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RESUMO

No presente trabalho foi feita a sintese e a caracterizagdo estrutural de hidrazonas
derivadas de piridina e de imidazol. Foram também obtidos complexos das hidrazonas derivadas
de piridina com zinco(l1), cobre(l1) e estanho(1V). O perfil farmacolégico das hidrazonas e seus
complexos metalicos foi investigado.

Foram obtidas doze hidrazonas derivadas de imidazol e as estruturas cristalinas de quatro
compostos foram determinadas. Foi avaliada a atividade antibacteriana dos derivados de
imidazol frente a bactérias Pseudomonas aeruginosa, Enterococcus faecalis e Saphylococcus
aureus, mas 0S compostos ndo apresentaram atividade apreciavel. Foi também avaliada a
atividade antifungica, dos compostos frente aos fungos filamentosos, Cladosporium
cladosporioides, Aspergillus flavus e contra leveduras Candida albicans e Candida glabrata.
4(5)imidazol-carboxaldeido-benzoilhidrazona [4(5)ImPh], 4(5)imidazol-carboxaldeido-para-
nitro-benzoilhidrazona [4(5)ImpNO.Ph]| e 4-(imidazol-1-il)acetofenona-para-nitro-
benzoilhidrazona [4lmAcpNO,Ph] foram muito ativos frente a C. glabrata, com valores de
concentracdo inibitoria de 50% do crescimento (ClMsp) menores que os da nistatina, farmaco de
controle. 4(5)imidazol-carboxaldeido-para-cloro-benzoilhidrazona [4(5)ImpCIPh] e
[4(5)ImpNO.Ph] mostraram alta atividade frente a C. cladosporioides. Os resultados sugerem
gue a presenca de substituintes retiradores de elétrons na posi¢céo para do anel fenila favorece a
atividade nos compostos estudados.

Foram obtidas dez hidrazonas derivadas de piridina, sendo duas de 2-formilpiridina,
guatro de 2-acetilpiridina e quatro de 2-benzoilpiridina. As estruturas cristalinas de cinco desses
compostos foram determinadas. As hidrazonas apresentaram equilibrio isomérico Z e E em
solucdo, onde o isdmero E estd em maior proporcéo nos derivados de 2-formilpiridina e 2-
acetilpiridina, e 0 isdbmero Z é o majoritério para as hidrazonas derivadas de 2-benzoilpiridina.

Esses compostos apresentaram uma atividade antifungica significativa frente a todos os
microorganismos testados, com valores de CIM da mesma ordem ou inferior aos dos farmacos
de controle (nistatina e fluconazol). Além disso, essas hidrazonas apresentaram atividade
citotéxica contra células de gliobastoma U87 (que expressam a proteina pro-apoptética pS3) e
T98 (que expressam a proteina p53 mutante) com valores de |Csp na ordem de nanomolar, com
bons indices terapéuticos. Cinco compostos mostraram-se mais ativos que o farmaco de controle
(etoposideo). Estudos SAR sugerem que propriedades estéreo-eletronicas influenciam a
atividade citotoxica das hidrazonas contra as células estudadas.

Em geral, as hidrazonas derivadas de 2-acetipiridina mostraram melhor perfil
farmacologico por serem mais ativas tanto frente aos microorganismos como frente as células

tumorais.



Foram obtidos complexos de zinco(ll) e cobre(ll) das hidrazonas derivadas de piridina.
Os complexos de zinco(ll) sdo do tipo [Zn(HL)CI;], onde o ligante neutro encontra-se
coordenado a0 metal de forma tridentada na configuragdo E. Seis compostos tiveram suas
estruturas cristalinas determinadas. Neste caso a coordenagdo ndo fez melhorar a atividade
antimicrobiana dos ligantes.

Os compostos de cobre(ll) apresentaram dois tipos de estruturas, [Cu(HL)Cl,] e
[Cu(L)CI]. Nos primeiros, a hidrazona neutra se liga ao metal de forma tridentada juntamente
com dois ions cloreto e nos ultimos a hidrazona coordena-se sob a forma aniénica juntamente
com um ion cloreto. De modo geral, observou-se uma melhoria da atividade antimicrobiana pela
coordenagdo ao cobre(ll). Os melhores resultados foram obtidos para os complexos [Cu(L)Cl]
em que HL = 2-acetilpiridina-para-clorofenilhidrazona e HL = 2-benzoilpiridina-para-
clorofenilhidrazona frente a C. albicans os quais apresentaram valores de CIM menores que 0
fluconazol.

Os complexos de cobre(ll) apresentaram atividade citotoxica superior as das hidrazonas
livres frente as células de glioblastoma U87. Estudos de interagdo com DNA mostraram duas
formas diferentes de interagdo. Trés compostos apresentaram um perfil tipico de intercalacéo
enquanto seis compostos interagem provavel mente por outro mecanismo.

Foram obtidos doze complexos de estanho(1V) das hidrazonas derivadas de piridina, de
formula geral [RSn(HL)CI;] em que R = n-butil ou R = fenil. Em todos os casos, uma molécula
de hidrazona ani6nica se liga ao &omo central de modo tridentado, juntamente a um grupo felina
ou butila, e dois ions cloreto. As estruturas cristalinas de sete desses compostos foram
determinadas. Os complexos organoestanicos apresentaram maior atividade antifungica que os
ligantes livres frente a A. flavus, C. glabrata e C. albicans, com menores valores de CIM que a
nistatina e o fluconazol.

Os complexos de estanho(1V) apresentaram fluorescéncia, com valores de rendimento
guantico na ordem do sulfato de quinina em meio aquoso. Além disso, um aumento da
intensidade de fluorescéncia foi observado com a adicdo de um surfactante micelar na solucéo.
Esse resultado € interessante porque possibilitaria uma posterior aplicagdo desses compostos
como marcadores fluorescentes.



ABSTRACT

In the present work, new pyridine and their copper(ll), zinc(ll), and tin(IVV) complexes
were obtained and characterized, imidazole-derived hydrazones were also estudied. Crystal
structures of different compounds were determined. The pharmacological profile of all
compounds was investigated.

Twelve imidazole-derived hydrazones were obtained. Four crystal structures were
determinated. The antibacterial activity of the hydrazones was evaluated against Pseudomonas
aeruginosa, Enterococcus faecalis and Saphylococcus aureus, but the compounds showed no
appreciable activity. The antifungical activity of the compounds was evaluated against
filamentous fungi Cladosporium cladosporioides and Aspergillus flavus and against Candida
albicans and C. glabrata yeasts. 4(5)-imidazole-carboxaldehyde-benzoylhydrazone [4(5)ImPh],
4(5)-imidazole-carboxaldehyde-para-nitro-benzoylhydrazone  [4(5)ImpNO,Ph] and 4-
(imidazole-1-yl)acetophenone-para-nitro-benzoylhydrazone [4lmAcpNO,Ph] showed lower
MICsy values than the reference drug nistatin, whereas compounds 4(5)ImpCIPh and
4(5)ImpNO.Ph proved to be very active against C. cladosporioides. In this case, a possible
relationship between the presence of electron withdrawing para-substituents and the increasing
in antifungal activity was observed.

Ten pyridine-derived hydrazones were obtained from 2-formylpyridine, 2—acetylpyridine
and 2-benzoylpyridine. The crystal structures of six compounds were determined. These
compounds exist as E and Z isomers in solution. The E isomer is the major form in 2-
formylpyridine- and 2—acetylpyridine-derived hydrazones, while the Z isomer predominates for
2-benzoylpyridine derivatives.

The pharmacological profiles of these compounds were very interesting since they
showed significant antifungal activity with MIC values lower or in the same order of magnitude
as the reference drugs fluconazole and nistatin. In addition, the studied hydrazones showed high
citotoxic activity against U87 (expressing wild-type p53 protein) and T98 (expressing mutant
p53 protein) glioma cells. Five hydrazones showed | Csp values in nanomolar concentrations with
good therapeutic indexes. SAR studies suggested that stereo-electronic properties are important
for citotoxic activity. In general, the 2-acetylpyridine-derived hydrazones showed better
phamacological profile than the 2-formylpyridine- and 2-benzoylpyridine-derived analogues.

Copper(Il) and zinc(Il1) complexes were obtained with the pyridine-derived hydrazones.
The zinc(l1) complexes presented the general formula [Zn(HL)CI;] whith a neutral hydrazone
attached in atridentate form to the metal ion in the E configuration. The crystal structures of six
complexes were determined. Unfortunately, these complexes were inactive against fungi and
bacteria.



Copper(I1) complexes were obtained with general formula [Cu(HL)CI,] or [Cu(L)CI]. In
the first case, a neutral hydrazone is coordinated to the metal center as a tridentate chelating
ligand, together with two chloride ions, while, in the second an anionic hydrazone is attached to
the metal center along with one chloride ion. In all cases the hydrazone adopts the E
configuration.

The copper(ll) complexes demonstrated an important pharmacological profile. Upon
coordination, significant increase of the antimicrobial activity was observed. In fact, complexes
[Cu(2AcpCIPh)CI] and [Cu(2BzpCIPh)CI], with 2-acetylpyridine-para-chlorophenylhydrazone
and 2-benzoylpyridine para-chlorophenylhydrazone, respectively showed lower values of MIC
than fluconazole against C. albicans fungi. Some of these complexes also showed high
cytotoxicity against U87 glioma cells, with a higher cytotoxic effect than the free hydrazones.
Studies of the interaction of the complexes with DNA revealed that some of the complexes
showed a typical intercalation profile while others probably present a different way of
interaction.

Tin(1V) complexes with the general formula [RSn(HL)Cl;] R = n-butyl or R = phenyl
were prepared with the pyridine-derived hydrazones. In al complexes an anionic hydrazone is
coordinated to metal center as a tridentate ligand together with a phenyl or a n-butyl group and
two chloride ions. The crystal structures of seven organotin complexes were determined. The
complexes showed higher antifungal activity than their respective ligands against A. flavus, C.
glabrata e C. albicans.

The tin(1V) complexes were fluorescent with quantum yield values similar to quinine
sulfate. An increase in the intensity of fluorescence was observed with the addition of small
amounts of micelar surfactant tween. This property could make these complexes useful as
fluorescent probes.
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R, (41)-R=Ph, R,=pCIPh

(34)-R=H, R;=pNO,Ph

(37)-R=CH,, R,=pCIPh

(38)-R=CH,, R,=pNO,Ph

(42)-R=Ph, R,;=pNO,Ph

Estruturas genéricas dos complexos de cobre (11) das hidrazonas da piridina
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(43)-R = n-butil, R= CH., R,= Ph

(44)-R = n-butil, R= CHs, Ry= pCIPh

I (45)-R = n-butil, R= CH,, R,= pNO,Ph
700N '
I / /3 (46)-R= Ph, R= CH,, R,= Ph
N ,
o N§2\7/R (47)-R=Ph, R= CH,, R,= pCIPh

1 -

\ / // (48)-R= Ph, R= CH,, R;= pNO,Ph
\—Ssp—N ,

R \\ 2/\N (49)-R = n-butil, R= Ph, R;= Ph

73 ,

c o—5 (50)-R= n-butil, R= Ph, R,= pCIPh

Ry (51)-R = n-butil, R= Ph, R,= pNO,Ph
(52)-R=Ph, R= Ph, R=Ph

(53)-R=Ph, R= Ph, R;= pCIPh

(54)-R=Ph, R= Ph, R,= pNO,Ph

Estruturas genéricas dos complexos de estanho (1V) das hidrazonas da piridina
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1-INTRODUCAO

1.1 — Quimica M edicinal e Quimica M edicinal Inorganica

A Quimica Medicinal, segundo definicdo da IUPAC, é uma disciplina baseada na
quimica que envolve aspectos das ciéncias biolégica, médica e farmacéutica, cuja missdo € o
planejamento, descoberta, invencdo, identificacdo e preparagdo de compostos biologicamente
ativos (prototipos), o estudo do metabolismo, interpretacdo do mecanismo de acdo a nivel
molecular e a construgdo das relagdes entre a estrutura quimica e a atividade farmacoldgica
(SAR)%.

A relagdo dessa disciplina com outras como biofisica, biologia molecular, bioquimica,
medicina, fisico-quimica, fisiologia, neurobiologia, patologia, quimica bioldgica, inorganica,
orgénica e quantica, assim como a matemética e a computacdo resulta em multidisciplinaridade
com partes igualmente fundamentais.

E comum que a associagdo entre vida, salide e medicamentos ocorra mais com a Quimica
Organica do que com a Quimica Inorganica. Isto se deve ao fato que grande parte dos farmacos
usados na clinica sdo derivados de compostos organicos. Embora se conheca que os ions
metalicos tém um papel fundamental nos sistemas bioldgicos, tomando parte de processos
indispensaveis para a vida, tais como: transporte de oxigénio, em proteinas que normalmente
contém ferro (hemoglobina) ou cobre (hemocianina); no transporte de elétrons (metais com mais
de um estado de oxidagdo como manganés, cobre, ferro e molibdénio), nos centros cataliticos de
processos de oxidacdo-reducdo, em que o metal constitui 0 centro aivo em que acontece a
reacdo (ferro na catalase e molibdénio na sulfito-oxidase); em centros cataliticos de processos
&cido-base, em que o metal é o sitio onde acontece reagdo do tipo &cido-base (zinco nas
anidrases carbonicas e fosfatases) e na funcéo estrutural (fosfatos de célcio).

Além disto, 0 uso de metais nha medicina e no tratamento de doengas é conhecido desde a
antiguidade. Por exemplo; o cobre era usado na esterilizagdo da dgua 3000 anos antes de Cristo,
0 ouro era empregado na China e na Ardbia na producdo de medicamentos. Compostos de
arsénio, antimonio e ouro foram utilizados, de forma racional, para o tratamento de doencas tais
como, sifilis, tuberculose e leishmaniose®.

No entanto, o grande interesse por farmacos a base de metais e o desenvolvimento da

Quimica Medicinal Inorganica ocorreram ap0s a descoberta da atividade antitumoral do

! http://www.chem.gmul.ac.uk/iupac/medchen/, acessado em 16/04/2012.
2 Baran, E.J.; Quimica Bioniorganica: Mc.Graw-Hill Interanericanade Espafia S.A. 1995.
3 Beraldo H.; Cadernos tematicos de Quimica Nova na Escola. 2005, 6, 4.
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cig (diaminodicloro)platina(ll)], cis-[Pt(NHs3).Cl,], principalmente apds a sua aplicacdo no
tratamento do cancer®.

Varios compostos inorganicos so usados na clinica médica. Além da cisplatina, a
carboplatina no tratamento do cancer, nitroprussiato de sddio no tratamento de emergéncias
hipertensivas, compostos de ouro (auranofina) no tratamento de artrite reumatoide, antimoniais
usados no tratamento da leishmania, compostos de bismuto para o tratamento de disturbios
géstricos, e uma série de compostos de tecnécio, gadolinio e outros metais usados diariamente
em diagnéstico e como agentes de contraste®.

1.2 —Hidrazonas: propriedades quimicas e bioldgicas.

Hidrazonas sdo azometinas com a estrutura geral R,C=NNR,, caracterizadas pela
presenca do grupo triatdmico C=N-N. Geralmente sd0 preparadas pela reacdo de hidrazinas com
cetonas ou aldeidos em pH proximos a 4, como mostrado na reacéo abaixo:

 NH;
o] N~
/s H* Il
H_—_.,C—C\ + H;N—NH; —— /C\ + H,0
H H,C H

O mecanismo proposto da reacdo ocorre segundo abaixo”:

s 5
K:P H J_;JH HaN—NH; OH ?Hz
H HaN HN
‘® ~NH; MH
&
(‘f”z HsC -
HaC H C
o~ Sy [
HyC —C—H c - 1
- e I - i
NH— g, 20 H%‘"-Nl i, —H' ~NH;

As propriedades quimicas das hidrazonas tém sido estudadas em muitas éreas de pesquisa

devido a0 seu poder quelante e suas aplicactes farmacoldgicas. Entre as aplicagdes quimicas, as

4 http://www.qui mi caorgani ca.org/a dehi dos-y-cetonas/formaci on-de-hidrazonas.html, acessado em 22/01/2010.
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hidrazonas séo usadas como reagentes na obtencdo de triazois™ ® e nas reacBes de Shapiro’ e
Bamford-Stevens® na obtenco de compostos vinilicos segundo o seguinte diagrama de reagéo:

H. Ph
'l“ R R
N <
~Z HNO; N; \\1 "
A \\J"
= i
R” N |
| Ph NH;
g~ “pPh
R =H ou CH;
T|S
s NH 2 n-BuLi Li E
).I\/ — —p
R' x~ _R' )\\\/R'
R R R
E =eletrdfilo
(H*, R"CHO, etc.)

As hidrazonas sdo também usadas em quimica analitica, devido a seu poder quelante,
sendo eficazes extratores de metais, reagentes cromogénicos e sensores seletivos”.

As hidrazonas heterociclicas constituem uma importante classe de moléculas
biologicamente ativas que tem atraido a atencdo dos quimicos medicinais devido a suas amplas
propriedades farmacolégicas'®, tais como propriedades antif(ngicas'? e antibacterianas'™. O
melhor exemplo é o caso da nifurozaxida (Figura 1.1) antimicrobiano sintético de amplo
espectro, patenteado em 1966, e usado como segunda ou terceira opcdo no tratamento de

infeccdo entérica que ndo promove resisténcia bacteriana™.

5 Pechmann, H. V.; Weshsarg, K.; Ber.(1888), 21, 2992; Pechmann, H. V.; Ber. 1888, 21, 2756.

6 Meo, J. O. F,; Donnici, C. L.; Augusti, R.; Ferreira, V. F.; de Souza, M. C. B. V.; Ferreira, M. L.G.; Cunha, A. C. Quim. Nova.
2006, 29, 569.

7 Shapiro, R.H.; Lipton, MF; Kolonko, KJ; Buswell, RL; Capuano, L.A.; Tetrahedron Lett. 1975, 1811.

8 Bamford, W. R.; Stevens, T.S.; J. Chem. Society. 1952, 4735.

° Popov, L., D.; Morozov, A.N.; Shcherbakov, I.N.; Tupolova, Y.P.; Lukov, V.V.; Kogan, V.A.; Russ. Chem. Rev. 2009, 78,7,
643.

10 Rallas, S.;; Kucukguzel, S. G.; Molecules. 2007,12, 1910.

= Fuchareon, S; e col.; Thalassemia: Pathophysiology and Management, Part B; Alan R. Liss: New York. 1988.

2 Carcdlli, M.; Mazza, P.; Pdlizzi, C.; Pelizzi, G.; Zani, F.; J. Inorg. Biochem. 1995, 57, 43.

13 Maurice Claude Ernest Carron €. al., United States Patent No. 3290213, December 6. 1966.

14 Masunari, A. and Costa Tavares, L.; Bioorganic & Medicinal Chemistry. 2007 15, 4229.
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Figura 1.1 — 5-nitro-2-furil 4-hidroxibenzoildrazona (Nifuroxazida).

Hidrazonas também tém sido investigadas como possiveis agentes quelantes de ferro para
o controle de distirbios genéticos como talassemia™'®!’ As isonicotinoil hidrazonas (Figura
1.2) sGo compostos capazes de ligar o ferro (mediante o sistema quelato Npy,N,O) formando

quelatos altamente citotdxicos e que mostram atividade seletiva contra células do cancer®®*®.

N N r*i N
l 0 L 0 Z O
HN HN HN~NI OH
| |
N\ SN N\ | =
| = =N l Z HO zN
HPCIH HPKIH H2PIH

Figura 1.2 — Isonicotinoil hidrazonas de: 2-pirinicarbaldeido (HPCIH) e di-2-piridil cetona
(HPKIH) e piridoxaldeido (H2PIH).

Algumas hidrazonas tém mostrado atividade significativa frente a Micobacterium
tuberculosis® assim como aividade antimalarica® (Figura 1.3). Compostos hidrazénicos com
atividades anticonvulsivante® e anti-inflamatéria®>** também tém sido reportados na literatura.

Acilhidrazonas derivadas de pirazolo[3,4-bJtieno[2,3-d] piridina preparadas e
caracterizadas por Barreiro e col.®, apresentaram perfil antitrombético. Derivados

15 Johnson, D.K.; Murphy, T.B.; Rose, N.J.; Goodwin, W.H.; Pickart, L.; Inorg. Chim Acta. 1982, 67, 159.
18 Ranford, JJ; e col; Inorg. Chem. 1998, 37, 1226.
e Pickard, L. e col.; Biochem. Pharmacol. 1983, 3868.
18 Bernhardtt, P. V.; Caldwell, L.M.; Chaston, T.M.; Chin, P.; Richarson, D.R.; J. Biol. Inorg. Chem. 2003, 8, 866.
19 Becker, EIM.; Lovejoy, D.B.; Greer, JM.; Watts, R.; Richardson, D.R.; Br J Pharmacol. 2003, 138, 819
20 Sriram, D.; Y ogeeswari, P.; Madhu, K.; Bioorg.Med. Chem. Letters. 2005, 15, 4502.
2L Walcourt, A.; Loyevsky, M.; Lovejoy, D.B.; Gordeuk, V.R.; Richardson, D.R.; Int. J. Biochem. Cdll Biol. 2004, 36 , 401.
22 Ragavendran, JV.; Sriram, D.; Patel, S. K.; Reddy, I. VV.; Bharathwajan, N.; Stables, J.; Y ogeeswari, P. Eur.J.Chem. 2007, 42,
146.
= Y ogeeswari, P.; Sriram, Dharmargjan; S.;Puppaa, R. e Ragavendram, J.V.; and col.; Bioorg. Med. Chem. 2007, 17, 3712.
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fenilpirazolicos e imidazélicos de N-acil e N-acilarilhidrazonas mostraram perfil analgésico
25,26,27,28

~oH

Figura 1.3 — 2-hydroxil-1-naftilaldeido isonicotinoil hidrazona, composto com atividade
antimalérica.
Também, hidrazonas derivadas de farmacos usados no tratamento de tumores, como a
doxorrubicina, incrementaram significativamente a atividade frente a células de melanoma e

cancer de colo uterino® (Figura 1.4).
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Figura 1.4 — a) Doxorrubicina b) Doxorrubicina N-acilhidrazonas®.

1.2.1 — Hidrazonas derivadas do anel imidazol

A classe mais usada de compostos antifngicos é a dos azdéis, tendo como caracteristica
comum anéis imidazol ou triazol. O primeiro composto nessa classe de farmacos foi descoberto
em 1960 pelo grupo de Janssen, o qual encontrou que os fenetilimidazois tém propriedades

antifungicas™.

2 Fraga, A.G.M.; Rodrigues, C.; de Miranda, A.L.P.; Barreiro, E.J; Fraga, C.; Eur. J. Pharm Sci. 2000, 11, 285.

% Matheus, M.E.; Oliveira, L.F.; Freitas, A.C.C.; Carvalho, A.M.; Barreiro, E.J.; Braz J. Med. Biol. Res. 1991, 24, 1219.

% Ribeiro, 1.G.; Silva, K.C.; Parini, S.C.; Miranda, A.L.P.; Fraga, C.A.M.; Barreiro, E.J.; Eur. J. Med. Chem. 1998, 33, 225.
%" Dias, L.R.S.; Alvim, M.J.F.; Freitas, A.C.C.; Barreiro, E.J.; Miranda, A.L.P.; Phar. Acta Helv. 1994, 69, 163.

% Lima, P; Lima, L.; daSilva, K.C.; Leda, P.H.; Miranda, A.M.; Fraga, C.A.; Barreiro, Eur. J. Med. Chem. 2000, 35, 187.
29 Effenberger, K. ; Breyer, S.; Schobert, R.; Eur. J. Med. Chem. 2010, 45, 1947.

%0 Douglas S. Jonhson; The Art of Drug Synthesis. Wiley. 2007, p. 72-73.



A incorporagdo de nucleos de imidazois como grupo farmacoférico em compostos
medicinais, tem feito dele um dos ndcleos heterociclicos mais versateis e com um amplo
espectro de atividades biolégicas. Os derivados de imidazol sdo isOsteros estruturais de
nucleotideos naturais, o que lhes permite interagir facilmente com biopolimeros dos sistemas
vivos. Esta interacdo e responsavel por muitas das suas atividades e funcdes™. Por exemplo,
vérios compostos derivados de imidazol sdo utilizados como farmacos®*? antifngicos (Figura
1.5).

cl X

Cl T—_—
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a 0 NZTN
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N/ = ¢l Cl
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Cl
X = Cl, Miconazol Tioconazol
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O Q N:\j. qQ
0]
Cl
Cl

Clotrimazol
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Figura 1.5 — Farmacos antifiingicos derivados de imidazois.

Compostos imidazolicos também exibem um grande ndimero de propriedades
farmacolégicas, como:  antitumoral®,  atividade mimética de  carboxipeptidase®,
antienvelhecimento®,  antibacteriana®, antidiabética®, antimal&ia®, como inibidores
enziméticos® e anti-hipertensiva® entre outras (Figura 1.6)".

3 Starcevic, K.; Kralj, M.; Edter, K.; Sabal, I.; Gree, M.; Pavelic, K.and Karminski-Zamola, G.; Bioorg. Med. Chem. 2007, 15,
4419.

32 Emami, F.; Foroumadi, A.; Bioorg.Med.Chem.Lett. 2008, 18, 141.

3 Congiu, C.; Cocco, M.T.; Onnis, V.; Bioorg.Med.Chem.Lett. 2008, 18, 989.

3 Han, M.S;; Kim, D.H.; Bioorg.Med.Chem Lett. 2001, 11, 1425.

% Bhiszhayev, M.A.; Life Sci. 2008, 78, 2343.

% Sharma, D.; Narasimhan, P.; Balzarini, J.; Eur.J.Med.Chem. 2009, 44, 2347.

s Crane, L.; Annastassiaduor, M.; Hage, S.E.; Stigliani, JL.; Mouysset, G.B.; Payard, M.; Leger, G.M.; Bizot-Espiard, J;
Ktorza, A.; Caingnard, D.; Renard, P.; Bioorg.Med.Chem. 2006, 14, 7419.

3 valhlhakis, J.Z.; Kinobe, R.T.; Nakatzu, K.; Szareka, W.A.; Crandall, .E.; Bioorg.Med.Chem.Lett. 2006, 16, 2396.

& Venkatesan, A.M.; Agarwal, A.; Abe, T.; Ushirogochi, H.; Santos, O.D.;Mihira, A.; Takasaki, T.; Li, Z.; Francisco, G.; Lin,
Y.l.; Peterson, P.J;Yang, Y.; Weiss, W.J.; Shdes, D.M. and Mansour, T.S. Bioorg Med Chem. 2008, 16, 1890.

40 Blancafort, P.; Drugs Future. 1978, 3, 592.



Figura 1.6 — Compostos com anel imidazol usados no tratamento da hipertensdo arterial @)
Medoxomil de Olmesartam b) Losartanato de potéssio

Derivados de 5-metil-imidazolil-4-acilhidrazonas, Figura 1.7, mostraram melhor
propriedade analgésica e antiinflamatéria que a indometacina™.
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Figura 1.7 — 5-metil-imidazolil- 4-acilhidrazonas™

OH

1.2.2 —Hidrazonas de piridina

A presenca na estrutura da piridina de um aomo de nitrogénio com dois elétrons livres da
um carater fortemente basico ap anel e a possibilidade de interagir com ions metélicos.
Geralmente e existéncia de um anel piridina na estrutura de um composto organico aumenta o
poder quelante do mesmo, dai a importancia do sistema piridinico em complexos.

O anel piridina encontraese em numerosos compostos com atividade bioldgica

16,23,42 43,44,45,46
a : es

reconhecid Outros autor € Nnosso grupo de pesquisa mostraram que

4 Figueiredo, J. M.; Camara, C. A.; Amarante, E. G.; Miranda, A. L. P.; Santos, F. M.; Rodrigues, C. R.; Fraga, C. A. M. and
Barreiro, E. J. Bioorg. Med. Chem. 2000, 8, 2243.

“2 |anelli, S;; Mazza, P.; Orcesi, M.; Pelizzi, C.; Pelizzi, G.; e Zani, F.; J.Inorg.Biochem. 1995, 60, 89.

3 Barthi, N; Husain, K.; Garza, M. T.; Vega, D. E.; Garza, J. C.; Eur. J. Med. Chem. Lett. 2002, 12, 3475.

a4 Casss, J. S; Arguelles-Rodriguez. M. C.; Russo, U.; Sanchez, A.; ecol.; J. Inorg. Biochem. 1998, 69, 283.

4 Genova, P.; Varadinova, T.; Matesanz, A. L.; Marinova, D.; Souza, P.; Toxicol. Appl. Pharmacol. 2004, 197, 107

6 Nia, C.; Li, J.; Doyle, T. W.; Chen, S.; Tetrahedron. 1998, 54, 6311.



tiossemicarbazonas derivadas da piridina, assim como seus complexos com metais de transi¢céo
apresentam uma ampla faixa de aplicages farmacol6gicas®’ #8420t

Algumas hidrazonas derivadas de 2-formilpiridina, quelantes do ferro, foram sugeridas
como agentes terapéuticos para o tratamento de distirbios neurodegenerativos®™. Estudos
mostram gque complexos de cobre com acetilpiridina benzoil hidrazonas apresentam atividade

contraa Micobacterium smegmatis™?, propriedades antitumorais™ e antihepatite C*°.

Devido ao seu poder quelante, as hidrazonas tem a possibilidade que interagir com metais
formando compostos estaveis. Esta propriedade pode ser aproveitada para preparar compostos de
coordenagdo com 0 objetivo de potencializar a atividade das hidrazonas por meio de efeitos
sinergéticos entre o metal e o ligante. A complexagdo poderia levar a obtencdo de compostos
com perfil farmacolbgico distinto daquele dos ligantes livres.

1.3—Metais

Os metais participan de forma ativa en diversas fun¢bes nos organismos vivos. Alguns
deles (sbdio, potassio, manganés, calcio, ferro, magnésio, cobre, cobalto, zinco e molibdénio)
estdo incluidos entre os chamados elementos esencias. O estudo da agdo farmacologica de
complexos de metais com ligantes organicos, como aroilhidrazonas constitui uma area muito
interessante dentro da quimica medicinal. Complexos de zinco (1), cobre (Il) e estanho (1V)

serdo estudados.

1.3.1-Zinco

O zinco €, entre os elementos tragos, 0 metal mais abundante nos organismos Vvivos,
depois do ferro. Mais de 200 metaloenzimas foram identificadas contendo esse metal: por
exemplo, superéxido dismutase, enzima encarregada de dismutar o ion superdxido formado na
respiracdo em peroxido de hidrogénio e oxigénio™; anhidrase carbdnica, enzima relacionada
com a conversdo do &cido carbonico em diéxido de carbono e agua®®; carboxipeptidase (CPA),

" Ferraz, K.S.0.; Ferandes, L.; Carrilho, D.; Pinto, M.C.X.; Leite, M de F.; Souza-Fagundes, EIM.; Spezidi, N.L.; Mendes, I.C.;
Berado, H.; Bioorg.Med.Chem. 2009,17, 7138.
8 Reballedo, A.P.; Vieiteis, M.; Gambino, D.; Piro, O.E.; Castellano, E.E.; Zani, C.L.; Souza-Fagundes, EM.; Teixera, L.R;
Batista, A.A.; Beraldo, H. ; J.Inorg.Biochem. 2005, 99, 698.
9 Mendes, I. C.; Soares, M. A.; dos Santos, R.G.; Pinheiro, C.; Beraldo, H.; Eur. J. Med. Chem. 2009, 44, 1870.
* DaSilva, J G.; Azzolini, L.S;; Warddll, S. M. S. V.; Warddll, J. L.; Berado, H.; Polyhedron. 2009, 28, 2301.
51 Perez-Rebolledo, A.; Teixeira, L. R.; Batista, A. A.; Mangrich, A. S.; Aguirre, G.; Cerecetto, H.; Gonzalez, M.; Hernandez, P,;
Ferreira, A.M.; Spezidli, N. L.; Beraldo, H.; Eur. J. Med. Chem. 2008, 43, 939.
*2 patole, J.; Sandbhor, U.; Padhye, S.; Deobagkar, D.N.; Anson. C.E. e Powell, A.; Bioorg.Med.Chem Lett. 2003, 13, 51.
3 EL-Hawash, SA.M.; Abdel-Wahab, A.E.; EI-Demellawy, M.A.; Arch.Pharm.Chem Life Sci. 2006, 339,14.
54 Bertini, |.; Gray, H. B.; Stiefel, E. |.; Valenting, J. S; Biological Inorganic Chemistry”Sructure & Reactivity”University
Science Books. 2007 p 331-333, 180-182.
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enzima que hidrolisa a ligacdo peptidica do residuo carboxi-terminal, sendo importante na
coagulagdo do sangue, fator de crescimento, cicatrizacdo de feridas, reproducéo e outros®™; alem
da enzima conversora de angiotensina (ECA), relacionada com o controle da press3o arterial>>.

Pelas suas caracteristicas quimicas, eletrénicas e estruturais, 0 zinco € o exemplo tipico
de metal associado a processos cataliticos do tipo &cido-base®. A deficiéncia desse metal no
organismo tem um forte impacto no crescimento e cicatrizagdo, na resposta imunologica e na
reproduco, além de afetar os 6rgdos gustativos, a visdo e o tato”.

Compostos de zinco apresentam uma variedade de aplicagbes farmacéuticas. Por
exemplo, acetato e sulfato de zinco tém sido utilizados por via oral no tratamento da doenca de
Wilson®:; o piritionato de zinco é usado em xampus para o tratamento de seborréia> enquanto

propionato e caprilato tém sido usados como antiftingicos topicos (Figura 1.8)>°

Sulfato de zinco

Propionato de zinco

0 s 0
o ‘ (8] ' ka : “;\'.‘\"\j
n"™* 0=8—0" - Zn'* '
0 0 (I]_ 7at? S '\‘“0— =S -
Acetato de zinco Piritionato de zinco
00 0 0
/—<Zr.:'>_/ /‘\/\(
00 \/\

'U
Caprilato de zinco

Figura 1.8 — Compostos de zinco usados em formulactes farmacéuticas

Diversos complexos de zinco com atividade bioldgica tém sido reportados na literatura.
Compostos de zinco com os antiinflamatérios ndo-esteroidais, indometacina e &cido
acetilsalicilico, foram sintetizados com o objetivo de diminuir os efeitos adversos dos farmacos
livres®’. Complexos de zinco com derivados da 6-benzilaminopurina sdo fortes inibidores de
quinases, enzimas reguladoras da divisdo celular, cuja atividade é aumentada nas células
cancerigenas®. Complexos de zinco com tio e semicarbazonas derivadas da piridina, mostraram
atividade antimicrobiana frente bactérias e fungos tipos levedura™. Outros compostos de zinco,

com acilhidrazonas, resultaram ativos frente a bactérias gram positivas como Bacillus subtilis e

%5 Thomas Nogrady and Donald F. Weaver; Medicinal chemistry-A molecular and biomedical approach, Oxford university press.
2005 p.535-538.
%6 Walkpo, G.K.; Burdette, S.C.; Lippard, S.J;; Tsien, R.Y.; J.AmChem.Soc. 2000, 122, 5644.
> Zhou, Q.; Hambley, T.W.; Kennedy, B.J; Lay, P.A.; Turner, P.; Warwick, B.; Biffin, JR. e Regtop, H.L.; Inorg.Chem. 2000,
39, 3742.
%8 Travnicek, Z.; Krystof, V.; Sipl, M.; J. Inorg. Biochem. 2006, 100, 214.
59 Kasuga, N.C.; Sekino, K.; Ishikawa, M.; Honda, A.; Yokchama, M.; Nakano, S.; Shimada, N.; Koumo, C.; Nomiya, K.; J.
Inorg. Biochem. 2003, 96, 298.
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Saphylococcus aureus ®°; gram negativas, como Pseudomonas aeruginosa e Escherichia Coli; e
fungos como, Rizoctonia sp., Aspergillus sp., Semphylium sp. e Penicilliun®.,

1.3.2—Cobre

O ion cobre participa de uma ampla gama de funcdes e sistemas bioldgicos, estando
envolvido em uma grande variedade de processos enziméticos. Ele esta associado a citocromo
oxidases, familia de proteinas que funcionam como enzimas na cadeia respiratéria®?, tirosinases,
que catalisam a oxidacdo de fen6is’; ceruloplasmina, uma protefna transportadora de cobre™;
superoxido dismutase, envolvida na dismutagdo do ion superoxido, entre outras fungdes). Sendo
assim, sua deficiéncia gera inUmeros problemas e desordens. Por outro lado, pacientes que
padecem de artrite reumatdide, Ulceras géstricas, tumores cancerigenos ou episodios epilépticos
usualmente apresentam concentracdes elevadas de cobre no soro ou plasma’.

Os complexos que o cobre forma com uma grande variedade de aminoé&cidos, peptideos
de baixo peso molecular e ligantes similares sdo usados como miméticos de metaloproteinas. Por
exemplo, complexos de cobre(l1) com derivados dipeptidicos de bis-imidazo6is foram preparados
e caracterizados com o objetivo de mimetizar o sitio ativo das superdxido dimutases e
tirosinases™.

Complexos de cobre(ll) com acilhidrazonas derivadas da acetofenona também tém
mostrado uma atividade antifungica potente contra Rizoctonia sp., Stemphylium sp. e moderada
ac30 antibacteriana contra Clostridium sp. (gram-positiva) e Pseudomonas sp. (gram-negativa)®.
Complexos de cobre(ll) com benzoilpiridina-2-quinolil hidrazonas resultaram fortes inibidores
da ribonucledtido reductase (RR), e inibidores desta enzima sdo potenciais agentes
antineoplasicos®™®. Também sdo reportados compostos de cobre(ll) com atividade

antiinflamat6ria’®, antiulcerosa® e anticonvulsivante .

60 Rodriguez-Arguelles, M.C.; Cao, R.; Garcia-Deibe, A.M.; Pdizzi, C.; Sanmartin-Matalobos, J.; Zani, F.; Polyhedron. 2009,
28, 2187.
¢ Singh, V. P.; Katiyar, A.; Singh, S.; J.Coord.Chem. 2009, 62, 1336.
62 Bertini, |.; Gray, H. B.; Stiefd, E. |.; Valenting, J. S.; Biological Inorganic Chemistry”Sructure & Reactivity” University
Science Books. 2007 p 413-425, 427.
63 Osz, K.; Vérnagy, K.; Suli-Vargha, H.; Csampay, A.; Sanna, D.; Micera, G.; Sovago, |.; J. Inorg. Biochem. 2004 98, 24;
J.Dalton. Trans. 2003, 20009.
64 Singh, V. P.; Sigh, A..; Singh, S; J. Appl. Polymer Science. 2008, 110, 1336.
65 Tamasi, G.; Chiasserini, L.; Savini, L.; Sega, A.; Cini, R.; J.Inorg.Biochem. 2005, 99, 1347.
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1.3.3 - Estanho

O rapido crescimento das aplicacdes dos compostos organometélicos de estanho em &reas
da indUstria, agricultura e biologia durante as Ultimas décadas levou a sua acumulagdo no meio
ambiente e nos sistemas biol6gicos™.

Os compostos organoestanicos estdo caracterizados pela presenca de pelo menos uma
ligacdo Sn-C. Esses compostos contém centros de estanho tetravalentes e sdo classificados como
mono-, di-, tri-, e tetraorganoestanicos, dependendo do nimero de substituintes alquila (R) ou
arila (Ar).

E bem conhecido que os compostos organometélicos de estanho exibem forte atividade
biologica, ainda que sejam geralmente, muito toxicos até em baixas concentracfes. A atividade
biolégica esta essencialmente determinada pelo nimero e a natureza dos grupos organicos
ligados ao &omo central®.

Ultimamente, complexos organometdlicos de estanho(VI) com bases de Schiff tém
recebido um aumento da atencdo devido a suas atividades biologicas e aplicacbes na
biotecnologia®®®"%.
[PhsSN(OSal TSCZH)] mostrou atividade anti-leishmaniose efetiva in vivo e in vitro a

Por exemplo, o trifenil estanho sdlicilanilida tiosemicarbazona

concentragdes mais baixas que o medicamento de referéncia (Gluconato sodico de antimonio)®.
O complexo de estanho(IV) com o tiofeno-2-carboxaldeido hidrazona mostrou-se ativo frente as
bactérias S aureus, Eschericchia coli, P. aeruginosa e Salmonella typhi ™.

Em nosso grupo de pesquisa, varios compostos de estanho com tiosemicarbazonas foram
sintetizados e caracterizados, e suas atividades antimicrobiana e citotéxica’ foram avaliadas. Por

exemplo, Mendes e col.”*"

testaram complexos de estanho(1V), obtidos a partir de tricloreto de
n-butil estanho e tetracloreto de estanho(1V), com 2-piridinaformamida tiosemicarbazona e
derivados. Os compostos mostraram-se agentes citotoxicos mais potentes que a cisplatina frente
a células de glioblatomas e apresentaram atividade antimicrobiana frente a Candida albicans e P.

aeruginosa.

% pdlerito, L.; Laszlo, N.; Coord. Chem, Rev. 2002, 224, 111.

67 Bregadze, V.1.; Glazun, S.A.; Petrovakii, P.V.;Starikova, Z.A.; Rochev, V.Y .; Dalil, H.; Biesemans; R.; Gielen, M.; Vos, D.D.;
Appl. Organomet. Chem. 2003, 17, 453.

8 Nath, M.; Pokharia, S.; Yadav, R.; Coord. Chem. Rev. 2001, 215, 99.

69 Raychaudhury, B.; Banerjee, S.; Gupta, S.; Singh, R.V.; Datta, S.C.; Acta Tropical . 2005, 95, 1.

0 Affan, M.A.; Siong, W.F.; Jusoh, I.; Hanapi, S.; Tiekink, E.R.T.; Inorg.Chim. Acta. 2009, 362, 503L.

n Perez-Rebolledo, A.; Ayala, J.D.; de Lima, G.M.; Marchini, N.; Bombieri, G.; Zani, C. L.; Souza-Fagundes, E.M.; Beraldo,
H.; Eur. J. Med. Chem. 2005, 40, 467.

2 Mendes. I. C.:Moreira, J.P.; Ardisson, JD.; dos Santos, R.G.; da Silva, P.R.; Garcia, |.; Catifieiras, A.; Berddo, H.; Eur. J.
Med. Chem. 2008, 43, 1454.

3 Mendes. I. C.; Costa, F.B.; de Lima, G.M.; Ardisson, J.D.; Garcia, |.; Catifieiras, A.; Beraldo, H.; Polyhedron 2009. 28, 1179.
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1.4 — Doencas causadas por fungos e bactérias.

Os fungos sd0 seres vivos eucarioticos, com um s nicleo. Estéo incluidos neste grupo
organismos de dimensdes consideraveis, como 0s cogumelos, mas também muitas formas
microscopicas, como bolores e leveduras. Diversos tipos agem em seres humanos causando
doencas como, por exemplo, micoses’.

A incidéncia crescente de doencas emergentes e de infecgdes fungicas invasivas tem se
configurado como grave problema de salde publica Negligenciadas pelos laboratérios
farmacéuticos e grupos de pesquisas mundiais, essas de doengas, até inicios dos anos oitenta,
eram caracteristicas de paises do terceiro mundo. O panorama mudou com o crescimento do
nimero de transplantes, devido ao uso de farmacos imunossupressores, com a incidéncia da
AIDS, cujos pacientes ficam com o sistema imunolégico reprimido tornando-se vulneraveis a
infeccBes graves. Muitos fungos apresentam de resisténcia intrinseca para agentes antifungicos
cléssicos e isto tem levado & necessidade de novos agentes antiftingicos”.

