging to a new class, that of bis- and poly- azoderivatives which contain in their molecules phenylene, phenyl and azulene-1-yl radicals. The introduction of the azulenic moieties induces a superior polarization than those observed for similar systems that have only benzenoide aromatic groups by increasing the energetic values of the HOMO orbitals and decreasing those of LUMO orbitals. The synthesis of the proposed compounds presents the novelty element due to the fact that the diazonium salts of azulenes are not stable compounds and therefore many of the usual coupling reactions can not be realized using these salts. In these conditions the row materials must be the diazonium or tetrazonium salts with benzene nuclei and the coupling components will be the azulene derivatives. However, azulenes being moderate nucleophiles can not also couple with any diazonium salts. Neither nitrosoderivatives of azulenes can be considered for the generation of the azo compounds due to their low stability, being obtained only at low temperatures. The preparation and the coupling of the bis azo compounds generated from phenylenediamine presents also a series of peculiarities which must be considered. We believe that some of the synthesis should have as starting materials anilines on which is linked a substituent able to easily generate an amino group; for example a nitro group. So, the study of the synthesis of these derivatives presents scientific interest and is not a cosmetic synthetic route.

2.The second objective is the unambiguous determination of the structures of the obtained products and the study of their physico-chemical properties. The chemical structure of the di- and poly- azoderivatives makes possible a study regarding the influence of the dihedral angle between the aromatic nuclei on the the conjugation or the eventually generation of an anchimeric chiral combination. Regarding the structure of the obtained products will be also studied its influence both on the NMR and electronic spectra. As has been already mentioned above, it is likely that these compounds to present a superior polarization and polarizability than those of monoazo compounds due to the enhanced conjugation possibilities on a higher number of pi atoms. It is also very likely that between the synthesized isomers, some of them that contain different azulenic groups to show up combination that could crystallize in noncentrosymmetric systems and, therefore, to possess good NLO properties. The same structural characteristics can also generate the liquid crystal qualities to some other materials from the same class.

3.The third objective is the electrochemical characterization of the synthesized compounds using both cyclic voltammetry and potentiostatic method. The results obtained by the study of the electrode kinetic will be used to the elaboration of some possible mechanism of the electrochemical reactions. The specificity of the proposed systems consists in the concomitant presence of a reducing pole belonging to an azulene derivative and of a relatively oxidant one represented by the azo group, which could generate new products by interacting with the electrodes. It can be anticipated the preparation of dimmers, oligomers or polymers with interesting electric properties. The synthesized products during this project can be utilized in electrochemical purposes, for example, electrode coverings or the generation of some systems of complex electrolytes.    

4.The last objective is the fact that the beginning of a complex themes and relatively complete of fundamental research by the young researcher in formation will give them the possibility to become good research specialists and a part of the papers can be developed toward the sustaining of a doctoral theses. More of that, for several years, in collaboration with the institutions of superior education, a part of the students from the last year of study make their experiments for their diplomas in our labs. The same thing is valuable and for those who are following their MS programs and is sufficient to remember that almost all our Ph-D. students work their experimental part of their MS dissertations in our teams. The proposed objectives harmonize with those of our collaborators from European countries such as Germany, France or Finland. The results of these previous researches have been already published in many prestigious chemical journals or presented at symposia and congresses




11.3 Research methodology

	The project contains both experimental and theoretical parts.

Experimental activity consists in the preparation of the starting materials and of the target products-bisazoderivatives containing azulenic moieties into the molecules. It involves both the chemical synthesis of the chemical compounds and the column chromatography on alumina or silica gel for their purification. For the testing of the purity or the following of the reactions (usually for uncolored reagents) will be used our HPLC apparatus.

Analytic control of the obtained products will be done by high performance NMR spectroscopy using high resolution apparatus of 300 MHz and 400 MHz. Also, MS spectra will be done using ESI procedure, which is the most adequate for our relatively big and polar molecules.

Uv-Viz studies- the curves for the determination of the isosbestiques of the new synthesized compounds will be realized on devices for electronic spectra bought recently by our team that have high resolutions. Also, the pH-measurement of the solutions will be done using a brand new device bought from Orion Company.

Electrochemical studies will be executed partially at the University Polytehnica Bucharest and partially in our group after the acquisition of a potentiostat. The University Electrochemical Department possesses modern apparatus for electrochemical characterization of the compounds.

The theoretical part is based on correlations of oxidation and reduction potentials with the LUMO and HOMO energies and on calculus of bond lengths and dihedral angles with the help of the quantum mechanical program-MOPAC.


11.4. Necessary resources

11.4.1. Human resources

	The Institute of Organic Chemistry-Costin  Nenitescu possesses a well trained personal, highly scientifically educated and having a long experience in the organic synthesis and physico-chemical characterization of the organic compounds. The research team proposed for the project elaboration is experimentated in the synthesis and characterization of organic compounds. The majority of the team members are researchers in the Institute of Organic Chemistry-C. D. Nenitescu. However, one member is not working here but is working at its PhD thesis in our institute. 


11.4.1.1. Project manager


11.4.1.1.1. Scientific competence of the project manager

	Dr. eng. Liviu Birzan-project manager, 

working place-INSTITUTE OF ORGANIC CHEMISTRY-C. D. NENITESCU-BUCHAREST 

position: CS II

1. Years of service at actual working place-20 years

2. Competence fields, significantly results:

The study of total chiral synthesis of natural products. Between 1992 and 1995 it was studied the total chiral synthesis of Roquefortine C at Rochester University, New York, USA and also some chiral synthons were prepared for the synthesis of some immunity depressives. 

The study of the electrophilic and radicalic substitution reactions on azulenic nucleus. The first preoccupation consisted in the study of the halogenation reaction with the metallic halides on this system. b) The study of the diazotization and coupling reaction on heterocyclic and azulenic systems. c) Reactions for preparation of the imines, amines, amides, carbamates of azulenes and its dimers. d) Reduction and alkylation N-oxides to amines in the presence of an azo group proving the compatibility between an N-oxid function and an azulene moiety. e) The preparation of the first -diketones containing an azulenic group open the road for the synthesis of numerous heterocycles with 5 or 6 atoms into the molecule, such as pyrazols, oxazoles, etc that possess azulene in their structure. f) synthesis of pyrylium, pyridinium salts and pyridines containing azulene moieties. g) Correlation of the chemical properties with quantum mechanical data and with nucleophilic reactivity indexes. h) The study of the reaction mechanism regarding above transformations. i) The study of the correlation between structure and chemical shifts of protons and carbon atoms and the splitting of the azulenic derivatives in the mass spectrometers. I participated at numerous technologies for the assimilation of intermediates needed for national chemical industry till 1989.

3. Articles published with relevance for this project (selection)

1.A. C. Razus; L. Birzan; S. Nae; S. A. Razus; V. Cimpeanu; C. Stanciu; Azulene-1-azopyridines, Synthesis and N-alkylation at pyridine moiety Synth. Commum. 2002, 32, 825-37.

2. A. C. Razus, L. Birzan, S. Nae, L. Cristian and F. Chiraleu Azulene-1-azopyridine 1’-oxides Dyes and Pigments 2003, 57, 223-33.

3. A. C. Razus, L. Birzan, S. Nae, M. N. Surugiu and V. Cimpeanu Azulene-1-azo-2’-thiazoles. Synthesis and Properties J. Heterocyclic Chem. 2003, 40, 995-1004.

4. A. C. Razus, L. Birzan, S. Nae, O. L. Lehadus, C. Pavel and O. Costan Azulenic -ketones. Synthesis, properties and reactions to form five membered aromatic heterocycles Arkivoc 2005 (x), 71-85.

 5. E.-M. Ungureanu, A.C. Razus, L. Birzan, G. Buica, And M-S. Cretu Electrochemical Study Of 1-Methylazulene U.P.B. Sci. Bull., Series B, 2005, 67(3), 82-88.

6. Alexandru C. Razus, Liviu Birzan, Nina Mirela Surugiu, Andreea Cristina Corbu and Filip Chiraleu Syntheses of Azulen-1-yl-benzothiazol-2-yl Diazenes Dyes and Pigm. 2007, 74(1), 26-33. 
7. Alexandru C. Razus, Liviu Birzan, Claudia Pavel, Oana Lehadus, Andreea Cristina Corbu and Cristian Enache Azulene-substituted Pyranylium Salts. Syntheses and Products Characterization J. Heterocyclic Chem. 2006, 43, 963-77. 
8. Eleonora M. Ungureanu, Alexandru. C. Razus, Liviu Birzan, George Buica, Mariana Cretu and Enache Cristian Electrochemical chlorination of azulenic derivatives. Insight into mechanism of anodic oxidative chlorination Electrochimica Acta 2006, 52, 794-803. 