Entre as infecgbes fungicas podemos mencionar: histoplasmose, coccidioidomicose,
blastomicose, esporotricose e candidiase. Esta Ultima é causada por cepas de Candida ssp.,
especialmente C. albicans, comum nas mucosas da boca ou vagina em pessoas saudaveis. No
entanto, essas infec¢Bes sd0 mais comuns ou persistentes em individuos com diabetes ou AIDS e
em mulheres gravidas. Os individuos com comprometimento do sistema imunolégico
normalmente apresentam uma candidiase que se dissemina por todo o corpo. Aqueles que
apresentam uma baixa contagem leucocitéria, a qual pode ser causada pela leucemia ou pelo
tratamento de outros tipos de cancer, e agueles com cateter instalado em vasos sanguineos
apresentam maior risco de candidemia (infeccdo da corrente sanguinea pela Candida). Muitas
espécies de fungos, por exemplo, Aspergillus e Candida, sdo também capazes de causar doencas
em plantas76'77'78'79'8°'81.

As bactérias sdo organismos unicelulares com tamanho microscopico, medindo entre 0,2
a 1,5 pm de comprimento, sendo em média dez vezes menores do que uma célula eucarionte.

Elas normalmente possuem uma parede celular rigida que envolve externamente a membrana

4 http://www.todabi ol ogi a.com/mi crobi ol ogi a/fungos.htm, acessado em 10/04/2012.

75 Linares, M.J; Charriel, G.; Solis, F.; Rodriguez, F.; Ibarra, A. and Casa, M.; J. Clin.Microbiol. 2005, 43, 250.

8 Takemoto, J. Y. Bensadi, M. De Lucca, A. J., Cleveland, T. E.; Gandhi, N. R.; Skebba, V. P, Am. J. Enal. Vitic. 2010, 61,
210.

" Fitt, J. 1.; Hocking, A. D.; Bhudhasamai, K.; Miscamble, B. F.; Whedler, K. A.; Tanboon-Ek, P., Int. J. Food Microbiol. 1994,
23,

8 Sveistyte, L.; Lugauskas, A.; Vidgiryte, A., Bot. Lith. 2005, 11, 179.

I Lugauskas, A.; Krikstaponis, A.; Sveistyte, L., Ann. Agric.Environ. Med. 2004, 11, 19.

80 Gugnani, H. C.; Gupta S.; Talwar R. S., Mycopathologia. 1978, 65, 155.

81 Vesper, S. J; Rogers, M. E.; Nedly, A. N.; Haugland, R. A., J. Water Health. 2007, 5, 427.
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plasmética. A parede celular é congtituida por uma trama de peptideos (proteinas) interligados a
polissacarideos (aglcares), formando um complexo denominado de peptidoglicana. Essa
substancia € responsavel pela forma, protecéo fisica e osmotica do microorganismo.

De acordo com a forma e afinidade colonial das bactérias, elas podem ser classificadas
em: cocos, bacilos, espirilo, vibrides, estafilococos, sarcinag, estreptobacilos, diplococos ou
estreptococos’. De acordo com o método de Gram, classifica-se as bactérias em gram-positivas
ou gram-negativas segundo a coloragdo das mesmas apds tratamento com agentes quimicos
especificos. As gram-negativas adquirem uma cor avermelhada e as gram-positivas uma cor
arroxeada devido a diferencas na congtituicdo de suas paredes celulares. As bactérias gram-
negativas possuem uma membrana externa a mais, constituida de lipopolissacarideos, que as
tornam impermeéveis ao corante violeta usado nesse método®.

Atualmente, algumas classes desses micro-organisSmos representam extrema preocupacao
para a salde publica. Dentre os que mais provocam mortes no mundo estdo o S. aureus
meticilina-resistente (MRSA), S aureus vancomicina-resistente (VRSA), E. coli, Klebsiella
pneumoniae e P. aeruginosa, que sdo bactérias resistentes a multiplos farmacos. Os processos
infecciosos causados por estas classes de microorganismos geralmente estdo associados com alta
|letalidade e custo de tratamento®.

O fendbmeno daresisténcia é, de fato, algo muito preocupante uma vez que existem cepas
resistentes a quase todos os agentes conhecidos atualmente e, neste sentido, hd uma forte
necessidade de produzir novas substancias que tenham bom espectro de atividade e que possuam
novos mecanismos de acdo™. De fato, existe uma alta procura por compostos antiflingicos e
antibacterianos de amplo espectro que possam ser ativos frente a microorganismos resistentes e

gue, a mesmo tempo, apresentem baixa toxicidade.

1.5 -Gliomas e gliobastomas

Caéncer é a designacdo dada a0 conjunto de manifestacbes patologicas que se
caracterizam pela perda de controle da proliferacdo celular, ganho de capacidade de invadir
tecidos adjacentes ou de sofrer metéastases para tecidos distantes®. O cancer é um dos problemas
mais comuns e intensos da medicina, sendo a principal causa de morte em paises

82 hitp://www.brasi | escol a.comy/bi ol ogi a/bacterias.htm, acessado em 10/04/2012.
8 Nishaminy, K.; Am. J. Health-Syst. Pharm. 2006, 63, 1235.

8 Demain, A. L.; Sanchez, S.; J. Antibiot. 2009, 62, 5.

8 Montesano, R; Hall, J.; Eur. J. Cancer. 2001, 37, 67.
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economicamente desenvolvidos e a segunda causa principal de morte em paises em

desenvolvimento®.

Embora uma doenca rara, o cancer cerebral vém ganhando importancia devido ao
aparente aumento da sua incidéncia e por sua alta letalidade. Raramente sd0 observados tumores
nas células nervosas propriamente ditas; os tumores de cérebro desenvolvem-se, principalmente,
nas células da glia, que formam a estrutura de sustentagdo das células nervosas. Entre os adultos,
0s tumores intracranianos mais freqientes sdo gliomas, meningiomas e neuromas. Os gliomas
sdo classificados em subtipos, de acordo com a semelhanca histoldgica entre as células tumorais
e as células gliais, e podem ser: adtrocitomas, glioblastomas (tumores astrociticos),
oligodendrogliomas e ependimomas®’.

Gliomas, em especial, gliobastomas (GBMs), sGo 0os mais malignos tumores cerebrais
primérios. Caracterizam-se por uma alta taxa de proliferacdo celular e uma marcada propensdo
para se infiltrar difusamente e regides do cérebro tornando impossivel a extirpacéo cirdrgica e
dificultando o tratamento efetivo por radioterapia local. Em virtude do seu rapido crescimento,
da destruicdo de extensas areas de tecido nervoso e do edema intenso que provocam, Seu
prognogtico € sombrio, e a maioria dos pacientes nd sobrevive um ano e meio apos o
diagndstico® .

A procura de novos compostos antitumorais altamente efetivos e de baixa toxidez

congtitui hoje uns dos objetivos mais importantes dos grupos pesquisa em quimica medicinal.

A resisténcia aos farmacos em uso clinico é hoje um dos grandes problemas enfrentados
na Medicina. Assim, a busca de novos candidatos a protétipos de farmacos que atuem por
mecanismos diferentes dagueles dos farmacos tradicionais € uma area de grande interesse.
Complexos metélicos de ligantes com atividade farmacoldgica poderiam em principio constituir
novas classes de compostos antimicrobianos e antitumorais. Assim a hiptese do presente
trabalho &

Seriam as hidrazonas derivadas de imidazol e piridina compostos com propriedades
farmacoldgicas adequados para serem considerados como novos prototipos de farmacos

antimicrobianos e antitumorais?

8 Jemal, A.; Bray, F.; Center, M.M.; Ferlay, J.; Ward, E. and Forman, D.; CA Cancer J. Clin. 2011, 61, 69.
8 perdra, R. A.; Koifman, Cad. Satde Publica. 2001,17, 1313.
8 Nuti,E.; Casdlini, F.: Santamaria, S.; Gabelloni, P.; Bendinelli, S.; Da Pozzo, E.: CostaB.; Marindli, L.; La Pietra, V.
Novellino, E.; Bernardo, M.M.; Fridman, R.; Da Settimo, F.; Martini, C.; Rossdlo, A.; Eur. J. Med. Chem. 2011, 46, 2617.
89 Tabuse, M.; Ohta, S.; Ohashi,Y.; Fukaya, R.; Misawa, A.; Yoshida, K.; Kawase,T.; Saya, H.; Thirant, C.; Chneiweiss, H.;
Matsuzaki, Y.; Okano, H.; Kawakami, Y. and Toda, M.; Mol. Cancer. 2011, 10, 1.
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Para resolver este problema e conhecendo que o anel piridina pode ser encontrado em
NUMeErosos compostos com provada atividade bioldgica, como a triapina e isoniazida, por
exemplo, planejamos a preparacdo de varios compostos derivados de 2-formil, 2-acetil e 2-
benzoil piridinas. A diferenca estrutural em cada familia modifica as propriedades dos
compostos obtidos. Assim as hidrazonas derivadas de 2-formilpiridina sG0 compostos com
menor logP que aquelas derivadas de 2-acetilpiridina e estas sdo menos lipofilicas que as
hidrazonas derivadas de 2-benzoilpiridina. Na sintese das hidrazonas usamos hidrazidas com
grupos diferentes (CHs, Ph, p-CIPh e p-NO2Ph) com o objetivo de avaliar a influéncia destes nas
atividades testadas. Outra variagdo estrutural feita foi a troca do anel heterociclico. O anel
escolhido foi o imidazol, amplamente conhecido pelas suas propriedades bioldgicas e usado
como farmacéforo em compostos medicinais. Alem de apresentar isosterismo com o anel
piridina. Usamos trés tipos de derivados de imidazol [4(5)-imidazol-carboxaldeido, 4-(1H-
imidazol-1-il)benzaldeido e 4-(imidazol-1-il)acetofenona)] com o objetivo de avaliar o efeito do

anel imidazol nas propriedade bioldgicas a estudar (Figura 1.9)

. N
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\

Figura 1.9-Estrutura genérica das hidrazonas
Partindo do conhecimento da atividade que apresentam varios compostos de zinco(ll),
cobre(ll) e estanho(lV) preparamos complexos desses metais com as hidrazonas derivadas da
piridinas visando melhorar as atividades antimicrobianas das mesmas. A escolha de zinco e
cobre deve-se a0 fato de serem metais essenciais para 0s sistemas biolégicos e que estdo
envolvidos em diversos processos vitais paraa vida. O estanho(IV), mesmo sendo um metal que
apresenta toxicidade, também apresenta propriedades antimicrobianas importantes.
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Os obj etivos especificos deste trabalho sdo:

Obter e caracterizar novas hidrazonas derivadas de 2-formil, 2-acetil e 2-benzoilpiriding;
Obter novas hidrazonas derivadas de imidazol;

Preparar complexos metélicos das hidrazonas com zinco(ll), cobre(l1) e estanho(1V)

Fazer investigagOes estruturais de ligantes e complexos metélicos por meio de estudos de
IV, RMN, TG ede cristalografia de Raios X.

Investigar a atividade antimicrobiana e citotoxica de ligantes e complexos metalicos.

6. Relacionar as atividades e propriedades encontradas com as estruturas dos compostos.

Fazer estudos darelacdo estrutura atividade (SAR).
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2—-PARTE EXPERIMENTAL
2.1 — Equipamentos e Procedimentos

e Determinacgao detemperaturas de fusio
As temperaturas de fusdo foram determinadas em um equipamento Mettler FP 90.

e Determinacdo de massa
As massas foram determinadas em uma balanga Gehaka, modelo AG 200, precisdo de
10mg.

e Andlise Elementar
As andlises foram feitas em um aparelho Perkin EImer, modelo CHN-2400.

e Analises Condutimétricas

As medidas de condutividade molar dos complexos foram realizadas em solucdes de
DMF de concentragdo na ordem de 10° a 10 mol L™, utilizando-se um condutivimetro Y S|
Conductivity Brigde, modelo 31, com célula condutimétrica de constante 0,088cm™ do mesmo
fabricante.

e Espectrosde Ressonancia M agnética Nuclear

Os espectros de RMN foram determinados nos solventes DM SO-ds ou CDCl3 usando-se
TMS (6=0) como padrdo interno. Os espectros foram obtidos nos espectrometros Brucker
DPX200 - (200 MHz) e Brucker DRX-400 Avance - (400MHz).

e Egpectrosde Infravermelho

Os espectros de |V foram determinados na regido 400-4000 usando-se como suporte KBr
cm™ e naregido 200-650 cm'1 em placas de Csl como suporte,. Os espectros foram obtidos em
um espectrometro Perkin EImer FT-IR System-Spectrum GX.

e Espectrosde Ultravioleta-Visivel e Fluorescéncia

Os espectros de UV-Vis foram registrados utilizando-se uma cubeta de vidro de 1 a5 cm
de caminho éptico e solugdes de concentracdo daordem de ~ 10°mol'L™, no espectrofotémetro
CARY100 Bio — (UV1006M29) — VARIAN (Agilent Technologies). Os espectros de
fluorescéncia foram registrados no espectrofotometro CARY Eclipse-(FL1006m016)-VARIAN
(Agilent Technologies) utilizando-se cubetas de quartzo de 1cm de caminho éptico.
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e Egpectrosderessonancia paramagnética eletronica (RPE)

Os espectros de RPE foram obtidos no espectrometro Bruker ESP300E com 100 kHz de
frequéncia de modulagdo e uma amplitude de modulagdo de 0.4-1mT. Os espectros a
temperatura ambiente, das amostras em estado slido e as das solugBes em DMSO (1 mmol L ™),
foram obtidos em capilares de vidro de 1,2 mm de diametro interno. Os espectros em solucéo de
DMSO a baixa temperatura foram adquiridos na temperatura do N liquido (77 K) em tubos de
Teflon® de 3 mm de didmetro. Os espectros de RPE foram medidos pela Dra. Sonia Louro, do
Departamento de Fisica, Pontificia Universidade Catélicado Rio de Janeiro.

e EstruturasCristalograficas

As estruturas cristalogréficas foram determinadas em colaboragdo com os pesquisadores:
Dr. Oscar E. Piro (Departamento de Fisica, Facultad de Ciencias Exactas, Universidad Nacional
de La Plata), Dr. Eduardo E. Castellano (Instituto de Fisica de S&o Carlos, Universidade de Séo
Paulo), Dr. Nivaldo Speziali (Departamento de Fisica, UFMG), Dra. Isolda Maria de Castro
Mendes (Departamento de Quimica, UFMG). Detalhes e condi¢cBes experimentais de cada
medida estdo descritos nos capitulos que se seguem.

e Estudosderelacdo estrutura-atividade (SAR)

A andlise conformacional das hidrazonas foi realizada usando-se 0 méodo Merck
Molecular Force Field (MMFF)! através do programa de modelagem molecular Tinker?. Foram
analisadas as conformagdes E e Z de todos 0os compostos. As energias estruturais minimas dos
isdmeros foram obtidas a partir de analise conformacional por meio da Teoria do Funcional de
Densidade (density functional theory, DFT)?, empregando a func&o hibrida B3LY P*° e usando o
conjunto de bases de elétrons 6-31G(d) em todos os &omos’’. A fim de obter melhores
propriedades e resultados de energias, calculos de energia no ponto simples ao nivel dateoria de
perturbacdo de segunda ordem de Magller-Plesset®® foram ent&o realizados para as estruturas
otimizadas B3LY P/6-31G(d), usando o0 mesmo conjunto de bases [MP2/6-31G(d)//B3LY P/6-

! Dewar, M.J.S,; Zoehisch, E.G.; Hedy, E.F.; Stewart, J.J.P.; J. Am Chem. Soc. 1985, 107, 3902.
2 TINKER Software Tools for Molecular Design, 5.0, 2009: TINKER Software Tools for Molecular Design, 5.0;

Jay W. Ponder Lab, Dept. of Biochemistry & Molecular Biophysics, Washington University School of Medicine:
St. Louis, 2009.

s Parr, R.G.; Yang, W.; Density-Functional Theory of Atoms and Molecule, Oxford University Press, Oxford, 1989.

“ Becke, A.D.; J. Chem. Phys. 1993, 98, 5648.

5 Lee, C.T.; Yang, W.T.; Parr, R.G.; Phys. Rev. B. 1988, 37, 785.

6 Ditchfield, R.; Hehre, W.J,; Pople, JA.; J. Chem. Phys. 1971, 54, 724.

7 Hehre, W.J;; Ditchfield, R.; Pople, JA.; J. Chem. Phys.1972, 56, 2257.

& Mdller,C.; Plesset, M.S;; Phys. Rev.1934, 46, 618,

° Szabo, A.; Ostlund, N.S.; Modern quantum chemistry. Introduction to advanced e ectronic structure theory, Dover Publication,
Inc. New York, 1996.
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31G(d)]. A distribuicéo de carga dos conférmeros mais estéveis foi calculada usando ateoria da
Ligacdo Orbital Natural (NBO)'®**. Todos os célculos de mecanica quantica foram realizados
através do programa Gaussiam®™. As energias dos orbitais HOMO (highest occupied molecular
orbital) e LUMO (lowest unoccupied molecular orbital) e os dipolos moleculares, foram obtidos
depois de uma completa otimizagcdo e foram usados como descritores para estudos SAR. As
estruturas tridimensionais obtidas da otimizagdo das hidrazonas foram usadas no software
Marvin® para calcular as &reas de superfice molecular. O coeficente de particdo tedrico (logP)
das hidrazonas foi determinado usando o programa ALOGPS 2.1'*. A &ea de superficie
molecular e o logP foram também utilizados como descritores para os estudos SAR. Os estudos
SAR foram realizados pelo professor William Ricardo Rocha, do Departamento de Quimica,
UFMG.

e Reagentese solventes

Todos os reagentes utilizados foram de alto grau de pureza e sem tratamento previo. As
procedéncias dos reagentes foram as seguintes. acilhidrazidas e arilhidrazidas (Aldrich), cloreto
de zinco(ll) (Vetec), cloreto de cobre(ll) diidratado (Quimis), tricloreto de n-butil estanho
(Aldrich), tricloreto de fenil de estanho (Aldrich), 4(5)-imidazol-carboxaldeido (Aldrich), 4-(1H-
imidazol-1-il)benzaldeido  (Aldrich),  4-(1H-imidazol-1-il)acetofenona  (Aldrich),  2-
Benzoilpiridina (Aldrich), 2-formilpiridina (Aldrich), 2-acetilpiridina (Aldrich), acetilhidrazida
(Aldrich),  benzoilhidrazida (Aldrich), 4-cloro-benzoilhidrazida (Aldrich),  4-nitro-
benzoilhidrazida (Aldrich), metanol (Synth), etanol (Synth), éter etilico (Grupo Quimica),
acetona (Quimex), DMF (Synth) e (Merck), DMSO (Synth), acetonitrila (Vetec), TRIS-HCI
(SIGMA), Acido desoxirribonucléico (CT-DNA) (SIGMA-ALDRICH), Brometo de etideo
(SIGMA).

19 Reed, A.E.; Weinhold, F.; J. Chem. Phys. 1983, 78, 4066.

" Reed, A.E.; Weinstock, R.B.; Weinhold, F.; J. Chem. Phys. 1985, 83, 735.

12 Gaussian 03, Revision C.02, M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, JR. Cheeseman, JA.
Montgomery, Jr., T. Vreven, K.N. Kudin, J.C. Burant, JM. Millam, S.S. lyengar, J. Tomasi, V, Barone, B. Mennucci, M. Cossi,
G. Scalmani, N. Rega, G.A. Petersson, H. Nakatsuji, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T.
Nakajima, Y. Honda, O. Kitao, H. Naka, M. Klene, X. Li, JE. Knox, H.P. Hratchian, JB. Cross, V. Bakken, C. Adamo, J.
Jaramillo, R. Gomperts, R.E. Stratmann, O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, JW. Ochterski, P.Y. Ayala, K.
Morokuma, G.A. Voth, P. Savador, J.J. Dannenberg, V.G. Zakrzewski, S. Dapprich, A.D. Daniels, M.C. Strain, O. Farkas, D.K.
Malick, A.D. Rabuck, K. Raghavachari, JB. Foresman, JV. Ortiz, Q. Cui, A.G. Baboul, S. Clifford, J. Cioslowski, B.B.
Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R.L. Martin, D.J. Fox, T. Keith, M.A. Al-Laham, C.Y. Peng, A.
Nanayakkara, M. Challacombe, P.M.W. Gill, B. Johnson, W. Chen, M.W. Wong, C. Gonzalez, J.A. Pople, Gaussian, Inc.,
Wallingford CT, 2004.

13 Chemaxon, Budapest, Hungary

1% 2.1 Program. Available: http://www.veclab.org/l abv/al ogps (Accessed April 2011).
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2.2 — Sinteses de ligantes e complexos

221 — Sintese de acetil, benzoil, para-cloro-benzoil e para-nitro-benzoil hidrazonas
derivadas de 2-formil- (H2FoR), 2-acetil- (H2AcR) e 2-benzoil-piridina (H2BzR):
(H2FopCIPh, H2FopNO,Ph, H2AcMe, H2AcPh, H2AcpCIPh, H2AcpNO,Ph, H2BzMe,
H2BzPh, H2BzpCIPh e H2BzpNO,Ph)

As hidrazonas foram obtidas misturando quantidades equimolares (1 mmol) de 2-formil,
2-acetil ou 2-benzol piridinacom a hidrazida desejada, em metanol, adicionando-se trés gotas de
acido acético glacial como catalisador. A mistura da reag@o foi mantida em refluxo durante 6
horas. Depois que a mistura reacional foi esfriada a temperatura ambiente, o solido obtido foi
filtrado e lavado com etanol e éter sob pressdo reduzida®®. Os compostos foram caracterizados
por temperaturas de fusdo, RMN de 'H, **C, DEPT 135 e HMQC, por seus espectros de absorcéo
naregido do infravermelho e andlise de difracéo de raios X de monocristal.

2.2.2 — Sintese de acetil, benzoil, para-clorobenzoil e para-nitrobenzoil hidrazonas
derivadas de 4(5)-imidazol-carboxaldeido [4(5)imMe, 4(5)ImPh, 4(5)ImpCIPh,
4(5)ImpNO2Ph], 4-(1H-imidazol-1-il)benzaldeido [4imBzMe, 4IimBzPh, 4ImBzpClPh,
4mBzpNO,Ph] e 4-(imidazol-1-il)acetofenona, [4ImAcMe, 4mAcPh, 4ImAcpCIPh e
4ImAcpNO,Ph]

As hidrazonas foram obtidas mediante a mistura de quantidades equimolares (1mmol)
dos derivados de imidazol com as hidrazidas correspondentes, em meio etandlico, adicionando-
se trés gotas de &cido acético glacial como catalisador. No caso da hidrazona de 4(5)-imidazol-
carboxaldeido com a acetilhidrazida, a sintese foi feita usando acetonitrila como solvente. A
mistura foi colocada em refluxo de 4 a 6 horas. Depois que a mistura reacional foi resfriada a
temperatura ambiente, o sdlido obtido foi filtrado e lavado sob pressdo reduzida com etanol e
éter.

Todos os compostos foram caracterizados por temperatura de fusdo, RMN de *H, *3C,
DEPT 135 e HMQC, por seus espectros de absor¢éo na regido do infravermelho e andlise de
difracdo raios X de monocristal.

2.2.3 — Sintese dos complexos de cobre(l1) e zinco(I1) com as 2-formil, 2-acetil e 2-benzoil
piridina hidrazonas
Os complexos foram obtidos adicionando 10 mL de solugdo etandlica do sal do metal

correspondente (ZnCl, ou CuCl;2H,0) a 10 mL de solugdo etandlica quente do ligante, em uma

5 Furniss, B. S.; Hannaford, A. J; Smith, P. E. G,; Tatchell, A. R., Vogel"s Text-book of Practical Organic Chemistry, 51 ed.:
ELBS: Longman, UK 1989, 1269.
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relacdo metal-ligante 1:1. A solugdo formada foi mantida em refluxo por 2 horas. Depois de
resfriamento a temperatura ambiente o solido obtido foi filtrado e lavado com etanol e éter para

ser secado sob presséo reduzida.

2.2.4 — Sintese dos complexos de estanho(lV) das hidrazonas derivadas de piridina e de
imidazol a partir de SnPhCl; e SnButCls;

Os compostos foram obtidos mediante a adicdo de uma solucéo do sal de estanho(1V) a
uma solugdo etandlica quente do ligante, em uma relagdo metal ligante 1:1. A mistura foi
mantida em refluxo por um periodo de 2 a 4 horas. O solido obtido foi filtrado e lavado com

etanol para ser secado sob presséo reduzida.

2.3 —Testes Biol6gicos e avaliacdo farmacologica
Os testes de atividade antibacteriana e antifungica foram realizados nos laboratérios do
Departamento de Quimicada UFMG.

2.3.1 - Avaliacdo da atividade antimicrobiana pelo método de macrodiluicéo

A aividade antimicrobiana foi avaliada mediante a determinagdo da concentracdo
inibitoria minima (CIM) usando o método de macrodiluicdo™®. Para a avaliagio dessa atividade
foram utilizados os microorganismos Saphylococcus aureus ATCC 6538, Pseudomonas
Aeruginosa ATCC 9070, Enterococcus faecalis ATCC 19433 e Candida albicans ATCC 18804
e10231. S aureus ATCC 6538 e P. Aeroginosa ATCC 9070 foram estocados no cado Mueller
Hinton Broth (MHB) enquanto que para E. faecalis ATCC 19433 foi empregado o caldo Brain
Heart Infusion (BHI). Todos os microorganismos foram inoculados para serem testados no
mesmo meio e cultivados a 37°C. As células das bactérias foram suspendidas, de acordo com o
protocolo McFarland*’, en MHB ou BHI, para produzir uma suspensdo de aproximadamente 10°
UFC (unidades formadoras de col6nias) mL™. C. albicans ATCC 18804 e 10231 foi estocada em
Sabouraud Broth e inoculada para ser testada no mesmo meio e cultivada a 37°C. As células das
bactérias foram suspendidas en MHB, de acordo com o protocolo de McFarland®, em uma
solucéo salina, obtendo-se uma suspensdo de aproximadamente 10° células/mL ™.

Para a avaliagdo das atividades antibacteriana e antifingica uma serie de diluicBes
sucessivas dos compostos, previamente dissolvidos em DM SO, foram feitas em tubos de ensaio;

24 horas depois o0 inoculo (100 uL) foi adicionado em cada tubo. A CIM, definida como a

16 National Committee for Clinical Laboratory Standards, Method for dilution antimicrobia susceptibility tests for bacteria that
grow aerobicaly, in: NCCLS Document M7-A6, Pennsylvania, USA, 2003, ISBN: 1-56238-486-4.

M National Committee for Clinical Laboratory Standards, Reference method for broth dilution antifungal susceptibility testing of
yeasts, in: NCCLS Document M27eMA2 NCCLS, Pennsylvania, USA, 2002, ISBN: 1-56238-469-4.
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concentragcdo mais baixa do composto testado que inibe o crescimento visivel, foi determinada
depois de 20 horas de incubagéo a 37°C.

Como controle positivo foi usado a bactéria/ou o fungo no meio de cultura. No controle
negativo foi usado o fluconazol, paraa C. albicans; tetraciclinaparao S. aureus e P. aeruginosa
e ciproxacina para E. faecalis respectivamente. A concentragdo final de DMSO nunca excedeu
1%. Em todos os casos, nao foi observada inibicdo com 5% v / v de DMSO. Todos os testes

foram feitos em triplicata.

2.3.2— Avaliacéo da atividade antifungica pelo método de microdiluicéo

Os testes de atividade antifungica pelo método de microdiluicdo foram feitos em parceria
com a Profa. Jacqueline Aparecida Takahashi, do Departamento de Quimicada UFMG.

Fungos filamentosos, Cladosporium cladosporioides (LABB 6) e Aspergillus flavus
(LABB 44) foram obtidos no Biotechnology and Bioassays Laboratory (LABB, MG, Brasil) e
mantidos em égar de batata (ADB) sob refrigeracdo a 7°C. As cepas de, Candida glabrata ATCC
2001 e C. albicans ATCC 18804 foram mantidas em meio BHI. Para a realizagdo dos
experimentos, os fungos foram cultivados em ADB ou BHI até a esporulacéo. Os esporos foram
coletados e suspensos em agua esterilizada, contados em camara de Neubauer e diluidos de
forma a se obter uma suspensdo com a concentracdo final de 5x10° esporogmL. A triagem
inicial foi feita em micro placas para todos os compostos em uma concentracéo de 100 pg/pogo
(em DMSO). A concentragd méxima de DMSO néo ultrapassou 2%. Controles negativos
(inbculo mais meio de cultura) e positivos (inbculo mais composto de referéncia, nistating)
foram feitos simultaneamente. Os compostos que mostraram atividade na etapa de triagem foram
testados em uma série de microdiluicdo em 12 concentragdes (250; 125; 62,5; 15,6; 31,3; 15,6;
7,81; 3,91; 1,95; 0,98; 0,49; 0,24 e 0,12 pg), em duplicata. A avaliagdo da inibicéo foi feita em
um leitor de placas TP-reader (Thermoplate, Brazil). O valor da concentracdo inibitéria minima
(CIM) foi definido como a menor concentracdo do composto que mostra 100% de inibi¢do do
crescimento do fungo, apds o tempo de incubacéo (48h). Os valores de ClIMs, foram definidos e
expressos como a mais baixa concentracéo dos compostos capaz de inibir 50% do crescimento
do fungo. Todos os experimentos foram realizados seguindo o procedimento de Zacchino e
Gupta'®.

18 Vishal, G.; San-Blas,G. Eteroles de hongos y parésitos por cromatografia de gases y espectrometria de masas. In: Manual de
técnicas in vitro para la deteccion de compuestos antifingicos. Zacchino, S. A.; Gupta, M. P., Eds.; Corpus Editorid, Rosario,
Argentina. 2007, 95.
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2.3.3— Atividade citotoxica
Os testes de atividade citotoxica em células tumorais foram realizados no Centro de

Tecnologia Nuclear (CDTN) em parceria com a Dra. Raquel Gouvea dos Santos.

e Linhagensde células malignas humanas.

Foram utilizadas células do tipo gliobastoma multiforme do tipo selvagem (U87) e
gliobastoma multiforme mutante P53 (T98), as quais foram obtidas a partir da American Type
Culture Collection (ATCC, USA).

Linhagens de células foram cultivadas em monocamada em Dulbecco’s Modified Eagle's
Medium (Gibco), suplementado com 10% de soro fetal bovino (Cultilab) e antibidticos (50
U/mL penicilina e 50 pmol'L™ estreptomicina), em atmosfera imida ar/CO, (5% / 95%) a 37 ©

C. Células 80% confluentes foram usadas em todos 0s experimentos.

e Linhagensde célulassadias

Foram utilizadas células de fibroblastos de pulméo fetal humano (MRC5) as quais foram
obtidas a partir da American Type Culture Collection (ATCC, USA).

As células foram cultivadas em monocamada em Dulbecco’s Modified Eagle’s Medium
(Gibco), suplementado com 10% de soro fetal bovino (Cultilab) e antibidticos (50 U/mL
penicilina e 50 pmol'L™ estreptomicina), em atmosfera Gimida ar/CO, (5% / 95%) a 37 ° C.

Células 80% confluentes foram usadas em todos 0s experimentos.

e MétodoMTT

A atividade citotoxica foi verificada mediante o ensaio de brometo de 3-(4,5dimetil-2-
tiazolil)-2,5-difenil-2H-tetrazélio (MTT) que avalia a viabilidade metabolica celular'®. As células
foram cultivadas em placas de 96 pocos e, 12 horas depois da incubagdo, foram tratadas com
diferentes concentragdes dos compostos (1 x 10 — 1 x10™° mol'L™). Outro grupo de céulas foi
tratado com as mesmas concentragdes de etoposideo (controle positivo), agente antineoplasico
gue inibe a enzima topoisomerase |1. Os compostos foram dissolvidos previamente em DM SO e
as concentrages finais foram ajustadas, através de uma diluicdo de 8 vezes em série, em DMEM
de tal forma que a concentragdo final de DM SO foi menor que 0,5%.

Depois de 48 h de tratamento, as células foram incubadas com MTT (0,5 mgmL™) e os
cristais de formazan foram solubilizados em DMSO. A absorbancia foi medida na leitora de
microplacas a 570 nm. Testes usando DM SO (0,5% em DMEM) como controle negativo foram

% Plumb, JA.; Miloro, R.; Kaye, S.B.; Cancer Res. 1989, 49, 4435.
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realizados em paralelo. Os valores de Clso foram calculados quando a concentragdo do composto
induziu 50% de morte celular.

e Andlise morfoldgica das celulastumorais

Células foram semeadas em placas de 96 pocos e tratadas com compostos de teste.
AlteracBes morfologicas foram analisadas 48 h ap0ds o tratamento por microscopia de contraste
de fase, (Nikon).

Alteracbes no DNA foram detectadas mediante coloragdo com 4',6-diamidina-2-
fenilindol (DAPI). Depois de 48 h de tratamento com 10° molL™ dos compostos testados, as
células foram lavadas com PBS e fixadas com 70% de metanol a temperatura ambiente por 30
minutos. As células foram incubadas com 0,4 ngmL™ DAPI (Sigma) por 1 h no escuro e depois
lavadas com PBS. As alteragdes no DNA como fragmentagdo e condensagdo de cromatina foram
observadas por microscopia de fluorescéncia (Nikon 385-410 nm).

2.3.4— Estudos deligacdo ao DNA

2.3.4.1 — Determinacdo da constante de ligagao por espectroscopia de absor ¢éo eletronica

Experimentos de titulagcdo por absorcéo eletronica foram realizados em cubetas de 1 cm
de caminho 6ptico. Concentragdes fixas dos complexos (~10° mol'L™) em soluco tampdo de
TrissHCI (pH=7,10) foram tituladas com volumes de solugdo de DNA (CT-DNA) no mesmo
tampdo até alcancar uma relacdo 1:1 (complexo:CT-DNA). ApOs cada adicdo o espectro de
absorc&o foi registrado. Os dados foram ajustados com a seguinte equacio®.

[DNA]/(ea-&1) = [DNA]/(ep-51) + VKp(ep-£1),

onde [DNA] e concentragdo dos pares de bases do DNA, &, corresponde a relagdo entre
Aovd[complexo] (Aqws = absorvancia observada) , & e o coficente de extingdo do complexo livre
em solucdo e &, € 0 coeficente de extingdo do complexo completamente ligado a0 DNA. Do
gréfico de [DNA]/(ea-&1) vs (DNA), a constante de ligacdo intrinseca (Kp) € calculada pela razéo

entre o coeficente angular [(ep-gr)] €0 intercepto [ /K y(ep-€1)] .

2.3.4.2 — Determinacgéo das constantes de ligagcdo por fluorescéncia

A constante de ligac&o dos complexos foi determinada mediante a andlise competitiva da
de interacdo entre solugdes dos complexos e solucédo de brometo de etideo (ligado ao CT-DNA)
em tampdo Tris-HCI (pH=7,10). O brometo de etideo (BE) ndo emite fluorescéncia na solucéo

de Tris-HCI. Na presenca do DNA, o BE mostra emissdo de fluorescéncia reforcada devido a

20 Wolfe, A.; Shimer Jr, G.H.; Meehan, T. Biochemistry. 1987, 26, 6392.
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intercalacdo com o DNA. A substituicdo competitiva de BE do CT-DNA pelo complexo
metdlico provoca uma diminuicdo na intensidade da fluorescéncia. As modificagbes na
intensidade de fluorescéncia a 603 nm (545 nm de excitagdo) depois da adicdo de volumes
constantes de solugdo dos complexos foram registradas.

Primeiro calculamos a constante de supresséo da fluorescéncia (K,) mediante a equagado
de Stern-Volmer?:

lo/l =Kq[Q] +1,

onde |y e a intensidade de emissdo em auséncia do supressor, | e a intensidade de emisséo na
presenca do supressor, Kq e a constante de supressdo e [Q] a concentragdo do supressor. Kq é o
coeficiente angular obtido do gréfico de I/l vs[Q].

A constante aparente de ligagdo (K4pp) foi calculada da equagéo:

Kes [BE] = Kapp [cOmplexo],

onde Kgg = 10" mol'L™ e [complexo] é a concentracdo quando for suprimida 50% da
fluorescénciaou g/l =2 ou UK,

A constante de ligacéo do complexo no CT-DNA é obtida do gréfico log[(Fo-F)/F] vs log
[Q] naequacéo:

log[(Fo-F)/F] = log K + nlog[Q]***,

onde Fy e a intensidade de fluorescéncia inicial, F e a intensidade de fluorescéncia depois de
adicdo do complexo metdlico, n é igual a0 nimero de sitios de ligacdo e Ky a constante de
ligagdo. A constante € obtida do intercepto da curva

2.4 — Determinagdo do rendimento quantico (®r)
O método usado para determinar o rendimento quantico dos compostos foi o comparativo

de Williams e col.?*

. Este método envolve o0 uso de amostras de padrées muito bem
caracterizados com ®g conhecidos. Basicamente, em solugcbes de amostras padrbes e de
amostras problema, no mesmo cumprimento de onda de excitagcdo, pode-se assumir que é
absorvido 0 mesmo numero de fotons. Assim, uma razdo simples da intensidade integrada de
fluorescéncia das duas solucbes (medidas em condicdes identicas) ird produzir a razdo entre 0s

valores de rendimento quantico.

2l Lee, M.; Rhodes, A.L.; Wyatt, M.D.; Forrow, S.; Hartley, JA. Biochemistry. 1993, 32, 4237.
2 Kandagal, P.B.; Ashoka, S.; Seeytharamappa, J.; Shaikh, SM.T.; Jadegoud, Y .; ljare, O.B.; J. Pharm Biomed. Anal. 2006, 41,
393.
2 Feng, X.Z.; Lin, Z.; Yang, L.J; Wang, C.; Bai, C.L.; Talanta. 1998, 47, 1223.
24 williams, A.T.R.; Winfield, S.A. and Miller; Analyst. 1983, 108, 1067.
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Procedimento

1. Registrou-se o espectro de UV-vis do fundo solvente para a amostra escolhida, padréo ou
composto a estudar, anotar o valor da absorbancia no comprimento de onda de trabalho.

2. Registrou-se o espectro de fluorescéncia da mesma solucéo numa cubeta de 10 mm. Calcular
e anotar aintensidade integrada de fluorescéncia (area sob a da curva).

3. Foram repetidos os passos anteriores para cinco solugbes aumentando a concentragdo da
amostra escolhida, padr&o ou composto a estudar.

4. Foi feito o grafico de intensidade de fluorescéncia integrada versus absorbancia. O resultado
deve ser uma linha reta com coeficiente angular m, e intercepto = 0.

Com os valores de coeficiente angular obtidos do gréfico para amostra padréo como para
amostra em estudo, os valores absolutos de rendimento quantico sdo calculados pela seguinte
equacao:

Dy = Dpa M/ M) (1 1 pec)

Onde pad = amostra padrdo, x = amostra a estudar e n = indice de refracdo dos solventes.

Foram preparadas solugdes de sulfato de quinina (Pg=0,54), como padrdo (10 mg em 10
mL de H,S0,), e dos compostos (10 mg em 10 mL de acetonitrila). Tomamos uma aliquota de 1
mL das solucbes anteriores e diluimos num bal& volumétrico de 5 mL. Os espectros de
absorcdo foram feitos numa cubeta de 5cm de caminho éptico, onde em 15 mL de DMF foram
colocadas aliquotas de 50uL das solu¢do de estudo por 5 vezes. Para obter os espectros de
fluorescéncia, 3 mL da solugdo usada para obter os espectros de absorcéo, foram passados para
uma cubeta de 1cm de caminho 6ptico.
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3 — HIDRAZONAS DERIVADAS DE IMIDAZOL COMO NOVOS
AGENTESANTIFUNGICOS

Foram sintetizadas 12 hidrazonas derivadas de imidazol usando o método descrito na
secdo 2.2.2. Os compostos sintetizados foram: 4(5)imidazol-carboxal deido-acetilhidrazona
[4(5)ImMeg] (1), 4(5) imidazol-carboxaldeido-benzoilhidrazona [4(5)ImPh] (2), 4(5) imidazol-
carboxaldeido-para-cloro-benzoilhidrazona [4(5)ImpCIPh] (3), imidazol-carboxaldeido-para-
nitro-benzoilhidrazona [4(5)ImpNO2Ph] (4), 4-(1H-imidazol-1-il)benzaldeido-acetilhidrazona
(4lmBzMe) (5), 4-(1H-imidazol-1-il)benzaldeido-benzoilhidrazona (4lmBzPh) (6), 4-(1H-
imidazol-1-il) benzaldeido-para-cloro-benzoilhidrazona (41mBzpCIPh) (7), 4-(1H-imidazol-1-
il)benzaldeido-para-nitro-benzoilhidrazona (4lmBzpNO,Ph) (8), 4-(imidazol-1-il)acetofenona-
acetilhidrazona (4lmAcMe) (9), 4-(imidazol-1-il)acetofenona-benzoilhidrazona (41mAcPh) (10),
4-(imidazol-1-il)acetofenona-para-cloro-benzoilhidrazona (4lmAcpCIPh) (11) e 4-(imidazol-1-
il)acetofenona-para-nitro-benzoilhidrazona (4lmAcpNO,Ph) (12). As estruturas genéricas desses
compostos encontram-se na Figura 3.1.

/2 H /1 5——6 Rl
AN,/ N N\,
N AN\
2
N N—NH 2\3/ 9—8 \N—NH
H 3 A\ 3 4\
//‘E‘_—R 11— R
(1) R=CH, o) (5) Ri=H; R;= CH, //
0
(2) R=Ph (6) R;= H; R,= Ph
(3) R=pCIPh (7) R,= H; R,= pCIPh
(4) R=pNO,Ph (8) R,= H; R,= pNO,Ph
(9) R,;= CH,; R,= CH,
(10) R,=CH,; R,=Ph
(11) R,=CH,; R,= pCIPh
(12) R,=CH,; R,= pNO,Ph

Figura 3.1 — Estrutura genérica das hidrazonas derivadas do imidazol.

Os rendimentos das reagOes, temperaturas de fusdo e massa molar dos compostos
encontram-se na Tabela 3.1.
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Tabela 3.1 — Temperaturas de fusdo, massa molar e rendimentos de reagdes para as hidrazonas
derivadas do imidazol.

Composto g;rgﬁ::r P.F (°C) MM (gmol™) Rendimento (%)
4(5)lmMe (1) CHN,O  163-164 152,15 76
4(5)ImPh (2) CuHiN,O  276-278 214,22 81

4(5)ImpCIPh (3) CuHCIN,O  277-280 248,67 56
4(5)lmpNO,Ph (4) CuHoN:=O; >300 259,22 76
4mBzMe (5) CH1NLO 148-150 228,25 65
41mBzPh (6) Ci7H14N4,O 250-252 290,32 84
41mBzpCIPh (7) C17H1:CIN,O 244-245 324,76 92
4ImBzpNO,Ph (8) Ci7H13NsO5 261-263 335,31 96
4ImAcMe (9) C1sH14NL,O 210-211 242,27 68
4ImAcPh (10) CigH1sN4,O 242-243 304,34 92
4ImAcpClPh (11) C1sH15CIN,O 240-243 338,79 96
4ImAcpNO,Ph (12) CigH1sNsO5 279-281 349,34 76

As atribuices dos sinais de RMN de 'H e **C das hidrazonas encontram-se nas tabelas
(3.2 a3.4). As atribuicdes nos espectros de RMN de’H foram feitas com base nos deslocamentos
guimicos, multiplicidades e constantes de acoplamento para o espectro de cada composto. Os
carbonos do tipo (C, CH) foram determinados pelo experimento DEPT 135. As atribui¢cdes dos
carbonos e prétons foram feitas mediante experimentos de correlacdo 2D heteronuclear (HMQC)
usando valores correspondentes a *J(C, H). Os espectros de todos os compostos foram feitos em
DM SO-de.

No composto 1, trés sinais foram observados para cada hidrogénio e cada carbono nos
espectros de RMN de 'H e *3C, (Figura 3.2) o que indica a presenca de trés possiveis isdmeros
em equilibrio na solucéo. O carbono C(5)=0 apresenta, no espectro de RMN de *C, sinaisem &
171,89, 6 171,57 e 6 165,35; 0s dois primeiros sdo caracteristicos dos isbmeros Z e E, e o Ultimo
corresponde & presenca do tautémero enol, em equilibrio com as duas formas anteriores'.

Os sinais em 6 11,22; 6 11,03 e 6 9,76 foram atribuidos a N(1)H do anel imidazol do
enol, e aos isdmeros E e Z respectivamente. Os sinais em 6 13,30 e 6 12,93 foram atribuidos a
N(4)-H de Z e E, respectivamente. O sinal correspondente a O(5)-H do enol encontra-se

superposto com o de N(4)-H naformaE.

! Ray, A.; Banerjeg, S; Sen, S; Butcher, R. J; Rosair, G. M.; Garland, M. T.; Mitra, S.; Sruct. Chem. 2008, 19, 209.
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Figura 3.2 — Espetros de **C e *H de 4(5)ImMe (1) em DM SO-dk.

0
b W/ —
<©1 H \ /1\ /H 1< /1 H
'Z'/ N N «‘ N \1/
lgl\NH H’}l‘/g ’;l\N
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Figura 3.3 — Representacdo dos equilibrios isoméricos em solugdo do composto 4(5)imMe (1).

Nos espectros dos compostos 4(5)ImPh (2), 4(5)ImpCIPh (3) e 4(5)ImpNO,Ph (4) s6 um
sinal foi observado para cada hidrogénio e carbono. Os sinais para N(4)-H e N(1)-H encontram-
seem 014,29, 61434 e 614,55, e o 837, 6 8,39 e o6 8,37 para 0s compostos 2, 3 e 4
respectivamente, indicando que os mesmos estdo na configuragdo Z em solucéo (Tabela 3.2).
Os sinais de carbono C(5)=0 encontram-se em ¢ 162,81 e 161,26 para 2 e 3 respectivamente. No
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caso do composto 4 ndo foi possivel obter o espectro de RMN de **C devido a baixa solubilidade

do mesmo em DM SO.

Tabela 3.2 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e **C das
hidrazonas derivadas de 4(5)imidazol-carboxaldeido.

Atribuictes | N° 4(5)ImMe (1) AS)ImPh | 4(5)ImpCIPh | 4(5)ImpNO,Ph
z E Enol @) (3 (4)
H1 1 | 7,76(s) | 7.68(s) | 7.43(s) 7,75(3) 7,79(9) 7,82(3)
N(1) H 1 | 976(s) | 11,03(s) | 11,22(s) | 8,37(s) 8,39(s) 8,37(s)
H2 1 | 7.37(s) | 7.24(5) | 7.24(s) | 7,51(m) 7,55(3) 7,61(s)
H4 1 | 803(s) | 7,94(s) | 810(s) 8,11(s) 8,12(s) 8,13(m)
N(4)H 1 | 13,30(s) | 12,93(s) - 14,29(s) 14,34(s) 14,55(s)
O(5)H 1 - - 12,93(s) - - -
C(6)H3 1 | 202(s) | 216(s) | 1,94() - - -
7,89 7,95 .
H(7,11) 2 - - - 6. 8(6? s, 5(5) 8,18(m)
. 7,65 8,41
H(8,10) 2 - - - 7,53(m) 8, 6(4? 6, 8(90]')
H(9) 1 - - - 7,58(m)’ - -
C(2) 1 - 135,74 | 13553 135,03 135,59 -
C(2) 1 | 134,13 | 131,80 | 137,80 135,67 135,99 -
C(3) 1 | 137,36 | 120,19 | 121,25 121,26 121,61 -
C(4) 1 | 136,33 | 137,07 | 139,55 136,61 136,50 -
C(5) 1 | 171,57 | 171,89 | 16535 162,81 161,26 -
C(6) 1 | 2215 | 20,08 21,54 133,55 132,23 -
C(7,11) 2 - - - 127,44 128,81 -
C(8,10) 2 - - - 128,14 128,99 -
C(9) 1 - - - 131,54 136,61 -

[]: constante de acoplamento, em Hz

":Desdobramento padréio; no entanto, devido & sobreposi¢ao de sinai's s0 apenas observados multipletos

Os espectros dos compostos 5 e 9 mostram sinais duplicados para cada hidrogénio e
carbono, indicando a presenca de duas formas isoméricas na solucdo. Os sinais em 6 172,00 e
0 165,67 para 5; e 6 171,82 e 6 166,13 para 9 correspondem a C(11)=0 e C(11)-OH dos
tautdomeros ceto e enol respectivamente (Figura 3.4). Ossinaisem 611,49 em 5 e 610,51 em 9,
foram atribuidos a N(4)-H, indicando que o tautémero ceto esta na configuragdo E. Os sinais
correspondentes a O(11)-H da forma enol tém valoresde 6 11,35 em 5 e 6 10,41 para 9 (Tabelas
3.3e3.4).

Nos compostos 6, 7, 8, 10 e 11 um sinal € observado para cada hidrogénio e carbono. O
sinal de N(4)-H é observado entre 6 10,84 e 6 12,22, caracteristico da configuracdo E. 10 foi
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confirmado mediante um experimento de Efeito Nuclear Overhauser (NOE), figura 3.5. O sinal
de C(11)=0 encontra-se entre ¢ 161,46 e 6 163,12 para 0S cOmpostos 6, 7 e 8 e entre 6 166,13 e
0 171,82 para os compostos 10 e 11 respectivamente.

2 o = =
g 8 e\ a8\ &3
@ N N & g
- e AN M g TH N. 3.
4mBzMe (5) 1/2““--.‘,/0""\5 172N
5‘“‘"\3/?\"“10/H “"“*5/7\'\10/'—' )

150 2—_, 100 2, 50
ppm (1) N/ \ N/ \
oo™ 1 N 9 1 N 2
2 :; \‘/2\"“4/\\8 \1/2\4/ N 2 ggg
& 8 1 )l |O| S829
9 5 7 CH 5 7 CH
4imache(9) N2 NG 1 N N ) )
N
3™y 1 1
4
iy
HO”  TSCH, I
13 |
4 b
I : ; r - I . . - - T
150 100 50

pm (t1)

Figura 3.4 — Espetros de **C de 4ilmBzMe (5) e 4imAcMe (9) em DM SO-d.

4 \5
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N(4)-H

)

T T T L T T T T — T T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0

pom (t1)

Figura 3.5- Espectros RMN *H e NOE-DIFF do composto 4mBzpClIPh (7).
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Tabela 3.3 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e **C das

hidrazonas derivadas de 4-(1H-imidazol-1-il)benzaldeido.

L o 4mBzMe (5)

Atribuicbes | N° c ‘ = 41mBzPh (6) 41mBzpCIPh (7) 41mBzpNO,Ph (8)
H(1) 8,36(s) 8,38(s) 8,38(s) 8,38(s)
H(2) 7,15(s) 7,16(s) 7,16(s) 7,16(s)
H(3) 7,83(s) 7,86(s) 7,85(m) 7,85(s)

. 7,80(m) 7,63(d) 7,80(d)
H(5,9 2 7,76
9 ,76(m) [8,46] 8,29] 8.22]
. . 7,89(m) 7,91(d)
H(6,8) 2 7,81(m) 7,90(m) (8,50] (8,58
H(10) 1| 820(s) | 803(s) 8,52(s) 8,51(s) 8,52(s)
N(4)-H 1 | 11,49(s) - 11,95(s) 12,01(s) 12,22(s)
O(11)-H 1 - 11,35(5) - - -
C(12) Hs 3 | 1,99s) | 223(s) - - -
7,60(t) 7,78(m) 8,41(d)
H(14,16 2 -
(14,16) [7,58] [8,49] [7,12]
7,96(d) 7,97(d) 8,18(d)
H(13,17 2 -
(1319 [7,55] [8.27] [8,49]
7,60(t)
H(15 1 - - )
1o [7,58]
C(1) 1 135,45 135,45 135,45 135,42
C(2) 1 130,02 130,05 130,05 130,11
C(3) 1 117,75 117,72 117,71 117,70
C(4) 1 137,63 137,77 136,55 138,93
C(5,9) 2 120,30 120,27 120,29 120,30
C(6,8) 2 127,97 128,41 129,49 128,65
C(7) 1 132,70 132,66 132,54 132,34
C(10) 1 | 14449 | 141,38 146,62 146,96 147,72
C(11) 1| 172,00 | 165,67 163,12 162,03 161,46
C(12) 1| 21,58 20,12 133,30 131,97 137,99
C(13,17) 2 - 127,58 128,49 129,10
C(14,16) 2 - 128,41 128,49 123,27
C(15) 1 - 131,70 137,84 149,19

[]:constante de acoplamento, em Hz

":Desdobramento padréio; no entanto, devido & sobreposi¢ao de sinai's s0 apenas observados multipletos
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Tabela 3.4 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e **C das
hidrazonas derivadas de 4-(imidazol-1-il)acetofenona.

o o (4ImAcMe) (9)

Atribuicdes N° c ‘ = (41mAcPh) (10) (4lmAcpCIPh) (11)
H(2) 8,33(s) 8,36(s) 8,36(s)
H(2) 7,14(s) 7,14(s) 7,14(s)
H(3) 7,80(s) 7,83(s) 7,83(s)

7,70(d) 7,74(d) 7,75(d)
H(5,9 2
(59) [8,64] [8,07] [7,60]
7,90(d) 7,95(d) .
H(6,8 2 7,92
(6.8) 8,64] [6,36] ,92(m)
NH(4) 10,51(s) - 10,84(s) 10,91(s)
OH(11) - 10,41(s) - -
CH3(12) 2,27(s) 2,29(s) 2,40(s) 2,40(s)
CH;3(13) 3 2,26(s) 2,06(s) - -
7,89(d) .
H(14,18 2 - 7,92
( 1 ) [6,62] 1 (m)
7,56(t) 7,60(d)
H(15,17 2 -
(1517 [7,98] [8.17]
7,56(t)
H(16 1 - -
(16) [7,98]
C(D) 1 135,42 135,43 135,46
C(2) 1 129,96 131,37 130,10
C@®3 1 117,76 117,73 117,76
C(4) 1 136,53 136,29 136,19
C(5,9 2 119,84 119,70 119,75 119,76
C(6,8) 2 127,28 127,60 128,27 130,01
C(7) 1 137,00 137,14 137,37 137,49
C(10) 1 145,78 149,31 153,79 155,34
C(11) 1 171,82 166,13 168,03 167,27
C(12) 1 13,38 13,83 14,49 14,50
C(13) 1 20,84 21,65 134,02 132,66
C(14,18) 2 - 127,62 127,86
C(15,17) 2 - 128,05 128,27
C(16) 1 - 131,23 141,40

[]:constante de acoplamento, em Hz

":Desdobramento padréio; no entanto, devido & sobreposi¢ao de sinai's S0 apenas observados multipletos




Devido a baixa solubilidade apresentada pelo composto 12 nos solventes testados néo foi
possivel obter seus espectros de RMN.

As principais bandas nos espectros de infravermelho das hidrazonas encontram-se na
Tabela 3.5. As bandas que normalmente sGo mais afetadas pela coordenagdo aos metais sdo
aguelas referentes a v(N-H), v(C=N) e v(C=0).

Tabela 3.5 — Bandas nos espectros de infravermelho (cm™) de hidrazonas derivadas de imidazol.

Compostos UN-H  uN-Himidaz CHs; vC=0 vC=N  VC=C+C=Nom
Vass Us

4(5)ImMe (1) 3210 3097-3004 2930 2864 1675 1615 1587-1536
4(5)ImPh (2) 3213  3100-3027 - - 1644 1626 1575-1561
4(5)ImpCIPh (3) 3200  3100-3058 - - 1660 1615 1598-1561
4(5)ImpNO,Ph (4) 3159 3127-3063 - - 1687 1619 1601-1561
4mBzMe (5) 3171 - 2978 2863 1659 1618 1610-1531
41mBzPh (6) 3195 - - - 1678 1610 1568-1526
41mBzpCIPh (7) 3189 - - - 1678 1608 1594-1521
4ImBzpNO,Ph (8) 3194 - - - 1687 1606 1600-1519
4ImAcMe (9) 3183 - 2933 2873 1674 1615 1607-1522
4ImAcPh (10) 3139 - - - 1663 1614 1603-1523
4ImAcpClPh (11) 3240 - - - 1661 1611 1592-1513
4ImACcpNO,Ph (12) 3136 - - - 1665 1616 1599-1520

3.1 —Estruturascristalograficas

Os cristais dos compostos foram obtidos, por evaporacdo lenta do solvente, a partir das
aguas maes. O composto 3 cristalizou-se com uma molécula de agua. A Figura 3.6 mostra 0s
diagramas ORTEP das estruturas resolvidas dos compostos.

Os cristais de imidazol-carboxaldeido-para-cloro-benzoilhidrazona 4(5)ImpCIPh (3), 4-
(1H-imidazol-1-il)benzaldeido-benzoilhidrazona (4lmBzPh) (6), 4-(1H-imidazol-1-
il)benzaldeido-para-cloro-benzoilhidrazona  (4lmBzpCIPh) (7) e  4-(1H-imidazol-1-
il)benzaldeido-para-nitro-benzoilhidrazona (4lmBzpNO,Ph) (8) foram montados em uma fibra
de vidro para coleta de dados. A coleta de dados de Raios X foi realizada em um difratbmetro
Oxford-Diffraction GEMINI (LabCri) usando fonte de grafite MoKa (A= 0,71069 A) para 6, 7 e
8, e radiagdo Cu Ka (A= 1,54180 A) para o composto 3, todos a 293(2) K. A coleta dos dados
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dos cristais foi realizada usando o programa Crysalis”. As estruturas foram resolvidas usando-se
métodos diretos do programa SHELXS-97° e refinadas pelo método de minimos quadrados F?
usando SHELXL—-97*. Os parametros posicionais e deslocamentos anisotropicos foram refinados
para todos os &omos, exceto hidrogénios. Os &omos de hidrogénio foram posicionados
geometricamente considerando o grupo a que estdo ligados ou localizados através do mapa de
diferenca de Fourier. Os desenhos das estruturas moleculares foram obtidos pelo programa
ORTEP. A Tabela 3.6 mostra um resumo dos dados de cristais, detalhes e resultados
experimentais.

Os gquatro compostos cristalizaram no sistema monoclinico com uma molécula por
unidade assimétrica. Os compostos 6, 7 e 8 adotaram a configurac@o E no cristal com respeito a
ligacdo dupla C(10)-N(3) e a conformacdo E em relacdo a ligagdo C(11)-N(4). O composto 3
adota a configuragdo Z com respeito a ligacdo dupla C(4)-N(3) e a conformagdo E referente &
ligagdo C(5)-N(4), com uma fraca ligagdo de hidrogénio entre N(4)-H e N(2) do anel imidazol.

Os esgueletos hidrazonicos [CC(O)NNC] nas quatro edruturas sdo essencialmente
planos, com desvios rms para 0s &omos nos planos calculados de 0,0402 A (3), 0,0476 (6),
0,0287 (7) e 0,0371 (8) A, respectivamente. Os comprimentos de ligagcdo sdo similares aos
descritos anteriormente na literatura para este tipo de hidrazonas’.

No composto 3 0 anel imidazol estd quase coplanar com o esqueleto hidrazdnico
formando um angulo diedro de 8,68° enquanto que o angulo diedro formado pelo anel fenilae o
plano do esqueleto hidrazénico é de 24,76°.

Entre os compostos da mesma familia 6, 7 e 8, mesmo tendo estrutura semelhantes
observam-se algumas diferencas, por exemplo, no angulo C(16)-C(15)-C(14) com valores de
118,7°(3), 121,65° (13) e 122,04° (19) para 6, 7 e 8 respectivamente. A possivel explicacdo para
este fato é que no carbono 15 encontram-se ligados diferentes substituintes em cada um destes
compostos. H em 6, Cl em 7 e NO, em 8. Este fato pode estar relacionado com o aumento do
efeito retirador dos substituintes ou aumento do tamanho dos mesmos. O mesmo acontece para
0O(1)-C(11)-C(12) onde o valor do angulo diminui progressivamente desde o composto 6 ao 8
(Tabela 3.7), devido possivelmente ao mesmo efeito. Este efeito também pode estar associado ao

2 CrysAlis RED, Oxford Diffraction Ltd., Verson 1.171.32.38.SCALE3 ABSPACK scaling algorithm. CrysAlis RED, Oxford
Diffraction Ltd., Version 1.171.32.38.
s Sheldrick, G. M.; SHELXS-97; Program for Solution of Crystal Sructures, University of Goettingen, Goettingen, Germany.
1997.
* Sheldrick, G. M.; SHELXL-97; Programfor Crystal Sructures Analysis, University of Goettingen, Germany. 1997.
° Farrugia, L. J.; J. Appl. Crystallogr. (1999) 32, 837. Farrugia, L. J.; J. Appl. Crystallogr. 1997, 30, 565.
6 Despaigne, A.A.R.; Parrilha, G.L.; lzidoro, J.B.; da Costa, P.R.; dos Santos, R.G.; Piro, O.E.; Castellano, E.E.; Rocha, W.R.
and Beraldo, H.; Eur. J. Med. Chem. 2012, 50, 163.
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aumento progressivo do angulo diedro formado entre o anel fenila e o plano do esgueleto
hidrazonico o qual vai de 29,34° em 6, 36,80 ° em 7 até 48,40 °em 8. O aumento do volume dos
substituintes assim como das interagoes intermoleculares poderiam explicar este fato. O anel
imidazol encontra-se quase coplanar com o esqueleto hidrazonico, formando angulos diedros de
4,01, 5,68 e 8,73° nos compostos 6, 7 e 8 respectivamente.

Estes compostos apresentam ligacdo de hidrogénio intermolecular, entre o domo de
nitrogénio N(4)-H(4) de uma molécula e o &omo de nitrogenio N(1) de outra molécula (Tabela
3.8).
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Figura 3.6 — Diagramas ORTEP das hidrazonas 4(5)ImpCIPh (3), 4imBzPh (6), 4imBzpCIPh
(7) e 4imBzpNO,Ph (8).
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Tabela 3.6 — Dados cristalograficos e parédmetros de refinamento estrutural para as hidrazonas 4(5)ImpCIPh (3), 4imBzPh (6), 4imBzpCIPh (7) e
41mBzpNO,Ph (8).

Compostos

3 6 7 8
Formula Empirica C11HgCIN4O, Ci7H14N4O Ci7H13CIN,O Ci7Hi3 N5 O3
Peso Molecular 264,67 290,32 324,76 335,32
Sistema Cristalino monoclinico monoclinico monoclinico monoclinico
Grupo Espacial P2,/n P2,/c P2,/c P2,/c
aA) 3,797(5) 8,2352(7) 8,2223(9) 8,3380(4)
b, A 14,791(5) 19,9342(15) 20,3167(16) 20,0263(9)
Dimensies da c, A 21,238(5) 9,0910(9) 9,4160(10) 9,5716(4)
cdula unitéria a, ° 90(5) 90 90 90
B,° 92,163(5) 105,996(9) 108,679(12) 104,342(5)
1,° 90(5) 90 90 90
Volume, A® 1191,9(16) 1434,6(2) 1490,1(3) 1548,45(12)
Z, Densidade calc., Mg/m® 4; 1,475 4; 1,344 4; 1,448 4; 1,438
Coeficiente de absorcgo, mm™ 2,864 0,088 0,266 0,103
(continua)
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Tabela 3.6 — Dados cristalograficos e paré@metros de refinamento estrutural para as hidrazonas 4(5)ImpCIPh (3), 4imBzPh (6), 4imBzpCIPh (7) e

41mBzpNO,Ph (8). (continuagdo)
Compostos 3 6 7 8
F(000) 544 608 672 696
Dimensdes do cristal, mm - 0,36 x 0,34 x 0,28 0,37x 0,32x 0,30 0,30x 0,28x 0,26

0 Intervalo de coleta de dados 3,64-62,73 2,77 - 26,37 2,80 -26,37 2,72- 26,37
-2<=h<=4 -10<=h<=10 -8<=h<=10 -10<=h<=10
Interval os de hkl -16<=k<=16 -20<=k<=24 -22<=k<=25 -25<=k<=19

-24<=|<=24 -11<=I<=11 11<=I<=11 11<=I<=11

2379/ 2379 8232 /2933 8389/ 3044 8896 / 3165

Reflexdes col etadas

[R(int) = 0,0000]

[R(int) = 0,0818]

[R(int) = 0,0218]

[R(int) =0,0521]
Completeza 96,3% 99,9 % 99,9 % 99,9
S 1,056 0,667 1,009 0,761
Dados/ restrigdes / paré@metros 2379/0/171 2933/0/199 3044 /0/ 208 3165/0/ 227
, R1 = 0,0665 R1=0,0398 R1=0,0347 R1=0,0410
Indices finais R [[>26(1)]
WR2 = 0,1845 wR2 = 0,0613 WR2 = 0,0922 wR2 = 0,0768
Indices R (todos os dados) R1=0,0869 R1=0,1864 R1 = 0,0500 R1=0,1300
wWR2 = 0,2031 WR2 = 0,0772 wR2 = 0,0968 WR2 = 0,1452
Ap max./min. (€ A”) 0,288 - 0,224 0,165 - 0,160 0,184 - 0,218 0,167 - 0,154
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Tabela 3.7 — Distancias de ligagio [A] e angulos [°] selecionados das estruturas moleculares das
hidrazonas 4(5)ImpCIPh (3), 4imBzPh (6), 4mBzpCIPh (7) e 4imBzpNO,Ph (8).

Ligacéo 3 Ligacéo 6 7 8
C(3)-C(2) 1,372(6) N(2)-C(3) 1,365(3) 1,3709(18) 1,369(2)
C(2)-N(2) 1,349(6) C(3)-C(2) 1,336(3) 1,344(2) 1,340(3)
N(1)-C(2) 1,337(6) C(2)-N(2) 1,366(3) 1,3698(19) 1,375(3)
C(1)-N() 1,300(6) N(1)-C(2) 1,311(3) 1,3084(18) 1,300(2)
N(2)-C(3) 1,388(5) C(1)-N() 1,355(3) 1,3586(18) 1,351(2)

N(2)-C(4) 1,416(3) 1,4255(16) 1,427(2)
C(3)-C(4) 1,434(6) C(7)-C(10) 1,460(3) 1,4634(19) 1,458(3)
C(4)-N@3) 1,291(5) C(10)-N(3) 1,295(3) 1,2718(19) 1,261(2)
N(3)-N(4) 1,374(4) N(3)-N(4) 1,345(2) 1,3695(15) 1,373(2)
C(5)-N(4) 1,352(6) C(11)-N(4) 1,376(3) 1,3577(17) 1,350(3)
C(5)-0(1) 1,218(5) C(11)-0(2) 1,218(3) 1,2216(16) 1,218(2)
C(5)-C(6) 1,494(5) C(11)-C(12) 1,485(3) 1,4930(18) 1,492(3)

Angulos 3 Angulos 6 7 8

C(5)-N(4)-N(3) 119.1(3) N(3)-N(4)-C(11) 119,1(2) 117,78(11) 118,73(16)
N(4)-N(3)-C(4) 114.5(4) N(4)-N(3)-C(10) 115,1(2) 117,23(11) 116,43(17)
N(4)-C(5)-C(6) 115.2(4) N(4)-C(11)-C(12) 114,7(2) 116,14(12) 115,39(18)
N(4)-C(5)-O(1) 123.0(4) N(4)-C(11)-0O(2) 122,1(3) 122,59(13) 123,65(18)
C(6)-C(5)-0(2) 121.8(4) C(12)-C(11)-0(1) 123,2(3) 121,25(13) 121,0(2)

Tabela 3.8 — Interagdes de hidrogénio [A] e angulos [°] das hidrazonas 4(5)ImpCIPh (3),
41mBzPh (6), 4imBzpCIPh (7) e 4imBzpNO,Ph (8).

Compostos D-H-A dD-H)  dHA)  dD-HA)  (D-HA)
N(1)-H(1A)O(1)#5 0,86 1,96 2,799(5) 164,4
3 N(1)-H(1A)"N(3)#5 0,86 2,67 3,242(5) 125,4
N(4)-H(4A) "N(2) 0,86 2,00 2,698(5) 137,0
6 0,86 2,25 3,075(3) 159,5
7 N(4)-H(4) " N(1)#1 0,86 2,30 3,1412(16) 166,9
8 0,86 2,24 3,093(2) 170,1

Codigos de smetria: #1 -x+1,y+1/2,-z+1/2; #2 -x+1,-y+1,-z+1; #3x,y-1,z; #4 -X,-y+1,-z; #5 -x+2,y-1/2,-z+3/2.
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3.2 — Ensaios biolégicos
Os testes da atividade antimicrobiana foram feitos pelo método de macrodiluicdo e os

testes de atividade antifungica pelo método de microdiluigao.
3.2.1— Atividade antimicrobiana
3.2.1.1-Método de macrodilucéo

Os compostos foram testados contra as bactérias gram-positivas Staphylococcus aureus
(ATCC 6538) e Enterococcus faecalis (ATCC 19433), bactéria gram-negativa Pseudomonas
aeruginosa (ATCC 9027) e o fungo Candida albicans (ATCC 10231 e 18804). A determinagéo
das concentracOes inibitérias minimas (CIM) foi realizada de acordo com o procedimento
descrito na parte experimental (2.3.1). Todas as hidrazonas se mostraram inativas frente a estes

microorganismos.
3.2.2 — Atividade antifangica
3.2.2.1 —-Méodo de microdilucéo

A atividade antifungica das hidrazonas foi avaliada frente aos fungos Candida glabrata
ATCC 2001 e C. albicans ATCC 18804, Cladosporium cladosporioides (LABB 6) e Aspergillus
flavus (LABB 44). A determinagdo das concentrages inibitorias minimas (CIM) foi realizada de
acordo com o procedimento descrito na parte experimental (2.3.2). Os resultados dos testes
biolbgicos estdo apresentados natabela 3.9.

Cinco hidrazonas ndo mostraram atividade frente aos quatro fungos testados. O composto
1 sO apresentou atividade frente a A. flavus possuindo um estreito espectro de atividade. O
composto 3 foi ativo contra todos os fungos testados mostrando os melhores resultados, com
MICso = 15,7 e 7,8 umol'L™, contra C. glabrata e C. cladosporioides, respectivamente. Por
outro lado, o composto 4, substituido com o grupo p-NO.Ph foi ativo contra o crescimento de
todos os microorganismos testados, mostrando maior atividade do que o controle nistatina
(MICso = 1,05 pmol'L™) contra C. glabrata (MICsp < 0,9 pmol'L™) e C . cladosporioides (MICso
= 1,6 pmolL™). A presenca do grupo p-NO.Ph no composto 4 parece ser muito eficaz para
aumentar tanto a atividade biol6gica como a eficacia dos compostos. Embora o composto 2 fosse
ativo contra trés dos fungos testados, foi contra C. glabrata gue apresentou a maior atividade
(MICs < 1,2 umol'L™). A atividade do composto 3 contra esse microrganismo foi menor, mas
nd menos importante (MI1Csy = 15,7 umoI'L‘l). Desta forma, os substituintes. Ph, p-CIPh e p-

NO,Ph parecem estar ligados ao aumento da atividade dos compostos contra C. glabrata.
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Tabela 3.9 —Cl M5, das hidrazonas derivadas do imidazol contra fungos fitopatogénicos e
patogénicos humanos

CIMso (umolL™)

Compostos

C. glabrata C.albicans A flavus C. cladosporioides
4(5)imMe (1) >1643 >1643 1643 >1643
4(5)ImPh (2) <1,2 >1167 >1167 1167

4(5)ImpCIPh (3) 15,7 1005,2 >1005,2 7.8
4(5)mpNO,Ph (4) <0,9 >964,4 482,2 1,9
4mBzMe (5) >1095,2 >1095,2 >1095,2 >1095,2
41mBzPh (6) >861,1 >861,1 >861,1 >861,1
41mBzpClPh (7) 769,8 >769,8 >769,8 >769,8
41mBzpNO,Ph (8) >745,6 >745,6 >745,6 >745,6
4dImAcMe (9) >1031,9 >1031,9 >1031,9 >1031,9
4ImAcPh (10) >821,4 >821,4 >821,4 >821,4
41mAcpClIPh (11) 1,4 >737,9 >737,9 >737,9
41mAcpNO,Ph (12) <0,68 >715,6 >715,6 >715,6
Nistatina 1,05 >269 >269 >269

Contra C. albicans sO6 0 composto 3 resultou ativo, porem sendo duas ou trés vezes

menos ativo que o controle. Entre a série de compostos estruturalmente relacionados 5-12,

apenas trés deles (7, 11 e 12) foram ativos, mas sd0 todos consistentemente ativos contra a

levedura C. glabrata, sugerindo um mecanismo seletivo de agdo. A atividade dos compostos 11

e 12 foi muito alta em comparagdo com a atividade do composto 7.
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4 —-HIDRAZONAS DERIVADAS DA PIRIDINA: NOVOS CANDIDATOSA
FARMACOSANTITUMORAIS PARA TRATAMENTO DE GLIOMAS

Foram preparados dez hidrazonas derivadas de piridina usando o método de sintese
descrito na secdo 2.2.1. Os compostos sdo: 2-formilpiridina para-cloro-benzoilhidrazona
(H2FopCIPh) (13), 2-formilpiridina para-nitro-benzoilhidrazona (H2FopNO.Ph) (14), 2-
acetilpiridina acetilhidrazona (H2AcMe) (15), 2-acetilpiridina benzoilhidrazona (H2AcPh) (16),
2-acetilpiridina para-cloro-benzoilhidrazona (H2AcpCIPh) (17), 2-acetilpiridina para-nitro-
benzoilhidrazona (H2AcpNO.Ph) (18), 2-benzoilpiridina acetilhidrazona (H2BzMe) (19),
2-benzoilpiridina  benzoilhidrazona  (H2BzPh) (20), 2-benzoilpiridina  para-cloro-
benzoilhidrazona (H2BzpCIPh) (21) e 2-benzoilpiridina para-nitro-benzoilhidrazona
(H2BzpNO,Ph) (22). A Figura 4.1 mostra as estruturas desses compostos.

(13)-R=H; R,=pCIPh

4
P (14)-R=H; R,=pNO,Ph
T T (15)-R=R,=CH,
6\ g 2\ - R (16)-R=CH: Ry=Ph
N / (17)-R=CH,; R,=pCIPh
(18)-R=CHj; R,=pNO,Ph
N\
2 SNH (19)-R=Ph; R,=CH,
T (20)-R=R,=Ph
/8\ (21)-R=Ph; R,=pCIPh
o) R,

(22)-R=Ph; R,;=pNO,Ph
Figura 4.1 — Estrutura genérica das hidrazonas derivadas da piridina.

Os rendimentos das reagOes, temperaturas de fusdo e massas molares dos compostos
est@o descritos na Tabela 4.1. Os rendimentos das reagdes foram satisfatorios.



Tabela 4.1 — Temperaturas de fusdo, massas molares e rendimentos de reagdes para hidrazonas

derivadas da piridina

Composto Formula molecular P.F (°C) MM (gmol ™) Rendimento (%)
H2FopClPh (13) CH1NsOCl 172,0-175,0 259,69 60
H2FopNO,Ph (14) CuH1oN.Os 218,0 -220,0 270,24 87
H2AcMe (15) CoHuN:O 160,3 -161,8 177,20 65
H2AcPh (16) CuHuN:O 147,4-148,2 239,27 54
H2AcpClPh (17) CuHLN:OC 167,0-169,0 273,71 50
H2AcpNO,Ph (18) CuHuNLOs 220,0 - 224,0 284,27 88
H2BzMe (19) CuH1NO 96,8 -99,3 239,27 36
H2BzPh (20) CiHisNO 140,5 - 142,9 301,34 83
H2BzpCIPh (21) CH1uNOCl 166,3 -167,9 335,78 76
H2BzpNO,Ph (22) CasH1aN.Os 230,0 - 2330 346,34 65

As atribuigdes dos sinais dos espectros de RMN de *H e **C das hidrazonas encontram-se
nas Tabelas 4.2 a 4.4. Os sinais de *H foram atribuidos tomando como base os deslocamentos
guimicos, as multiplicidades e as constantes de acoplamento para 0 espectro de cada composto.
Os carbonos C e CH foram atribuidos pelo experimento DEPT 135. As atribui¢des dos carbonos
e hidrogénios foram feitas mediante experimentos de correlacéo 2D heteronuclear (HMQC)
usando valores correspondentes a *J(C, H).

No caso das hidrazonas derivadas da 2-formil piridina, H2FopCIPh (13) e H2FopNO,Ph
(14) os espectros foram feitos em DMSO-ds. S6 um sinal foi observado para os hidrogénios e
carbonos de H2FopClPh (13) nos espectros de RMN *H e **C. O sinal em 612,11 foi atribuido a
N3-H em ligagdo de hidrogénio com o solvente (DMSO-ds), caracteristica de isdmero na
configuracdo E *. Os sinais em & 148,4 e § 162,3 foram atribuidos aos carbonos C7=N e C8=0,
respectivamente?.

Nos espectros de RMN de *H e *C de H2FopNO,Ph (14) os sinais de todos os

hidrogénios e carbonos estdo duplicados, indicando a existéncia de isdbmeros, nas configuragoes

lPerez-ReboIIedo, A.; Vieites, M.; Gambino, D.; Piro, O. E.; Cagtelano, E. E.; Zani, C. L.; Souza-Fagundes, E. M.; Teixera,l.
R.; Batista, A. A.; Beraldo, H.; J. Inorg. Biochem. 2005, 99, 698.
2Perez-ReboIIedo, A., Piro, O.E.; Castellano, E.E.; Teixeira L.R.; Batista,A.A.; Beraldo, H.; J. Mol Struc. 2006, 18, 794.
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E e Z na solucdo® (ver Figuras 4.2 e 4.3), encontrando-se 0 isdmero E em maior proporcao
(80%). De fato, dois sinais de N3-H sdo observados, em 6 15,83 e 6§ 12,33, e foram atribuidos
aos isomeros Z e E, respectivamente. No primeiro caso, N3-H, encontra-se ligado ao nitrogénio

134567 De maneira

da piridina, enquanto que no segundo N(3)-H se encontra ligado ao solvente
similar os sinais de C8=0 em ¢ 182,9 e § 161,7 sdo atribuidos aos isdbmeros Z e E. Os valores
atos de frequéncias para os sinais N3-H e C8=0 sdo devidos a presenca da ligacdo de

hidrogénio N3-H~Np, no isbmero Z°.

PN
@ @)
6 2 H
NN \ql/ 7
1 | - - H
l;l\lng HI%I/ 2
|
O/S\T/G“\r r/ 14\5‘,/8\0
_ 10\11/12\N02 OZN/12\11/10 ]

Figura 4.2 — Isbmeros configuracionais Z e E de H2FopNO,Ph (14)

s Bastos, A.M.B.; Alcantara,A.F.C.; Beraldo,H.; Tetrahedron. 2005, 61, 7045.

4 Pérez-Rebolledo,A.; de Lima,G.M.; Spezidi, N.L.; Piro,0.E.; Castellano,E.E.; Ardisson,J.D.; Beraddo, H.; J. Organomet.
Chem. 2006, 691, 39109.

5 Reballedo, A.P.; de Lima, G.M.; Gambi, L.N.; Spezidli, N.L.; Maia, D.F.; Pinheiro, C.B.; Ardisson, J.D.; Cortés, M.E;
Berado, H.; Appl. Organometal. Chem. 2003, 17, 945.

6Costa R.F.F.; Rebolledo, A.P.; Matencio, T.; Callado, H.D.R.; Ardisson, J.D.; Cortés, M.E.; Rodrigues, B.L.; Berado, H.; J.
Coord. Chem. 2005, 58, 1307.

7 Mendes, I. C.; Moreira, J.P.; Mangrich, A.S.; Balena, S.P.; Rodrigues, B.L.; Beraldo, H.; Polyhedron. 2007, 26, 3263.

8 Recio-Despaigne, A. A.; daSilva, J. G.; do Carmo, A. C. M.; Sives, F.; Piro, O. E.; Castellano, E. E.; Beraldo, H.; Polyhedron.
2009, 28, 3797.
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Tabela 4.2 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H, *3C e Dept 135

das hidrazonas derivadas de 2-formilpiridina (DM SO-ds)

H2FopNO,Ph (14)
Atribuicoes N° H2FopCIPh (13)
z E

H3 1 7,96(d) - 8,01(d)
H4 1 7,88(t) 7,99(t) 7,91(t)
H5 1 7,42(t) 7,63(t) 7,45(t)
H6 1 8,62(d) 8,92(d) 8,64(d)
H7 1 8,48(9) - 8,50()
H(10,14) 2 7[;’2;? : 8[;(7‘]3')
H(11,13) 2 7[22(6‘:]‘) ] 5;22(1?
N3-H 1 12,11(s) 15,83(9) 12,33(9)
C2 1 153,08 - 152,90
C3 1 119,88 - 120,01
c4 1 136,81 138,83 136,90
C5 1 124,40 - 124,60
C6 1 148,28 149,64 149,05
C7=N 1 149,45 - 149,53
C8=0 1 162,23 182,87 161,69
C9 1 131,80 - 138,74
C(10,14) 2 129,58 128,82 129,20
C(11,13) 2 128,56 124,71 123,70
C12 1 136,74 - 149,31

[ ]: constante de acoplamento, em Hz.
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Figura 4.3 — Espectro de RMN *H de H2FopNO,Ph (14) em DM SO-d.

Os espectros de *H e *C RMN das hidrazonas derivadas da 2-acetilpiridina: H2AcMe
(15), H2AcPh (16), H2AcpCIPh (17) e H2AcpNO,Ph (18), foram feitos em DM SO-ds e CDCl3,
aexcecdo do composto 6 que éinsoluvel em CDCl3

O composto 15 mostrou apenas um sinal nos espectros de RMN nos dois solventes. O
sinal de N(3)-H observado em 6 10,61 (DMSO-ds) e 6 8,95 (CDCI3) sugere que €ele encontra-se
na forma E nas duas solucgdes (Tabela4.4).

O espectro de RMN do composto 16 em CDCl; mostrou apenas um sinal para cada
hidrogénio e carbono, indicando a presenca de um s6 isdbmero configuracional. O sinal de N3-H
foi observado em 69,22, sugerindo a presenca do isdmero E. Outro espectro feito 24 h depois do
preparo da amostrae ndo apresentou alteragbes nos sinais em comparacdo ao primeiro indicando
e estével nas condicBes do andlise. No espectro de 16 realizado em DM SO-ds dois sinais para
cada hidrogénio e carbono foram observados, em concordancia com a presenca dos isOmerosE e
Z na solucdo®. Os sinais de N(3)-H em & 10,90 e & 15,80 foram atribuidos aos isdbmeros E e Z
respectivamente (97% de E e 3% de Z). A alta freqliéncia do sinal no isdmero Z é caracteristica
da ligagdo de hidrogénio de N(3)-H como nitrogénio da piridina, o que foi observado em
trabalhos anteriores™ %°,

° Recio-Despaigne, A. A.; Vieira, L. F.; Mendes, I. C.; DaCosta, F. B.; Speziai, N. L.; Berddo, H.; J. Braz Chem. Soc. 2010,
21, 1247.
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Os espectros de RMN de *H e **C de H2AcpCIPh (17) em DMSO-ds mostram sinais
duplicados para cada hidrogénio e carbono, em concordancia com a presenca de dois isOmeros
configuracionais (Figura 4.5). Os sinais em 6 10,96 e 6 15,86 foram atribuidos aos isdmeros E
(98%) e Z (2%), respectivamente®®. Devido & proporcao do isdmero Z na solucdo, b foi possivel
efetuar atribuicdo para alguns sinais de hidrogénio.

O espectro do composto H2AcpClIPh (17) em CDCl3 também mostrou sinais duplicados,
mas neste caso 0 espectro mostra caracteristicas da presenca do equilibrio ceto-enol™® (Figura
4.4). Defato o sinal de N(3)-H ndo é observado para um dos isdmeros, gue se encontra na forma
enol. Além disso, o sinal de C-O é observado em 6 167,44. A semelhanca da posi¢cdo dos sinais
dos carbonos do composto 17 com o composto H2AcPh (16) no mesmo solvente sugere que o
isdmero enol estd na forma E. Como exemplo, o sinal de C15 (acetil) foi observado em 611,36
paral7 e em 610,89 para o isdmero E de 16 no mesmo solvente. O ismero ceto exibe o sinal de
N(3)-H em ¢ 15,83, caracteristico da configuragcdo Z, e um sinal para C=0 em 6 163,40 (Figuras
45e4.6).