9. Alexandru C. Razus, Liviu Birzan, Andreea Corbu, Oana Zaharia and Cristian Enache Synthesis and Properties of 4-(3-Substituted azulen-1-yl)-2,6-diphenyl-pyridines Arkivoc 2006, 12, 121-129.

 10. Alexandru C. Razus, Liviu Birzan, Claudia Pavel, Oana Lehadus, Andreea Corbu, Filip Chiraleu and Cristian Enache
Azulene-substituted Pyridines and Pyridinium Salts. Synthesis and Structure. 1. Azulene-substituted pyridines J. Heterocyclic Chem, 2007, 44, 245-250. 
 11. Alexandru C. Razus, Liviu Birzan, Claudia Pavel, Oana Lehadus, Andreea Corbu, Filip Chiraleu and Cristian Enache Azulene-substituted Pyridines and Pyridinium Salts. Synthesis and Structure. 2. Azulene-substituted pyridinium salts J. Heterocyclic Chem 2007, 44, 251-260. 
4.  Patent:

1. Catalytic procedure for the preparation of 5-alkyl-salicylaldehides. Patent RO102 463 from 30.10 1990.

5. The list of the scientific communications that are relevant for the project

1. Azulene-1-azopyridine, synthesis-alkylation A. C. Razus, L. Birzan, Stefania Nae, Victorita Tecuceanu, Poster la al-26-lea Simpozion National de Chimie, Calimanesti-Caciulata, Vilcea Romania, 4-6 oct. 2000

2. Biazulene-reactions A. C. Razus, Stefania Nae, L. Birzan Poster la al-28-lea Simpozion National de Chimie, Calimanesti-Caciulata, Vilcea Romania, 4-6 oct. 2002

3. 1-(azulen-1-il)-2-(benzotiazol-2-il) diazene. Syntesis and properties. A. C. Razus, L. Birzan, S. Nae, N. M. Surugiu, A. Negoescu si V. Cimpeanu- a XXVIII-a Conferinta Nationala de Chimie 6-8 Oct. 2004, Calimanesti-Caciulata

4. Pyridinium and bis-pyridinium salts substituited with 2-(azulen-1-yl)ethenes. Synthesis, properties, uses as NLO materials. A. C. Razus, L. Cristian, L. Birzan, S. Nae, O. Costan si C. Enache- a XXVIII-a Conferinta Nationala de Chimie 6-8 Oct. 2004, Calimanesti-Caciulata

5. Etude électrochimique de composés azuléniques, E.-M.Ungureanu, A. Razus, A. Ion, C. Rabagiu-Roman, L. Barzan, M. Cretu, Journées d'Electro-chimie 2005, 5 - 8 juillet 2005, Saint Malo, France, Thème 2 Electrochimie Moléculaire et Bioeléctrochimie.

6. Redox behavior of some azulene derivatives, E.-M.Ungureanu, A. C. Razus, L. Barzan, M. Cretu, G. Buica, Romanian International Conference of Chemistry and Chemical Engineering RICCCE 14, S10-K02., 2006 

7. Electrochemical study of azulene derivatives by cyclic and differential pulse voltametry E.-M. Ungureanu, L. Barzan, A. C. Razus,  M. S. Cretu, F. M. Tugurel,  PD-8, Conferinta Nationala Chimia, 2006, Ovidius Constanta
8. Mechanisme de halogenation electrochimique des composes azuleniques E.-M.Ungureanu, A. C. Razus, L. Barzan, G. Buica, Le quatrieme colloque franco-romain de chimie applique, 28 Juin-2 Julliet 2006, Clemont-Ferrand, France
9. The synthesis of some pyranylium salts and of some pyridine substituted in 4 position with azulen-1-yl radicals Alexandru C. Razus*, Liviu Birzan, Oana Lehadus, Claudia Pavel, Liliana Cristian, Oana Zaharia si Cristian Enache, Poster la al-29-lea Simpozion National de Chimie, Calimanesti-Caciulata, Vilcea Romania, 3-5, oct. 2006

          10. Discassion about mass spectra of 4-azulen-1-yl-2,6-dimethylpyridinium perchlorates C. Razus, L. Birzan, O. Lehadus, C. Pavel, C. Enache, Poster la al-29-lea Simpozion National de Chimie, Calimanesti-Caciulata, Vilcea Romania, 3-5, oct. 2006