Nos espectros de H2AcpNO,Ph (18) em DM SO-ds apenas um sinal foi observado para
hidrogénio e carbono. O sinal de N(3)-H foi identificado em ¢ 11,22 sugerindo a presenca do

isOmero configuracional E, onde N(3)-H encontrase ligado por ligagdo de hidrogénio ao

solvente.
4 4
T/Q\T @)
BN /2\ _Ghs e‘s Q l CH
N 777 15 \N/ N, 157
1
H C
N
N2 2N
T ﬁ
14 8 13 ;
f/Q\T/ \O 14/: :\9/ \OH
CI/12\11/10 /12\ /10
cl 11
Ceto Enol

Figura 4.4 — Equilibrio tautomérico ceto-enol de H2AcpCIPh (17) em CDCl;

19 Ray, A.; Banerjeg, S; Sen, S.; Butcher, R. J; Rosair, G. M.; Garland, M. T.; Mitra, S.; Struct. Chem. 2008,19, 209.
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Tabela 4.3 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e *3C das hidrazonas derivadas de 2-acetilpiridina

H2AcMe (15) | H2AcMe (15) | H2AcPh (16) | H2AcPh (16) H2AcpCIPh (17) | H2AcpCIPh (17) | H2AcpNO.Ph (18)
AtribuicBes | N° | DMSO-ds CDCl3 CDCl3 DMSO-ds CDCl; DM SO-ds DM SO-ds
E E E z E Enol(E) | Ceto(2) z E E
H3 1 8,05(d) 8,05(d) 7,87(d) 7,86(m) | 8,14(m) | 7,66(m) | 7,72(m) 8,10(m) 8,16(d)
H4 1 7,83(t) 7,69(t) 7,66(t) 8,12(m) | 7,85(m) | 7,94(m) | 7,72(m) 7,84(m) 7,91(t)
H5 1 7,39(1) 7,26(t) 7,25(m) 7,61(m) | 7,42(m) | 7,26(m) | 7,44(m) 7,43(t) 7,47(1)
H6 1 8,59(d) 8,58(d) 8,56(d) 8,91(d) | 8,66(d) | 8,58(d) | 8,73(d) | 8,92(d) | 8,62(d) 8,64(d)
N3-H 1 10,61(s) 8,95(s) 9,22(s) 15,80(s) | 10,90(s) 15,83(s) | 15,86(s) | 10,96(s) 11,21(s)
C(9)Hs 3 2,28(s) 2,36(s)
H(10,14) 2 7[:;(7(]1) 7,93(m)’ 7[:;31(2? 7,92(m)’ ?;Z(ZC]D
o | | | e |
H12 1 7,47(m)’ 7,61(m)’
C(15H; | 3 2,33(s) 2,41(s) 2,47(9) 2,49(s) | 2,46(s) | 2,48(s) | 2,55(5) 2,47(9) 2,50()
[ ]:Constante de acoplamento (continua)

":Desdobramento padréo, no entanto, devido & sobreposicio de sinais sdo apenas observados multipletos
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Tabela 4.3 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e *3C das hidrazonas derivadas de 2-acetilpiridina (continuac&o)

H2AcMe (15) | H2AcMe (15) | H2AcPh (16) H2AcPh (16) H2AcpCIPh (17) H2AcpCIPh (17) | H2ACpNO,Ph (18)
Atribuicdes | N° | DMSO-ds CDCls CDCls DMSO-ds CDCls DMSO-ds DMSO-ds
E E E z E Enol (E) | Ceto(2) E E

c2 1 147,50 148,40 144,99 144,60 | 14343 | 144,63 | 14358 144,35 149,10
Cc3 1 123,70 123,57 121,15 12475 | 12025 | 124,30 | 12834 120,22 120,43
C4 1 136,51 136,09 136,24 13863 | 13649 | 13633 | 13805 136,52 136,61
C5 1 119,75 120,14 123,90 12470 | 12398 | 124,19 | 124,02 124,25 124,25
C6 1 148,50 148,49 148,39 147,68 | 14852 | 14852 | 147,30 148,53 148,57
C7=N 1 155,12 155,17 154,83 152,43 | 15504 | 15474 | 15340 154,91 154,76
C8=0 1 172,97 173,85 163,12 16400 | 162,47 | 167,44 | 16340 163,14 162,69
c9 1 20,84 20,56 131,90 131,93 | 131,46 | 131,06 | 132.30 132,53 134,06
C(10,14) | 2 - - 127,24 128,15 128,94 129,98 129,52.
C(11,13) | 2 - - 128,60 128,15 128,92 128,19 123,30
C12 1 - - 133,26 13328 | 133,87 138,02 138,13 139,61
C15 1 11,74 10,86 10,89 1243 | 2207 | 1136 22,56 12,57 12,82

[ ]:Constante de acoplamento

":Desdobramento padrao, no entanto, devido & sobreposi¢do de sinais s80 apenas observados multipletos

51




15,800
W

T I

15.0 10.0
ppm (t1)
2 ; = |
s e
b b @) TR =
had & A3 | | | -
-\\'N/‘ ~ é\‘N'/!\“" _(I:b,
] T
Hi;l/. 'éxNH
. | i
1\7 -‘:\\gl/*% ‘l‘?f_'_&;\i,/‘\xo
ci !K\:-./I cl/""\_” . -
Z
[
| T
15.0 10.0
fppm (t1)

Figura 4.5 — Espectro de RMN de *H do composto H2AcpClPh (17): @) em CDCls, b) em
DMSO-ds

4
-

150

|
100

Figura 4.6 — Espectro de RMN **C das hidrazonas H2AcPh (16) e H2AcpCIPh (17) em CDCl;
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Os espectros das hidrazonas da 2-benzoilpiridina (19-22) foram feitos em CDCl; e
DMSO-ds, exceto para o composto H2BzpNO,Ph (22) que ndo foi solivel em DM SO-ds (Tabela
4.5). Emtodas as hidrazonas os sinais dos hidrogénios estdo duplicados em DM SO-ds, indicando
a presenca de duas formas isoméricas. Dois sinais sdo observados para N(3)-H entre §14-15e 6
10-12, sugerindo a existéncia dos isdmeros configuracionais Z e E (Tabela 4.5). No primeiro

caso N(3)-H encontra-se ligado a0 &tomo de nitrogénio da piridina e no segundo ao solvente™*"

12

Nos espectros de RMN *H dos compostos H2BzMe (7) e H2BzpClIPh (9) em CDCl; os
sinais de todos os hidrogénios estdo duplicados. Os sinais de N(3)-H em 615,21 e 613,85 foram
atribuidos aos isdmeros Z e os sinais em e 6 12,77 e 6 13,18 aos isdmeros E, respectivamente.
Para H2BzPh (20) e H2BzpNO,Ph (22) apenas um sinal é observado para cada hidrogénio em
CDCl3, sugerindo a existéncia de uma forma isomérica. O sinal paraN(3)-H de 615,12 e 6 15,50
é caracteristico do isdmero Z.

Os espectros de RMN *C dos compostos H2BzPh (20), em DMSO-ds, H2BzMe (19) e
H2BzpCIPh (21) em CDCIl3; também mostram sinais duplicados para quase todos os carbonos.
Os compostos H2BzPh (20) e H2BzpNO,Ph (22), em CDCl; apresentam um sinal para cada
carbono, em concordancia com o isdmero Z.

Na Figura 4.7 encontram-se ilustrados os espectros de HMQC de H2BzPh (20) nos
solventes CDCl; e DMSO-ds, respectivamente. Observa-se a presenca de um isOmero no
primeiro solvente e de dois no segundo. Isto é esperado devido ao DMSO-ds que favorece a
formacdo de ligagGes de hidrogénio em solugéo.

No composto 7 0 isdmero E encontra-se em maior proporgdo, em uma relagéo 10:1 em
CDCl3. Nos outros casos predomina 0 isOmero Z em uma propor¢do 10:3,2 e 10:1,2, paral1l9 e
20, en DM SO-ds, respectivamente; assim como 10: 1,6 e 10: 0,5 no composto 21, em DM SO-ds

e CDCl3, respectivamente.

" Recio-Despaigne, A. A.; Da Silva, J. G.; Do Carmo, A. C. M.; Piro, O. E.; Castellano, E. E.; Berado, H.; J. Molec. Struct.
2009, 97, 920.

2 Recio-Despaigne, A. A.; Da Silva, J. G.; Do Carmo, A. C. M.; Piro, O. E.; Castellano, E. E.; Beraldo, H.; Inorg. Chim Acta.
2009, 362, 2117.
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Tabela 4.4 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e *3C das hidrazonas derivadas de 2-benzoilpiridina

H2BzMe (19) H2BzMe (19) H2BZPh2O) | 0 H2BzpClIPh (21) | H2BzpClPh (21) H2BZINOPh (22)
Atribuicdes | N° DM SO-ds CDCl; DM SO-ds DOl DM SO-ds CDCl; el
yd E yd E yd E yd E yd E
H3 1 | 7,60(m) - 7,39(m) | 8,00(d) | 7.62(m) | 7,89(d) | 7,98(d) | 7,64(m) - 7,61(m) | 7,92(d) 8,32(m)
H4 1| 7,99(t) - 7,71(m) | 7,78(m) | 8,03(t) | 7,90(t) 7,81(t) 8,05(t) | 7,91(m) | 7,83(t) | 7,83(t) 7,87(t)
H5 1 | 7,46(m) - 7,36(m) | 7,29(m) | 7,40(m) | 7,37(m) |  7,42(m) | 7,38(m) - 7,60(m) | 7,38(m) 7,45(m)
H6 1 | 884(d) - 8,76(d) | 8,57(d) | 895(d) | 848(d) | 882d) | 897(d) | 848(d) | 881(d) | 854(d) 8,83(d)
N3-H 1 [ 12,33(s) | 11,99(s) | 13,85(8) | 12,77(3) | 14,72(s) | 10,15(s) | 15,12(5) | 14,75(s) | 10,37(s) | 15,21(s) | 13,18() 15,46(S)
COHs | 3| 226 1,98 | 248( | 237(9 - - - - - - - -
c2 1| 151,40 | 151,71 | 152,33 | 154,56 | 151,75 | 155,10 | 153,03 151,73 - 153,01 - 153,05
c3 1 | 124,56 | 124,46 | 123,99 | 121,64 | 127,11 | 124,93 | 127,50 124,92 | 124,05 | 126,15 | 124,33 124,24
ca 1 | 137,96 | 137,73 | 137,23 | 136,99 | 13832 | 136,68 | 137,57 138,37 | 136,72 | 137,61 | 136,42 137,90
c5 1| 12562 | 12528 | 12582 | 123,80 | 126,29 | 123,99 124,19 126,27 | 12597 | 126,88 | 124,50 124,62
C6 1| 148,97 | 14941 | 148,83 | 148,66 | 148,71 | 14853 | 147,82 148,78 | 148,66 | 149,08 | 147,77 147,81
c7=N |1 144,37 144,33 | 146,99 | 148,07 - 147,89 148,56 - 148,26 | 148,54 149,86
C8=0 | 1| 172,65 | 166,27 | 174,33 | 172,92 | 162,87 - 164,29 161,93 - 163,28 - 162,41
c9 1] 227 1,98 | 2057 | 19,92 | 13311 | 133,36 | 133,75 131,95 | 132,28 | 132,26 | 132,90 137,34
C12 1 - - - - 132,01 | 131,64 | 131,82 137,29 - 137,66 | 138,14 149,25
c15 1 137,34 137,71 | 137,48 137,37 137,67 136,80 - 137,61 | 137,04 139,50

55




As principais bandas nos espectros de infravermelho das hidrazonas encontram-se na
Tabela 4.5. As bandas que normalmente sGo mais afetadas pela coordenagdo aos metais sdo

aguelas referentes a v(C=N) e v(C=0).

Tabela 4.5 — Bandas nos espectros de infravermelho (cm™) de hidrazonas derivadas de piridina

Compostos uN-H vC=0 vC=N p(py)
H2FopCIPh (13) 3175 1651 1592 618
H2FopNO,Ph (14) 3227 1663 1601 618
H2AcMe (15) 3193 1681 1618 624
H2AcPh (16) 3181 1655 1616 620
H2AcpClIPh (17) 3287 1659 1607 623
H2AcpNO,Ph (18) 3188 1675 1601 619
H2BzMe (19) 3054 1663 1587 619
H2BzPh (20) 3063 1687 1601 614
H2BzpCIPh (21) 3064 1686 1603 615
H2BzpNO,Ph (22) 3105 1680 1592 615

4.1 — Estruturas cristalogr éficas

As estruturas cristalinas e moleculares das hidrazonas 13, 15, 19, 21 e 22 (Figura4.8 e
4.9) foram determinadas a partir dos monocristais obtidos por evaporagdo lenta em etanol. Os
parametros cristalograficos destes compostos encontram se na Tabela 4.6.

Os compostos 13 e 15 apresentam-se nos sistemas cristalinos ortorrdmbico (Pbca) e
monoclinico (P2,/c) com oito e quatro moléculas por cela unitéria, (Z=8) e (Z=4),
respectivamente. Eles encontram-se na forma E no cristal, em concordancia com os dados de
RMN gue mostram maior proporgdo em solucéo desse isdmero.

Os valores das distancias C8=0 e C7-N2 de 1,225(2) e 1,266(2) A para 13, e de 1,235(3)
e 1,281(2) A para 15 sfo caracteristicos de ligaggo dupla. A ligagdo N2-N3 tem o mesmo valor
1,376(2) A para os dois compostos, indicando a presenca de uma ligagio simples (Tabela 4.7 e
Figura4.8).
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A conformacdo destes compostos é estabilizada por uma forte ligagdo N-H---O
intermolecular [d(N3--O1") = 2,904(2) A, £(N3-H--01") = 163,19 para H2FopCIPh (13), e
[d(N3--017) = 2,982(2) A, Z(N3-H--01"") = 163,29 paraH2AcMe (15).

Figura 4.8 — Diagramas ORTEP das estruturas de H2FopClPh (13) e H2AcMe (15)

Nas hidrazonas derivadas de 2-benzoilpiridina, 0 composto 21 esta no sistema cristalino
triclinico (P-1), com duas moléculas por cela unitéria (Z=2), enquanto que 19 e 22 encontram-se
nos sistemas ortorrdombico (Pna2;) e monoclinico (P2;/a) com quatro moléculas por célula
unitaria (Z=4), respectivamente (Tabela 4.6). As distancias e angulos das ligagdes ndo mostram
diferencas significativas para esses compostos (Tabela 4.7). Os trés compostos apresentam
conformagdes similares, encontrando-se na forma Z no cristal, ver Figura 4.9. Egte resultado é
compativel com o determinado por RMN onde 0 isdbmero Z esta em maior propor¢éo em solucao.
Os valores das distancias C8=01 e C7=N2 sfo de 1,217(2) e 1,286 A para 19, 1,215(2) e
1,302(2) A para 21 e 1,214(2) e 1,297(2) A no composto 22, valores esperados para dupla
ligacbes. O valor do comprimento de N2-N3 é de 1,369(2) para os trés compostos, de acordo
com o caréter simples dessa ligacéo.

Os valores 120,2°(2) e 119,092) para os angulos C(7)-N(2)-N(3) e O(1)-C(8)-N(3) no
composto 19 sdo diferentes dos observados nos outros compostos da série, cujos valores sao
117,7°(2) e 124,3°(2) para 2l e 117,5°%2) e 124,19(2) em 22, respectivamente. Estas diferencas
se devem a presenca de um grupo metila ligado ao carbono C(8) na hidrazona 19 e de grupos
fenila nos outros compostos.

A conformacdo destas moléculas € estabilizada por uma forte ligacdo N-H--N
intramolecular [d(N3--N1) = 2,677(2) A, Z(N3-H---N1) = 133,1° para H2BzMe (19), 131,6° para
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H2BzpCIPh (21) e 135,3° para H2BzpNO,Ph (22)] (Tabela 4.8).

0,176 Aem?21e0,102 A em 2213,

O esqueleto Np,-C7=N2-
(N3H)-(C8=01) é quase planar com desvio médio quadrético para os aomos do esqueleto de

Figura 4.9 — Diagramas ORTEP das estruturas de H2BzMe (19), H2BzpCIPh (21) e
H2BzpNO,Ph (22).

Tabela 4.6 — Dados cristalogréficos e parametros de refinamento das hidrazonas

Compostos (13) (15) (19) (22) (22)
Formula Empirica CisH1CINGO  CoHiN=O CiuHN:O  CiHuCINGO  CiH1aN.Os
FormulaMolecular 259,69 177,20 239,27 335,78 346,34
Sistema Cristalino Ortorrébmbico  Monoclinico  Ortorrébmbico  Triclinico Monoclinico
Grupo Espacial Pbca P 2./c Pna2; P-1 P 2,/a
aA)  10,3547(3)  3,9946(2) 7,7909(4) 8,680(1) 13,9890(1)
S b A 7,7494(2) 12,4528(8)  15,285(1) 8,844(1) 7,4240(10)
dg'g“éﬂ?$ c, A 3050639  18,184(1) 10,6247(4)  11,376(2) 15,680(2)
UNitAria o’ 9 9 9 78,73(1) o)
B,° 90 94,525(4) 90 88,12(1) 92,610(10)
v° 90 o) 90 69,99(2) o)
Volume, A 2447,91 901,725 1265,2 804,20 1626,7
fﬂ’g[/)ri;'s'dade cc., g 1409 4; 1,009 4: 1,256 2: 1,387 4 1,414
;Zk;)efchmte de 0,302 0,099 0,082 0,248 0,099
SOrgé&o, mm
F(000) 1072 708 504 348 720
OIntevalodecolec® 5355599  280-2550  351-2600 2792600  2,92-25,02
de dados.
12<h<8,  -14<h<14  -9<h<, 10<h<10  -16< h< 14
Intervalos de hk| 9< k< 9, 8< k< 8, 18<k<18,  -10<k<10, -7<k<8,
-37<1< 30 18<1<18  -13<I<13 14<1<14 -18<I<18
(continua)

BRecio Despaigne, A.A.; Parrilha, G.L.; Izidoro, J.B.; da Costa, P.R.; dos Santcs, R.G.; Piro, O.E.; Castelano, E.E; Roch, W.R.;

Beraldo, H.; Eur. J. Med. Chem.. 2012, 50, 163.
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Tabela 4.6 — Dados cristalograficos e parametros de refinamento das hidrazonas (continuacdo).

Compostos (13) (15) (19) (21) (22)
CorrecBo daabsorcdo  None None None None None
Max. e min. transm. 0,967-0,923 0,9825-0,9662 0,990-0,984 - 0,9853-0,9671
S 0,994 1,050 1,045 1,082 1,077
Dados / restrigdes / 2395/0/163 1676/0/120 1303/1/165 3097/0/217  2797/0/236
parémetros
R1(obs.), R(todos)e 0,0410 0,0637 0,0369 0,0596 0,0553
0,0812 0,0828 0,1009 0,0631 0,0665
wR2(obs)), 0,0994 0,0996 0,0424 0,1590 0,1513
wR2(todos)e 0,1147 0,1695 0,1067 0,1636 0,1658
Codficiente de extingdo - - 0,07(2) - 0,21(3)

Tabela 4.7 — Distancia de ligaggo [A] e angulos [?] selecionados das estruturas moleculares das

hidrazonas.

Ligaco 13 15 19 21 22
C(2)-N(2) 1,334(2) 1,331(2) 1,351(3) 1,353(2) 1,353(2)
C(2)-C(7) 1,469(2) 1,493(2) 1,488(3) 1,484(2) 1,489(2)
C(6)-N(2) 1,338(2) 1,342(3) 1,337(3) 1,339(2) 1,335(2)
C(7)-N(2) 1,266(2) 1,281(2) 1,286(3) 1,302(2) 1,296(2)
N(2)-N(3) 1,376(2) 1,376(2) 1,369(3) 1,369(2) 1,369(2)
C(8)-0(2) 1,225(2) 1,235(3) 1,217(3) 1,215(2) 1,212(2)
C(8)-N(3) 1,347(2) 1,345(2) 1,361(3) 1,366(2) 1,360(2)
Angulo

N(1)-C(2)-C(7) 114,8(2) 116,8(2) 117,8(2) 118,3(2) 118,0(2)
N(2)-C(7)-C(2) 120,5(2) 114,9(2) 126,7(2) 127,2(2) 128,0(2)
O(1)-C(8)-N(3) 122,9(2) 119,5(2) 119,0(2) 124,3(2) 124,1(2)
C(7)-N(2)-N(3) 115,8(2) 118,4(2) 120,2(2) 117,7(2) 117,9(2)
C(8)-N(3)-N(2) 119,4(2) 120,2(2) 120,4(2) 119,7(2) 119,6(2)

Tabela 4.8 — Interagdes de hidrogénio [A] e angulos [°] das hidrazonas H2FopClPh (13),
H2AcMe (15), H2BzMe (19), H2BzpCIPh (21) e H2BzpNO,Ph (22).

Compostos ~ D-H--A d(D-H) d(H---A) d(D-H.--A) (D-H---A)
13 N(3)-H O(1)° 0,860(2) 2,106(2) 2,904(2) 163,1(2)
15 N(3)-HO(1)' 0,860(2) 2,148(2) 2,982(2) 163,2 (2)
19 0,860(2) 2,015(2) 2,677(2) 133,1(2)
21 N(3)-H"N(2) 0,860(2) 1,928(2) 2,612(2) 131,6(2)
22 0,860(2) 1,932(2) 2,613(2) 135,3(2)

Transformagdo de simetria usada para gerar &omo equivalente : * = 3/2-x, y-1/2, z; 2-X, -1-y, -z.
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4.2 — Ensaios bioldgicos
Os testes da atividade antimicrobiana foram feitos pelo método de macrodiluicdo e os
testes de atividade antifingica pelo método de microdiluicdo. A avaliacdo da atividade citotdxica

contra células tumorais foi feita pelo método de MTT.

4.2.1 — Atividade antimicrobiana
4.2.1.1 — M éodo de macrodilucdo

Os compostos foram testados contra as bactérias gram-positivas Staphylococcus aureus
(ATCC6538) e Enterococcus faecalis (ATCC 19433), bactéria gram-negativa Pseudomonas
aeruginosa (ATCC 9027) e fungo Candida albicans (ATCC 10231 e 18804). A determinagéo
das concentracOes inibitérias minimas (CIM) foi realizada de acordo com o procedimento
descrito na parte experimental (2.3.1). Os resultados obtidos est&o descritos na Tabela 4.9.

Tabela 4.9 — Concentracdo inibitéria minima das hidrazonas pelo método de macrodiluicéo.

CIM / pmolL™
Compostos S aureus P. aeruginosa E. faecalis ATCCC.aI : Cin'?cc
10231 18804
H2FopClPh (13) 240 >770 >739 1116 962
H2FopNO,Ph (14) >740 >754 >725 >462 ND
H2AcM e(15) >1173 >844 >1106 >719 ND
H2AcPh (16) 428 422 >819 179 213
H2AcpCIPh (17) 197 383 >738 86 46
H2AcpNO,Ph (18) 353 337 >696 111 179
H2BzM (19) >834 >1094 >852 >532 ND
H2BzPh (20) 177 >670 >657 105 ND
H2BzpClIPh (21) >619 >613 >601 69 ND
H2BzpNO,Ph (22) >600,5 >577 >577 750 ND
Tetraciclina 0,36 15 - - -
Fluconazol - - - 79 33
Ciproxacina - - 0,25 - -

ND: N&o determinado

As hidrazonas mostraram fraca atividade contra bactérias gram positivas e gram
negativas com valores de CIM maiores que os dos farmacos de controle. N&o obstante, algumas
hidrazonas apresentaram uma atividade significativa contra C. albicans. De fato, os valores de
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CIM determinados para H2AcpCIPh (17) (86 umol'L™) e H2BzpClIPh (21) (69 umol'L™), sio
comparaveis ao do fluconazol (CIM= 79 umolL™), farmaco de controle. Consequentemente, a

presenca do substituinte para-cloro no anel fenilico parece contribuir a0 aumento da atividade

antifungica nesses compostos.

4.2.2 — Atividade antifingica
4.2.2.1 —Méodo de microdilucdo

Foi avaliada a atividade antifingica das hidrazonas frente aos fungos Candida glabrata
ATCC 2001 e C. albicans ATCC 18804 e os fungos filamentosos Cladosporium cladosporioides
(LABB 6) e Aspergillusflavus (LABB 44). Os resultados obtidos est&o descritos na Tabela 4.10.

Tabela 4.10 — Concentragdo inibitoria minima das hidrazonas pelo método de microdiluigéo.

ClMso / pmol L™
Compostos
C. glabrata C. albicans A. flavus C. cladosporioides

H2FopClIPh (13) 120 120 30 120
H2FopNO,Ph (14) >925 >925 925 115
H2AcPh (16) <1 130,7 NA 1046
H2AcpCIPh (17) <0,87 57 457 914
H2AcpNO,Ph (18) <0,86 440,1 880,2 27,6

H2BzPh (20) NA NA 414,8 3.2
H2BzpCIPh (21) NA NA 372,2 372,2

H2BzpNO,Ph (22) <0,7 >722,5 >722,5 14

Nistatina 1,05 269 269 269

NA: Néo ativo

Os compostos 15, 17, 18 e 22 mostraram-se muito ativos frente a C. glabrata, com
valores de CIMsy menores que 1pmol'L™, com maior destaque dos derivados acetilados. No caso
da C. albicans os compostos 13, 16 e 17 foram 0os mais ativos com atividade superior ao farmaco
de controle (nistating). Novamente os derivados de 2-acetilpiridina resultaram ter maior
atividade. S6 o composto 13 mostrou uma atividade interessante frente a A. flavus, com valor de
CIMsp quase 9 vezes menor gue a nistatina. Os compostos 13, 14, 18, 20 e 22 foram mais ativos
gue a nigtatina frente a C. cladosporioides, com destaques para os compostos 18, 20 e 22 que
apresentaram uma atividade entre 9 e 192 vezes superior ao farmaco de referéncia
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A partir da analise geral das atividades pode-se observar que a presenca de substituintes

retiradores de elétrons no anel fenila parece aumentar a atividade antifingica dos compostos.

4.2.3 — Atividade citotdxica

O efeito citotoxico das hidrazonas foi testado em células de glioma maligno U87 (que
expressam a proteina pré-apoptética p53 selvagem) e T98 (que expressam a proteina pro-
apoptotica p53 mutante). Controle negativo foi tomado como sobrevivéncia de 100%. A Figura
4.10 apresenta a porcentagem de sobrevivéncia das células na presenca dos compostos estudados
na concentracdo de 1 umol-L™". A porcentagem de sobrevivéncia das células U87 frente as
hidrazonas derivadas de 2-acetilpiridina foi de 18-79 % enquanto que frente aquelas derivadas de
2-formil e 2-benzoilpiridina foram acima do 73%. Frente as células T98 sé foi possivel testar
seis compostos. A porcentagem de sobrevivéncia de células T98 frente as hidrazonas derivadas
da 2-acetilpiridina (16, 17 e 18) foi de 14-32 % enquanto e frente aquelas derivadas de
benzoilpiridina de 54 %. Em geral as hidrazonas derivadas das 2-acetilpiridina apresentaram

melhor perfil de inibi¢do frente a ambas as linhagens celulares na concentracao estudada.
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Figura 4.10 — Efeito citotoxico das hidrazonas derivadas da 2-formil, 2-acetil e 2-
benzoilpiridina frente a células de glioma U87 e T98. As células foram tratadas com o0s
compostos por 48h e a sobrevivéncia das células foi medida mediante o ensaio de MTT.
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Os resultados preliminares obtidos de sobrevivéncia das células nos instigaram a
determinar a concentracdo necessaria para inibir 50% do crescimento das células (Clsp) dos
compostos estudados. Como comparacdo, os valores de Clsy foram também obtidos frente a
linhagem de células MRC5 (fibroblastos de pulméo fetal humano) como modelo de células
sadias. O etoposideo, farmaco antineoplasico usado na clinica, foi usado como controle positivo.

A Tabela 4.11 apresenta os valores Clsq das hidrazonas derivadas de 2-acetilpiridina e 2-
benzoilpiridina contra células U87, T98 e MRCS5. As hidrazonas derivadas das 2-formilpiridina
sO foram testadas frente a células U87.

As hidrazonas 16, 17, 18, 20 e 21 mostraram-se altamente ativas frente a células de
glioma maligno com valores de Cls; entre 0,07 e 26,1 nmol-L™ contra células U87 e entre 0,43 e
415 nmol-L™? frente a células T98. As hidrazonas derivadas da 2-acetilpiridina apresentaram
maior atividade que as andlogas derivadas de 2-benzoilpiridina frente as linhagens de células
tumorais. Os compostos H2AcpCIPh (17) mostrou maior efeito citotdxico contra células U87
enquanto que H2AcpNO,Ph (18) foi a hidrazona mais citotdxica contra células T98. Todas as
hidrazonas foram mais ativas que o farmaco de controle.

Estas hidrazonas apresentaram valores de 1Cso muito mais altos frente as células sadias
MRC5 em relac@o as células tumorais. De fato, os indices terapéuticos (IT = Clsomres/Clso
glioma) foram 2-660 em células T98 e 28-5000 em células U87, indicando que os compostos
poderiam ser bons candidatos a prot6tipos de farmacos paratratar tumores cerebrais.

As hidrazonas derivadas de 2-formilpiridina (13 e 14), assim como as hidrazonas 15, 19 e
22 mostraram-se pouco ativas. H2BzpNO,Ph (22) apresentou este comportamento frente a

ambas as células.
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Tabela4.11 — Valores de Cl s das hidrazonas derivadas da 2-formil, 2-acetil e 2-benzoilpiridina

contra células de gliobastoma maligno U87 e T98.

Linhagem das células de glioblastoma (Cls,, nmol-L™)

Compostos indice

u87 T98 MRC5 Terapéutico
u87 T98
H2FopCIPh (13) >500 ND ND ND ND
H2FopNO,Ph (14) >500 ND ND ND ND
H2AcMe (15) >500 ND ND ND ND
H2AcPh (16) 0,94 + 0,01 0,80 + 0,07 284415 302 355
H2AcpCIPh (17) 0,07 + 0,01 1,17+ 0,32 348437 4971 297
H2AcpNO,Ph (18) 0,57 + 0,07 0,43 + 0,04 283+33 496 658
H2BzMe (19) >500 ND ND ND ND
H2BzPh (20) 826+1,1 7,41 +0,42 1180+ 127 143 159
H2BzpCIPh (21) 26,1+ 14,6 415 + 31 738+ 13 28 18
H2BzpNO,Ph (22) > 500 > 500 551+53 ND ND

Etoposideo 620 + 15 460 + 25 - - -

ND: N&o determinado

4.2.3.1 — Inducéo de alteracfes caracteristicas de apoptose.

Sob microscopio invertido, mudancas nas formas das células podem ser claramente
observadas. Apds exposicdo das células aos compostos estudados uma vasta gama de
modificacBes fenotipicas, com clara tendéncia dose-resposta foi observada em ambas as
linhagens de células tumorais, mas ndo nas células MRC5. Como se mostra na Figura 4.11 as
células de controle apresentam expansdo citoplasmética. O tratamento com as hidrazonas
provocou retratacéo dessas expansdes, 0 encolhimento das células e formacdo de vesiculas em
ambas as linhagens de glioma. A reducdo do nimero de células depois do tratamento também foi
observada. Para as células T98 essas alteracbes sd0 observadas a maiores concentragdes dos
compostos H2BzpCIPh (21) e H2BzpNO,Ph (22) indicando que essas células devem ser um
pouco mais resistentes que as U87. As modificagdes morfoldgicas observadas encontram-se

associadas com a morte celular programada (apoptose).



Control

H2AcPh (16)

H2AcpCIPh (17)

H2AcpNO2Ph (18)

H2BzPh (20)

H2BzpCIPh (21)

H2BzpNO:2Ph (22)

T98 u87 MRC5

Figura 4.11 - Células tratadas com hidrazonas (1 pmol-L™) exibem caracteristicas morfoldgicas
de apoptose. Alteragcdes como arredondamento celular, o encolhimento das célulase formacéo de

vesiculas podem ser observadas. Amplificagdo: 400X.
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O desencadeamento programado de morte celular (apoptose) induz fragmentacdo do
DNA através da ativagdo de nucleases. A ativagdo das nucleases pode ser identificada mediante a
coloragdo do DNA com 4',6-diamidina-2-fenilindol (DAPI), que detecta os fragmentos do DNA
e a cromatina condensada. Nenhuma fragmentacdo do DNA foi observada em células tumorais
néo tratadas e células MRC5, mas apds a exposicdo as hidrazonas, as células U87 mostraram
extensa fragmentacdo do DNA (Figura 4.12). Estes resultados sugerem que a reducéo da
sobrevivéncia celular, depois do tratamento com os compostos estudados, acontece, pelo menos

em parte, pelainducdo de apoptose.

U87
o --

H2AcPh (16

MRC5

H2AcpCIPh (17)

[H2AcpNO2Ph (18

Figura 4.12 - Células tratadas com hidrazonas exibem caracteristicas morfoldgicas de apoptose.
Células U87 e MRC5 foram tratadas com hidrazonas (10° mol-L™) ou diluentes (controle).
Condensacdo da cromatina, fragmentagdo nuclear e corpos apoptéticos podem ser observados
Amplificagdo: 400X.
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4.3 —Estudos derelagdo estrutura-atividade (SAR)

Estudos de relago estrutura atividade (SAR) foram feitos para identificar as propriedades
fisico-quimicas que podem estar relacionadas com 0 mecanismo de agdo dos compostos.

As propriedades de interesse neste estudo foram: o orbital molecular ocupado de maior
energia (HOMO), o orbital molecular ndo ocupado de menor energia (LUMO), momento dipolo
(Dip), &rea superficial (AS) e logP. Estas propriedades foram correlacionadas, mediante matrizes
de correlacdo linear simples, com os valores na forma logaritmica do Clsp (pClsp). Na tabela
4.12 estd0 apresentados os valores dessas propriedades.

Para a obtencéo das matrizes (Tabela 4.13), foi considerada a existéncia de isdmeros Z e
E em solugdo em todos os compostos. Foram feitas trés matrizes para cada linhagem de células.
Nas matrizes A e E estdo correlacionadas as propriedades tendo em conta s6 o0 isdmero Z dos
compostos, nas matrizes B e D esta feita a correlacéo considerando o isbmero E dos compostos
enguanto que nas matrizes C e F consideramos 0s isdmeros de maior propor¢do para cada grupo
de compostos, 0 isOmero E para as acetil e 0 isOmero Z para as benzoilhidrazonas,
respectivamente.

Analisando as matrizes A, B, D e E (tabela 4.13) verifica-se a presenca de correlactes
inversas entre o logP e &rea superficial com a atividade citotoxica das hidrazonas frente as
células T98 e U7 com R =-0,94 eR =-0,73 parao log P e R=-0,82 e R=-0,83 para a area
superficial. Considerando-se os isdbmeros majoritéarios (matrizes C e F natabela 4.13), uma nova
correlagdo inversa € observada entre o0 momento dipolo e a atividade das hidrazonas, R= -0,84
para U87 e T98. Correlagdo inversa foi também obtida entre o logP e area superficial e pClso.
Destes resultados pode-se concluir que compostos com maiores valores de logP, area superficial
e momento dipolar apresentam menor atividade citotdxica. De fato, as hidrazonas derivadas da
2-acetilpiridina sdo as que menores valores destas propriedades apresentaram e resultaram ser as
mais ativas (tabela 4.12).
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Tabela 4.12 — Propriedades fisico-quimica calculadas e valores experimentais de pClsodas hidrazonas derivas de 2-acetilpiridina e 2-benzoilpiridina

¢ (HOMO) £ (LUMO) Momento dipolo Area PClso
Composto LogP superficial

(eV)* (eV) (db) 7% us7 T98
-8,560 (isbmero E) 1,978 (isdbmero E) 3,365 (isdmero E)

H2AcPh (16) 1,92 342,28 9,026 9,096
-8,545 (isbmero 2) 1,780 (isdbmero 2) 5,308 (isdmero Z)
-8,692 (isbmero E) 1,813 (isdbmero E) 3,381 (isdmero E)

H2AcpCIPh (17) 2,53 359,09 10,154 8,931
-8,689 (isbmero Z) 1,632 (isdmero Z) 6,672 (isdmero Z)
-8,898 (isdbmero E) 0,803 (isdbmero E) 4,717 (isdbmero E)

H2AcpNO,Ph (18) 2,15 383,15 9,244 9,366
-8,933 (isbmero 2) 0,998 (isdmero Z) 8,855 (isdmero Z)
-6,801 (isdbmero E) 1,558 (isdmero E) 3,104 (isdmero E)

H2BzPh (20) 3,10 419,37 8,083 8,130
-6,620 (isbmero Z) 1,344 (isbmero Z) 4,976 (isdbmero 2)
-8,639 (isdbmero E) 1,814 (isbmero E) 3,440 (isdbmero E)

H2BzpClIPh (21) 3,68 436,41 7,583 6,381
-8,346 (isbmero 2) 1,527 (isdmero 2) 6,386 (isdmero Z)
-8,832 (isbmero E) 0,833 (isdmero E) 5,072 (isbmero E)

H2BzpNO,Ph (22) 3,31 459,15 < 6,301 < 6,301

-8,549 (isbmero 2) 0,955 (isdmero Z) 8,585 (isdmero Z)

* g\ = 627,51 Kcal-mol ™
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Tabela 4.13 — Matrizes de correlagdo linear simples. A) 1sdmeros Z versus células U87, B) 1sdmeros E versus células U87, C) misturade isomeros (E
para as derivadas de 2-acetil e Z para as de 2-benzoil) versus células U87, D) |sbmeros Z versus células T98, E) |sdmeros E versus células T98 e F)
mistura de isdmeros (E para as derivadas de 2-acetil e Z para as de 2-benzoil) versus células T98

A PCls) HOMO LUMO Dip  logP  AS B PCls) HOMO LUMO Dip  logP  AS C PCls) HOMO LUMO Dip  logP  AS
PICs, ] PICs, 1 PICs, |
HOMO  -0,54 | HOMO  -043 1 HOMO  -0,54 |
LUMO 008  -0,04 1 LUMO 011 0,1 1 LUMO 016 -0,05 1
Dip 036  -0,67 -069 1 Dip 027 055 -087 1 Dip 028 -046 1
logP 046 -001 -025 1 logP 035 022 -04 1 logP 047 0,06 083 1
AS [-0.82] 051 -038 -005 09 AS [08] 042 -014 -011 091 AS [-083 052 043 095 09
D PClsp HOMO LUMO Dip  logP  AS E  PCls) HOMO LUMO Dip  logP  AS F  PCls) HOMO LUMO Dip  logP  AS
PIC50 1 PIC50 1 PICs, 1
HOMO  -03 1 HOMO  -0,16 1 HOMO ~ -029 1
LUMO  -0,16  -0,04 | LUMO  -036 0] I LUMO  -0,08  -0,05 1
Dip 029 067 -0,69 I Dip 041 055 -087 I Dip 028  -0,46 I
logP 047 001 025 1 logP 035 022 -04l 1 logP 047 -006 083 I
AS 051 -038 -005 09 AS 042 -0,14 -0,11 091 AS 052 -043 095 09
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5—-COMPLEXOSDE ZINCO(Il) DE 2-PIRIDINA AROIL HIDRAZONAS.

Os complexos de zinco(ll) foram sintetizados por meio da reacdo entre cloreto de
zinco(ll1) com 2-formilpiridina para-cloro-benzoilhidrazona (H2FopCIPh), 2-formilpiridina
para-nitro-benzoilhidrazona (H2FopNO,Ph), 2-acetilpiridina acetilhidrazona (H2AcMe), 2-
acetilpiridina  benzoilhidrazona (H2AcPh), 2-acetilpiridina para-cloro-benzoilhidrazona
(H2AcpCIPh), 2-acetilpiridina para-nitro-benzoilhidrazona (H2AcpNO,Ph), 2-benzoilpiridina
acetilhidrazona (H2BzMe), 2-benzoilpiridina benzoilhidrazona (H2BzPh), 2-benzoilpiridina
para-cloro-benzoilhidrazona (H2BzpCIPh), 2-benzoilpiridina para-nitro-benzoilhidrazona
(H2BzpNO,Ph), representada no seguinte esquema:

110+ > [0

Foram obtidos 0s complexos: [dicloro(2-formilpiridina-para-cloro-
benzoilhidrazona)zinco(ll)] [Zn(H2FopCIPh)Cl;] (23), [dicloro(2-formilpiridina-para-nitro-
benzoilhidrazona)zinco(l1)] [Zn(H2FopNO,Ph)Cl,] (24), [dicloro(2-acetilpiridina-
acetilhidrazona)zinco(l1)] [Zn(H2AcMe)Cl ] (25), [dicloro(2-acetilpiridina-
benzoilhidrazona)zinco(l1)]  [Zn(H2AcPh)Cl;]  (26), [dicloro(2-acetilpiridina-para-cloro-
benzoilhidrazona)zinco(ll)] [Zn(H2AcpCIPh)Cl,] (27), [dicloro(2-acetilpiridina-para-nitro-
benzoilhidrazona)]  zinco(ll)  [Zn(H2AcpNO.Ph)Cl;]  (28), [dicloro(2-benzoilpiridina-
acetilhidrazona)zinco(l1)] [Zn(H2BzMe)Cl,] (29), [dicloro(2-benzoilpiridina-
benzoilhidrazona)zinco(l)] [Zn(H2BzPh)Cl;] (30), [dicloro(2-benzoilpiridina-para-cloro-
benzoilhidrazona)zinco(ll)] [Zn(H2BzpCIPh)Cl,] (31) e [dicloro(2-benzoilpiridina-para-nitro-
benzoilhidrazona)zinco(ll)] [Zn(H2BzpNO,Ph)Cl5] (32).

Estes complexos foram caracterizados por andlise elementar, medidas de condutimetria,

espectroscopia de infravermelho, ressonancia magnética nuclear de *H, *C, DEPT e HMQC. As
estruturas em estado solido foram determinadas mediante o método de difracéo de raios x de
monocristal.

A formula geral proposta para os compostos (Fig. 5.1) esta de acordo com os resultados
de andlise elementar quantitativa e medidas de condutimetria. As condutividades molares
revelam gue todos 0s compostos ndo sao eletroliticos com a hidrazona coordenada como ligante
neutro (Tabela5.1).
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(23)-R=H, R,=pCIPh

4 24)-R=H, R,=pNO,Ph
£|5|/ \T’ (24) 1=PNO;
25)-R=CH.,, R,=CH
6. %2\ R (25) 3 Ri=CHj
IEI ||7 (26)-R=CH,, R,=Ph
\ N (27)-R=CH,, R,=pCIPh
Cl—2zn~ 2 "NH oo
3 (28)-R=CH,, R,=pNO,Ph
Cl 48\
O R, (29)-R=Ph, R,=CH,

(30)-R=Ph, R,=Ph

(31)-R=Ph, R,=pCIPh

(32)-R=Ph, R,=pNO,Ph

Figura 5.1 — Egtrutura genérica dos complexos de zinco com hidrazonas derivadas da piridina.
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Tabela 5.1 — Andlise elementar (valores tedricos em paréntesis), massa molar, rendimento e condutividade molar dos complexos de zinco(Il) com

hidrazonas derivadas de piridina.

Composto Rendimento (%) % C % H %N MM (g/mol) Ay em? mol™
[Zn(H2FopCIPh)Cl;] (23) 76 39,34(39,43) 2,06(2,55) 10,47(10,61) 395,99 14,70
[Zn(H2FopNO,Ph)Cl ] (24) 78 38,42(38,41) 2,10(2,48) 13,81(13,78) 406,54 17,78
[Zn(H2AcMe)Cl;] (25) 85 34,86(34,48) 3,06(3,54) 13,35(13,40) 313,49 10,38
[Zn(H2ACPh)Cl,] (26) 84 44,67(44,77) 2,84(3,49) 11,18(11,19) 375,59 17,42
[Zn(H2AcpCIPh)ClS] (27) 88 40,95(41,01) 2,53(2,95) 10,21(10,25) 410,01 19,18
[Zn(H2AcpNO,Ph)C,] (28) 79 39,92(39,98) 2,39(2,88) 13,35(13,32) 420,56 0,44
[Zn(H2BzMe)Cl;] (29) 80 44,83(44,77) 3,53(3,49) 11,25(11,19) 375,57 13,67
[Zn(H2BzPh)Cl;] (30) 89 51,83(52,14) 3,42(3,45) 9,52(9,60) 437,30 22,18
[Zn(H2BzpCIPh)CI,] (31) 49 46,79(48,34) 2,30(2,99) 8,87(8,90) 471,80 20,42
[Zn(H2BzpNO,Ph)Cl;] (32) 79 45,05(47,29) 2.31(2,92) 11,58(11,61) 482,30 2218
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As principais bandas nos espectros de infravermelho das hidrazonas e dos complexos de
zinco(l1) encontram-se na Tabela 5.2. A vibragio encontrada entre 1587 e 1618 cm™, atribuida a
v(C=N) nos espectros das hidrazonas livres, se desloca para 1593 ¢ 1601 cm™ nos complexos de
zinco(l1) indicando a coordenagdo pelo nitrogénio azometinico (N2)' . A vibragio v(C=0),
observada em 1651-1681 cm™ nos espectros das hidrazonas, desloca-se para 1634-1664 cm™ nos
complexos, sugerindo a coordenacdo pelo oxigénio carbonilico’®  (Figura5.2).
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Figura 5.2 — Espectros de infravermelho do ligante H2AcMe (15) e seu complexo de zinco(l1).