          11. Etudes electrochimique appliquees aux 2-[(E)-azulen-1-yldiazenyl]-1,3-benzothiazoles E. M. Ungureanu, M. S. Cretu, A. C. Razus, L. Birzan, Poster at the 14th Edition of the Conference of Microsensors, Microactuators and Microsystems, Lyon, France, June 10-14, 2007 

6. Experience accumulated in national and  international programs
· Substitution reactions on azulenic systems. Halogenation, participant, MCT, October -December 1996; April - November 1998

· Oxidation reactions of some azulenic compounds, participant, MCT, October 1997-november 1998

· The study of some materials starting from unsaturated homo and heteroatomic systems which contain azulenyl groups, participant, ANSTI, march 1999- November 2000

· The study of the synthesis and of the behavior of some azulenic products which contain double bonds in the molecule, participant, ANSTI, November 1999-october 2001

· Derivatives of 1,1’-biazulena, synthesis, properties, applicative importance of the field, participant, MEC, October 2001- December 2002

· Contributions to the establishing of the structure and of the reactivity of some azulenic compounds with nonlinear light transmission properties, participant, CNCSIS, July -December 2002

· Substituted 1-vynylazulenes – a new class of syntons useful for the generation of some complex molecules and of some materials with nonlinear light transmission properties (NLO) and superior electrochemical properties, participant, 114000, MEC, November 2003-november 2005

· The synthesis and the study of some azulen-1-azo-heterocyclic materials with high hyperpolarizability, participant, CNCSIS, June 2004-november 2004

· Heteroaromatic compounds stabilized by substitution with azulene moieties. Synthesis, study of their physico-chemical and electrochemical properties, used in the technique of nonlinear light transmission (NLO), participant, 800000, MEC, October 2005-present

7. Other mentions:

-Member of the professional associations: The Society of the Chemist from Romania

-Second prize at the International Chemistry Olympiad-Leningrad, Russia 1979

-Referee for the Journal of Organic Chemistry, Dyes and Pigments and The Chemical Education Journal. 


11.4.1.1.2. Managerial competence of the project manager

	The project manager has the experience and ability to administrate the activities and the budget conform to the planning. 


11.4.1.2. Research team


The list of the research team: (without project manager)

	Nr. crt.
	Last and First Name 
	Year of birth
	Scientific 

title *
	PhD

* *
	Signature



	1
	Razus Alexandru Constantin
	1937
	CS I
	YES
	

	2
	Tecuceanu Victorita
	1973
	CS III
	YES
	

	3
	Enache Cristian 
	1970
	Scientific researcher
	PhD student
	

	4
	Cristea Mihaela
	1980
	Research assistant
	PhD student
	

	5
	Dragu Andreea
	1985
	Research assistant
	PhD student
	


11.4.1.2.1 Experimentated researchers

	Participant 1: Dr. eng. Alexandru C. Razus

                        Stage at ICO: 44 years

1. General experience:

1959-1960 Stagier engineer –SINTOFARM Plant –drugs production

1960-1962 Technolog chief sector as above

1962-1964 Ingineer- Centre of Organic Chemistry-solvolysis in cyclopropylcarbinyl systems

1964-1968 Scientific researcher -as above

1968-1989 Senior researcher III -as above-Friedel-Crafts alkylation reactions

1989-1991 Senior researcher II-as above- The chemistry of azulenes

1991-present Senior researcher I -as above

2. Experience in the project field:

For more than 15 years, Dr. Razus put the accent on the study of the influence of the of the azulenic system on some structures from which it belongs: characterization of the compounds obtained and the reflection of the azulene conjugation with the rest of the molecules in their phisico-chemical properties. There have been used procedures of phisico-chemical analysis in the scope to completely characterize hundreds of new synthesized azulenic compounds. Some of the procedures and results have made the subject of specific publications. He has a prestigious research activity which covers 45 years in the fields of the synthesis of the organic compounds, of their characterization and of the study of their physico-chemical properties and for the determination of some reaction mechanisms, activity rewarded by the prize of the Romanian Academy. He has 80 papers published in prestigious joutrnals, conferences both in our country and above, more than 40 participations to the symposia hold in Romania and abroad.

3.Patents

1.Procedure for preparation of diethylzinc Patent RO53582 from 1971

2.Procedure for the preparation of the dichloroacetic acid chloride Patent RO75601 from 1980

3. Procedure for the preparation of the dichloroacetic acid chloride Patent RO77963 from 1981

4 Procedure for the preparation of the dichloroacetic acid chloride Patent RO78095 from 1981

5. Procedure for preparation of 1-phenyl-4-ethyloctan-1,3-dione. Patent RO90461 from 1986

6. Procedure for the purification of sodium glucoheptonate Patent RO101548 from 1990

7. Catalytical procedure for the preparation of 5-alkyl-salicylaldehydes Patent RO102463 from 1990.

4. Significantly published papers:

1. A.C. Razus, V. Wertheimer, F. Badea and A.-M . Glatz, Solvolytic Behaviour of Strained Systems. The Benzo[b]bicyclo[3.1.0]hex-2-en-4-yl cation, Tetrahedron Letters, 1975, 22-23, 1799-1802.

2. S.A. Osadchii, V.I. Mamatyuk ,

 V.G. Shubin, A.C. Razus, E. Bartha and Zs. Arvay Cyclopropylalkyl Cations of a Spiro[2,4]heptane System, Russ. Chem. Bull., 1994, 43, 2074-2078.

3. G. Iftime, P. G. Lacroix, K. Nakatani and A. C. Razus Push-Pull Azulene-Based Chromophores with Nonlinear Optical Properties Tetrahedron Lett., 1998, 39, 6853-56.

4. A. C. Razus Syntheses of Polycyclic Compounds by Oxidative Coupling of Azulene-1-azo-arenes J. Chem. Soc., Perkin Trans., 1, 2000, 981-988.

5. A. C. Razus, C. Nitu Oxidative benzylic substitution of azulene-1-azo(4’-methylbenzene)s, J. Chem. Soc., Perkin Trans., 1, 2000, 989-994.

6. A. C. Razus, C. Nitu, S. Carvaci, L. Birzan, S.A. Razus, M. Pop and L. Tarko Synthesis and reactions of N-(azulen-1-ylmethylene)arylamines J. Chem. Soc., Perkin Trans., 1, 2001, 1227-1233.

7. A. C. Razus, L. Birzan, S. Nae, L. Cristian, F. Chiraleu and V. Cimpeanu, Azulene-1-azopyridine 1’-oxides Dyes and Pygm., 2003, 57, 223-233.

8.. A. C. Razus, C. Nitu, V. Tecuceanu and V. Cimpeanu, 2-Substituted (azulen-1-yl)ethenes Eur. J. Org. Chem., 2003, 4001-4010.

9. L. Cristian, I. Sasaki, P. L. Lacroix, B. Donnadieu, I. Asselberghs, K. Clays and A. C. Razus, Donating Strenght of Azulene in Various Azulen-1yl Substituted Cationic Dyes: Application in Nonlinear Optics. Chem Mater., 2004, 16, 3543-3551.

10.. A. C. Razus, C. Nitu, C. Pavel, C.-A. Ciuculescu, V. Cimpeanu, C. Stanciu and P. P. Power, Oxidation of 1-(4’-substituted phenyl)-2-(4-methylphenyl)diazene; benzylic substitution versus C-azo bond breaking Canad. J. Chem., 2005, 83, 244-250.

11. E.-M. Ungureanu, A. C. Razus, L. Birzan, G. Buica, M. Cretu and C. Enache Electrochemical chlorination of azulene derivatives. Insight into the mechanism of anodic oxidative chlorination Electrochimica Acta, 2006, 52, 794.

5. Member of the Romanian Chemistry Society

6. The list of the scientific communications that are relevant for the project

1. The Substitution Reactions at Benzylic Positions at Azulen-1-azo-(4’-methylbenzene) compounds. Technique University Darmstadt-Faculty of Organic Chemistry, Darmstadt, 1998-Conference

2. Compounds with hemolytic and heterolytic double bonds substituted with azulene and arenas. Synthesis, properties and utilizations. CALIMANESTI-Caciulata 2000-Conference

3.Electrochemical and Chemical Oxidation of Derivatives of Azulenes. N. D. Totir, A. C. Razus, C. Nitu, C. Lete, and S. Lupu. The 198th Meeting of The Electrochemistry Society

Hyatt Regency Phoenix. Oct., 2000, USA-communication

4 Electrochemical Behaviour of Some Derivatives of Azulene. N. D. Totir, A. C. Razus, C. Lete, S. Lupu, Bunsen Kolloquium, September, 2002-Dresden-poster

5. Comparative Study of Chemical and Electrochemical Oxidation of Some Azulene Derivatives. C. Lete, G. Palleschi, C. Nitu, M. Badea and A. C. Razus The 8th International Symposium on Kinetics in Analytical Chemistry, Rome, Italy, 2004.