1 I I
4000 3500 3000

A deformac&o do anel piridina no plano, que se encontraem 618 - 624 cm™ nos espectros
das hidrazonas, desloca-se para 637-641 cm™ nos espectros dos complexos, sugerindo
coordenacdo no nitrogénio hetearomético®>**> . Assim 0s espectros de infravermelho
indicam a coordenagdo pelo sistema quelante Npy—N-O.

! Perez-Rebolledo, A.; Piro, O.E.; Castdlano, E.E.; Teixeira, L.R.; Batista, A.A.; Beraldo, H.; J. Mol. Sruct. 2006, 18, 794.
2 Nakamoto, K.; Infrared and Raman Spectra of Inorganic and CoordinationCompounds, fourth ed., Wiley, New Y ork. 1986.

3 Recio Despaigne, A.A.; Da Silva, JG.; Do Carmo, A.C.M.; Piro, O.E.; Castelano, E.E.; Berado, H.; Polyhedron. 2009, 28,
3797.

4 Recio Despaigne, A.A.; daSilva, J.G.; Do Carmo, A.C.M.; Piro, O.E.; Castellano, E.E.; Beraldo, H.; Inorg. Chim Acta..2009,
362, 2117.

5 Redio Despaigne, A.A.; daSilva, J.G.; do Carmo, A.C.M.; Piro, O.E.; Castdlano, E.E.; Berddo, H.; J. Mal. Sruct. 2009, 920,
97
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Tabela 5.2 — Bandas nos espectros de infravermelho (cm™) dos complexos de zinco(l1) com
hidrazonas derivadas de 2-formil, 2-acetil e 2-benzoilpiridina— suportes: KBr (4000-400 cmY);
Csl (400-200cm™).

Compostos vN-H vC=0 vC=N p(py) vM-N
H2FopClIPh (13) 3175 1651 1592 618 -
[Zn(H2FopCIPh)Cl,] (23) 3201 1646 1593 640 408
H2FopNO,Ph (14) 3227 1663 1601 618 -
[Zn(H2FopNO,Ph)Cl;] (24) 3227 1656 1598 641 409
H2AcMe (15) 3193 1676 1618 624 -
[Zn(H2AcM€)Cl,] (25) 3214 1664 1595 637 407
H2AcPh (16) 3181 1655 1616 620 -
[Zn(H2AcPh)Cl,] (26) 3252 1634 1601 640 412
H2AcpClIPh (17) 3287 1659 1607 623 -
[Zn(H2AcpCIPh)Cl,] (27) 3252 1645 1597 637 409
H2AcpNO,Ph (18) 3188 1681 1601 619 -
[Zn(H2AcpNO,Ph)CI;] (28) 3229 1642 1599 639 410
H2BzMe (19) 3054 1663 1587 619 -
[Zn(H2BzMe€)Cl,] (29) 3070 1655 1595 640 412
H2BzPh (20) 3063 1687 1601 614 -
[Zn(H2BzPh)Cl;] (30) 3065 1638 1598 638 410
H2BzpCIPh (21) 3064 1686 1603 615 -
[Zn(H2BzpCIPh)Cl,] (31) 3063 1646 1593 638 410
H2BzpNO,Ph (22) 3105 1680 1603 615 -
[Zn(H2BzpNO,Ph)Cl;] (32) 3070 1651 1600 639 411

Os espectros de RMN de *H e **C dos complexos de zinco(ll) foram realizados em
DMSO-ds. As atribuicbes foram feitas tomando por base os deslocamentos quimicos, as
multiplicidades e as constantes de acoplamento para o espectro de cada composto. Os carbonos
do tipo C, CH foram determinados pelo experimento DEPT 135. As atribui¢des dos carbonos e
hidrogénios foram feitas mediante experimentos de correlagdo 2D heteronuclear (HMQC)
usando valores correspondentes a *J(C, H).

Nos espectros dos complexos 23 e 24 h4 grandes variagbes na posi¢cdo dos sinais com
relacéo aos ligantes livres. A hidrazona H2FopClIPh (13) (capitulo 4) adota a configuracdo E em
solugdo de DM SO-ds, enquanto que H2FopNO,Ph (14) existe como uma mistura dos isdmeros
E e Z Os sinais nos espectros dos complexos indicam que os ligantes encontram-se na

configuracdo E, que é a forma adequada para a coordenacdo da hidrazona de modo tridentado.
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De fato, os sinais para C8=0 em 6163,2 e 6162,5 e os sinais de N3-H observadosem 6 12,02 ¢ 6
12,26 (caracteristicos de N3-H em ligacdo de hidrogénio com o DMSO) nos complexos 1 e 2
respectivamente, confirmam isto (Tabela 5.3). As hidrazonas encontram-se na forma neutra nos
compostos em solugao®.

Para os complexos das hidrazonas derivadas de 2-acetilpiridina foi feita a caracterizagdo
por ressonancia apenas para 0 complexo 25. Para 0s compostos 26, 27 e 28 ndo foi possivel obter
0s espectros de RMN, pois eles apresentaram baixa solubilidade nos solventes utilizados. Nos
espectros de 'H e °C do complexo 25, os sinais indicam que o ligante encontra-se na
configuragdo E igual a adotada pelo ligante livre, H2AcMe (15), em DM SO (capitulo 4), como
confirmado pelos sinais para C8=0 e N3-H observados em 6171,4 e 6 10,45, respectivamente
(Tabela5.4).

Tabela 5.3 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e **C dos
complexos 23 e 24 em DM SO-de.

Atribuicdes N° [Zn(H2FopCIPh)Cl,] (23) [Zn(H2FopNO,Ph)Cl;] (24)
H3 1 7,98(m) 7,99(m)
H4 1 7,98(m) 7,99(m)
H5 1 7,51(t) 7,51(t)
H6 1 8,62(d) 8,64(d)
H7 1 8,52(s) 8,52(s)

sy | 2 e S50
H(11,13) 2 7[86§g? 8[53(9?
N3-H 1 12.02(s) 12,26(s)
c2 1 151,60 151,85
C3 1 121,60 121,29
C4 1 137,26 137,94
C5 1 125,32 125,23
C6 1 149,33 148,09
C7=N 1 147,13 149,28
C8=0 1 163,19 162,47
C9 1 131,20 138,50
C(10,14) 2 129,80 129,39
C(11,13) 2 128,81 123,79
C12 1 138,00 149,52
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Tabela 5.4 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e **C do complexo

25 em DM SO-dk.

Atribuictes N° [Zn(H2AcMe)Cl] (25)
H3 1 8,14(m)
H4 1 7,99(m)
H5 1 7,74(t)
H6 1 8,56(d)

N3-H 1 10,45(s)
C(9)Hs 3 2,56(s)
C(15)Hs 3 2,24(s)

C2 1 155,34
C3 1 124,02
C4 1 140,99
C5 1 127,51
C6 1 148,91
C7=N 1 150,56
C8=0 1 171,44
C9 1 20,69
C15 3 13,91

A andlise dos espectros de ressonancia dos complexos de zinco das hidrazonas derivadas
de 2-benzoilpiridina mostraram resultados diferentes. Por exemplo: nos espectros de RMN *H e
13C do complexo 29 observou-se apenas um sinal para todos os &omos de carbono e hidrogénio.
Os sinais de N3-H ¢ C8=0 foram encontrados em & 12,15 e & 173,1 respectivamente, indicando
gue o ligante adota a configuragéo E no complexo (Tabelas 5.5). O ligante, H2BzMe (19), existe
como uma mistura dos isdmeros E e Z em solucéo de DM SO-ds Os sinais do C7 e dos &omos de
carbono da piridina deslocam-se depois da coordenagdo. A analise dos espectros de RMN sugere
a coordenacdo do ligante (19) pelo sistema quelato Npy-N2-O, no complexo®.

Nos espectros dos complexos 30-32 o sinal para N3-H em valores de 6 14,71-14,81
sugere a presenca da ligac&o de hidrogénio com o nitrogénio piridinico, caracteristica daforma Z
do ligante, indicando que a hidrazona coordena-se num sistema quelato bi-dentado. De fato, no
espectro de RMN *3C dos complexos 30 e 31, os sinais dos carbonos do anel da piridina ndo
mostram mudangas significativas em relagdo com as posi¢cdes nas hidrazonas livres, H2BzPh
(20) e H2BzpCIPh (21), em DMSO-ds, sugerindo que o nitrogénio heteroaroméatico ndo estiq
ligado ao centro metélico® (Figura 5.3).

Com base no gue foi abordado, conclui-se que o deslocamento observado no modo de
deformacéo do anel piridina no plano no espectro de infravermelho nos complexos (30-32) com

76



respeito ao espetro dos ligantes livres, deve-se provavelmente ao efeito da coordenacdo pelo
nitrogénio N2 e ndo & coordenacao do nitrogénio heteroaromético com o centro metélico.
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Figura 5.3 — Comparacao dos sinais de RMN de **C do anel piridina do complexo 31 eo
respectivo ligante em DM SO-ds.
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Tabela 5.5 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e **C dos complexos 29, 30, 31 e 32 en DM SO-dk.

Atribuicbes | N° [Zn(H2BzMe)Cl;] (29) [Zn(H2BzPh)Cl,] (30) [Zn(H2BzpCIPh)Cl,] (31) [Zn(H2BzpNO,Ph)Cl] (32)
H3 1 7,76(d) 7,64(t) 7,92(t) 7,98(t)
H4 1 7,98(t) 8,10(t) 8,03(t) 8,07(t)
H5 1 7,32(m) 7,41(t) 7,58(t) 7,40(t)
H6 1 8,68(d) 8,99(d) 8,92(d) 8,97(d)

N3-H 1 12,19(s) 14,71(s) 14,76(s) 14,81(s)
CHs 3 2,16(s) - - -
c2 1 151,5 151,8 151,8 150,9
C3 1 125,4 125,0 125,4 1236
c4 1 138,2 1385 138,7 138,0
C5 1 124,9 126,4 126,6 124,5
C6 1 149,1 148,7 148,9 149,0
C7=N 1 149,7 146,1 146,5 147,2
C8=0 1 1731 162,6 162,6 164,8
C9 1 20,4 - - -
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Na Tabela 5.6 estéo apresentados os dados dos cristais e os resultados dos refinamentos
das estruturas cristalogréficas de alguns dos complexos de zinco(l1).

Depois da recristalizagdo em DM SO:acetona, acontece a conversio do complexo 24 em
[clorodimetilsulfoxido(2-formilpiridina-para-nitro-benzoilhidrazonato)zinco(l1)]
[Zn(2FopNO,Ph)CI(DMSO)] (24a). As estruturas cristalinas dos complexos 23 e 24a foram
determinadas® (Figuras 5.4 e 5.5).

Figura 5.5 — Diagrama ORTEP do complexo [Zn(2FopNO,Ph)CI(DMSO)] (24a).

A determinagdo estrutural do complexo 24a revela a presenca da hidrazona em forma
anibnica ligada ao centro metalico, conjuntamente com um ion cloreto e uma molécula de
DMSO. Em 24 a hidrazona encontra-se ligada ao metal em forma neutra, conjuntamente com
dois ions cloreto. A conversdo de 24 em 24a deve-se, além da presenca do DM SO-ds, @0 efeito
retirador de elétrons do grupo nitro, que favorece a desprotonagdo em N3, com liberacdo de HCI
e a subsequente coordenacdo do DMSO. A Tabela 5.6 mostra os dados de distancia de ligagéo e

angulos nas estruturas cristalinas dos compostos 23 e 24a.
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O ion de zinco(ll) apresentam nimero de coordenacdo 5 e as moléculas das hidrazonas
encontram-se ligadas ao metal como ligantes tridentados através do nitrogénio da piridina, do
nitrogénio iminico e do oxigénio carbonilico. No complexo 23 a hidrazona encontra-se na forma
neutra, enquanto que em 24a o ligante se coordena na forma anibnica, como mencionado nos
parégrafos anteriores. Os complexos apresentam geometria de pirdmide quadrada distorcida com
valoresde t = 0,13 parao composto 23 e de 0,28 para 24a.

Em todos os compostos, o fragmento do esqueleto hidrazonico Py(C=N)N(C=0)N define
o plano de coordenagdo (0s a&omos apresentam desvio com respeito ao plano menor que 0,040
A) com o ion metélico colocado mais perto do plano no complexo 24a, que no complexo 23
[zinco(Il) a 0,358(2) e 0,105(2) A em 23 e 24a, respectivamente]. Em 24a provavelmente
acontece uma competicdo pela carga positiva do metal entre o ligante cloreto e a hidrazona em
forma anibnica. A interagdo entre o centro metalico e a hidrazona na forma aniénica faz com que
o metal fique mais perto do plano do esqueleto hidrazdnico em 24a que em 23, onde o efeito de
atracd dos dois ions cloreto pelas cargas postivas do centro metdlico predomina ante a
interac@o entre o metal e a hidrazona em forma neutra. O anel fenila e o plano de coordenacdo
formam um angulo diedro de 9,5(2)°, e 2,5(1)° em 23 e 24a respectivamente. Em 24a o grupo
NO, terminal esta quase coplanar com o anel fenila[angulo de 0,2(6)°]

Para o complexo 23 a distancia de ligagdo C8-O1 na hidrazona tem valor de 1,231(4) A
enquanto que em 24a esta distancia de ligagdo é de 1,268(3) A. Isto e devido ao fato de que a
hidrazona esta em forma anidnica, em 24a, apresentando a ligagdo C8-O1 certo carder de
ligacdo simples. Analogamente a distancia da ligagdo N3-C8 é 1,366(4) A no complexo 23, e
de 1,337(3) A para o complexo 24a, em concordancia com certo caréter de ligagd dupla no
dltimo. Interessantemente, as distancias de ligagdo 01-M sfo de 2,250(2) A para 23, 2,098(2) A
para 24a, em concordancia com a presenca da carga negativa no &omo de oxigénio que aumenta
aforcadaligacdo M-O1 no complexo 24a.

Analisando os complexos 23 e 24a os angulos N1-M-N2 e N2-M-O1 apresentam
peguenas mudancas (Tabela 5.7). O angulo N1-M—-0O1 muda de 143,18(9) em 23 a 149,56(7) em
24a devido & maior deslocalizagdo dos elétrons apds desprotonacdo do nitrogénio N3.
Similarmente os angulos N3-C8-01 véo de 120,5(3) em 23 ate 126,0(2) em 24a devido ao
mesmo efeito.

ComparacOes entre 23 e 24a revelam que as distancias de ligagOes dentro dos ligantes
hidrazonas ndo sdo muito diferentes. De forma similar, os angulos das ligagbes dentro do
esqueleto hidrazona ndo mudam significativamente.
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Tabela 5.6 — Dados cristalograficos e par@metros de refinamento estrutural para [Zn(H2FopCIPh)Cl;] (23), [Zn(2FopNO,Ph)CI(DMSO)] (24a),
[Zn(H2BzMe)Cl,] (29), [Zn(2BzPh),] (30a), [Zn(H2BzpCIPh)Cl,] H.O (31a) e [Zn(2BzpNO,Ph)CI(DMSO0)] (32a).

23 24a 29 30a 3la 32a

Formula empl'rl ca C]_5H16CI 2N30252n C]_5H15CI N4O4SZn C]_4H13C:| 2N302n ngHng(;OzZﬂ C]_QH]_6CI 3N3022n Cz]_H]_gCI N4O4SZn

Peso molecular 474,09 448,19 375,54 666,03 490,12 524,28

Sistema cristalino, Monoclinico, P2,/c  Triclinico,P1 Monoclinico, P2;/a  Triclinico, PL(#2)  Triclinico, P1(#2) Triclinico. P1(#2)

grupo espacial

Dimensdes da célula

unidade

a(A) 9,6792(3) 7,9935(3) 11,669 10,6412(6) 8,797(1) 8,1886(5)

b(A) 10,8687(4) 9,7127(3) 11,483 12,6026(9) 11,223(1) 11,1335(5)

c(A) 18,8839(5) 12,1858(4) 11,750 13,0396(9) 11,261(2) 14,2504(6)

a(*) 71,688(2) 90,00 66,512(3) 67,89(1) 99,769(2)

B(*) 99,397 88,947(2) 98,13 83,723(4) 72,17(2) 105,863(2)

v(*) 84,009(2) 90,00 83,779(4) 76,95(2) 111,263(2)

Volume (A% 1959,9(1) 893,17(5) 1558,6 1590,2(2) 972,8(2) 1111,0(2)

Z, densidade 4; 1,607 2; 1,667 4; 1,600 2;1,391 2; 1,673 2; 1,567

calculada (Mg/m®)

Cosficiente de 1,782 1,671 1,919 0,817 1,695 1,356

absorggo (mm'™)

F(000) 960 456 760 688 496 536

Di mgnsﬁes docristal  0,26x0,22x0,12 0,25x0,12x0,06 0,22x 0,13x0,03 0,16x0,06x0,04 0,245x0,203x0,163 0,20x0,06x0,06

(mnr)

Cor eformado Incolor/poliedro Amardo/prisma Incolor/ placas Amardo/prismas  Amardo/prismas Incolor/prismas

cristal

Intervalo decoleta  3,17-26,00° 3,09-26,00° 2,91-25,99 2,67-24,14 2,95-26,00 2,71-25,00

de dados 0

Interval os de hkl -11<h<11 -9<h<9 -14<h<10 -12<h<11 -10<h<10 -9<h<9
-13<k<12 -11<k<11 -14<k<10 -14<k<14 -13<k<13 -13<k<13
-21<1<23 -15<1<15 -14<1<14 -14<1<14 -13<1<13 -16<1<16

(Continua)
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Tabela 5.6 — Dados cristalograficos e par@metros de refinamento estrutural para [Zn(H2FopCIPh)Cl;] (23), [Zn(2FopNO,Ph)CI(DMSO)] (24a),
[Zn(H2BzMe)Cl;] (29), [Zn(2BzPh),] (30a), [Zn(H2BzpCIPh)Cl;] H20 (31a) e [Zn(2BzpNO,Ph)CI(DMSO)] (32a) (continuacdo).

23 24a 29 30a 3la 32a

Reflexdes coletadas ~ 16239/3829 10777/3482 7946/3043 13647/5036 6700/3612 8737/3905

[Ri=0,0618]

Reflexdes observadas 3210 3012 2220 3737 3346 3334

[1>20(1)]

Completeza 99,5%(to 6=26,00°)  99,7%(to 6=26,00°)  99,1% 99,4(para=24,14°)  935(para#=26,00°)  99,7(para

6=25,00°)

Métodos de Minimos quadrados

refinamento com matriz completa

Dados/restrices/para  3829/0/224 3482/0/237 3043/0/191 5036/0/424 3612/0/253 3905/0/291

metros

S 1,063 1,084 1,020 1,014 1,047 1,171

Pesos, W [6°(F,9)+(0,0361P)*+  [6%(F,9)+(0,0481P)°+ o*(F°%)+(0,048P)*+  [0°(F%)+(0,025P)*+  [0°(F?,)+(0,108P)*+0, [o*(F%0)+1,14P]™
0,91P]* 0,32P]* 0,50P]* 0,59P]* 48P]6-1 P=[Max(F?,0)+2
P=[Max(F.%,0)+2F7]/ P=[Max(F%,00+2F* P=[Max(F?%,0)+2F°%. P=[Max(F%,0)+2F°]/ F?J]/3
3 J/3 113 3

indicesfinaisR R;=0,0420, R;=0,0342, 0,0398; 0,0618 0,0438; 0,0727 0,0554; 0,0582 0,0785; 0,0917

[>20(D)] WR,=0,1154 WR,=0,0864

Indices R (all data) R;=0,0523, R;=0,0412, 0,0942; 0,1056 0,0795; 0,0877 0,1519; 0,1563 0,2103; 0,2156
WR,=0,1229 WR,=0,0908

Ap max./min. (eA®) 2300 e-0,621 0,325 e-0,610 0,294 e-0,504 0,276 e-0,267 1,274 e-1,528 1,412 e-0,749
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Tabela 5.7 — Distancias de ligagdes e angulos selecionados nas estruturas moleculares de
[Zn(H2FopCIPh)Cl] (23) e [Zn(2FopNO,Ph)CI(DMSO)] (24a).

Atribuicoes 23 24a
N1-C2 1,352(4) 1,348(3)
C2-C7 1,463(5) 1,464(3)
N2-C7 1,278(4) 1,278(3)
N2-N3 1,359(4) 1,371(3)
N3-C8 1,366(4) 1,337(3)
01-C8 1,231(4) 1,268(3)
M-N1 2,182(3) 2,259(2)
M-N2 2,125(3) 2,059(2)
M-O1 2,250(2) 2,098(2)
M-CI1 2,2337(9)

M-CI2 2,249(1)

M-Cl 2,2516(7)
M-O2 2,008(2)
Angulos de ligagéo

N1-C2-C7 114,8(3) 115,7(2)
C2-C7-N2 115,8(3) 117,002)
C7-N2-N3 122,4(3) 120,8(2)
N2-N3-C8 114,1(3) 108,3(2)
N3-C8-O1 120,5(3) 126,0(2)
C6-N1-M 126,5(2) 130,2(2)
C2-N1-M 114,8(2) 111,6(2)
C7-N2-M 119,3(2) 120,5(2)
N3-N2-M 118,0(2) 118,7(1)
C8-0O1-M 115,2(2) 112,1(2)
N1-M-N2 73,9(1) 74,95(7)
N2-M-O1 71,30(9) 74,90(7)
N1-M-O1 143,18(9) 149,56(7)
N1-M-Cl1 98,75(8)

N1-M-Cl2 103,48(8)

N2-M-Cl1 135,35(8)

N2-M-Cl2 108,07(8)

O1-M-CI1 97,65(7)

01-M-CI2 98,27(8)

Cl1-M-CI2 116,39(4)

N1-M-Cl 98,89(5)
N1-M-O2 98,26(7)
N2-M-Cl 134,73(6)
N2-M-02 117,62(8)
01-M-Cl 105,19(6)
01-M-02 91,98(7)

02-M-Cl 107,65(5)




Os cristais do composto 29 foram obtidos da mistura 1:9 DM SO-acetona. Na tabela 5.8
apresentam-se distancias de ligagéo e angulos da estrutura cristalina desse composto e a Figura
5.6 mostra seu diagrama ORTEP°. Na estrutura de 29 o fon zinco(ll) esta pentacoordenado,
ligado a uma molécula neutra da hidrazona, que atua como ligante tridentado, ligando-se ao
centro metélico através dos nitrogénios piridinico e iminico e pelo oxigénio cabonilico. Dois ions
cloreto ocupam as posi¢Oes de coordenagcdo remanescentes. Os aomos N1, N2, Cl1 e O1

formam base de uma pirdmide quadrada distorcida (t = 0,21), onde o &omo CI2 ocupa a posi¢éo
apical.

cr2 0 cs

Figura 5.6 — Diagrama molecular ORTEP de [Zn(H2BzMe)Cl,] (29).

O fragmento do esqueleto hidrazonico Py(C=N)N(C=0)N define o plano de coordenacéo
[desvio rms dos &omos do plano de 0,052 A ] com o ion metélico situado perto deste plano
0,209(2). O anel fenilico e o plano de coordenacdo formam angulos diedros de 85,5(1)°. No
complexo 29 a distancia de ligagio C8-O1 éde 1,225(4) A, sendo que no ligante H2BzMe (19)
esta distancia € 1,217 (ver capitulo 4 secéo 4.1). I1sto se deve a formacdo da ligacdo M-O que
debilitaaligagdo C-O. Asdistancias de ligagdo N2-N3 e N3-C8, que no ligante (19) tem valores
de 1,369(3) e 1,361(3) A, respectivamente, tem valores de 1,367(4) e 1,357(4) em 29.

O angulo C2-C7-N2 tem valor de 113,3(3)° no composto 29 e de 126,7(2)° para o ligante
(19). A grande variagdo € devida a uma mudanca na configuracdo da hidrazona, da forma Z
como ligante livre a E nos complexos. O mesmo acontece com o angulo C7-N2-N3, que muda
de 120,2(2)° no ligante livre, até 121,8(3)° em 29, devido a formac&o do anel quelato N1-M-N2.
De forma similar o angulo N2-N3-C8 muda de 120,4(2) °, no ligante (19), a 116,1(3)° em 29 em
razdo daformagdo do anel quelato N2-M-O1.



Tabela 5.8 — Distancias de ligagdes e angulos selecionados nas estruturas moleculares
[Zn(H2BzMe¢e)Cl;] (29).

Atribuicoes 7

N1-C2 1,346(4)
C2-C7 1,479(4)
N2-C7 1,294(4)
N2-N3 1,367(4)
N3-C8 1,357(4)
01-C8 1,225(4)
M-N1 2,159(3)
M-N2 2,123(3)
M-O1 2,313(2)
M-CI1 2,2258(9)
M-CI2 2.234(1)
Angulos de ligagéo

N1-C2-C7 115,9(3)
C2-C7-N2 113,3(3)
C7-N2-N3 121,8(3)
N2-N3-C8 116,1(3)
N3-C8-0 120,3(3)
C6-N1-M 125,8(2)
C2-N1-M 115,9(2)
C7-N2-M 120,7(2)
N3-N2-M 117,4(2)
C8-01-M 114,1(2)
N1-M-N2 74,1(1)
N2-M-O1 71,05(9)
N1-M-O1 144,04(9)
N1-M-Cl1 100,77(8)
N1-M-ClI2 101,90(8)
N2-M-Cl1 131,18(8)
N2-M-CI2 110,62(8)
01-M-CI1 65,57(7)
01-M-CI2 98,30(7)
Cl1-M-CI2 117,81(4)

Durante a sintese do complexo 30 outro produto cristalizou-se apos a filtracdo, sendo este
caracterizado como [bis(2-benzoilpiridina-benzoilhidrazonato)]zinco(l1), [Zn(2BzPh),] (30a);
contendo o ligante na forma ani6nica adotando a configuragéo E * (Figura 5.7).
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Figura 5.7 — Diagrama molecular ORTEP de [Zn(2BzPh),] (30a). LigagGes metal-ligante estéo
em linhas abertas.

Como foi mostrado nos estudos de RMN nos complexos 31 e 32 a hidrazona adota a
configuracdo Z e esta ligada ao centro metélico como ligante bidentado®. A cristalizacso de 31 a
partir de uma mistura 1:9 DMSO-acetona resultou no [dicloro(2-benzoilpiridina-para-cloro-
benzoilhidrazona)zinco(l1)] monohidratado [Zn(H2BzpCIPh)Cl;].H,O (31a), com a mesma
férmula molecular, mas com a hidrazona atuando como ligante tridentado e adotando a
configuragdo E quando ligada ao centro metdlico (Figura 5.8). A hidratacdo provavelmente
ocorreu pela presenca de dgua no DM SO. A cristalizagdo de 32 em 1:9 DM SO : acetona levou a
ligacdo de uma molécula de DM SO ao centro metélico com a liberagdo de HCI e a formagéo de
[ clorodimetilsulfoxido(2-benzoil piridina-para-nitro-benzoilhidrazonato) zinco(l1)]
[Zn(2BzpNO,Ph)CI(DMSO)] (32a), em que a hidrazona sob a forma aniOnica adota a
configuragdo E (Figura 5.9). Ambos apresentam uma geometria de piramide de base quadrada
distorcida com valores de t de 0,01 e 0,25 para 31a e 32a respectivamente.

Como mencionado anteriormente, também neste caso a presenca do grupo nitro, retirador
de elétrons, favorece a desprotonacdo em N3 com a liberagdo de HCI e a entrada do ligante
DMSO. A Tabela 5.9 mostra as distancias de ligagOes e angulos selecionados nas estruturas
cristalinas de 30a, 31a, e 32a. Nas Figuras 5.7 a 5.9 encontram-se apresentados os diagramas

ORTEP dos complexos.
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Figura 5.9 — Diagrama molecular ORTEP de [Zn(2BzpNO,Ph)CI(DMSO)] (32a).

No complexo 30a o cétion zinco(ll) encontra-se em um ambiente octagdrico distorcido e
esta coordenado a duas moléculas da hidrazona anidnica que atuam como ligantes tridentados
formando um sistema Np,-N-O. Nos complexos 31a e 32a o ion zinco(ll) encontra-se em um
ambiente pentacoordenado, com uma molécula de hidrazona (neutra em 31a e anibnica em 32a)
ligada a0 centro metélico pelos nitrogénios piridinico e iminico e pelo oxigénio ligado ao
carbono C8. As posicdes remanescentes de coordenacdo estéo ocupadas por dois ions cloreto em
3la e por um ion cloreto e o d&omo oxigénio do DMSO em 32a. Em todos os complexos, o
fragmento do esqueleto hidrazona Py(C=N)N-(C=0) define o plano de coordenacdo [desvio rms
dos &omos do plano de 0,110A (30a), 0,071 A (31a) e 0,047 A (32a)], com o ion metélico
situado proximo a este plano [a 0,023(2) A (30a), 0,142(2)A (31a) e 0,045(6)A (32a)]. O anel
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fenilico e o plano de coordenacdo formam angulos diedros de 54,1(1)° (30a), 51,37(7)° (31a) e
59,7(4)° (32a).

No complexo 30a as distancias de ligagdes N1-C2, O1-C8 e Zn-N1 séo similares para as
duas moléculas da hidrazona, mas variagdes significativas s8o observadas para as disténcias C2-
C7, N2-C7, N3-N2 e N3-C8. Também as distancias Zn-N2 e Zn-O1 sdo consideravelmente
diferentes nas duas moléculas ligadas. Os angulos das ligagOes variam aproximadamente 1-2°
nas moléculas de hidrazona, mas diferencas significativas sdo observadas para N1-Zn-N2'/N1"-
Zn-N2 (7°) e N2-Zn-O1'/N2"-Zn-01(5,5°). Essas diferencas levaram a um arranjo octaédrico
distorcido no centro metalico.

A distancia de ligagio C8-O1 tem valores de 1,241(4) A, no complexo 31a e 1,262(9) A
em 32a em concordancia, no Ultimo caso, indicando um maior carédter de ligacdo simples.
Similarmente, a distancia C2-C7 possui valores de 1,493 (4) A em 31a e 1,47(1) A em 32a, de
acordo com maior cardter dupla dessa ligagdo em 32a que e devido a maior deslocalizacdo
eletronica na cadeia da hidrazona aniénica. Pela mesma raz&o, a disténcia de ligacdo, C7-N2 é de
1,285(4) A em 31a e 1,30(1) A em 32a.

Interessantemente, a distancia de ligagdo O1-Zn é de 2,255(2)A e 2,080(6) A para os
compostos 3la e 32a, respectivamente, em concordancia com a presenca, no ultimo caso, de
carga negativa no &omo de oxigénio, que aumenta a forca daligagdo M-OL1.

Indo do complexo 31a a0 32a o valor do angulo N1-M-N2 ndo muda apreciavel mente.
Nos angulos N2-M-O1 e N1-M-O1 os valores mudam de 72,63(9°) e 146,52(9°), em 31a, para
75,5(2°) e 149,7(2°) em 32a respectivamente, devido a alta deslocalizagdo eletronica neste
Gltimo. O mesmo acontece para o angulo N3-C8-01, que vai de 121,0(3°) em 31a a 128,8(7°) em
32a.

O composto 31a encontra-se estabilizado, no cristal, através de uma rede de ligagdes de
hidrogénio. Uma vista deste empacotamento cristalino € mostrada na Figura 5.10.
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Figura 5.10 — Empacotamento cristalino do complexo 31a.
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Tabela 5.9 — Distancias de ligagdes e angulos selecionados nas estruturas moleculares de
[Zn(2BzPh),] (30a), [Zn(H2BzpCIPh)Cl;] H,0 (31a) e [Zn(2BzpNO,Ph)CI(DMSO)] (32a).

Atribuic¢oes 30a 312 32a

N1-C2 1,346(3) 1,358(4) 1,35(2)

N1-C2 1,341(4)

C2-C7 1,491(4) 1,493(4) 1,47(2)

c2-Ccr 1,480(4)

N2-C7 1,292(3) 1,285(4) 1,30(2)

N2-C7 1,301(4)

N2-N3 1,376(3) 1,370(3) 1,370(9)

N2'-N3 1,351(3)

N3-C8 1,353(3) 1,350(4) 1,34(1)

N3"-C8" 1,368(4)

01-C8 1,262(3) 1,241(4) 1,262(9)

o1'-C8g 1,257(3)

Zn-N1 2,224(2) 2,163(3) 2,219(7)

Zn-N1 2,226(3)

Zn-N2 2,077(2) 2,110(3) 2,073(7)

Zn-N2 2,082(2)

Zn-01 2,057(2) 2,255(2) 2,081(6)

Zn-01 2,106

Zn-Cl2 2,2513(9)

Zn-CI3 2,294(1)

Zn-Cl 2,243(3)

Zn-0 2,032(6)

Angulos de ligagéo

N1-C2-C7 115,9(2) 114,6(3) 115,9(7)

N1-C2-C7" 116,6(3)

C2-C7-N2 114,0(2) 113,5(3) 114,4(7)

C2-C7’-N2 113,3(3)

C7-N2-N3 121,3(2) 121,7(3) 120,6(7)

C7-N2'-N3’ 119,8(3)

N2-N3-C8 108,2(2) 115,6(2) 108,1(6)

N2'-N3"-C8 108,1(2)

N3-C8-0O1 125,7(3) 121,0(3) 126,8(7)

N3-C8-01 126,5(3)

C6-N1-Zn 127,5(2) 125,7(2) 127,5(7)

C6-N1"-Zn 128,1(2)

C2-N1-Zn 113,0(2) 115,5(2) 113,3(5)

C2-N1"-Zn 113,4(2)

C7-N2-Zn 121,6(2) 121,1(2) 121,7(6)

C7-N2-Zn 121,3(2)

N3-N2-Zn 117,0(2) 116,9(2) 117,7(5)

N3-N2"-Zn 118,2(2)

C8-01-Zn 113,1(2) 113,9(2) 111,9(5)
(continua)
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Tabela 5.9 — Distancias de ligagdes e angulos selecionados nas estruturas moleculares de
[Zn(2BzPh),] (30a), [Zn(H2BzpCIPh)Cl;] H,0 (31a) e [Zn(2BzpNO,Ph)CI(DMSO)] (32a)

(continuacéo).
Atribuicoes 30a 312 32a
C8-01-Zn 111,5(2)
N1-Zn-N2 74,73(9) 73,97(9) 74,4(3)
N1-Zn-N2 93,58(9)
N1-Zn-N2 100,77(9)
N1-Zn-N2 74,2(1)
N2-Zn-O1 75,63(8) 72,63(9) 75,5(2)
N2-Zn-O1 110,54(9)
N2-Zn-O1 116,09(8)
N2-Zn-01 75,13(9)
N1-zZn-O1 150,30(8) 146,52(9) 149,7(2)
01'-Zn-N1 91,97(9)
01-Zn-N1 91,11(9)
N1-Zn-O1 148,69(9)
01-Zn-01 96,70(8)
N1-Zn-N1 96,09(9)
N2-Zn-N2 166,9(1)
N1-Zn-Cl2 102,11(7)
N1-Zn-ClI3 101,40(8)
N2-Zn-Cl2 113,98(8)
N2-Zn-CI3 127,03(8)
01-zZn-ClI2 93,45(7)
01-Zn-CI3 96,74(7)
CI2-Zn-CI3 118,43(3)
N1-zn-Cl 98,4(2)
N1-Zn-O 99,1(3)
N2-zn-Cl 135,2(2)
N2-Zn-O 119,7(3)
01-zZn-Cl 104,9(2)
01-Zn-O 93,3(3)
O-zn-Cl 105,1(2)

5.1 — Determinacdo da atividade antibacteriana.

Foram realizados testes quantitativos para determinar a atividade antimicrobiana in vitro
dos complexos de zinco(ll) com as hidrazonas derivadas da piridina contra bactérias gram-
positivas, Staphylococcus aureus (ATCC 6538), e fungo Candida albicans (ATCC 18804 e
ATCC 10231). Os complexos de zinco(ll) mostraram-se inativos em todos os casos avaliados.
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6 — COMPLEXOS DE COBRE(Il) DE 2-PIRIDINA AROIL HIDRAZONAS:
A COORDENACAO AO COBRE(Il) COMO ESTRATEGIA DE
OBTENCAO DE NOVOS AGENTES ANTIMICROBIANOS E
CITOTOXICOS

Neste capitulo foram obtidos os complexos de cobre(l1) de 2-formilpiridina para-cloro-
benzoilhidrazona (H2FopCIPh), 2-formilpiridina para-nitro-benzoilhidrazona (H2FopNO,Ph), 2-
acetilpiridina acetilhidrazona (H2AcMe), 2-acetilpiridina benzoilhidrazona (H2AcPh), 2-
acetilpiridina  para-cloro-benzoilhidrazona  (H2AcpCIPh),  2-acetilpiridina  para-nitro-
benzoilhidrazona  (H2AcpNO,Ph),  2-benzoilpiridina  acetilhidrazona (H2BzMe), 2-
benzoilpiridina benzoilhidrazona (H2BzPh), 2-benzoilpiridina para-cloro-benzoilhidrazona
(H2BzpCIPh), 2-benzoilpiridina para-nitro-benzoilhidrazona (H2BzpNO,Ph), usando cloreto de
cobre(l1) como sal de partida. A equacdo dareacdo € representada da seguinte forma:

CuClygy * HL > [CuHL)CL ou[CuL)Cl]y + HCly,

As sinteses foram feitas de acordo com o procedimento descrito na sessdo 2.2.3. Os

compostos foram caracterizados por analise elementar, medidas de condutimetria, por
espectroscopia de infravermelho, momento magnético, espectroscopia paramagnética eletrénica
e as estruturas em estado solido mediante o método de difracéo de raios X de monocristal.

Os complexos obtidos e caracterizados foram testados para determinar sua atividade
antibacteriana frente a bactérias, Saphylococcus aureus ATCC 6538, Pseudomonas aeruginosa
ATCC 9070, Enterococcus faecalis ATCC 19433 e fungos Candida albicans ATCC 18804 e
10231.

Foram obtidos dez complexos: [dicloro(2-formilpiridina-para-cloro-
benzoilhidrazona)cobre(l1)] [Cu(H2FopCIPh)Cl;]  (33), [cloro(2-formilpiridina-para-nitro-
benzoilhidrazonato)cobre(11)] [ Cu(2FopNOLPh)CI] (34), [dicloro(2-acetilpiridina
acetilhidrazona)cobre(l1)] [Cu(H2AcMe)Cl,] (35), [cloro(2-
acetilpiridinabenzoilhidrazonato)cobre(ll)] dihidratado [Cu(2AcPh)Cl]'2H,O (36), [cloro(2-
acetilpiridina-para-cloro-benzoilhidrazonato)cobre(ll)]  dihidratado [Cu(2AcpCIPh)CI].2H,0
(37), [cloro(2-acetilpiridina-para-nitro-benzoilhidrazonato)cobre(l1)] [Cu(2AcpNO.Ph)CI] (38),
[dicloro(2-benzoilpiridina-acetilhidrazona)cobre(l1)] [Cu(H2BzMe)Cl;] (39), [cloro(2-
benzoilpiridina-benzoilhidrazonato)cobre(l1)] [Cu(2BzPh)CI] (40), [cloro(2-benzoilpiridina-
para-cloro-benzoilhidrazonato)cobre(l1)] [Cu(2BzpCIPh)CI] (41) e [cloro(2-benzoilpiridina-

para-nitro-benzoilhidrazonato)cobre(l1)] [Cu(2BzpNO,Ph)Cl] (42).
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Os resultados de andlise elementar quantitativa e medidas de condutimetria sugerem a
formacdo dos compostos anteriormente descritos (Tabela 6.1). Nos complexos 33, 35 e 39 a
hidrazona coordena-se como ligante neutro, mas nos outros o ligante encontra-se na forma
anidnica. As condutividades molares revelam que todos os compostos ndo sdo eletroliticos, de
acordo com as formulagdes propostas. Os valores do momento magnético para 0S compostos
entre 1,76-1,88 MB sfo caracteristicos do fon cobre(I1)*2.

A estrutura geral desses compostos esta representada na Figura 6.1.

a) b)
5/ \3 > 3
i | (33)-R=H, R,=pCIPh | | (36)-R=CHj, R,=Ph
6 2 R
N, 2
PR @8-RCH, RCH, 111/ \H?/ (37)R=CHj, R;=pCIPh
1 | \ _ _
(39)-R=Ph, R,=CH Cl _—N (38)R=CHj, R;=pNO,Ph
\ PN t TScu” 2 NH
_Cy N / 3 (40)R=Ph, R,=Ph
cl : cl 28
PN O~ TRy (41)R=Ph,R,=pClPh
0~ "R,
(42)R=Ph, R,=pNO,Ph

Figura 6.1 — Egtrutura geral dos complexos de cobre(l1).

As principais bandas nos espectros de infravermelho das hidrazonas e seus complexos de
cobre(l1) encontram-se na Tabela 6.2. A vibrag&o encontrada entre 1587 e 1618 cm™, atribuida a
v(C=N) nos espectros das hidrazonas livres, se desloca para 1595 - 1609 cm™ nos espectros dos
complexos de cobre(l1) indicando a coordenagzo pelo nitrogénio azometinico (N2)°. A vibraggo
v(C=0), observada em 1651 e 1663 cm™ nos espectros das hidrazonas, desloca-se para 1600-
1630 cm™ nos complexos 33, 35 e 39, sugerindo a coordenacdo pelo oxigénio carbonilico®
(Figura 6.2).

! sulek, C.; Kumar, A.; Spectrochimia acta, A. 2007, 68, 469

2 Sulek, C.; Kumar, A.; Spectrochimia acta, A. 2007, 68, 1410

s Perez-Rebolledo, A.; Piro, O.E.; Castellano, E.E.; Teixeirag, L.R.; Batista, A.A.; Berado, H.; J. Mol. Sruct. 2006, 18, 794

4 Nakamoto, K.; Infrared and Raman Spectra of Inorganic and CoordinationCompounds, fourth ed., Wiley, New Y ork. 1986.
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Figura 6.2 — Espectros de 1V do complexo [Cu(H2AcMe)Cl,] (35) e do ligante H2AcMe (15).
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Tabela 6.1 — Andlise elementar (valores tedricos em paréntesis), massa molar, rendimento, condutividade molar e momentos magnéticos dos

complexos de cobre(l1) com hidrazonas derivadas de 2-formilpiridina, 2-acetilpiridina e 2-benzoilpiridina

Composto Rendimento (%) % C % H % N MM (g/mol)  AuQ*cm?’mol®  per (MB)
[Cu(H2FopCIPh)Cl;] (33) 70 39,18(39,61) 2,11(2,56) 10,57(10,66) 394,15 33,32 1,76
[Cu(2FopNO,Ph)CI] (34) 77 42,00(42,20) 2,05(2,46) 15,36(15,21) 368,24 13,38 1,82
[Cu(H2AcMe)Cl,) (35) 92 34,33(34,68) 3,20(356) 13,27(1348) 311,65 31,50 1,78
[Cu(2AcPh)Cl].2H,0 (36) 90 44,99(45,04) 4,29(4,32) 11,24(11,26) 373,29 37,50 1,88
[Cu(2AcpCIPh)CI].2H,0 (37) 90 41,50(41,24) 3,66(3,71) 10,26(10,31) 407,73 36,66 1,84
Cu(2AcpNO,Ph)CI] (38) 87 43,55(43,99) 2,84(2,90) 14,30(14,66) 382,26 5,28 1,88
[Cu(H2BzMe)Cl] (39) 71 44,79(44,99)  347(3,51) 11,17(11,24) 372,72 16,28 1,77
[Cu(2BzPh)Cl] (40) 86 57,22(57,15)  3,41(353) 10,40(10,52) 399,33 21,56 1,82
[Cu(2BzpCIPh)CI] (41) 86 52,61(52,75)  2,99(3,02)  9,85(9,69) 433,77 37,40 1,88
[Cu(2BzpNO,Ph)Cl] (42) 74 51,21(51,36)  2,94(2,95) 12,15(12,61) 444,33 20,68 1,88
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Tabela 6.2 — Bandas nos espectros de infravermelho (cm™) dos complexos de cobre(I1) com
hidrazonas derivadas de 2-formil, 2-acetil e 2-benzoilpiridina— suportes: KBr (4000-400 cmY);
Csl (400-200 cm™).

Compostos ON-H vC=0 vC=N uN=C p(py) vM-N ovM-O
H2FopCIPh (13) 3175 1651 1592 618 -
[Cu(H2FopCIPh)Cl;] (33) 3074 1600 1598 1491 629 412 330
H2FopNO,Ph (14) 3227 1663 1601 618 -
[Cu(2FopNO,Ph)CI] (34) - - 1607 1491 649 411 329
H2AcMe (15) 3193 1676 1618 624 -
[Cu(H2AcMe)Cl;] (35) 3070 1610 1598 - 644 417 333
H2AcPh (16) 3181 1655 1616 620 -
[Cu(2AcPh)CI].2H,0 (36) - - 1602 1493 647 415 332
H2AcpCIPh (17) 3287 1659 1607 623 -
[Cu(2AcpCIPh)Cl].2H,0 (37) - - 1602 1495 644 416 333
H2AcpNO,Ph (18) 3188 1681 1601 619 -
[Cu(2AcpNO,Ph)Cl] (38) - - 1600 1495 649 417 326
H2BzMe (19) 3054 1663 1587 619 -
[Cu(H2BzMe)Cl3] (39) 3094 1630 1600 - 646 415 337
H2BzPh (20) 3063 1687 1601 614 -
[Cu(2BzpPh)Cl] (40) - - 1596 1494 645 421 304
H2BzpCIPh (21) 3064 1686 1603 615 -
[Cu(2BzpCIPh)Cl] (41) - - 1594 1495 645 424 314
H2BzpNO,Ph (22) 3105 1680 1603 615 -
[Cu(2BzpNO,Ph)Cl] (42) - - 1595 1497 647 424 307

Nos complexos 34,36-38 e 40-42 ndo foi encontrada absorcéo atribuivel a v(C=0), mas
uma banda adicional foi encontrada entre 1491-1497 cm™, correspondente a vibragio v(C=N),

96



em razdo da presenca da nova ligagdo N=C formada apds coordenacdo e desprotonagcdo do
ligante', Figura 6.3.

H2AcpNO:Ph

%Transmittance

v(N-H) 3186

v(C=0) 16l66

U L ST ] W L
2500 2000 1500 1000 500
Wavenumber (cm-1)

Figura 6.3 — Espectros de 1V do Complexo [Cu(2AcpNO,Ph)CI] (38) e o ligante H2AcpNO,Ph
(18).

L o) [ I
4000 3500 3000

A deformacdo no plano no anel piridina que se encontra-se em 614 - 624 cm™, nos
espectros das hidrazonas, desloca-se para 629-649 cm™* nos espectros dos complexos, sugerindo
coordenacdo no nitrogénio heterocromético >®’. A andlise dos espectros de infravermelho
indica a coordenacao pelo sistema quelante Npy—N—O.

A presenca das duas moléculas de agua nos compostos 36 e 37 foi confirmado mediante
analise termogravimétrica. Processos endotérmicos em 237,9 e 253,7°C foram observados nos
termogramas dos compostos, com perdas de massa associada de 9,83 e 8,84 % para 0s
complexos 36 e 37 . A porcentagem da perda de agua calculada para os compostos é de 9,64 e

8,82 %, respectivamente, Figura 6.4.

5 Srega, P.B.; Prathgpachandra, M.R.K.; Kishore, A.; Jasmin, C.; Polyhedron. 2004, 23, 575.

6 Recio Despaigne, A.A.; Da Silva, JG.; Do Carmo, A.C.M.; Piro, O.E.; Castellano, E.E.; Beraldo, H.; Polyhedron. 2009, 28,

3797.

" Redio Despaigne, A.A.; Dacosta, F.B.; Piro, O.E.; Castdlano, E.E.; Louro, S.R.W.; Beraldo, H.; Polyhedron. 2012, 38, 285.
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Figura 6.4 — Termograma do composto [ Cu(2AcpCIPh)CI] 2H,0 (37).

Os espectros de RPE dos complexos 36, 37, 38, 40, 41 e 42 em estado solido (300 K)

estdo representados na Figura 6.5. Estes espectros sdo caracteristicos de complexos

mononucleares de cobre(ll) com simetria axial. Os valores de g; e g1, 2,24 e 2,08,

respectivamente, sdo caracteristicos desse tipo de compostos®. Os valores sd0 consistentes com

0 edtado fundamental dyy». NoOs espectros falta a estrutura hiperfina de 4 linhas devido a

interacdo com 0 momento magnético nuclear do ion cobre (11) (I = 3/2), como é frequente em

casos de amostras slidas concentradas em que interages de troca estéo presentes’?.

Dado que

esses sistemas sa0 magneticamente ndo-diluidos, as linhas so marcadamente largas em razéo

das interagdes magnéticas dipolo-dipolo.

8 Bontchev, P.R.; lvanova, B.B.; Mehandjiev, D.R.; Polyhedron. 2001, 20, 231.
® Hathaway, B.J; Billing, D.E.; Coord. Chem. Rev. 1970, 5, 143.

Y. 0. Ferraz; S M. S. V. Wardell; J. L. Warddll; S. R. W. Louro; H. Beraldo, Spectrochimica Acta Part A 73. 2009, 140.
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Figura 6.5 — Espectros de EPR dos complexos de cobre (1) no estado solido atemperatura
ambiente.

Os espectros dos complexos em solugcdo de DM SO foram feitos a 77 K (Fig. 6.6). O
espectro do composto 36 mostra uma superposicao entre um componente de simetria axial, a
qual mostra trés das quatro linhas de desdobramento hiperfino com parémetros de g; = 2,25, g.=
2,08 e Ay = 17,0 mT; e um componente largo. Os compostos 37 e 38 mostram apenas o
componente largo, sendo pouco notada a regido paralela. Esse alargamento se deve ao fato de
gue 0s compostos estd mais agregados 0 que aumenta a interagdo dipolar magnética e as
interacdes de troca entre os ions cobre nos complexos.

Os espectros dos complexos 40, 41 e 42 ndo apresentam 0 componente amplo e mostram
um desdobramento hiperfino na regido paralela. Estes resultados indicam que, ao contrério dos
complexos derivados da 2-acetilpiridina, os derivados de 2-benzoilpiridina ndo estéo agregados
em DM SO devido provavelmente a presenca de subtituintes volumosos. Em solugdo, a presenca
do grupo mais volumoso 2-benzoil piridina afasta os ions paramagnéticos. Com isso, as linhas
S80 mais estreitas do que os complexos com 2-acetilpiriding, visto que o0 grupo volumoso faz
diminuir a interagdo dipolar magnética entre os ions de cobre (que alarga as linhas). A presenca
do benzoil também impede a interagdo de troca, e entdo as 4 linhas do desdobramento hiperfino
aparecem bem definidas na regido de g|. O complexo 8 apresenta um componente simples com
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0) = 2,265, g1 = 2,064, e A = 16,3 mT. Os complexos 41 e 42 exibem um segundo componente
menor com g = 2,194 e A = 15,6 mT, indicando dois microambientes para os ions cobre(l1).
Ainda que os ions cobre(ll) intergjam nos complexos, com ao menos dois &omos de
nitrogénio ndo equivalentes (N,y e N) os espectros dos complexos 36-38 ndo exibem a estrutura
super-hiperfina do nitrogénio (Figura 6.6a). Esta estrutura e observada na regido perpendicular
dos espectros dos complexos 40-42. No gréfico inserido, na Figura 6.6 b, observa-se a segunda
derivada do espectro do complexo 40 nesta regido, com uma constante de desdobramento super-
hiperfino Ay = 1,65 mT. Contudo, 0 nUmero de linhas nesse espectro ndo esta claro, uma vez

gue o desdobramento hiperfino ndo esta bem resolvido.

922 DMSO soluti
solution
—L— 7K (b)

g,=2.08

DMSO solution (77K)

(37)

(38

RN

Room temp.

el

@7 |-
IUI - -

" 300 330 360 310 320 330 340

T r T T T I ' T ' T i T y 1

270 300 330 360 390 280 300 320 340 360
Magnetic Field (mT) Magnetic Field (mT)

Figura 6.6 — Espectros de EPR dos complexos de cobre (I11) en DMSO a 77K.

Os dados dos cristais e resultados dos refinamentos dos complexos estdo mostrados na
Tabela 6.3. Depois da recristalizagdo em DM SO : acetona, acontece a conversao dos complexos
34 e 38 em [cloro(O-dimetilsulfoxido) (2-formilpiridina-para-nitro-benzoilhidrazonato) cobre(11)]
[Cu(2FopNO,Ph)CI(DMSO)] (34a) e [cloro(O-dimetilsulféxido)(2-acetilpiridina-para-nitro-
benzoilhidrazonato)cobre(l1)]  [Cu(2AcpNO.Ph)CI(DMSO)] (38a), respectivamente. As
estruturas cristalinas dos complexos 33, 34a e 38a estdo representadas nas Figuras 6.7, 6.8 € 6.9
%7 A Tabela 6.4 mostra os dados de distancia de ligac&o e angulos nas estruturas cristalinas dos
compostos 33, 34a e 38a.
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Figura 6.8 — Diagrama ORTEP do complexo [ Cu(2FopNO,Ph)CI(DMSO)] (34a).
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Figura 6.9 — Diagrama ORTEP do complexo [ Cu(2AcpNO,Ph)CI(DMSO)] (38a).

No complexo 33 a hidrazona encontra-se na forma neutra ligada ao atomo de cobre(l1)
com dois ions cloreto, enquanto que em 34a e 38a o ligante se coordena na forma anibnica ao
centro metalico, conjuntamente com um ion cloreto e uma molécula de DMSO. Em todos os
complexos 0 metal encontra-se numa geometria de piramide de base quadrada distorcida com
valore de t de 0,21 para 33, 0,07 em 34a e 0,20 no complexo 38a, respectivamente.

Em todos os compostos, o fragmento do esqueleto hidrazonico Py(C=N)N(C=0)N define
o plano de coordenagdo (0s a&omos apresentam desvio com respeito ao plano menor que 0,040
A) com o jon metélico situado mais perto do plano nos complexos 34a e 38a que no complexo
33 [cobre(ll) a0,382(2), 0,104(1) e0,233(1) A em 33, 34a e 38a, respectivamente]. Em 34a e
38a, provavelmente, acontece uma competicdo pela carga positiva do metal entre o &omo de
cloro e a hidrazona em forma anidnica. A interacdo entre o centro metélico e a hidrazona
anidnica faz com que o metal fique mais perto do plano do esqueleto hidrazénico em 34a e 38a
gue em 33, onde o efeito de atragdo dos dois ions cloreto pela carga positiva do centro metélico
predomina ante a interagdo entre o metal e a hidrazona neutra. Em 34a e 38a o grupo NO-
terminal esta quase coplanar com o anel fenila [angulo de 7,1(5)° e 9,08(2)°, respectivamente].

Para o complexo 33 adistancia de ligagio C8-O1 na hidrazona tem valores de 1,243(3) A
enquanto nos complexos 34a e 38a esta distancia de ligacio é de 1,285(3) e 1,284(2) A,
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respectivamente. I1sto € devido ao fato de que a hidrazona esta em forma anidnica, em 34a e 38a,
apresentando a ligagdo C8-OL1 certo caréter de ligacdo simples. A distancia da ligacéo N3-C8
tem valores de 1,359(3) A no complexo 33, e de 1,331(3) e 1.327(3) A nos complexos 34a e
38a, em concordancia com maior carater de ligagdo dupla dos Ultimos. Interessantemente, as
distancias de ligacdo O1-M s30 de 2,137(2) A para 1, e de 1,988(2) e 1,994(1) A para 34a e 38a,
em concordancia com a presenca da carga negativa no &omo de oxigénio que aumenta a forca da
ligagdo M-O1 nos complexos 34a e 38a.

Analisando os complexos 33, 34a e 38a verifica-se que os angulos N1-M-N2 e N2—-M—
O1 apresentam peguenas mudangas (Tabela 5.7). O angulo N1-M—-O1 muda de 150,28(8) em 33
a 158,06(8) e 156,81(6) em 34a e 38a, respectivamente, pela maior deslocalizacdo eletronica
apos a desprotonacdo do nitrogénio N3 nos complexos 34a e 38a. Analogamente, 0os angulos
N3—-C8-01 véo de 120,4(2) em 33 a 125,1(2) e 125,25(18) em 34a e 38a, respectivamente,
devido a0 mesmo efeito.

ComparacOes entre 33, 34a e 38a revelam que as distancias de ligagbes dentro dos
ligantes hidrazonas ndo sdo muito diferentes, mas, como esperado, as distancias M—-L [M =
cobre(l1)], variam apreciavelmente. De forma similar, os angulos das ligagdes dentro do
esqueleto hidrazona ndo mudam significativamente.

A estrutura do composto 35 foi determinada e publicada por outro grupo de
pesquisa™. Nossos resultados, obtidos da caracterizacdio do pé desse composto, estd em
correspondéncia com a estrutura reportada previamente.

"patta, A.; Das, Kuhli.; Yan-Ming, J; Jui-Hsien, H. and Lee H. M.; Acta Crystallographica. 2011, E67, m123.
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Tabela 6.3 — Dados cristalogréficos e parametros do refinamento estrutural para [ Cu(H2FopCIPh)Cl ] (33), [Cu(2FopNO.Ph)CI(DM SO)] (34a),
[Cu(2AcpNO,Ph)CI(DMSO)] (38a), [Cu(H2BzMe)Cl;] (39) e [Cu(2BzMe)Cl] (39a).

33 34a 38a 39 39
Formula empirica Ci5H14Cl3CUN30,S Ci5H1sCICUN4O,4S Ci6H17CICUN,OS C14H15Cl:CUNz0O; C2H24Cl:CUN6O;
Peso molecular 470,24 446,36 460,39 391,73 674,51
Temperatura 296(2) 296(2) 296(2) - -
Comprimento de onda 0,71073 0,71073 0,71073 - -

Sistema cristalino, grupo
espacial

Dimensdes da célula
unidade

a(A)
b(A)
c(A)
o(*)
B(*)
y(*)
Volume (A%

Z, densidade calculada
(Mg/m’)

Codficiente de absorcéo
(mm™)

F(000)

Dimensdes do crista
(mm?°)

Monoclinico, P2,/c

8,4375(3)
11,9811(3)
18,5793(6)

94,219(1)

1873,1(1)
4; 1,668

1,719
948
0,16x0,13x0,05

Monoclinico, P2:/n

9,4069(3)
8,1714(3)
23,7042(9)

91,782(2)

1821,2(1)
4;1,628

1,489
908
0,20x0,11x0,04

Monoclinico, P 21/c

12,8481(4)
7,8598(2)
19,0296(5)
90,00
107,587(2)
90,00
1831,85

4; 1,669

1,483
940

Monoclinico, P2,/a

8,4631
21,7169
9,3480
90,00
104,132
90,00
1658,60

4; 1,569

1,647
796
0,31x 0,27x 0,11

Monoclinico, P 21/n

7,3876
13,323
13,7890
90,00
92,556
90,00
1355,8

2; 1,652

1,805
684
0,28x 0,06x 0,05

(continua)
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Tabela 6.3 — Dados cristalogréficos e parametros do refinamento estrutural para [ Cu(H2FopCIPh)Cl ;] (33), [Cu(2FopNO.Ph)CI(DM SO)] (34a),
[Cu(2AcpNO,Ph)CI(DMSO)] (38a), [Cu(H2BzMe)Cl;] (39) e [Cu(2BzMe)Cl], (39a) (continuacao).

3 34a 38a 39 3%

Cor eforma do cristal Amareo/prisma Amardo/placa - Verde, prisméatico Vermelho, prismatico

'dgtdi‘s’%") decoltade g5 95 o0° 2.64-26,00° 2.82-2574 3,12-26,00 3,06-25,99
110<h<10 11<h<11 115<h<15 -10<h<9 9<h<8

Interval os de hkl 14<k<14 9<k<10 9<k<9 24<k<26 14<k<16
22<1<22 28<1<29 23<1<23 11<1<8 16<1<16

Reflexdes coletadas 20540/3675[R;w=0,059 - 10367/3239[R(int)=0,03 6797/2665[R(int)=0,07

(Ro0.0615] a 14912/3565 18528 I3478[Rw=00500] 7 o

Reflexdes observadas

o2a(] 3004 2771 2081 2818 1819

Completeza 99,8%(t0 6=26,00°)  99,6%( to 6=26,00°) - 99.1% 99.7%

M éodos de refinamento

t'?ggogr&“”g"%/parame 3675/0/245 3565/0/237 3478/0/224 3229/3/208 2665/0/182

s 1,056 1,080 1,037 1,034 0,986

2 2 2 2 2 2/=2 2
oo g‘;](_'ﬁ JHO048PHLA 1 2(F.2)+(0,047P)%+0,3 3{5[;,3]2(':0 )*+(0,0469F)™+0.56 ‘F’,](l': o HO.04MPYHOT9  2r2)4(0,039P)7
y -1 2 2

P[Max(F20)+2F2/3 ) P=(FO+2FC)/3 P=[Max(F%,0)+2F2]/3 - IMax(Fo0)+2F /3

indices finais R R,=0,0352, R,=0,0372, _ _ _ _

To20(0] WR0.0032 WR0.0875 R,= 0,0292, WR,=0,0754  0,0311; 0,0381 0,0391; 0,0715

. R,=0,0466, R,=0,0550, _ _ _ .
IndicesR (all data) R0.0083 00062 R,=0,0364, WR,=0,0800 0,0820; 0,0867 0,0843; 0,0959
Ap max./min. (€A 0,524 €-0,501 0,299 e-0,512 ] 0,268 €-0,381 0,351 e-0,585

105



Tabela 6.4 — Distancias de ligagdes e angulos selecionados nas estruturas moleculares de

[Cu(H2FopCIPh)Cl,] (33), [Cu(2FopNO,Ph)CI(DMSO0)] (344) e [Cu(2AcpNO,Ph)CI(DMSO)]

(38a).
Atribuicoes 33 34a 38a
N1-C2 1,361(3) 1,363(3) 1.356(3)
C2-C7 1,459(4) 1,459(4) 1.474(3)
N2-C7 1,277(3) 1,284(3) 1.290(3)
N2-N3 1,361(3) 1,363(3) 1.365(2)
N3-C8 1,359(3) 1,331(3) 1.327(3)
01-C8 1,243(3) 1,285(3) 1.284(2)
M-N1 2,044(2) 2,043(2) 2.049(2)
M-N2 1,971(2) 1,942(2) 1.936(2)
M-O1 2,137(2) 1,988(2) 1.994(1)
M-Cl1 2,4344(8)
M-CI2 2,2212(8)
M-Cl 2,2354(7) 2.2364(6)
M-02 2,242(2) 2.267(2)
Angulos de ligagéo
N1-C2-C7 114,4(2) 114,2(2) 115.00(17)
C2-C7-N2 144,4(2) 114,8(2) 112.55(18)
C7-N2-N3 124,7(2) 122,9(2) 122.01(17)
N2-N3-C8 113,5(2) 107,3(2) 107.91(16)
N3-C8-0O1 120,4(2) 125,1(2) 125.45(18)
C6-N1-M 128,6(2) 129,2(2) 127.86(16)
C2-N1-M 112,4(2) 112,3(2) 112.19(13)
C7-N2-M 118,5(2) 118,6(2) 120.32(14)
N3-N2-M 116,8(2) 118,5(2) 117.66(12)
C8-01-M 112,0(2) 110,6(2) 109.70(13)
N1-M-N2 78,91(9) 79,86(9) 79.24(7)
N2-M-O1 76,17(8) 78,52(8) 79.15(6)
N1-M-O1 150,28(8) 158,06(8) 156.81(6)
N1-M-Cl1 105,26(7)
N1-M-CI2 97,71(7)
N2-M-Cl1 92,90(7)
N2-M-ClI2 163,28(7)
0O1-M-Cl1 92,00(6)
01-M-CI2 101,48(6)
Cl1-M-CI2 103,76(3)
N1-M-Cl 98,88(6) 99.38(5)
N1-M-0O2 93,78(8) 88.56(6)
N2-M-Cl 162,64(7) 168.92(5)
N2-M-02 95,06(8) 93.12(6)
01-M-Cl 100,63(5) 100.21(4)
01-M-02 91,80(7) 100.91(6)
02-M-Cl 102,29(5) 97.84(4)
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Os cristais dos compostos [Cu(H2BzMe)Cl,] (39) e big(pu-cloro-2-benzoil-piridina-
acetilhidrazonato)cobre(l1)] [Cu(2BzMe)Cl], (39a) foram obtidos da mistura 1:9 DMSO-
acetona. Os complexos 39 e 39a co-cristalizam da mesma solu¢cdo de DM SO-acetona. Como
havia uma quantidade muito pequena de 39a néo foi possivel estudélo por meio de outras
técnicas, a ndo ser aravés de difracdo de raios X de monocristal. Na tabela 6.5 apresenta-se as
distancias de ligagéo e angulos das estruturas cristalinas dos compostos 39 e 39a. Figuras 6.10 e
6.11 mostram os diagramas ORTEP desses complexos™.

Figura 6.11 — Diagrama molecular ORTEP do dimero [Cu(2BzMe)Cl]. (39a).

2 Recio-Despaigne, A. A.; DaSilva, J. G.; Do Carmo, A. C. M.; Pirg, O. E.; Castellano, E. E.; Berddo, H.; J. Molec. Sruct.
2009, 97, 920.

107



Na estrutura de 39 o ion de cobre(l1) esta pentacoordenado, ligado a uma molécula neutra
da hidrazona, que atua como ligante tridentado, coordenando-se ao centro metalico através dos
nitrogénios piridinico e iminico e pelo oxigénio cabonilico, dois ions cloreto ocupam as posi¢coes
de coordenacdo remanescentes. Neste complexo os domos N1, N2, O e Cl2 ocupam o plano
basal de uma piramide quadrada distorcida, e 0 &omo Cl1 est4 localizado na posi¢do apical com
valor de © = 0,13. No dimero [Cu(2BzMe¢)Cl], (39a) cada atomo de cobre(l1), no centro de uma
pirémide quadrada distorcida, esta ligado a uma hidrazona anibnica e a dois ions cloretos que
atuam como ligantes pontes conectando os dois ions de cobre(ll) um com o outro [d(Cu-Cl) =
2,260(1)A, d(Cu-CI") = 2,723(1)A]. O complexo 39a é centrossimétrico.

Em todos os compostos o fragmento do esqueleto hidrazénico Py(C=N)N(C=0)N define
o plano de coordenagio [desvio rms dos &omos do plano de 0,045 A (39) e 0,086 A (39a)] com
o fon metdlico situado perto deste plano 0,273(1) A (39) e 0,228(2) A (39a)]. O anel fenilico eo
plano de coordenacéo formam angulos diedros de 82,53(7)° (39) e 53,2(10)° (39a).

No complexo 39 a distancia de ligagdo C8-01 é de 1,243(3) A, sendo que no ligante
H2BzMe (19) esta distancia é 1,217 A (ver capitulo 4 seco 4.1). Isto se deve & formacio da
ligacdo M-O que debilita a ligagdo C-O. No complexo 39a a distancia da ligagdo C8-O é de
1,271(4) A, porque a desprotonaciio em N3 faz aumentar o caréter de ligagio simples daligagéo
(C8-0).

As distancias de ligagdo N2-N3 e N3-C8, que no ligante (19) tem valores de 1,369(3) e
1,361(3) A, respectivamente, sdo 1,361(2) e 1,347(3) A em 39 e 1,377(3) e 1,322(4) A em 39a.

O angulo C2-C7-N2 tem valores de 112,0(2)° e 112,0(3)° para 0s compostos 7 e 7a,
respectivamente. Comparando esses valores com o do ligante (19), 126,7(2)°, verificase a
existéncia de uma grande variacdo devida a uma mudanca na configuracdo da hidrazona, da
forma Z como ligante livre para E nos complexos. O mesmo acontece com o angulo C7-N2-N3
que varia de 120,2(2)° em 19 a 124,9(2)° e 124,2(3)° em 39 e 39a, respectivamente, devido a
formagdo do anel quelato N1-M-N2. De forma similar o angulo N2-N3-C8 muda de 120,4(2)°,
no ligante 19 para 113,9(2)° e 107,8(3)° em 39 e 39a, respectivamente, em razdo da formagao do
anel quelato N2-M-OL1.
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Tabela 6.5 — Distancias de ligagdes e angulos selecionados nas estruturas moleculares de
[Cu(H2BzMe)Cl;] (39) e [Cu(2BzMe)Cl], (39a).

Atribuicdes 39 3%
N1-C2 1,356(3) 1,356(4)
C2-C7 1,481(3) 1,488(4)
N2-C7 1,279(3) 1,287(4)
N2-N3 1,361(2) 1,377(3)
N3-C8 1.347(3) 1,322(4)
01-C8 1,243(3) 1,271(4)
M-N1 2,028(2) 2,006(3)
M-N2 1,962(2) 1,951(3)
M-O1 2,062(2) 1,958(2)
Cu-Cl - 2,260(1)
M-CI1 2,4628(7) -

M-CI2 2,2098(7) -
Cu-Cl#1 - 2,723(1)
M#1-Cl - 2,723(1)
Angulos de ligagéo

N1-C2-C7 114,8(2) 114,7(3)
C2-C7-N2 112,0(2) 112,0(3)
C7-N2-N3 124.9(2) 124,2(3)
N2-N3-C8 113,9(2) 107,8(3)
N3-C8-0 120,4(2) 125,3(3)
C6-N1-M 127,7(2) 127,8(2)
C2-N1-M 113,4(2) 113,3(2)
C7-N2-M 120,6(2) 119,4(2)
N3-N2-M 114,5(1) 116,4(2)
C8-0O1-M 112,4(1) 11,2(2)
N1-M-N2 78,65(7) 79,8(1)
N2-M-O1 78,02(7) 79,23(9)
N1-M-O1 153,45(7) 158,0(1)
N1-M-Cl1 97,46(6) -
N1-M-Cl2 99,92(6) -
N2-M-Cl1 93,33(6) -
N2-M-Cl2 161,39(6) -
01-M-CI2 98,15(5) -
Cl1-M-CI2 105,23(3) -
N2-Cu-Cl - 169,39(8)
01-Cu-Cl - 99,28(7)
N1-Cu-Cl - 100,06(8)
N2-Cu-Cl#1 - 100,24(8)
O1-Cu-Cl#l - 94,74(8)
N1-Cu-Cl#1 - 95,48(8)
Cl-Cu-Cl#1 - 90,34(3)
Cu-Cl-Cu#l - 89,66(3)
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6.1 — Estudo da atividade antimicrobiana.

Foram realizados testes quantitativos da atividade antimicrobiana in vitro dos complexos
de cobre(ll) com as hidrazonas contra bactérias Saphylococcus aureus ATCC 6538,
Enterococcus faecalis ATCC 19433, Pseudomonas aeruginosa ATCC 9070 e contra fungos
Candida albicans (ATCC 18804 e 10231). A determinagdo das concentragdes inibitorias
minimas (CIM) foi realizada de acordo com o procedimento descrito na parte experimental. Na
Tabela 5.22 mostram-se, comparativamente, os resultados obtidos nos experimentos.

Pode-se observar que, em geral, a coordenacao dos ligantes com cobre(ll) faz aumentar a
atividade dos compostos. Os melhores resultados foram obtidos para os complexos 33 (CIM = 82
umol'L™), 36 (CIM =49 umol'L™), 37 (CIM = 10 pmol'L™) e 40 (CIM = 20 pmol'L™) frentea S.
aureus, e 40 (CIM = 62 umol'L™) frente a E. faecalis, respectivamente. Os valores de CIM sfo
maiores que os da tetraciclina (CIM = 0,36 umol'L™ contra S. aureus) e ciprofloxacina (CIM =
0,25 pmolL™ contra E. faecalis), ambos farmacos de controle. Assim, o aparecimento de
resisténcia a esses antibioticos torna os resultados deste estudo interessantes.

Os complexos 37 (CIM = 52 pmol'L™) e 41 (CIM = 47 umol'L™) foram mais ativos que
as hidrazonas (CIM = 86 e 69 umol'L™, respectivamente) frente a C. albicans. Os valores de
CIM destas hidrazonas s similares a0 do farmaco de controle (fluconazol, CIM = 79 umol-L™),
enguanto o CIM dos complexos é menor, sugerindo que os complexos podem ser interessantes

como novos candidatos a farmacos antifingicos.
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Tabela 6.6 — Concentracdo inibitéria minima das hidrazonas e complexos de cobre(l1) contra S,

Aureus, P. aeruginosa, E. faecalis e C. albicans.

CIM (pmolL™)
Compostos C. albicans P. E.
S aureus ; .
ATCC 10231 ATCC 18804 aeruginosa  faecalis
H2FopClIPh (13) 1116 962 240 > 770 > 739
[Cu(H2FopCIPh)Cl,] (33) > 320 ND 82 > 497 > 487
H2FopNO,Ph (14) > 740 ND > 740 > 754 > 725
[Cu(2FopNO,Ph)CI] (34) > 353 ND 138 > 532 > 553
H2AcMe (15) > 719 ND > 1773 > 844 > 1106
[Cu(H2AcMe)Cl ;] (35) > 463 ND > 741 > 726 >712
H2AcPh (16) 179 213 428 422 > 819
[Cu(2AcPh)CI]2H,0 (36) 229 147 49 > 535 131
H2AcpClIPh (17) 86 46 197 383 > 738
[Cu(2AcpCIPh)CI]2H,0 (37) 52 115 10 > 505 122
H2AcpNO,Ph (18) 111 179 353 337 > 696
[Cu(2AcpNO,Ph)CI] (38) 220 ND > 673 > 554 > 523
H2BzMe (19) > 532 ND > 834 > 1094 > 852
[Cu(H2BzM€)Cl;] (39) > 345 ND 273 > 525 > 525
H2BzPh (20) 105 > 829 177 > 670 > 657
[Cu(2BzPh)CI] (40) 107 ND 20 > 510 62
H2BzpCIPh (21) 69 ND > 619 > 613 > 601
[Cu(2BzpCIPh)CI] (41) 47 ND 114 232 237
H2BzpNO,Ph (22) 750 ND > 600,5 > 577 > 577
[Cu(2BzpNO,Ph)CI] (42) 306 ND 140 > 441 112
CuCl,-2H,0 > 1671 338 > 656 > 1255 > 2322
Tetraciclina - - 0,36 15
Fluconazol 79 33 -
Ciproxacina 0,25

ND: N&o determinado
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6.2 — Avaliacdo da atividade citotoxica.

Foram feitos estudos de avaliacdo citotdxica dos compostos frente a células de glioma
maligno U87 e T98. O controle negativo foi tomado como sobrevivéncia de 100%. A Figura
6.12 apresenta a porcentagem de sobrevivéncia das células na presenca dos compostos estudados
na concentracdo de 1 pmol-L™. Como se pode observar os compostos (33, 34, 35, 39, 40, 41 e
42) apresentaram melhor perfil de inibicdo que as respectivas hidrazonas com valores de
porcentagem de sobrevivéncia entre 44-74 % frente a células U87. Enquanto que frente a células
T98 os compostos 36, 37, 38, 40, 41 e 42, apresentaram melhor perfil que as respectivas
hidrazonas livres com valores de sobrevivéncia entre 0,4 e 31%. Todos os complexos foram mais
ativos que o sal de partida (CuCl,). Os complexos das 2-benzoilpiridina apresentaram melhor

perfil de inibicdo que as respectivas hidrazonas frente as duas linhagens de células tumorais.
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Figura 6.12 — Comparacao do efeito citotoxico entre os complexos de cobre (11) e as hidrazonas
derivadas da 2-formil, 2-acetil e 2-benzoilpiridinafrente a células de glioma U87 e T98. As
células foram tratadas com os compostos por 48h e a sobrevivéncia das células foi medida
mediante o ensaio de MTT.

Para avaliar como se comportam estes compostos frente a células ndo tumorais testamos
os complexos frente a células MRC5 (fibroblastos de pulméo fetal humano) como modelo de
células sadias, Figura 6.13. Os compostos, 35 e 39 mostraram menos atividade frente a células
MRC5 mas os compostos 36, 37, 38, 40, 41 e 42 foram muito mais ativos frente a células T98
gue frente as células saudaveis, indicando a preferéncia desses composto pelas células tumorais o
gue da uma idéia sobre a toxidez destes complexos
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Figura 6.13 — Comparacéo da atividade dos complexos frente a células tumorais (U87 e T98) e
células sadias (MRC5). As células foram tratadas com os compostos por 48h e a sobrevivéncia
das células foi medida mediante o ensaio de MTT.

6.3 — Estudos de ligagdo ao DNA

Um dos possiveis mecanismos de agdo citotoxica e antimicrobiana dos complexos de
cobre (I1) com hidrazonas seria a possibilidade de interagdo desses compostos com 0 DNA dos
microorganismos e células estudados. Pensando nisto, foram realizados estudos para avaliar a
possivel interacdo dos complexos com DNA por dois métodos diferentes.

6.3.1 — Estudos de ligacdo ao DNA por espectroscopia de absor ¢éo eletronica.

Todos os complexos estudados apresentaram duas bandas na regido de 250-400 nm nos
espectros de absorcdo, a banda correspondente & transicio m1 —»m do ligante encontra-se

abaixo de 300 nm enquanto que a encontrada entre os 350-400 nm foi atribuida a transferéncia
de carga metal-ligante. Em todos os complexos observou-se um efeito de hipocromismo pela
adicdo de DNA, assim como um pequeno deslocamento para o azul, exceto nos composto 38 e
40 onde acontece um deslocamento para o vermelho. Nos espectros dos complexos 34, 37 e 38
observa-se uma queda progressiva da intensidade de absor¢éo de todas as bandas com o aumento
da concentragdo do DNA. Este comportamento e similar a0 de compostos metdlicos

13,14

intercaladores reportados na literatura (Figura 6.14). Dos valores das constantes

calculadas (ver parte experimental, capitulo 2) se deduz que o complexo 34 (K, = 2,24 x 10* M™Y)

¥ Mei, W. J; Liu.J; KangZheng, C.; Lin, L.J; AnX, H.Ch.; Feng, C.Li.; Liang, N.Y.; Dalton Trans. 2003, 1352.
14 Krishnamoorthy, P.; Sathyadevi, P.; Cowley, Alan H.; . Butorac, Rachel R .; Dharmarg, N. European Journal of
Medicinal Chemistry. 2011, 46, 3376.
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esta mais fortemente ligado a0 DNA que os complexos 38 (Kp = 1,75 x 10* M™) e 37 (Kp = 1,62
x 10* M), (Tabela 6.7 e figura 6.15).

Nos complexos 33, 35, 36 e 39, observa-se que 0 aumento da concentragdo de DNA leva
aum aparecimento de uma nova banda perto de 300 nm. Efeito similar é observado no complexo
40 com uma banda préxima a 450 nm (Figura 6.14). Este resultado sugere que o perfil de
interaco desses compostos ndo se corresponde ao de intercalacdo.

Os complexos 41 e 42 ndo foram estudados porque suas solugdes tampdo de analise
causavam instabilidade e precipitacéo no decorrer do tempo.

Tabela 6.7 — Constantes de ligagéo intrinseca (Kp) para o sistema DNA-complexo.

Compostos Kpx 10* M*
[Cu(H2FopCIPh)Cl] (33) 1,19
[Cu(2FopNO;Ph)CI] (34) 2,24

[Cu(H2AcMe)Cl] (35) 0,74
[Cu(2AcPh)C] (36) 1,52
[Cu(2AcpCIPh)CI] (37) 1,62
[CU(2AcpNO,Ph)CI] (38) 1,75
[Cu(H2BzMe)Cly] (39) 1,25
[Cu(2BzPh)Cl,] (40) 0,46
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Figura 6.14 — Espectros de absorcdo eletronica dos complexos 33, 34, 35, 36, 37, 38, 39e 40
(~45 pmol'L™) na auséncia e presenca de quantidades de CT-DNA (4,5; 9,0; 13,5; 18,0; 22,5;
27,0; 31,5; 36,0; 40,5 e 45,0 pmol L ™). As setas mostram as mudancas na absorvancia em funcéo

do aumento da concentracdo do DNA.
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Figura 6.15 — Gréfico de [DNA]/(ca-eb) vs [DNA] do complexo 37.
6.3.2 — Estudos de ligacéo ao DNA por fluorescéncia.

Baseando-nos dos resultados obtidos por espectroscopia de absorcdo eletronica,
escolhemos 0s complexos que apresentaram um comportamento tipico de intercalacdo com o
DNA para serem estudados pelo método de ligagcdo competitiva por fluorescéncia (ver capitulo
2, parte experimental).

Os espectros de supressdo da fluorescéncia do DNA ligado ao BE pelos complexos 34, 37
e 38 encontram-se na Figura 6.16. Dos resultados obtidos a partir da analise desses espectros
(secdo 2.3.4.2), obtiveram-se os valores da constante de supresséo da fluorescéncia (Kq), de
ligagdo aparente (Kapp) € de ligagdo (Kp) assim como o numero de ligagdo no DNA(Tabela 6.8 e
figura6.16).

Pode-se observar que, como nos estudos de UV-Vis, 0 composto 34 apresentou maior
valor nas constantes calculadas, o que indica que este composto parece ter maior tendéncia a
intercalar com 0 DNA que os complexos 37 e 38; gque apresentaram valores de constantes de
ligac&o muito proximos.

Tabelas 6.8— Constantes de supressdo (K), aparente (Kap) € de ligagéo (Kp) e nimero de sitios
de ligagdo no DNA.

Compostos Kq(M™) Kapp (M™) Kp(M™) n
[Cu(2FopNO,Ph)Cl] (34) 0,41 x 10* 3,98 x 10* 1,06 x 10* 1,11
[Cu(2AcpCIPh)Cl] (37) 0,38 x 10* 3,71 x 10* 0,74 x 10* 1,08
[Cu(2AcpNO,Ph)CI] (38) 0,37 x 10* 3,63 x 10* 0,69 x 10* 1,07
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Figura 6.16 — Espectros de emissio do DNA-BE (10 pmol'L™), na presenca de 0 a 200 pmol L™
dos complexos 34, 37 e 38. As setas indicam o0 sentido das mudancas na intensidade em fungdo
do aumento da concentragdo dos complexos.
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Figura 6.17— Graficos de 1o/l vs[Q] e log(Fo-F/F) vslog(Q) do complexo 34.

Os resultados obtidos destes estudos resultaram 16gicos se observamos as caracteristicas
estruturais dos complexos. Os compostos intercaladores com o DNA se caracterizam por
apresentar uma estrutura planar, tal qual o brometo de etideo. |0 permite a entrada do
intercalador no sulco do DNA.

Analisando as estruturas dos compostos testados observamos que nos trés complexos
com maior constante de ligagcd e que apresentaram um comportamento caracteristico de
intercalagdo, a hidrazona encontra-se ligada a0 metal na forma anibnica, 0 que provoca um
aumento na conjugacdo no esqueleto da hidrazona e também, na planaridade do ligante no
complexo; conforme mencionamos ao fazer a andlise das estruturas de raios-x dos compostos 34
e 38°7, respectivamente. O maior valor na constante de ligag&o para o composto 34 pode estar
relacionada com a caracteristica do ligante, onde um atomo de hidrogénio encontra-se ligado ao
carbono 7 da cadeia da hidrazona (Figura 6.8), enquanto nos complexos 37 e 38 ha um grupo
metila (Figura 6.9). O maior volume deste Ultimo poderia ser a causa do menor valor da
constante de intercalacdo causando um aumento do impedimento estérico. Iso também
explicaria porque o composto 40, mesmo tendo o ligante na forma anidnica ndo apresentou um
espectro de UV com caracteristicas de intercalacdo. Neste caso a presenca do grupo fenila ligado
a C7 do esqueleto da hidrazona dificulta a intercalagéo no DNA.
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7—COMPLEXOSDE Sn(1V) COM HIDRAZONASDERIVADASDE 2-
ACETILPIRIDINA E 2-BENZOILPIRIDINA

As reagOes de tricloreto de n-butilestanho, [(n-but)SnCls], e de tricloreto de fenilestanho,
[(Ph)SnCl3], com 2—acetilpiridina benzoil hidrazona (H2AcPh), 2—acetilpiridina-para-cloro-
benzoil hidrazona (H2AcpCIPh), 2—acetilpiridina-para-nitro benzoil hidrazona (H2AcpNO.Ph),
2-benzoilpiridina benzoil hidrazona (H2BzPh), 2—benzoilpiridina-para-cloro-benzoil hidrazona
(H2BzpCIPh) e 2-benzoilpiridina-para-nitro-benzoil hidrazona (H2BzpNO,Ph) deram como
produtos os complexos: [n-butil(dicloro) (2-acetilpiridina-benzoilhidrazonato) estanho(1V)] [(n-
but)Sn(2AcPh)Cl ] (43), [n-butil(dicloro)(2-acetilpiridina-para-cloro-
benzoilhidrazonato)estanho(1V)] [ (n-but) Sn(2AcpCIPh)Cl;] (44), [n-butil(dicloro)(2-
acetilpiridina-para-nitro-benzoilhidrazonato)estanho(1V)]  [(n-but)Sn(2AcpNO.Ph)Cl;]  (45),
[fenil(dicloro)(2-acetilpiridina-benzoilhidrazonato)estanho(1V)] [(Ph)Sn(2AcPh)Cl;] (46),
[fenil(dicloro)(2-acetilpiridina-para-cloro-benzoilhidrazonato)estanho(l V)]
[(Ph)Sn(2AcpCIPh)Cl,]  (47), [fenil(dicloro)(2-acetilpiridina-par a-nitro-benzoil hidrazonato)
estanho(1V)] [(Ph)Sn(2AcpNO,Ph)Cl;] (48), [n-butil(dicloro) (2-benzoilpiridina
benzoilhidrazonato)] estanho(1V) [ (n-but) Sn(2AcPh)Cl;] (49), [n-butil(dicloro)(2-
benzoilpiridina-para-cloro-benzoilhidrazonato)estanho(1V)] [(n-but)Sn(2AcpCIPh)Cl;] (50), [n-
butil(dicloro)(2-benzoilpiridina-para-nitro-benzoilhidrazonato)estanho(1V)] [(n-
but) Sn(2AcpNO,Ph)Cl;] (51), [fenil(dicloro)(2-benzoilpiridina-benzoilhidrazonato)estanho(1V)]
[(Ph)Sn(2AcPh)Cl ] (52), [fenil(dicloro)(2-benzoilpiridina-para-cloro-
benzoilhidrazonato)estanho(lV)] [(Ph)Sn(2AcpCIPh)Cl;] (53) e [fenil(dicloro)(2-
benzoilpiridina-para-nitro-benzoilhidrazonato)estanho(lV)] [(Ph)Sn(2AcpNO,Ph)Cl;] (54).