6. Experience accumulated in national and  international programs
a)Substitution reactions on azulenic systems. Halogenation, project manager, MCT, October -December 1996; April - November 1998

b)Oxidation reactions of some azulenic compounds, project manager, MCT, October 1997-november 1998

c)The study of some materials starting from unsaturated homo and heteroatomic systems which contain azulenyl groups, project manager, ANSTI, march 1999- November 2000

d)The study of the synthesis and of the behavior of some azulenic products which contain double bonds in the molecule, project manager, ANSTI, November 1999-october 2001

e)Derivatives of 1,1’-biazulena, synthesis, properties, applicative importance of the field, project manager, MEC, October 2001- December 2002

f)Contributions to the establishing of the structure and of the reactivity of some azulenic compounds with nonlinear light transmission properties, project manager, CNCSIS, July -December 2002

g)Substituted 1-vynylazulenes – a new class of syntons useful for the generation of some complex molecules and of some materials with nonlinear light transmission properties (NLO) and superior electrochemical properties, project manager, 114000, MEC, November 2003-november 2005

h)The synthesis and the study of some azulen-1-azo-heterocyclic materials with high hyperpolarizability, project manager, CNCSIS, June 2004-november 2004

i)Heteroaromatic compounds stabilized by substitution with azulene moieties. Synthesis, study of their physico-chemical and electrochemical properties, used in the technique of nonlinear light transmission (NLO), project manager, 800000, MEC, October 2005-present

j)Inovative electrochemical sensors for clinic and enviromental analysis, manager project, 200000, MEC, August 2006-present 
   Participant 2: Dr. Eng. Victorita Tecuceanu-doctor in chemistry
1. General experience:

- july 1999 – january 2000 Stagiar research assistant -  Centre of Organic Chemistry – C. D. Nenitzescu, Bucharest; 

Description: “Organic synthesis”

- january 2000 – september 2004 Research assistant - Centre of Organic Chemistry – C. D. Nenitzescu, Bucharest; 

Description: “The chemistry of azulenes”

- september 2004 – present Scientific researcher  - Centre of Organic Chemistry – C. D. Nenitzescu, Bucharest; 

Description: “The chemistry of azulenes”

2. Experience in the project field:

Dr. Tecuceanu has experience in synthesis of derivatives of azulenes, which is starting materials for another new compound. The pathway to obtain this compound is one original. She take part to the elaboration of a new way to obtain vinyl-azulenes compounds, method in agrees with “green chemistry”, who wants to protect the environment. In  December 2006 she sustains in public her Ph. D.  “2-Substituted-1-(azulen-1-yl)ethene. The substituents influence to  synthesis,  mechanism of reaction and products proprieties”, under supervision of  Dr. Eng. Alexandru C. Razus.

4. Significantly published papers:

1.  1,1(-Biazulene Derivatives. Syntheses and Reactions, A.C. Razus, L. Birzan, S. Nae, C. Nitu, V. Tecuceanu, V. Cimpeanu,  Arkivok, 2002 (ii), 142-153.

2. Considerations on the Fragmentations of some –substituted Azulenes in the Mass Spectrometer A.C. Razus, L. Birzan, P. Filip, M. Danila, V. Tecuceanu, L. Cristian, M. Popescu, Rev. Chim.  2002, 53(10), 641-46.

3. 2-Substituted(Azulen-1-Yl)Ethenes  A.C. Razus, C. Nitu, V. Tecuceanu, V. Cimpeanu, European Journal of Organic Chemistry, 2003, 23, 4601-4610.

4. The Coupling Capacity Of Diazotized N-Substituted Aminopyridines - A Mechanical Quantum Approach A.C. Razus, L. Birzan, S. Nae, V. Tecuceanu, L. Tarko,  Revue Roumaine de Chimie, 2003, 48(3), 191-196.

5. Pathways for the solvent-free condensation between Schiff bases and methylenic compounds A.C. Razus, C. Nitu, V. Tecuceanu and L. Birzan, Revue Roumaine de Chimie, 2005, 50(9-10), 729-736.

6. The list of the scientific communications that are relevant for the project

1. Azulen-1-azopiridine. Sinteza alchilare.A. C. Razus, L. Birzan, S. Nae and V. Tecuceanu, 
 Al XXVI-lea Simpozion National de Chimie. Calimanesti-Caciulata, 2000.