RSy  + Hiyg > [R(L)Cly + HCly

R: Butila, Fenila

Os resultados de microanalises e condutividade molar estdo de acordo com as
formulacbes propostas, mostrando que a hidrazona encontra-se na forma anidnica. A hidrazona
esta ligada ao centro metalico conjuntamente com um grupo butila ou fenila e ions cloretos nos

outros dois sitios de coordenacdo. A Tabela 7.1 mostra os resultados das analises.
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Tabela 7.1 — Andlise elementar (valores tedricos em paréntesis), massa molar, rendimento e condutividade molar dos complexos de Sn(1V) de
hidrazonas derivadas de 2-acetilpiridina e 2-benzoilpiridina.

Composto Rendimento (%) % C % H %N MM (gmol™) A

(Q*cm? mol™)
[(n-but)Sn(2AcPh)CI,] (43) 71 44,87(44,58) 4,16(4,36) 8,06(8,66) 484,99 11,56
[(n-but)Sn(2AcpCIPh)Cl,] (44) 83 41,77(41,62) 3,41(3,89) 8,39(8,09) 519,44 14,33
[(n-but)Sn(2AcpNO,Ph)Cl;] (45) 74 40,92(40,79) 372(380)  10,48(10,57) 529,99 10,66
[(Ph)Sn(2AcPh)CI,] (46) 85 46,66(47,57) 3,06(3,39) 8,80(8,32) 504,98 20,51
[(Ph)Sn(2AcpCIPh)CI,] (47) 86 43,57(44,53) 2,82(2,99) 7,99(8,04) 539,43 20,53
[(Ph)Sn(2AcpNO,Ph)Cl,] (48) 82 43,23(43,68) 300293  10,28(10,19) 549,98 18,75
[(n-but)Sn(2BzPh)Cl;] (49) 75 50,77(50,50) 4,10(4,24) 7,46(7.68) 547,06 12,70
[(n-but)Sn(2BzpCIPh)CI,] (50) 83 47,34(47,51) 3,33(3,81) 7,63(7,23) 581,51 12,76
[(n-but)Sn(2BzpNO,Ph)Cl;] (51) 75 46,54(46,66) 3,72(3,75) 9,47(9,46) 592,06 17,78
[(Ph)Sn(2BzPh)Cl;] (52) 37 52,99(52,95) 3,15(3,38) 7.20(7,41) 567,05 14,08
[(Ph)Sn(2BzpCIPh)Cl,] (53) 80 49,80(49,92) 2,92(3,02) 6,63(6,99) 601,50 13,94
[(Ph)Sn(2BzpNO,Ph)Cl,] (54) 60 48,98(49,06) 2,58(2,96) 9,28(9,15) 612,05 13,07
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Nos espectros de infravermelho dos complexos 43-54 observou-se que as bandas
correspondentes &s vibracdes v(N-H) e v(C=0) das hidrazonas livres, em 3100-3287 cm™* e
1655-1687 cm*, respectivamente (ver capitulo 4), ndo sdo observadas, o que indica que o ligante
encontra-se ligado na forma anidénica. As bandas v(C=C) + v(C=N) observadas em 1590-1460
cm™® nas hidrazonas livres sofrem pequena variagdo nos complexos, mas uma nova banda
correspondente a vibragdo v(C=N), devida a formacdo de uma segunda ligagdo N=C, é
observada em 1625-1632 cm™ (Figura 7.1).

As bandas correspondentes & deformagao do anel da piridina no plano, em 614-625 cm™
para os ligantes livres, deslocam-se para 647-650 cm™” em todos os complexos sugerindo a
coordenacdo pelo nitrogénio heteroaromético.“**Além disso, novas absorgdes em 495-457 cm'™
e 450-342 cm™ foram atribuidas a v(Sn-Nimina) € v(Sn-C), respectivamente (ver tabela 7.2).
Bandas em 230-215cm ' foram atribuidas a v(Sn-Npy)* > ©, e bandas em 405-380 cm™ &
vibraggo v(Sn-0). Uma absorcdo em 260-240 cm* foi atribuida a v(Sn-Cl).*>® Portanto os
espectros de infravermelho indicam a coordenagdo das hidrazonas através do sistema quelato
Npy-N-O.

lRecicyDe'spaigne, A. A.; Da Silva, J. G.; Do Carmo, A. C. M.; Piro, O. E.;Castellano, E. E.;Beraldo,H.;J. Molec. Sruct.2009,
920, 97.
2RecicyDe'spaigne, A. A,; DaSilva, J. G.; Do Carmo, A. C. M.,; Piro, O. E.;Castellano, E. E.;Berado,H.;Inorg. Chim Acta. 2009,
362, 2117.
3RecicyDe'spaigne, A. A,; DaSilva, J. G.; Do Carmo, A. C. M.; Sives, F.; Piro, O. E.;Castdlano, E. E.; Beraldo, H.; Polyhedron.
2009, 28, 3797.
4Mendes I. C.; Costa, F. B.; De Lima, G. M.; Ardisson, J. D.; Garcia-Santos, |.; Castifieras, A.; Berado,H.;Polyhedron. 2009,
28, 1179.
5 Mendes, I. C.; Moreira, J. P.; Ardisson, J. D.; Gouvéa, Dos Santos R.; Da Slva, P. R. O.; Garcia, |.; Castifieiras, A.;
Beraldo,H.;Eur. J. Med. Chem. 2008, 431, 454.
6 Pérez-Rebolledo, A.; DeLima, G. M.; Spezidi, N. L.; Piro, O. E.; Castellano, E. E.; Ardisson, J. D.; Berado,H.;J. Organomet.
Chem.2006, 18, 39109.
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Tabela 7.2 — Bandas nos espectros de infravermelho (cm™) dos complexos de Sn(1V) com hidrazonas derivadas das 2-acetilpiridina e 2-

benzoilpiridina— suportes: KBr (4000-400 cm™); Csl (400-200cm™Y).

vSn-Cl
Compostos vC=N p(py) vSn-C VSN-Nip; vSn-O vSN-N,y
Uas Us
[(n-but)Sn(2AcPh)Cl;] (43) 1599 647 349 492 392 250 202 228
[(n-but)Sn(2AcpCIPh)Cl,] (44) 1597 647 364 494 395 242 205 229
[(n-but)SN(2AcpNO,Ph)Cl,] (45) 1599 649 360 481 402 250 206 228
[(Ph)Sn(2AcPh)Cl;] (46) 1600 650 443 476 403 260 212 233
[(Ph)Sn(2AcpCIPh)Cl,] (47) 1596 649 441 479 394 249 208 214
[(Ph)SN(2AcpNO,Ph)Cl,] (48) 1596 649 450 486 394 250 210 231
[(n-but)Sn(2BzPh)Cl,] (49) 1599 649 342 467 381 259 202 231
[(n-but)Sn(2BzpCIPh)Cl;] (50) 1595 648 345 468 393 246 203 225
[(n-but)Sn(2BzpNO,Ph)Cl,] (51) 1586 649 350 457 383 252 212 226
[(Ph)Sn(2BzPh)Cl,] (52) 1599 649 443 466 405 250 207 228
[(Ph)Sn(2BzpCIPh)Cl;] (53) 1595 647 445 457 401 250 202 229
[(Ph)SN(2BzpNO,Ph)Cl;] (54) 1584 647 445 465 390 248 215 230
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Figura 7.1 — Espectro de infravermelho de H2AcpNO,Ph (18) e do complexo
[(Ph)Sn(2AcpNO,Ph)Cl;] (48).

Os espectros de RMN de *H e *C dos complexos de Sn(1V) foram feitos em CDCls. A
ressonancia de 'H foi atribuida tomando como base os deslocamentos quimicos, as
multiplicidades e as constantes de acoplamento. Os carbonos do tipo (C, CH) foram
determinados pelo experimento DEPT135. As atribui¢bes dos carbonos e hidrogénios foram
feitas mediante experimentos de correlagdo 2D heteronuclear (HMQC) usando valores
correspondentes a *J(C, H). As Tabelas 7.3 a 7.6 mostram os valores de deslocamento quimico
dos carbonos e hidrogénios nos espectros para os complexos 43-54.

S6 um sinal foi observado para cada hidrogénio e carbono nos espectros dos complexos
(43-54), sugerindo a presenca de um isdmero configuracional. Os sinais de C=N, C=0 e dos
carbonos da piridina sofreram mudangas significativas nos complexos, indicando a coordenagdo
através do sistema quelato Np,-N-O. Por isso as hidrazonas adotam a configuragdo E nos
complexos. O sinal de N3-H no foi observado nos espectros de RMN *H dos complexos, de

acordo com a desprotonacdo das hidrazonas pela coordenacdo (Figura 7.2).

123



500
A 19 A
187 a0 3t g 87 a0 377 T
btz b Sl A
g \|7|" \‘Er' T e i T
N
4 e “ 300
CNH ———— HN 2
i |
4\ /H: 1 8
Z g g 157 e g S
N-H(2) L LI
l a” T a” ™ n
N-H(E u
N ® P .
19,
35000 . /4_‘___\_‘3 zﬁ/ -::-_ﬂ\a 35000
1 17
30000 Il > B
409 S\N¢ ~—— 6 30000
25000 "\ ¢ 1,},
20000 e , 2N 25000
e e——21 !
334 23 a \ 'ﬂ\g/ =3 -CH3
15000 o 1l \12 20000
; 10\“// ~cl
’ Sn i 15000
-CH2
0
IIIIIIIllIIIIIIIIII]II!IIIIIIIIIII 10000
380 -390 400 410 420 -430
ppm(t1) 5000
b Fo
| T T T ] | 1 T T I I 1 T T
15.0 10.0 5.0
ppm(t1)

Figura 7.2 — Espectros de RMN *H do H2BzpCIPh (22) e [(n-but)Sn(2BzpCIPh)Cl] (50) em

CDCls.

Nos espectro dos complexos (43-45 e 49-51) sinais entre 6 2,39-1,05 e ¢ 13,66-35,79

foram atribuidos aos hidrogénios e carbonos dos grupos n-butila ligados ao metal®. Nos espectros
dos complexos (46-48 e 52-54) os sinais de ¢ 8,45-7,59 e de 6 136,62 -129,08 foram atribuidos
aos hidrogénios e carbonos do grupo fenila coordenado ao metal.®

Nos espectros de RMN de **°Sn dos complexos 43-54 (CDCls) um sinal foi observado
em §=—414 (43), 5=—413 (44), 5=— 412 (45), 5=— 443 (46), 5=— 442 (47) ,6=—441
(48), 5 =—410 (49), 5= — 409 (50), 5= — 408 (51), 5= —439(52), 5= — 438 (53) € 5 = — 437

(54) ppm compativel com a presenca de um sitio de estanho em solucéo. Os valores dos sinais

de RMN de °Sn estd de acordo com dados reportados na literatura para complexos

hexacoordenados de estanho’.

"Yin, H. D.; Chen, S. W.; Inorg. ChimActa. 2006, 10, 3330.
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Tabela 7.3 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e **C dos
complexos 43-45 em CDCls.

Atribuicdes | N° [(n-but)Sn(2AcPh)Cl;] | [(n-but)Sn(2AcpCIPh)Cl,] | [(n-but)Sn(2AcpNO,Ph)Cl,]
(43) 44 (45)
H3 1 8,01(d) 8,02(d) 8,11(d)
H4 1 8,20(t) 8,20(m) 8,28(m)
H5 1 7,74(t) 7,67(t) 7,84(t)
H6 1 8,62(d) 8,63(d) 8,68(d)
N3-H 1 - - -
8,34 8,24 8,49
H(10,14) | 2 6 9(1‘:]‘) [8,5(:3) [9,0(2?)
H(11,13) | 2 7,49(m)’ 1;45;? 8,30(m)’
H12 1 7,49(m)’ - -
C(15Hs; | 3 2,82(s) 2,81(s) 2,87(s)
H16 2 2,33(t) 2,32(t) 2,34(t)
H17 2 2,07(m) 2,08(m) 2,05(m)
H18 2 1,61(m) 1,60(m) 1,61(m)
C(19Hs; | 3 1,06(s) 1,05(s) 1,05(t)
C2 1 144,16 144,14 146,89
c3 1 125,06 125,26 125,45
ca 1 142,49 142,56 142,62
C5 1 127,06 127,26 127,60
C6 1 145,13 145,28 145,41
C7=N 1 144,68 145,02 150,00
C8=0 1 171,38 170,50 169,36
C9 1 132,42 130,98 138,41
C(10,14) | 2 129,00 128,13 129,85
C(11,13) | 2 128,15 130,43 123,21
C12 1 132,51 138,66 143,93
C15 1 13,53 13,56 13,68
C16 2 35,50 35,60 35,79
C17 2 27,51 27,52 27,52
C18 2 25,60 25,61 25,61
C19 3 13,68 13,68 13,73

[]: constante de acoplamento, Hz

":Desdobramento padréio; no entanto, devido & sobreposi¢ao de sinai's s0 apenas observados multipletos
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Tabela 7.4 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e **C dos
complexos 46-48 em CDCls.

Atribuicges | N° [(Ph)Sn(é,g\)cPh)Clz] [(Ph)Sn(z(AL%czl Ph)Cl] [(Ph)Sn(ZA(Zg;\IOZPh)CIZ]
H3 1 8,04(d) 8,06(d) 8,13(d)
H4 1 8,41(m) 8,40(m) 8,41(m)
H5 1 7,60(m) 7,63(t) 7,70(t)
H6 1 8,40(m) 8,42(m) 8,42(m)

N3-H 1 - - -
8,21 7,41 .
H(10,14) | 2 o, 9(6‘:]‘) 8, 5(6? 8,25(m)

. 8,21 8,50
H(11,13) | 2 7,44(m) [8,3%0]') [8,5%:]')

H12 1 7,50(m)’ - -
C(15Hs; | 3 2,88(s) 2,88(s) 2,93(s)
8,33 8,27 ]
H(17,21) | 2 [7,5(2‘:]') s, 6(6? 8,28(m)
H(18,20) | 2 7,59(m)’ 7,59(m)’ 7,61(m)’
H19 1 7,59(m)’ 7,59(m)’ 7,61(m)’
C2 1 144,11 144,07 146,32
C3 1 124,04 125,04 123,27
ca 1 142,61 142,77 142,79
C5 1 126,99 127,12 125,38
C6 1 145,06 145,11 145,28
C7=N 1 144,30 144,46 150,06
C8=0 1 171,53 170,58 169,41
C9 1 132,16 131,00 138,43
C(10,14) | 2 129,08 128,50 127,56
C(11,13) | 2 128,17 129,13 129,21
C12 1 132,59 138,76 146,32
C15 1 13,45 13,47 13,64
C16 2 139,92 139,75 139,48
C(17,21) | 2 136,62 136,50 136,45
C(18,20) | 2 129,08 130,47 129,99
C19 3 131,13 131,22 131,36

[ ]: constante de acoplamento, Hz

":Desdobramento padréio; no entanto, devido & sobreposicao de sinai's s0 apenas observados multipletos
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Tabela 7.5 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H e **C dos
complexos 40-51 em CDCls.

Atribicdes N | [(-but)Sn(2BzPh)CI7] | [(n-but)Sn(2BzpCIP)CI] | [(n-but)Sn(2BzpNO,Ph)CI]
0 (49) (50) (51)
H3 1 7,82(m) 7,77(m) 7,86(m)
H4 1 8,10(d) 8,10(m) 8,17(d)
H5 1 7,81 7,77(m) 7,86(m)
H6 1 8,69(d) 8,69(d) 8,74(d)
N3-H 1 - - -
s 7,35 8,26
H(10,14) | 2 7,43(m) 8, 6(4‘:]’) 8, 9(4‘:]’)
8,19 8,10 8,34
Ha 2| g 861 895
H12 1 7,49(m)’ - -
H(16,20) | 2 7,65(m)° 7,63(m)’ 7,66(m)
H(17,19) | 2 7,66(m) 7,64(m) 7,66(m)
H18 1 7,43(m)’ 7,63(m)’ 7,66(m)
H21 2 2,39(t) 2,33(t) 2,39(t)
H22 2 2,11(m)’ 2,09(m)’ 2,09(m)’
H23 2 1,64(m)’ 1,66(m)" 1,64(m)’
H24 3 1,08(t) 1,06(t) 1,07(t)
C2 1 144,26 144,52 146,55
C3 1 127,56 127,58 128,07
ca 1 142,10 142,32 142,36
C5 1 126,83 127,01 127,44
C6 1 145,43 145,43 145,56
C7=N 1 144,62 144,70 149,98
Cc8-0 1 172,24 171,32 170,13
C9 1 132,35 130,88 138,32
C(10,14) |2 128,05 128,66 123,16
C(11,13) |2 129,27 130,51 130,03
C12 1 132,68 138,72 144,30
C15 1 128,68 128,54 128,26
C(16,20) | 2 128,53 128,41 128,74
C(17,19) |2 130,00 129,89 129,80
C18 1 130,98 131,04 131,33
c21 2 35,30 35,34 35,52
Cc22 2 27,52 27,56 27,55
Cc23 2 25,71 25,67 25,66
C24 3 13,66 13,70 13,69

[]: constante de acoplamento, Hz

":Desdobramento padréio;no entanto, devido & sobreposicio de sinai's s30 apenas observados multipletos
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Tabela 7.6 — AtribuicBes e deslocamentos quimicos dos sinais de RMN de *H dos
complexos 52-54 em CDCls.

Atribuicdes N[ [(Ph)Sn(2BzP)Cl] | [(P)Sn(2BzpCIPNCI,] | [(Ph)Sn(2BzpNO,Ph)CI]
- (52) (53) (54)
H3 1 7,85(d) 7,84(d) 7,91(d)
H4 1 8,08(d) 8,11(m) 8,17(d)
H5 1 7,59(m) 7,64(m) 7,69(d)
H6 1 8,32(d) 8,32(m) 8,36(m)
N3-H 1 - - -
7,37 7,33 8,21
H(10.14) 2 [7,4(7(]]') [8,6(1?) [8,9&3?)
8,18 8,11 8,33
H(1113) 2 [7,2(7(]]') [8,5&3?) [8,5(3(:]1)
H12 1 7,46(m) - -
H(16,20) |2 7,64(m) 7,64(m) 7,70(m)
H(17,19) |2 7,72(m) 7,72(m) 7,71(m)
H18 1 7,64(m) 7,64(m) 7,61(m)’
H(22,26) |2 8,45(m)’ 8,45(m)’ 8,45(m)’
H(23,25) |2 7,61(m)’ 7,63(m)’ 7,61(m)’
H24 1 7,64(m) 7,64(m) 7,70(m)’
C2 1 144,13 144,23 146,08
C3 1 127,35 127,51 127,97
ca 1 142,18 142,36 142,51
C5 1 126,77 126,95 127,36
C6 1 145,18 145,27 145,42
C7=N 1 144,46 144,32 150,00
Cc8-0 1 172,26 171,32 170,12
C9 1 139,85 130,89 138,32
C(10,14) |2 128,06 128,44 123,18
C(11,13) |2 129,12 130,60 130,07
C12 1 132,62 138,79 139,38
C15 1 132,37 128,48 128,20
C(16,20) |2 128,67 128,76 128,83
C(17,19) |2 130,06 129,99 129,87
C18 1 131,03 131,14 131,40
c21 1 143,77 139,66 144,07
C(22,26) |2 136,60 136,61 136,59
C(23,25) |2 129,28 129,17 129,83
C24 1 131,16 131,27 131,40

[]: constante de acoplamento, Hz

“Desdobramento padrdo; no entanto, devido & sobreposicdo de sinais S30 apenas observados

multipletos
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Os cristais de [(n-but)Sn(2AcPh)Cl;] (43), [(n-but)Sn(2AcpCIPh)Cl,] (44), [(n-
but)Sn(2AcpNO,Ph)Cl,] (45), [(Ph)Sn(2AcPh)Cl;] (46), [(Ph)Sn(2AcpNO,Ph)Cl;] (48) , [(n-
but) Sn(2BzpCIPh)Cl;] (50) e [(n-but)Sn(2BzpNO,Ph)Cl;] (51) foram montados em uma fibra de
vidro para coleta de dados. A coleta de dados de Raios X foi realizada em um difratdbmetro
Oxford-Diffraction GEMINI (LabCri) usando fonte de grafite MoK o radiation (A= 0.71069 A) a
293(2) K. As estruturas foram resolvidas usando métodos diretos do programa SHELXS-97° e
refinadas pelo método de minimos quadrados F* usando SHELXL-97°.  Os parametros
posicionais e deslocamentos anisotropicos foram refinados para todos os aomos ndo
hidrogénios. Os digramas moleculares foram obtidos do ORTEP. A Tabela 7.7 mostra um
resumo dos dados de cristais, detalhes e resultados experimentais.

8 Sheldrick, G. M.; SHELXS-97; Program for Solution of Crystal Structures, University of Goettingen, Goettingen, Germany.
1997.

® Sheldrick, G. M.; SHELXL-97; Programfor Crystal Sructures Analysis, University of Goettingen, Germany. 1997.
10 Farrugia, L. J;; J. Appl. Crystallogr.1999, 32, 837. Farrugia, L. J.; J. Appl. Crystallogr. 1997, 30, 565.
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Tabela 7.7 — Dados dos cristais e resultados do refinamento estrutural para os complexos

[(n-but)Sn(2AcPh)Cl,] (43), [(n-

but) Sn(2AcpCIPh)Cl,] (44), [(n-but)Sn(2AcpNO,Ph)Cl,] (45), [(Ph)Sn(2AcPh)Cl,] (46), [(Ph)Sn(2AcpNO,Ph)Cl,] (48), [(n-but)Sn(2BzpCIPh)Cl,]

(50) e[(n-but)Sn(2BzpNO,Ph)Cl] (51).

Compostos (43) (44) (45) (46) (48) (50) (52)
Formula Empirica CigH2CI,N30Sn CigH20ClsN30Sn CioH20CIoN 40580 CxoH17CIN30Sn CxH»CI,N40,SSn CxH2Cl3N3OSn CxH2CIoN403SNn
Massa Molecular 484,97 519,41 529,97 504,96 628,09 581,48 592,04
Sistema cristalino ortorrdmbico ortorrdmbico triclinico triclinico monoclinico ortorrdmbico monoclinico
Grupo espacial Fdd2 Fdd2 P-1 P-1 P12/c1 Pbca P2/c
Dimensdes da cela a A 27,440(4) 26,6226(17) 12,9843(4) 11,4662(3) 14,4967(4) 13,6377(5) 13,7835(6)
unidade b, A 22,024(4) 23,9627(18) 13,3554(6) 12,5545(3) 13,4617(4) 16,4045(8) 15,6131(6)
c A 13,316(2) 13,3438(7) 14,1000(7) 16,2705(4) 13,3607(3) 21,8412(13) 11,9340(5)
a,° 90 90 111,487(4) 112,147(2) 90 90 90
,0 90 90 94,407(3) 95,650(2) 102.523(3) 90 108.435(4)
7.2 90 90 105,649(3) 101,670(2) 90 90 90
Volume, A3 8047(2) 8512,7(10) 2148,31(16) 2084,75(9) 2545,31(12) 4886,3(4) 2436,44(17)
Z, Densidade calculada.,, M g/m3 16; 1,601 16; 1,621 4; 1,639 4; 1,609 4; 1,639 8; 1,581 4; 1614
Coeficiente de absorgao, mm 1,546 1,589 1,464 1,496 1,332 1,394 1,300
F(000) 3872 4128 1056 1000 1256 2320 1184
Interval o de coleta de dados 6 2,86 226,37 3,07 a26,37 2,76 226,37 2,61 a 26,37 2,79 a 26,37 2.69 a 26.37 3.02 a26.37
Interval os de hkl -34<h<31 —24<h< 33 -16<h< 16 -14<h<11 -18<h<18 -17<=h<=14 -16<=h<=17
—27<k< 23 —29<k< 29 -13<k< 16 -14<k< 15 -16 <k< 16 -20<=k<=16 -18<=k<=19
-15<1<16 -13<1<16 -17<1<16 -20<1<19 -16<1<13 -26<=l<=27 -14<=l<=14
Completezab = 26.37 99,9% 99,6 % 99,9% 99,9% 99,9% 99,9 99,9
Corregao de absorgao none none none none none none none
S 0,927 1,072 0,814 0,869 0,829 0,875 0,979
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Tabela 7.7 — Dados dos cristais e resultados do refinamento estrutural para os complexos

[(n-but)Sn(2AcPh)Cl,] (43), [(n-

but) Sn(2AcpCIPh)Cl,] (44), [(n-but)Sn(2AcpNO,Ph)Cl,] (45), [(Ph)Sn(2AcPh)Cl,] (46), [(Ph)Sn(2AcpNO,Ph)Cl,] (48), [(n-but)Sn(2BzpCIPh)Cl,]

(50) e [(n-but)Sn(2BzpNO,Ph)Cl,] (51) (Continuago).

Compostos (CS) (44) (45 (46) (49) (50) (51)
Reflexdes coletadas (Riy) 12047 / 3852 6718/ 3555 19702/ 18566 / 8525 14702/ 5212 24127 | 4991 21641/ 4972
(0,0647) (0,0319) 8769(0,0474) (0,0295) (0,0447) (10,0492 (0.0385)
Parémetro de estrutura absoluto 0,03 (5) 0,06(5)
Dados /restrigBes /parametros 3852/11/ 224 3555/6/235 8769/8/ 470 8525/ 0/ 487 5212/0 / 307 4991/0/280 4972/0/299
Reflexdes observadas, 1>2(1) 2232 2405 4288 5929 3261
R, =0,0477, Ry=0,0483, Ry=0,0442, Ry=0,0257, Ry=0,0324, R1=0,0325 R1=0,0337
Indices finais R[I>20(1)]
wWR, = 0,1077 wR, = 0,1335 wR, = 0, 0963 wWR, = 0,0441 wWR, = 0,0543 wR2 = 0,0668 wR2 =0,0849
R, = 0,0879, Ry = 0,0740, R, = 0,1028, Ry = 0,0469, R, = 0,0655, R1=0,0680 R1=0,0483
Indices R (todos os dados)
wR, = 0,1166 wR, = 0,1460 wR, = 0,1055 wWR, = 0,0463 wR, = 0,0580 wR2 =0,0720 wR2 = 0,0892
Diferenca pico burac. A= 1,047/ -0,660 0,739/-1,179 0,951 /-0,490 0,309/-0,279 0,968 /-0,569 0,913/-0.471 1,265/-0,632
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As Figuras 7.3, 7.4 e 7.5 sdo diagramas ORTEP de [(n-but)Sn(2AcPh)Cl,] (43), [(n-
but)Sn(2AcpCIPh)Cl;]  (44), [(n-but)Sn(2AcpNO.Ph)Cl;] (45), [(Ph)Sn(2AcPh)Cl,] (46),
[(Ph)Sn(2AcpNO,Ph)Cl;] (48), [(n-but)Sn(2BzpCIPh)Cl;] (50) e [(n-but)Sn(2BzpNO,Ph)Cl;]
(51). Distancias de ligagéo intra-molecular e angulos dos complexos estdo nas Tabelas 7.8 e 7.9.
As distancias e angulos em todos os complexos sdo similares. Em todos os complexos o &omo
de estanho(1V) encontra-se coordenado por um ligante tridentado anibnico a grupos n-butila
(43-45, 50 e 51) ou fenila (46 e 48) e dois ions cloreto em posi¢do trans, em um ambiente
octagdrico distorcido.

ESE1s QC14 S [c1a
) o CER -
c3l. N
el of
A C2. pA \%

=N \’JC“}{/ o
Y u@j‘ 01

Figura 7.3 — Diagramas ORTEP dos complexos [(n-but) Sn(2AcPh)Cl;] (43),
[(n-but)Sn(2AcpCIPh)Cl;] (44), [(n-but)Sn(2AcpNO,Ph)Cl,] (45).
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Figura 7.4 — Diagramas ORTEP dos complexos [ (Ph)Sn(2AcPh)Cl;] (46) e
[(Ph)Sn(2AcpNO,Ph)CI;] (48).
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Figura 7.5 — Diagramas ORTEP dos complexos [ (n-but) Sn(2BzpCIPh)Cl,] (50) e
[(n-but)Sn(2BzpNO,Ph)Cl;] (51).

O angulo N1-Sn—0O1 com valores entre 144,3-146,7° nos complexos 43-46 e 48 e de
145,7° e 145,35° em 50 e 51, respectivamente, se desvia acentuadamente do valor ideal de 180°
devido, provavelmente, aos requerimentos espaciais do sistema quelante. Em contraste, 0s
angulos Cl1-Sn—CI2 e N2-Sn—C16, que ndo implicam impedimento estérico, tém valores entre
167,3-171,4° e 172,5-179,1° para 0s compostos 43-46 e 48 respectivamente. O mesmo ocorre
nos complexos 50 e 51 com os angulos Cl1-Sn—Cl2 e N2-Sn—C21, os quais sdo de 169,63° e
166,93°, e de 173,91° e 174,69°, respectivamente (Tabela 7.9). Nos complexos 43-46 e 48 o
atomo metdlico se situa no plano dos &omos N1IN201C16. Nos complexos 43-45 a distancia do
dtomo de estanho ao plano calculado varia de 0,023A a 0,059 A, enquanto que nos compostos de
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46 e 48 essa distancias s30 menores (0,002 e 0,009 A). Nos compostos 50 e 51 &omo metélico
se situa no plano dos atomos N1N201C21, sendo a distancia do &omo metdlico ao plano de
0,072 0,026 A, respectivamente.

Em todas as estruturas o esgueleto da hidrazona (C7(C15)N2N3C801) € planar, com
desvio médio dos &omos a partir do plano calculado de 0,0055-0,0266 A. Nos compostos a
hidrazona adota a configuragdo E em relacéo a ligagdo dupla C7=N2. O angulo entre apiridinae
o plano da hidrazona varia de 1,5(6) até 7,87(3)° , enquanto o angulo entre a hidrazona e o plano
fenila varia de 0,5(2) até 14,9(2)°. Os complexos 45, 48 e 51 mostram 0 maior desvio da
planaridade para o angulo entre a cadeia e o anel fenila.

A formagdo dos complexos leva a um alongamento da ligagdo C8-O1 da hidrazona livre,
de 1,219 A emH2AcPh", paral,279 A em1e1,292 1,302 A em 46. Assim como de 1,215 e
1,2136 A em H2BzpClPh e H2BzpNO,Ph'?, para 1,297 e 1,287A em 50 e 51 respectivamente.
Ocorreu igualmente uma diminuico da distancia da ligagio N3-C8, de 1,347 A em H2AcPh,
para 1,336 A em 43 € 1,321 e 1,327 A em 46; do mesmo modo essa distancia variou de 1,366 e
1,360 A em H2BzpCIPh e H2BzpNO,Ph, para 1,325 e 1,324 A em 50 e 51 (Tabela 7.8). Portanto
aligacéo C8-01 adquire caréter de ligacdo simples, considerando que N3—-C8 adquire caréater de
ligac8o dupla. As distancias de ligaco entre o &omo de estanho e 0 nitrogénio iminico nos
complexos, 2,190-2,161 A, sfo ligeiramente menores que as distancias entre o &omo de estanho
e 0 nitrogénio piridinico, 2,288-2,235 A. A distancia de ligaggo Sn-O fica no intervalo de 2,108
—-2,002A.

Ypaole, J.; Sandbhor, U.; Padhye, S.; Deobagkar, D. N.; Anson, C. E.; Powell, A.; Bioorg. Med. Chem. Lett. 2003, 13, 51.

12 bespaigne, A.AR.; Parrilha, G.L.; Izidoro, JB.; da Costa P.R.; dos Santos, R.G.; Firo, O.E.; Castdllano, E.E.; Rocha, W.R:
Beraldo, H.; Eur.J.Med.Chem. 2012, 50, 163
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Tabela 7.8 — Distancias de ligagdo selecionadas de [(n-but) Sn(2AcPh)Cl;] (43), [(n-but)Sn(2AcpCIPh)Cl;] (44), [(n-but)Sn(2AcpNO.Ph)Cl;] (45),

[(Ph)Sn(2AcPh)Cl,] (46), [(Ph)Sn(2AcpNO,Ph)Cl,] (48), [(n-but)Sn(2BzpCIPh)Cl,] (50) e [(n-but)Sn(2BzpNO,Ph)Cl;] (51).

Distancia de ligago (43) (A) (44) (A) 45) (A) %(46) (A) 48 (A) (50)(A)  (51) (A)
C2-C7 1,495(11) 1,504(13)  1456(7)  1483(7) 1487(3) 1467(4) 1478(4) 1487(4)  1,492(5)
C7-C15 1,505(12) 1474(12)  1484(7)  14747)  1479(3) 1486(3) 1479(4) 1475(4)  1,478(4)
C7-N2 1,253(11) 1,298(10)  1,283(6)  1,279(6) 1,285(3) 1285(3) 1,282(4) 1,296(4)  1,288(4)
N2-N3 1,381(9) 1,363(10)  1,381(6)  1,390(5) 1,381(2) 1,369(3) 1,375(3) 1,371(3) 1,373(3)
N3-C8 1,337(12) 1,305(11)  1,346(6)  1,308(7) 1,321(3) 12327(3) 1,313(4) 1,325(4)  1,324(4)
C8-C9 1,455(12) 1475(13)  1471(7)  1480(7)  1,490(3) 1470(3) 1487(4) 1,479(4)  1,471(4)
c8-01 1,279(11) 1,309(11)  1275(6)  1,305(6)  1,292(3) 1,302(3) 1,293(3) 1,297(3)  1,287(4)
Sn1-01 2,108(6) 2,105(7) 2,096(4)  2108(3) 2,099(14) 2,091(17) 2,104(2) 2,100(2)  2,099(2)
Sn1-N1 2,246(8) 2,280(8) 2278(4)  2,288(4) 2,235(18) 2,248(19) 2,264(3) 2,271(3)  2,260(3)
Sn1-N2 2,171(7) 2,161(7) 2184(4)  2175(4) 2165(2) 2,171(18) 2170(3) 2173(2)  2,190(2)
Sn1-Cl1 2,456(2) 2,460(2) 2445(2)  2445(2)  2458(7) 2470(7) 2477(9) 2,4999(10) 2,4739(9)
Sn1-ClI2 2,494(3) 2,455(3) 2500(2)  2473(2) 2453(7) 2447(7) 2,445(9) 2,4459(10) 2,4690(9)
Sn1-C16 2,119(9) 2166(12)  2,140(7)  2137(8) 2,138(3) 2,124(2) 2,135(3)

Sn1-C21 2126(4)  2,130(3)

®Ha duas mol éculas diferentes por unidade assimétrica.
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Tabela 7.9 — Angulos selecionados de [(n-but)Sn(2AcPh)Cl] (43), [(n-but)Sn(2AcpCIPh)Cl,] (44), [(n-but)Sn(2AcpNO,Ph)Cl] (45),

[(Ph)Sn(2AcPh)Cl,] (46), [(Ph)Sn(2AcpNO,Ph)Cl,] (48), [(n-but)Sn(2BzpCIPh)Cl,] (50) e [(n-but)Sn(2BzpNO,Ph)Cl,] (51).

Angulo (43) (°) (44) (°) 45) () 46) () (48) (°) (50) (°) (51) (°)
C2-C7-N2 116,4(7) 114,1(8) 114,5(5) 113,6(5) 11402) 11502 114,73) 1137(3)  1141(3)
N2-C7-C15 125,7(8) 123,9(8) 123,4(5) 124,6(5) 1240(2) 1225(2) 1236(3) 1244(3) 1247(3)
C7-N2-N3 123,0(7) 120,2(7) 121,5(4) 119,7(4) 1215(2) 1222(2) 121,73) 1215(3) 122,002
C8-N3-N2 110,7(7) 111,2(7) 109,6(4) 109,3(4) 1095(2) 109,8(2) 1101(3) 1106(2)  110,3(2)
N3-C8-C9 116,6(9) 117,2(9) 115,5(5) 115,5(5) 116,0(2) 117,6(2) 1159(3) 1163@3)  116,3(3)
N3-C8-01 125,7(8) 124,0(8) 125,5(5) 127,1(5) 1264(2) 1252(2) 1265(3) 1257(3) 1257(3)
C9-C8-01 117,6(8) 118,8(8) 119,0(4) 117,3(5) 117,7(2) 117620 117,63) 1180(3)  118,0(2)
N2-Sn1-C16 175,5(3) 176,1(5) 174,7(2) 172,5(2) 179,06(8) 178,82(9) 176,71(11)

N2-Sn1-C21 173,91(17) 174,69(12)
N1-Sn1-01 146,7(2) 145,3(3) 144,96(16) 14432(15)  146,12(7) 14588(6) 14597(9) 14572(9) 14532(9)
Cl1-Sn1-ClI2 167,76(12) 169,41(13) 168,97(5) 171,36(6)  169,54(2) 167,30(2) 170,75(3) 169,63(3) 166,93(3)

®Ha duas mol écul as diferentes por unidade assimétrica.
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Devido a coordenacdo de modo tridentado da hidrazona ao metal no complexos alguns
angulos no ligante sofreram mudangas significativas. O angulo C8-N3-N2 muda de 117,02° em
H2AcPh'! para 110,7° em 43 e para 109,5° e 109,8°em 46. Assim como de 119,64° e 112,69°
em H2BzpCIPh e H2BzpNO,Ph'? para 110,6 e 110,3° em 50 e 51 respectivamente. O angulo
N3-C8-O varia de 123,32° na base livre' para 125,7° em 43 e para 126,4 ° e 125,2° em 46; tal
como de 124,33 e 124,01° em H2BzpClPh e H2BzpNO,Ph para 125,7° nos complexos 50 e 51.

O empacotamento molecular de todos os complexos mostra interacoes fracas envolvendo
adtomos de Cl, H e O, com a formagdo de cadeias moleculares, como mostrado na figura 7.6. Os
compostos 43-46 e 51 mostram interacdes entre moléculas adjacentes envolvendo ClHpy. Em
46, 48 e 50 interagdes ClH sdo observadas envolvendo cloretos e hidrogénios do anel fenila da
hidrazona. Em 48 as interagdes Cl"H também sdo observadas junto com pequenas interagctes
HO, envolvendo oxigéniosdo DMSO e do grupo nitro e hidrogénios da piridina e do DM SO.

Figura 7.6 — Empacotamento molecular de [(Ph)Sn(2AcPh)Cl;] (46) mostrando os contatos
entre os @omosde Cl"H e O H.
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7.1 —Estudo da fluorescéncia dos compostos.

As cores dos complexos de estanho com hidrazonas emitiam fluorescéncia quando
expostos aluz UV (254nm). Baseado nisto, espectros de fluorescéncia de todos os compostos
(figura 7.7) e determinacdo do rendimento quantico foi realizado.

Da andlise dos espectros da figura 7.7 pode-se observar que, em geral, os complexos das
hidrazonas derivadas de 2-acetilpiridina apresentaram maior intensidade de fluorescéncia que os
derivados de 2-benzoilpiridina. 1sto se deve ao fato que o anel fenila ligado ao carbono C(7) dos
complexos de estanho com as 2-benzoilpiridina hidrazonas pode sofrer livre rotagéo provocando
a perda de energia do estado excitado em forma de energia ndo-luminescente. Observa-se
também a seguinte ordem de intensidade de fluorescéncia com respeito ao substituinte na
posicdo para do anel fenila, p-Cl > H >p-NO, onde o efeito de diminui¢cdo da intensidade de
fluorescéncia do grupo nitro foi maior nos complexos das 2-acetilpiridina hidrazonas que nos das
2-benzoilpiridina hidrazonas. Estes resultados estdo de acordo com os valores de rendimento
guantico obtidos para os compostos (Tabela 7.10 e Figura 7.8).

O composto [(Ph)Sn(2AcpCIPh)Cl;] (47) foi 0 que apresentou maior rendimento
quéntico, com valor préximo de um. Neste composto determinamos o deslocamento Stokes em
diferentes solventes; estes resultados encontram-se natabela 7.11. Como se pode observar ocorre
um incremento do valor de deslocamento com a polaridade dos solventes; indicando que a
polaridade no estado excitado e maior que no estado fundamental®.

O fato de os ligantes ndo apresentarem fluorescéncia apreciavel nestas condi¢cdes e muito
significativo, pois isto indica que esta propriedade e devida a coordenagd do metal com as
hidrazonas. ApGs a coordenacdo ha um aumento da conjugacdo no ligante pela perda de um
préton no nitrogénio alifético da cadeia da hidrazona e aliado arigidez do ligante no complexo

faz com que os complexos apresentem fluorescéncia.

B3y aeur, B.; Molecular Fluorescence: Princi ples and aplications, Wiley-VCH Verlag GmbH. Federa Republic of German.
2001.
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Tabela 7.10 — Rendimento quantico (®¢) dos complexos de estanho(lV) com hidrazonas em acetonitrila.

B s 4 Excitacéo Emissao L uminosidade
Composto Absor¢do(nm)  g(dm®mol~cm™) O
(A, nm) (Amex, NM) (€. DF)
[(n-but)Sn(2AcPh)Cl;] (43) 373 99611 370 458 0,36 35859
[(n-but)Sn(2AcpCIPh)Cl ;] (44) 373 107089 370 458 0,38 40693
[(n-but) Sn(2AcpNO,Ph)Cl;] (45) 372 111929 370 472 0,00318 355
[(Ph)Sn(2AcPh)Cl;] (46) 374 95523 370 458 0,48 45851
[(Ph)Sn(2AcpCIPh)Cl;] (47) 371 50369 370 458 1,00 50369
[(Ph)Sn(2AcpNO,Ph)Cl;] (48) 372 137516 370 472 0,00368 506,05
[(n-but)Sn(2BzPh)Cl ;] (49) 388 102393 370 480 0,15 15358
[(n-but)Sn(2BzpClIPh)Cl;] (50) 388 116765 370 482 0,14 16347
[(n-but)Sn(2BzpNO,Ph)Cl,] (51) 385 104115 370 485 0,017 1769
[(Ph)Sn(2BzPh)Cl;] (52) 388 105882 370 480 0,14 14823
[(Ph)Sn(2BzpCIPh)Cl;] (53) 389 113316 370 480 0,16 18130
[(Ph)Sn(2BzpNO,Ph)Cl;] (54) 387 121127 370 485 0,0152 1841
295 23051 -
H2AcPh (16) 371 628 - - -
H2AcpCIPh (17) ;S’i gggé - - - )
H2AcpNO,Ph™ (18) - - - - - -
236 17720 -
H2BzPh (20) 270 15183 - - -
321 17517
242 18996 -
H2BzpClIPh (21) 268 14905 - - -
322 17331

H2BzpNO,Ph' (22)

*pouco soluvel em acetonitrila
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Tabela 7.11 — Deslocamento Stokes para o complexo [(Ph)Sn(2AcpCIPh)Cl;] (47).