2. Condensarea unor baze Schiff azulenice cu compusi cu metilen activ pentru obtinerea unor vinilazulene. A.C. Razus, S. Nae, C. Nitu, V. Tecuceanu, C. Pavel, O. Zaharia si V. Cimpeanu, 

A XXVIII-a Conferinta Nationala de Chimie, 6-8 octombrie 2004, Valcea.

 


11.4.1.2.2. Young Researchers

	In our working team are included also young researchers, looking after their promovation and the elaboration of a high level PhD thesis:

1. Enache Cristian-researcher, Ph. D. student

Published papers:

1. Synthesis and Properties of 4-(3´-Substituted azulen-1´-yl)-2,6-diphenyl-pyridines. A. C. Razus, L. Birzan, Andreea Corbu and C. Enache,  Arkivoc, 2006, 121-129.

 2. Alexandru C. Razus, Liviu Birzan, Claudia Pavel, Oana Lehadus, Andreea Corbu, Filip Chiraleu and Cristian Enache
Azulene-substituted Pyridines and Pyridinium Salts. Synthesis and Structure. 1. Azulene-substituted pyridines J. Heterocyclic Chem, 2007, 44, 245-250.

3. Alexandru C. Razus, Liviu Birzan, Claudia Pavel, Oana Lehadus, Andreea Corbu, Filip Chiraleu and Cristian Enache Azulene-substituted Pyridines and Pyridinium Salts. Synthesis and Structure. 2. Azulene-substituted pyridinium salts J. Heterocyclic Chem 2007, 44, 251-260. 

2. Cristea Mihaela-research assistant-Institute of Organic Chemistry C. D. Nenitzescu

Published papers:

      1.1,3-Dipolar cycloaddition reactions of 1-(3-nitrophenacyl)-1,10-phenanthrolinium N-ylide with activated alkynes F. Dumitrascu, C. Draghici, M. R. Caira, A. Badoiu, L. Barbu, M. Cristea Arkivoc, 2005 (x), 165-173

      2. Synthesis and X-ray Structure of a new Pyrrolo[1,2-b]-pyridazine Derivative M. R. Caira, F. Dumitrascu, C. Draghici, D. Dumitrascu, M. Cristea Molecules, 2005, 10, 360-366.

      3 Azulene Derivatives Soluble In Polar Solvents. 1-(Azulen-1-yl)-2-(Thien-2- or 3-yl)-Ethenes Alexandru C. Razus, Liviu Birzan, Victorita Tecuceanu, Mihaela Cristea, Rev. Roum. Chim, in print

3. Dragu Andreea- research assistant-Institute of Organic Chemistry C. D. Nenitzescu

The activities at which they will participate are in conformity with those registrated in the plan of the project implementation: they will participate at the documentation from the chemical literature for the project, for the preparation of the starting materials needed in the synthesis of bisazoic monoazulenic, of bisazoic metha and para diazulenic, of bisazoic ortho mono and diazulenic, of functionalized azulenic derivatives and, finally for the preparation of polyazoderivatives. 


11.4.2 Other resources

10.4.2.1.  Financial resources

	Objectivs/Activities
	Human Resources

(om x luna)
	Human resources /materials

Abbreviation: PC –project coordinator

E 1...4 – executants 1...4
	financial resources from buget

(RON)

	STAGE I – 2007/3 months

Documentation for the synthesis of the starting materials; preliminary attempts

	6 persons × 0.56 months

	PC – the assignation of the responsabilities in the frame of the project
	HG 1579/2002

1(1.1.): 61306

7(7.1.): 30000

14(14.13): 8694


	Completion of the documentation about the information existent in the literature regarding the investigated target
		PC , E1, E2, E3, E4, E5 – documentation
	
	The preparation of starting materials necesary for the next steps
		E2, E3, E4, E5 – the preparation starting materials
	
	The analysis and characterization of the starting materials
		PC, E1, E2, E3 – the analysis and characterization of starting meterials
	
	STAGE II – 2008 / 4 months
The preparation of monoazulenic bisazoic derivatives  

	6 persons ×

 0.75 months

	PC – the assignation of the responsabilities in the frame of the objective
	HG 1579/2002

1(1.1.): 13000

7(7.1.): 100000

14(14.13): 20000


	The synthesis of monoazulenic bisazoic derivatives  

		E2, E4, E5 – the preparation starting materials
	
	The characterization of the obtained products 

Correlation of the UV-VIZ, MS and NMR spectra with the structure of the obtained bis azo derivatives 

		PC, E1, E2, E3 – product characterization 

	
	Electrochemical studies

		PC, E1 – electrochemical studies 

	
	STAGE III – 2008 / 7 months

The preparation of the diazulenic bisazoic derivatives (isomers metha and para)

	6 persons ×

1.31 months

	PC – the assignation of the responsabilities in the frame of the objective
	HG 1579/2002

1(1.1.): 143047

14(14.1.): 3000

14(14.2.): 6000

14(14.3.): 35000

14(14.13): 12953


	The synthesis of diazulenic, metha and para bisazoic derivatives
		E2, E3, E4, E5 – product preparation
	
	The characterization of the obtained products 

Correlation of the UV-VIZ, MS and NMR spectra with the structure of the obtained bis azo derivatives

		PC, E1, E2, E3 – product characterization

	
	Electrochemical studies

		PC, E1 – electrochemical studies

	
	STAGE IV – 2009 / 5 months

The preparation of the diazulenic bisazoic derivatives (isomer ortho)

	6 persons × 0.93 months

	PC PC – the assignation of the responsabilities in the frame of the objective
	HG 1579/2002

1(1.1.): 81741

7(7.1.): 50000

14(14.13): 18259


	The synthesis of diazulenic ortho bisazoic derivatives

		E2, E3, E4, E5 – the product preparation
	
	The characterization of the obtained products 

Correlation of the UV-VIZ, MS and NMR spectra with the structure of the obtained bis azo derivatives

		PC, E1, E2, E3 – – product characterization

	
	Electrochemical studies

		PC, E1 – electrochemical studies

	
	STAGE V – 2009 / 7 months

The preparation of functionalized diazulenic bisazoic derivatives

	6 persons × 1.31 months 

	PC – the assignation of the responsabilities in the frame of the objective
	HG 1579/2002

1(1.1.): 143047

14(14.1.): 3000

14(14.2.): 6000

14(14.3.): 35000

14(14.13): 12953


	The synthesis of the functionalized diazulenic  bisazoic derivatives 
		E2, E3, E4, E5 – the product preparation
	
	The characterization of the obtained products 

Correlation of the UV-VIZ, MS and NMR spectra with the structure of the obtained bis azo derivatives

		PC, E1, E2, E3 – – product characterization

	
	Electrochemical studies
		PC, E1 – electrochemical studies

	
	STAGE VI – 2009 /  5 months

The preparation of azulenic trisazoic derivatives

	5 persons ×

0.93 months

	PC – the assignation of the responsabilities in the frame of the objective
	HG 1579/2002

1(1.1.): 102176

14(14.13): 14824


	The synthesis of the triazulenic bisazoic derivatives 

		E2, E3, E4, E5 – the product preparation
	
	The characterization of the obtained products 

Correlation of the UV-VIZ, MS and NMR spectra with the structure of the obtained tris azo derivatives

		PC, E1, E2, E3 – product characterization

	
	Electrochemical studies

		PC, E1 – electrochemical studies

	
	STAGE VII – 2010 / 5 months

The valorification of the novelty aspects of the  results of the research

	6 persons × 0.93 months

	PC , E1, E2, E3, E4, E5 – the dissemination of the results
	HG 1579/2002

1(1.1.) 61306

14(14.1.): 1500

14(14.2.): 3000

14(14.3.): 17500

14(14.13): 16694


	The dissemination of the results by national or international publishing.

			

	


11.4.2.2. The available infrastructure

	 For the implementation of the experiments needed for the project accomplishment the Institute of Organic Chemistry possesses the following equipments and facilities for experimentation:

NMR Spectrometer Bruker Advance 400, 1H-NMR: 400 MHz; 13C-NMR: 100.62 MHz, medium ageing 5 %.

Gas chromatograph GC-FISSONS VIC 900

UV-Vis Spectrophotometer CARY 100 Bio bought in 2005

HPLC-Agilent 1200 Series with analytical column LC 1120/LC 1150; oven for the thermoregulation of the column, auto sampler bought in 2005

Autoclaves, stoves, 

ultrasound baths, 

high vacuum pumps, 

stirrers, thermostats/ cryostats

specific glass wear for organic labs

devices for multiplication and document processing

network of computers and peripheral equipment, INTERNET connection. 
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