Constante Excitacdo Emisséo % rdativo Deslocamento Stokes
Solvente L Momento Dipolar(D)* Intensi dade de fluorescéncia
dielétrica (Amaxe M) (hmax, M) (cm™)

Dimetilsulfoxido 46,7 3,96 375 473 215 41,6 98
Dimetilformamida 38 3,82 373 456 22 4,26 83
Acetonitrila 37,5 3,92 372 458 507,2 98,26 86
Metanol 32,63 1,70 368 462 63,2 12,24 o7}
Etanol 24,3 1,69 374 458 3144 60,92 84
Diclorometano 9,08 1,60 381 460 516,2 100 79
Cloroférmio 4,806 1,04 386 461 465 90,08 74
Tolueno 2,38 0,36 386 459 420,3 81,42 73

1% Handbook of Chemistry and Physics, 52 ed, Chemical Rubber Co., Cleveland, Ohio, EUA.1971-1972.
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Com o intuito de inferir sobre a propriedade de fluorescéncia desses compostos no meio
biologico, um estudo de avaliagdo da intensidade de fluorescéncia de um complexo frente ao
aumento da concentracéo de um composto formador de micelas (tween) foi realizado. O tween
pode formar micelas que mimetizam as membranas celulares.

Como pode se observar na Figura 7.9 a intensidade de fluorescéncia do complexo
[(Ph)Sn(2AcpCIPh)Cl;] (47) aumenta com a adicdo do surfactante micelar, sugerindo que o
composto passa da solugdo aquosa (tris) para interior da micela, um meio mais lipofilico que
favorece 0 processo de emissdo de energia. Este resultado parece promissor a0 estudo com
células, em que experimentos de fluorescéncia podem ser utilizados para identificar para onde os
compostos sdo dirigidos no interior de célula. Além disto, os compostos ligados a proteinas

especificas poderiam ser usados como marcadores fluorescentes em andlise in vitro.

(47) +TRIS
- (47) +TRIS +25mL Tween
(47) +TRIS + 50mL Twenn

g (47) +TRIS
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Figura 7.9 — Espectros de excitacéo e de emissdo do complexo [(Ph)Sn(2AcpCIPh)Cl,] (47) em
meio aguoso antes e depois da adi¢cdo do surfactante.

7.2 — Atividade antimicrobiana

7.2.1—Método de macrodiluicéo

A determinacdo das concentragtes inibitorias minimas (CIM) foi realizada de acordo com
0 procedimento descrito na parte experimental (2.3.1). Os compostos foram testados contra S.
aureus ATCC 6538 e C. albicans (ATCC 18804 e 10231). Os resultados obtidos estdo descritos
na Tabela 7.12.

As hidrazonas em geral apresentaram baixa atividade frente a bactérias gram-positivas,
como mencionamos no capitulo 4, mas depois da complexacdo observou-se uma mudanca na
atividade dos novos compostos. Todos os complexos, exceto 49 e 52, foram mais ativos que as
hidrazonas livres, destacando-se os compostos 44 (CIM = 59 pmol'L™ ), 47 (CIM = 57 pmolL™
1), 51 (CIM = 86 pmol'L™) e 53 (CIM = 86 pumol'L™) que foram entre 3,3 - 6,9 vezes mais

ativos. Apesar da atividade mais alta dos complexos em relagéo as hidrazonas livres, os valores
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de CIM para os compostos de estanho foram superiores ao do farmaco de referéncia, a
tetraciclina (CIM = 0,36 umol'L™).

Nostestes frente a C.albicans ATCC 18804 s0 foi possivel realizar o experimento com as
hidrazonas dos complexos derivados da 2-acetipiridina. Neste caso H2AcpClPh (17) mostrou-se
um composto muito ativo (CIM = 46 pmol'L™), com valor de CIM da mesma ordem de grandeza
que o farmaco de controle fluconazol (CIM = 33 umol-L™). As outras hidrazonas foram muito
menos ativas. Depois da complexacdo ndo foi observada uma melhoria significativas nos novos
complexos de estanho(1V) com as hidrazonas H2AcPh (16) e 17, mas no caso da H2AcpNO,Ph
(18) (CIM > 179 umol-L™), observou-se um aumento da atividade para os complexos 45 (CIM =
96 pmolL™) e 48 (CIM = 93 pmol'L™) ainda que os valores de CIM tenham sido quase trés
vezes maiores que o fluconazol (CIM = 33 pmolL™).

Analisando os resultados frente a C.albicans (ATCC 10231), observa-se que os valores
de CIM dos complexos 44 (CIM = 49 pmolL™), 45 (CIM = 96 pmol'L™) e 46 (CIM = 47
umol'L™) so menores que os das hidrazonas 17 (CIM = 86 pmol'L™) e 18 (CIM = 111 umolL™
1), e s80 também melhores que do farmaco de referéncia, fluconazol (CIM = 79 umol-L™). Esses
compostos também apresentaram maior atividade que o sal de estanho de partida. Os complexos
50 (CIM = 83 pmol'L™) e 53 (CIM = 82 umol'L™) apresentaram valores de CIM na mesma
ordem que o fluconazol, as hidrazonas livres e 0 sa de partida. Podemos concluir que a
coordenagdo de sais organoestanicos com hidrazonas € uma estratégia interessante para melhorar
o perfil farmacoldgico de ambos, metal e ligantes™.

BVifiudl as-Zahinos, E.; Maldonado, M. A.; Luna-Giles, F.; Barros-Garcia, F. J. Polyhedron. 2008, 27, 871.
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Tabela 7.12 — Concentragdo inibitoria minima (CIM) das hidrazonas e seus complexos de
estanho(1V) contra Staphyl ococcus aureus e Candida albicans.

CIM / pmol L™
Compostos C. albicans
S aureus
ATCC 18804 ATCC 10231

H2AcPh (16) 428 213 179
[(n-but)Sn(2AcPh)Cl;] (43) 255 210 >208
[(Ph)Sn(2AcPh)Cl,] (46) 132 206 >198
H2AcpClIPh (17) 197 46 86
[(n-but)Sn(2AcpCIPh)Cl,] (44) 59 45 49
[(Ph)Sn(2AcpCIPh)Cl,] (47) 57 46 47
H2AcpNO,Ph (18) 353 >179 111
[(n-but)Sn(2AcpNO,Ph)Cl;] (45) 125 96 96
[(Ph)Sn(2AcpNO,Ph)Cl,] (48) 114 93 >181
H2BzPh (20) 177 ND 105
[(n-but)Sn(2BzPh)Cl;] (49) 330 ND >186
[(Ph)Sn(2BzPh)Cl;] (52) 323 ND >174
H2BzpCIPh (21) >619 ND 79
[(n-but)Sn(2BzpCIPh)Cl;] (50) 330 ND 83
[(Ph)Sn(2BzpCIPh)Cl,] (53) 86 ND 82
H2BzpNO,Ph (22) >600 ND >750
[(n-but)Sn(2BzpNO,Ph)Cl;] (51) 86 ND >170
[(Ph)Sn(2BzpNO,Ph)Cl,] (54) 323 ND >163
[(n-but)SnCl ] >1880 >860 >860
[(Ph)SNnCl3] 249 158 81,7

Tetraciclina 0,36 - -
Fluconazol - 33 79

ND: Nao determinado
7.2.2—Método de microdiluicdo

Foi avaliada a atividade antifingica das hidrazonas frente aos fungos Candida glabrata
ATCC 2001 e C. albicans ATCC 18804 e os fungos filamentosos Cladosporium cladosporioides
(LABB 6) e Aspergillus flavus (LABB 44). A determinagdo das concentracdes inibitorias
minimas de 50% do crescimento (ClMso) foi realizada de acordo com o procedimento descrito
na parte experimental (2.3.2). Os resultados obtidos est&o descritos na Tabela 7.13.
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Tabela 7.13 — Concentragdo inibitoria minima das hidrazonas e seus complexos de estanho(1V)
parainibir 50% do crescimento (método de microdiluicdo).

ClMso(umol L™

Compostos
A. flawus  C. cladosporioides C. glabrata C. albicans
H2AcPh (16) NA 1046 <1 130,7
[(n-but)Sn(2AcPh)Cl;] (43) NA >515,4 0,5 121,8
[(Ph)Sn(2AcPh)Cl;] (46) 61,8 495 <0,48 30,9
H2AcpClPh (17) 457 914 <0,87 57
[(n-but)Sn(2AcpCIPh)Cl,] (44) 60,1 240,6 <0,47 15
[(Ph)Sn(2AcpCIPh)Cl;] (47) 115,8 >463,4 <0,45 11,4
H2AcpNO,Ph (18) 880,2 27,6 <0,86 440,1
[(n-but)Sn(2AcpNO,Ph)Cl;] (45) 117,9 4717 <0,46 4717
[(Ph)Sn(2AcpNO,Ph)Cl,] (48) 113,6 113,6 <0,44 113,6
H2BzPh (20) 4148 3,2 NA NA
[(n-but)Sn(2BzPh)Cl ;] (49) 114,2 456,9 <0,44 57,1
[(Ph)Sn(2BzPh)Cl;] (52) 220,4 110,2 <0,43 110,2
H2BzpCIPh (21) 372,2 372,2 NA NA
[(n-but)Sn(2BzpCIPh)Cl;] (50) 6,7 429,9 <0,4 107,4
[(Ph)Sn(2BzpCIPh)Cl,] (53) 207,8 NA <0,4 103,9
H2BzpNO,Ph (22) >722,5 14 <0,7 >722,5
[(n-but)Sn(2BzpNO,Ph)Cl;] (51) 52,7 3,2 28 101,5
[(Ph)Sn(2BzpNO,Ph)Cl;] (54) >408,4 NA <0,39 204,2
(Ph)SnCl3 2214 NA 55,3 2214
(n-but)SnCl3 >827,3 NA 103,4 206,8
Nistatina 269 269 1,05 269
NA: N&o ativo

Depois da complexagdo com os sais de estanho (1V) observou-se, na maioria dos casos,
um incremento significativo na atividade dos compostos frente ao fungo A. flavus, sendo que
guase todos os complexos apresentaram valores de CIMsp na mesma ordem de grandeza ou
superior a do farmaco de referéncia, nistatina (CIMsp = 269 pmol'L™). Os complexos mais
destacados foram, 44 (CIMs, = 60,1 umol-L™), 46 (CIMso = 61,8 umol'L™), 50 (CIMsp = 6,7
umol'L™) e 51 (CIMso = 52,7 pmol'L™). Em geral os complexos formados a partir de [(n-
but)SnCl3] apresentaram maior atividade gque aqueles obtidos a partir de [(Ph)SnCls]. Este
resultado € interessante, pois [(n-but)SnCls] mostrou uma atividade muito baixa contra A. flavus,

146



ao contrério de [(Ph)SnCl3], que apresentou uma atividade na mesma ordem de grandeza que o
féarmaco de referéncia.

Os complexos de estanho(1V) em geral ndo foram mais ativos que as hidrazonas livres
frente a C. cladosporioides. Os valores de CIM foram superiores ao valor encontrado para a
nistatina (CIMsp = 269 pmol'L™), exceto nos compostos 48 (CIMsp = 113,6 umolL™), 51
(CIMso = 3,2 umol'L™) e 54 (CIMsp = 110,2 pmol-L™Y).

Os resultados obtidos frente a C. glabrata foram muito significativos. Todos os
complexos tiveram valores de CIMsy muito menores que o farmaco de referéncia, entre 9 e 600
vezes, além de superar em atividade as respectivas hidrazonas. Excecdo € o composto 51 (ClMsg
= 28 umol'L™), que foi 0 menos ativo mas mostrou uma atividade 9 vezes superior a da
nistatina (CIMso = 269 umolL™). Os complexos também foram mais ativos que os sais de
partida.

Com respeito ao fungo C. albicans, constatou-se uma melhoria significativa depois da
coordenagcdo com o0s sais de estanho em alguns compostos. Por exemplo, 0s compostos 44
(CIMso = 15 pumol'L™), 46 (CIMsp = 30,9 umol'L™), 47 (CIMsp = 11,4 pmol'L™) e 49 (ClMsp =
57,1 pmolL™) foram quatro vezes mais ativos que as hidrazonas, entre 3,6-14,3 vezes que 0s
sais de partida e entre 4,8-23,6 vezes que o farmaco de controle, nistatina (ClMsp = 269 pmol 'L~
1).

Da andlise dos resultados das atividades destes complexos e seus cCompostos precursores
(sais e ligantes) em alguns casos, exceto frente a C. cladosporioides, podem ser observados
efeitos de sinergismo, uma vez que tanto os sais como 0s ligantes sdo ativos. Nos casos onde sO
0 sa mostrou atividade, a hidrazona pode atuar como um carregador do metal para o interior das
células do fungo. De qualquer forma a estratégia da formacdo desses complexos visando
melhorar as propriedades antifungicas das hidrazonas pode se qualificar de adequada.
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8 - CONCLUSDES GERAIS.

No presente trabalho foi proposta a sintese e caracterizacdo de novos compostos com o
objetivo de avaliar suas propriedades bioldgicas e potenciais. Foi planejada a preparacdo de duas
familias de compostos organicos, especificamente hidrazonas, com certa similaridade estrutural:
aprimeira, derivada de imidazol e a segunda derivada de piridina. Também foram preparados os
compostos metélicos das mesmas com o objetivo de melhorar suas atividades. A seguir sera feita
uma avaliagdo geral dos resultados obtidos no trabal ho.

Um total de 54 compostos, sendo 22 hidrazonas e 32 complexos, foram obtidos. Foram
determinadas estruturas cristalograficas de 27 dos 54 compostos sintetizados no presente
trabalho.

No total foram preparadas 12 hidrazonas derivadas do anel imidazol e 10 derivadas da
piridina. Estes compostos tém caracteristicas estruturais similares, sobretudo porque foram
usadas as mesmas hidrazidas nas sinteses de ambas as familias. Avaliamos a atividade
antimicrobiana das mesmas pelo método de macrodiluicdo e a atividade antifungica pelo método
de microdilui¢do. Dos resultados obtidos das anélises podemos chegar as seguintes conclusies.

As hidrazonas derivadas com anel imidazol ndo apresentaram atividade antibacteriana
apreciavel, mas ao serem testadas contra fungos filamentosos e patogénicos, como do genéro
candida, observou-se uma atividade antifingica bastante significativa. Dos doze compostos
testados cinco [4(5)ImPh, 4(5)ImpCIPh, 4(5)ImpNO.Ph, 4ImAcpCIPh e 4ImAcpNO,Ph]
mostraram-se ativos frente a Candida glabrata, e quatro deles apresentaram CIMso na ordem ou
menor que a nistating, fa&rmaco usado no tratamento de infecgbes fungicas. Além disto, os
compostos 4(5)ImpCIPh e 4(5)ImpNO,Ph foram altamente ativos frente ao fungo Cladosporium
cladosporioides sendo entre 140 e 35 vezes mais ativos que a nistatina. Analisando as estruturas
dos derivados ativos, podemos concluir que a presenca de grupos retiradores de elétrons (como
Cl e NOy), na posi¢éo para do anel fenila ligado a carbonila, potencializa a atividade antifungica
desses compostos.

As hidrazonas derivadas da piridina apresentaram uma atividade antibacteriana pobre,
com valores de MIC muito superiores aos farmacos de referéncia, mas apresentaram uma forte
atividade antifungica. Os compostos H2AcPh, H2AcpCIPh, H2AcpNO,Ph e H2BzpNO,Ph
foram significativamente ativos frente a C. glabrata. H2AcpCIPh apresentou atividade contra a
Candida albicans na ordem do fluconazol enquanto que H2AcPh e H2FopClPh resultaram mais
ativos gque a nigtatina contra C. albicans. Esta Ultima hidrazona foi muito ativa frente a
Aspergillus flavus superando em nove vezes a atividade da nistatina. Por Ultimo, as hidrazonas
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H2FopNO.Ph, H2AcpCIPh, H2AcpNO,Ph, H2BzPh e H2BzpNO,Ph mostraram-se mais ativas
gue a nistatina frente a C. cladosporioides, sendo os dois Ultimos entre 85 e 190 vezes mais ativo
gue o farmaco de referéncia.  Observa-se nesta familia de compostos algo parecido com a
anterior quanto aimportancia dos grupos para substituidos com respeito a atividade, onde parece
gue os substituintes retiradores de elétrons tém um papel importante.

Da comparacdo dos resultados obtidos para as duas familias frente aos mesmos
microorganismos podemos concluir que as hidrazonas derivadas da piridina tém melhor perfil
antifungico que as derivadas do anel imidazol, por mostrarem-se ativas frente a um maior
nimero de fungos. Dentro das derivadas da piridina aguelas derivadas de 2-acetilpiridina sdo as
de maior atividade. Portanto podemos concluir que a melhor combinagdo estrutural para a
manifestacdo da atividade antifingica € das hidrazonas derivadas de 2-acetilpiridina com
substituintes retiradores de elétrons em posicéo para do anel fenila

Da analise dos resultados obtidos na atividade antimicrobiana para os complexos das
hidrazonas, encontramos que o0s complexos de zinco(ll) ndo apresentaram atividade
antimicrobiana, mas os compostos de cobre(ll) e estanho(1V) tiveram um comportamento bem
diferente.

Depois da coordenagdo com cobre(ll) houve um incremento na atividade de vaérios
compostos frente a todos os microorganismos. O pior caso foi frente a Pseudomonas aeruginosa
onde s6 um complexo, [Cu(2BzpCIPh)Cl], teve melhor CIM que o ligante, mas o valor 15 vezes
maior que o da tetracicling, pelo que podemos concluir que frente a este tipo de bactéria as
hidrazonas e os complexos ndo se mostraram eficientes. Seis complexos mostraram-se mais
ativos que as hidrazonas livres frente as bactéria gram positiva Staphyl ococcus aureus e cinco
frente a Enterococcus faecalis. No entanto, todos os valores de CIM foram entre 27 e 524 vezes
maiores que o0s dos farmacos de referéncia Podemos destacar 0s compostos
[Cu(H2FopCIPh)Cl,], [Cu(2AcPh)Cl], [Cu(2AcpCIPh)CI] e [Cu(2BzPh)CI] que foram entre 3-
20 vezes mais ativos que os ligantes livres frente a S Aureus. Também estes Ultimos trés
compostos juntamente com [Cu(2BzpNO,Ph)CI] foram entre 6-11 vezes mais ativos que as
hidrazonas livres frente a E. faecalis. O fato de que as hidrazonas ndo apresentam atividade
apreciavel frente a estas bactérias e os complexos de cobre(ll) serem ativos congtitui um
resultado muito interessante.

Frente ao fungo C. albicans os complexos [Cu(2BzpCIPh)Cl] e [Cu(2AcpCIPh)CI]
tiveram melhor atividade que as hidrazonas mas neste caso os valores de CIM dos complexos foi
menor gue o do fluconazol o que os qualifica como futuros candidatos a farmacos antifingicos.
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Os complexos das hidrazonas derivadas de 2-acetilpiridina apresentaram-se como os de melhor
perfil antimicrobiano. Por fim pode-se dizer que ha uma melhora significativa da atividade dos
compostos quando coordenados.

Os complexos de estanho(lV) foram preparados a partir de dois sais diferentes [(n-
but)SnCl3] e [(Ph)SnCl3]. Neste caso preparamos 0s complexos de hidrazonas derivadas de 2-
acetil- e 2-bezoilpiridina com grupos fenila, que foram as que exibiram melhor perfil bioldgico.
Do estudo da atividade frente a S aureus vimos uma melhoria significativa da atividade com a
complexacdo, com destaque para 0s compostos  [(n-but)Sn(2AcpCIPh)Cl],
[(Ph)Sn(2AcpCIPh)Cl], [(n-but)Sn(2AcpNO,Ph)Cl], [(Ph)Sn(2AcpNO,Ph)CI],
[(Ph)Sn(2BzpCIPh)Cl;] e [(n-but)Sn(2BzpNO,Ph)Cl,], que foram entre 3-7 vezes mais ativos
gue os ligantes livres, exibindo valores de CIM superiores aos da tetraciclina Com relacdo a
atividade antifungica frente a C. albicans, os complexos apresentaram bons resultados ainda que,
SO0 os compostos [(n-but)Sn(2AcpCIPh)Cl;] e [(Ph)Sn(2AcpCIPh)Cl;] tenham apresentado
alguma melhoria com respeito aos ligantes livres no método de macrodilui¢do. Os valores de
CIM foram menores que os do fluconazol nestas condigdes. Ao serem avaliados pelo método de
microdiluicdo houve uma melhoria geral na atividade dos compostos depois da complexagéo,
exceto, frente a C. cladosporioides, os valores de CIM s&o menores que os da nistatina

Este incremento da atividade antimicrobiana com a coordenagdo das hidrazonas com
metais poderia ser explicado pelo fato de que a hidrazona se comportaria como um carreador do
metal para o interior dos microorganismos. Isto ocorreria, por exemplo, nos casos em gue a
hidrazona e os sais livres resultaram pouco ativos. Sais como o cloreto de cobre sdo pouco
lipossoluveis o que dificulta sua passagem pela membrana celular, 0 que explicaria sua baixa
atividade. A complexagdo com os ligantes pode formar compostos com maior lipofilia que
podem atravessar as membranas dos microorganismos permitindo a agdo contra 0S mesmos.

Outra propriedade mostrada pelos complexos de estanho(lV) foi a fluorescéncia
Obtivemos valores de rendimento quantico maiores que 0,1 para oito complexos, destacando-se
significativamente o composto [(Ph)Sn(2AcpCIPh)Cl,] com valor de 1. A adicdo de tween,
surfactante, levou a um aumento na intensidade de fluorescéncia dos compostos, indicado que os
complexos poderiam ter o mesmo comportamento frente a células e microorganismos devido a
similaridade nas caracteristicas lipofilicas das micelas com as membranas celulares.

A atividade citotoxica foi avaliada para as hidrazonas derivadas de piridina. O estudo
preliminar mostrou que na concentracdo de 1,0 umol L™ as hidrazonas apresentaram boa
atividade citotéxica contra as células de gliobastomas U87 e T98. Ao serem estudadas mais a
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fundo encontramos que todas, exceto H2BzpNO,Ph, mostraram valores de Clsy em
concentraces nanomolar e inferiores, mas 0 mais importante € que estes compostos tiveram um
indice terapéutico (IT= Clsy caulas tumorais/ Cl 50 células sadias), €Nntre 2-660, para as células T98 e 28-
5000 frente a células U87, o que indica que estes compostos podem ser considerados como
candidatos a protétipos de farmacos antitumorais. Estudos realizados mostraram a morte por
apoptose das células tumorais. As hidrazonas derivadas de 2-acetilpiridina mostraram-se mais
ativas que as derivadas de 2-benzoilpiridina. Estudos da relagdo estrutura atividade (SAR)
mostraram que isto pode estar relacionado com o caréter lipofilico dos compostos, porque se
encontrou uma correlagcdo entre os valores de LogP com a atividade. Sendo que valores ndo
muito elevados desta propriedade contribuem positivamente com a atividade citotoxica. Também
estes estudos mostraram que existe uma correlagdo inversa entre a area superficial e momento
dipolo com a atividade citotoxica.

Os complexos de cobre(11) destas hidrazonas apresentaram bom perfil de inibi¢éo frente a
células U87 na concentracdo de 1 pmol-L™, em alguns casos melhores que os ligantes livres
(hidrazonas). Estudos de interacdo mostraram que os compostos tém capacidade para interagir
com o DNA tanto de microorganismos como das células estudadas. Trés destes compostos
apresentaram perfil de intercalagdo, como possivel mecanismo de acdo, com o DNA.

Depois da analise de todos os resultados obtidos neste trabalho podemos responder a
hipétese formulada. Foi possivel obter candidatos a prot6tipos de farmacos a partir de hidrazonas
derivadas do anel imidazol e de piridina assim como de seus compostos metalicos.

Assim como, os resultados obtidos dos estudos de fluorescéncia séo muito interessantes
pelo fato de que os compostos tém a possibilidade de serem usados para estudos de imagens in
vitro.

Alem disto, os resultados deste trabalho possibilitaram a publicaggo de seis artigos. (ver
anexo)
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2-Benzoylpyridine-phenylhydrazone (H2BzPh), 2-benzoylpyridine-para-chloro-phenylhydrazone (H2-
BzpCIPh), and 2-benzoylpyridine-para-nitro-phenyl (H2BzpNO,Ph) hydrazone were obtained and fully
characterized, as well as their zinc(Il) complexes [Zn(H2BzPh)Cl,] (1), [Zn(H2BzCIPh)Cl;] (2) and
[Zn(H2BzpNO,Ph)Cl,] (3). During the syntheses of complex 1 a second product crystallized, which was
characterized as [Zn(2BzPh),] (1a). Upon re-crystallization in 1:9 DMSO:acetone conversion of 2 into

[Zn(H2BzpCIPh)Cl,] - H,0 (2a) and of 3 into [Zn(2BzpNO,Ph)CI(DMSO)] (3a) occurred. The crystal

Keywords:
2-Benzoylpyridine
Hydrazones
Zinc(I) complexes
Structural studies

structures of 1a, 2a and 3a were determined. In 1a the two nearly perpendicular H2BzPh ligands give rise
to a distorted octahedral environment around the metal. The 5-fold coordination around the metal is
completed with two chloride ions in 2a and with one chloride and one oxygen atom from DMSO in 3a.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Hydrazones are a versatile class of compounds with several
applications. Due to their chelating behavior, hydrazones are used
in analytical chemistry as selective metal extracting agents as well
as in spectroscopic determination of certain transition metals [1].
Hydrazone derivatives are found to possess antimicrobial [2,3],
anti-tubercular [4], anti-convulsant [2,5] and anti-inflammatory
activities [2,6,7]. Moreover, the copper(ll) complex of salicylalde-
hyde benzoylhydrazone was shown to be a potent inhibitor of
DNA synthesis and cell growth [8]. Some hydrazone analogues
have been investigated as potential oral iron chelating drugs for
the treatment of genetic disorders such as thalassemia [9,10] and
have also been suggested as possible metal chelating agents for
treating neurodegenerative disorders such as Alzheimer disease
[11,12].

In the present work a first investigation on the chelating ability
of 2-benzoylpyridine-derived hydrazones towards zinc(Il) was
carried out. To this purpose, 2-benzoylpyridine-phenylhydrazone
(H2BzPh), 2-benzoylpyridine-para-chloro-phenylhydrazone (H2-
BzpCIPh) and 2-benzoylpyridine-para-nitro-phenylhydrazone

* Corresponding author.
E-mail address: hberaldo@ufmg.br (H. Beraldo).

0020-1693/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.ica.2008.09.040

(H2BzpNO,Ph) (Fig. 1) were prepared and fully characterized, as
well as a series of their zinc(Il) complexes.

2. Experimental
2.1. Materials and equipment

Partial elemental analyses were performed on a Perkin Elmer
CHN 2400 analyzer. Infrared spectra were recorded on a Perkin El-
mer FT-IR Spectrum GX spectrometer using Csl/nujol; an YSI model
31 conductivity bridge was employed for molar conductivity mea-
surements. NMR spectra were obtained at room temperature with
a Bruker DPX-200 Avance (200 MHz) spectrometer using deuter-
ated dimethyl sulfoxide (DMSO-ds) or deuterated chloroform
(CDCl3) as solvent and tetramethylsilane (TMS) as internal refer-
ence. Crystal structures of the zinc(Il) complexes were investigated
using single-crystal X-ray diffraction methods. Data were collected
at room temperature on a Kappa CCD diffractometer working in
the ¢ and ® scan mode. Crystal data, data collection procedure,
structure determination methods and refinement results are sum-
marized in Table 1 [13-17]. The hydrogen atoms of the hydrazones
were included in the molecular models at stereo-chemical posi-
tions and refined with the riding model. The DMSO methyl H-
atoms were optimized by treating them as a rigid group allowed
to rotate around the C-S bond. The water hydrogen atoms were
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Fig. 1. Structural representation for the 2-benzoylpyridine-phenylhydrazone
(H2BzPh), 2-benzoylpyridine-para-chloro-phenylhydrazone (H2BzpCIPh) and 2-
benzoylpyridine-para-nitro-phenylhydrazone (H2BzpNO,Ph).

located in a difference Fourier map and refined at their found
positions.

2.2. Syntheses of 2-benzoylpyridine-phenylhydrazone (H2BzPh), 2-
benzoylpyridine-para-chloro-phenylhydrazone (H2BzpCIPh) and 2-
benzoylpyridine-para-nitro-phenylhydrazone (H2BzpNO,Ph)

The hydrazones were prepared by mixing equimolar amounts of
2-benzoylpyridine with the desired hydrazide in methanol with
addition of three drops of acetic acid as catalyst. The reaction mix-
ture was kept under reflux for 6 h. After cooling to room tempera-
ture the resulting solids were filtered off, washed with ethanol and
ether and dried in vacuo.

2.2.1. H2BzPh

Color: white. Yield: 83%. M.P: 140.5-142.9 °C. Selected IR bands
(cm™'): (C=0) 1685 s; ®(C=N) 1600 m; p(py) 614 m. 'H RMN
[200 MHz, DMSO-dg, 6 (ppm)] main signals: 14.72 (Z), 10.15 (E)
[s, TH, N3H (Z and E isomers)]; 8.95 (Z), 8.49 (E) [d, 1H, H6 (Z
and E isomers)]; 8.04 (Z), 7.90 (E) [t, 1H, H4 (Z and E isomers)];
7.89 (E) [d, 1H, H3 (E isomers)]. *C RMN [200 MHz, DMSO-dg, &
(ppm)] main signals: 162.9 (E) (C8); 155.1 (E), 151.8 (Z) [C2 (Z
and E isomers)]; 148.7 (Z), 148.5 (E) [C6 (Z and E isomers)];
148.1 (Z) (C7); 138.3 (Z), 136.7 (E) [C4 (Z and E isomers)];
127.1(2), 124.9 (E) [C3 (Z and E isomers)]; 126.3 (Z), 124.0 (E) [C5
(Z and E isomers)].

2.2.2. H2BzpCIPh

Color: white. Yield: 76%. M.P: 166.3-167.9 °C. Selected IR bands
(cm™1): «C=0) 1689 s; »C=N) 1592 m; p(py) 615 m. 'H RMN
[200 MHz, CDCls, 6 (ppm)] main signals: 15.21(Z), 13.18 (E) [s,
1H, N3H (Z and E isomers)]; 8.81 (2), 8.54 (E) [d, 1H, H6 (Z and E
isomers)]; 7.83 (E,Z) [t, 2H, H4 (Z and E isomers)]; 7.92 (E), 7.61
(2) [d, 1H, H3 (Z and E isomers)]; 7.60 (Z), 7.38 (E) [d, 2H, H5 (Z
and E isomers)]. '3C RMN [200 MHz, CDCls, § (ppm)] main signals:
163.3 (2) (C8); 153.0 (Z) (C2); 149.1 (Z), 147.8 (E) [C6 (Z and E iso-
mers)]; 148.3 (), 148.5 (E) [C7 (Z and E isomers)]; 137.6 (), 136.4
(E) [C4 (Z and E isomers)]; 126.9 (Z), 124.5 (E) [C5 (Z and E iso-
mers)]; 126.2 (Z), 124.3 (E) [C3 (Z and E isomers)].

2.2.3. H2BzpNO,Ph

Color: yellow. Yield: 65%. M.P: 230-233 °C. Selected IR bands
(cm™'): ®(C=0) 1682 s; ®(C=N) 1603 m; p(py) 615 m. 'H RMN
[200 MHz, CDCl3, 6 (ppm)] main signals: 15.49 (s, 1H, N3H); 8.83
(d, 1H, H6); 7.87 (t, 1H, H4); 7.62 (m, 2H, H3, H5). 3°C RMN
[200 MHz, CDCl3, ¢ (ppm)] main signals: 162.4 (C8); 153.1 (C2);
149.9 (C7); 147.8 (C6); 137.9 (C4); 124.3 (C5); 124.0 (C3).

2.3. Syntheses of the zinc(Il) complexes with H2BzPh, H2BzpCIPh and
H2BzpNO,Ph

The zinc(Il) complexes were obtained by refluxing an ethanol
solution of the desired ligand with zinc chloride (ZnCl,) in 1:1 li-
gand-to-metal molar ratio. The solids were washed with ethanol
followed by diethylether and then dried in vacuo.

2.3.1. Dichloro(2-benzoylpyridine-phenylhydrazone)zinc(II)
[Zn(H2BzPh)Cl,] (1)

Light yellow solid. Yield: 89%. Anal. Calc. (C19H;5CI;N30Zn): C,
52.14; H, 3.45; N, 9.60. Found: C, 51.83; H, 3.42; N, 9.52%. Se-
lected IR bands (cm™!): »(C=0) 1638 s; ¥ C=N) 1593 m; p(py)
639 m; v(Zn-N) 410 m. 'H RMN [200 MHz, DMSO-dgs, o
(ppm)] main signals: 14.71 (s, 1H, N3H); 899 (d, 1H, H6);
8.10 (t, 1H, H4); 7.64 (t, 1H, H3); 7.41 (t, 1H, H5). '3C RMN
[200 MHz, DMSO-ds, § (ppm)] main signals: 162.6 (C8); 151.8
(C2); 148.7 (C6); 146.1 (C7); 138.5 (C4); 126.4 (C5); 125.0
(C3). Molar conductivity (1 x 10~>molL~!, DMF): 22.18 Q!
cm? mol .

2.3.2. Dichloro(2-benzoylpyridine-para-chloro-
phenylhydrazone)zinc(Il) [Zn(H2BzpCIPh)Cl,] (2)

Light yellow solid. Yield: 49%. Anal. Calc. (C19H14CIsN30Zn): C,
48.34; H, 2.99; N, 8.90. Found: C, 46.79; H, 2.30; N, 8.87%. Selected
IR bands (cm™!): #(C=0) 1646 s; (C=N) 1585 m; p(py) 638 m;
¥(Zn-N) 410 m. '"H RMN [200 MHz, DMSO-dg, 6 (ppm)] main sig-
nals: 'H RMN [200 MHz, DMSO-dg, § (ppm)] main signals: 14.76
(s, TH, N3H); 8.92 (d, 1H, H6); 8.03 (t, 1H, H4); 7.92 (t, 1H, H3);
7.58 (t, 1H, H5). 13C RMN [200 MHz, DMSO-dg, 5 (ppm)] main sig-
nals: 165.8 (C8); 154.6 (C2); 148.9 (C6); 146.5 (C7); 138.7 (C4);
126.6 (C5); 125.4 (C3). Molar conductivity (1 x 103 mol L',
DMF): 20.42 Q' cm? mol .

2.3.3. Dichloro(2-benzoylpyridine-para-nitro-
phenylhydrazone)zinc(Il) [Zn(H2BzpNO,Ph)Cl,] (3)

Yellow solid. Yield: 79 %. Anal. Calc. (C;9H14CI;N403Zn): C,
47.28; H, 2.92; N, 11.61. Found: C, 45.07; H, 2.31; N, 11.58%. Se-
lected IR bands (cm™!): ®(C=0) 1651 s; ¥ C=N) 1593 m; p(py)
640 m; v(Zn-N) 411 m. 'H RMN [200 MHz, DMSO-ds, § (ppm)]
main signals: 14.81 (s, 1H, N3H); 8.97 (d, 1H, H6); 8.07 (t, 1H,
H4); 7.98 (t, 1H, H3); 7.40 (t, 1H, H5). *C RMN [200 MHz,
DMSO-dg, 6 (ppm)] main signals: 164.8 (C8); 150.9 (C2); 149.0
(C6); 147.2 (C7); 138.0 (C4); 124.4 (C5); 123.6 (C3). Molar conduc-
tivity (1x103molL!, dimethylformamide, DMEF):
2218 Q' cm? mol .

During the syntheses of complex 1 a second product crys-
tallized after filtration, which was characterized as [Zn-
(2BzPh),], [bis(2-benzoylpyridine-phenylhydrazonato)]zinc(ll) (1a).
As shown by NMR studies (see Section 3.2) in complexes 2
and 3 the hydrazone adopts the Z configuration and is at-
tached to the metal center as a bidentate ligand. Crystallization
of 2 from a mixture of 1:9 DMSO:acetone gave dichloro(2-ben-
zoylpyridine-para-chloro-phenylhydrazone)zinc(Il) monohydrate
[Zn(H2BzpCIPh)Cl;] - H,O (2a), with the same molecular for-
mula but in which the hydrazone acts as a tridentate ligand
and adopts the E configuration to attach to the metal center
(see Section 3.3). Hydration was probably due to water from
DMSO. Crystallization of 3 in 1:9 DMSO:acetone lead to the
attachment of one DMSO molecule to the metal center with
release of a chloride and formation of chlorodimethylsulf-
oxide(2-benzoylpyridine-para-nitro-phenylhydrazonato )zinc(ll) [Zn-
(2BzpNO,Ph)CI(DMSO)] (3a), in which the hydrazone adopts
the E configuration as shown by crystal structure determina-
tions (Section 3.3).
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Table 1
Crystal data and refinement results for [Zn(2BzPh),] (1a), [Zn(2BzpCIPh)Cl,] - H>O (2a) and [Zn(2BzpNO,Ph)CI(DMSO)] (3a)
Compound 1a 28 32
Empirical formula C33H28Ng0-Zn C19H16CI3N305Zn C1H19CIN404SZn
Formula weight 666.03 490.12 524.28

Crystal system, S.G.
Unit cell dimensions®
a(A)
b (A)
c(A)
o (%)
B(°)
(%)
V (A%)
Z, Dcaic (Mg/m3)
Absorption coefficient
(mm™')
F(000)
Crystal size (mm)
Crystal color, shape
Rad., graph. monoch.
0-Range data collection (°)
Index ranges

Completeness (%)
Absorption correction
Maximum and minimum
transmission
Observed reflection [I> 2a(I)]
Data collection
Data red. and reduct.”
Structure solution ©
Refinement?
Refinement method
Weights, w

Goodness-of-fit on F?
Reflection collected/unique
R(int)®
Data/restraints/parameter
Ry(obs), Ry(all)f

WR5(0bs), wRy(all)f

Large peak and hole (e A=3)

triclinic, P1 (#2)

10.6412(6)
12.6026(9)
13.0396(9)
66.512(3)
83.723(4)
83.799(4)
1590.2(2)
2,1.391
0.817

688
0.16 x 0.06 x 0.04
yellow, prism

267-24.14
“12<h<11, —14<k<14,
—14<i<14

99.4 (to 0 =24.14°)

0.965, 0.880

3737

[62(F?) + (0.025P)* + 0.59P] !,

P = [max(F2,0) + 2F%]/3
1.014

13647/5036

0.0731

5036/0/424

0.0438, 0.0727

0.0795, 0.0877

0.276 and —0.267

triclinic, P1 (#2)

8.797(1)
11.223(1)
11.261(2)
67.89(1)
72.17(1)
76.95(2)
972.8(2)
2,1.673
1.695

496

0.245 x 0.203 x 0.163

yellow, prism

Mo Kot (4=0.71073 A)

2.95-26.00
—10<h<10,-13<k< 13, -13<I< 13

93.5 (to 0 =26.00°)
numerical [13]
0.6892, 0.7945

3346

CcoLLECT [14]

DENZO and scALEPACK [15]
SHELxS-97 [16]

SHELXL-97 [17]

full-matrix least-squares on F>

[62(F?) + (0.108P)* + 0.48P|6 — 1,P = [max(F2,0) + 2F%]/3

1.047
6700/3612
0.1037
3612/0/253
0.0554, 0.0582
0.1519, 0.1563
1.274 and —1.528

triclinic, P1 (#2)

8.1886(5)
11.1335(5)
14.2504(6)
99.769(2)
105.863(2)
111.263(2)
1111.0(1)
2, 1.567
1.356

536
0.20 x 0.06 x 0.06
Colorless, prism

2.71-25.00
-9<h<9, -13<k<13,-16<1< 16

99.7 (to 0 = 25.00°)
0.9231, 0.7732

3334

[02(F?) + 14.4P] "', P = [max(FZ,0) + 2F%]/3

1.171
8737/3905
0.0624
3905/0/291
0.0785, 0.0917
0.2103, 0.2156
1.412 and —0.749

@ Least-squares refinement of the angular settings for 13647 reflections in the 2.67° < 0 < 24.14° range for 1a, 6700 reflections in the 2.95° < 0 < 26.00° range for 2a and

8737 reflections in the 2.71° < 0 < 25.00° range for 3a.
b Corrections: Lorentz and polarization and absorption.
€ Neutral scattering factors and anomalous dispersion corrections.

4 Structure solved by direct and Fourier methods. The final molecular model obtained by anisotropic full-matrix least-squares refinement of the non-hydrogen atoms.
¢ The somewhat large value of R(int) for 2a is due to unavoidable diffraction contribution of small crystals embedded in the bulk sample.

" R indices defined as: Ry = = ||Fo| — |Fc[|/ 5 |Fo|, WRy = [ow(F; — F2)? /ow(F})*]"/2.

3. Results and discussion

Microanalyses suggest the formation of [Zn(H2BzPh)Cl,] (1)
[Zn(H2BzpCIPh)Cl;] (2) and [Zn(H2BzpNO,Ph)Cl;] (3), containing
a neutral hydrazone as ligand. The molar conductivity data reveal
that the complexes are non-electrolytes, in accordance with the
proposed formulations.

3.1. Infrared spectra

The »®(C=N) mode at 1592-1603 cm™! in the spectra of the free
hydrazones shifts 7-10 cm~" to lower frequencies in the spectra of
the zinc(Il) complexes, indicating coordination of the azomethine
nitrogen N2 [18-20].

The »(C=0) absorption at 1682-1685 cm™! in the spectra of the
uncomplexed hydrazones is observed at 1638-1650 cm™! in those
of the complexes, in accordance with coordination through the car-
bonyl oxygen [18,20,21].

The pyridine in-plane deformation mode at ca. 615 cm™! in the
spectra of the hydrazones shifts to ca. 640 cm™' in those of
complexes 1-3, which suggests possible coordination through

the hetero-aromatic nitrogen [18-20]. However, NMR studies
(see Section 3.2) revealed that the pyridine nitrogen is not involved
in coordination.

3.2. NMR spectra

The 'H and '3C NMR assignments for the hydrazones and their
zinc(Il) complexes in DMSO-dg are reported in Sections 2.2 and 2.3.
The 'H resonances were attributed based on chemical shifts, mul-
tiplicities and coupling constants. The carbon type (C, CH) was
determined by using DEPT135 experiments. The assignments of
the protonated carbons were made by 2D heteronuclear-correlated
experiments (HMQC) using delay values which correspond to !J(C,
H).

The NMR spectra of the three hydrazones were initially re-
corded in DMSO-ds. However H2BzpCIPh and H2BzpNO,Ph were
only enough soluble for 'TH NMR measurements. Therefore the
spectra of the latter were recorded as well in CDCls. For the three
hydrazones the signals of all hydrogens are duplicated in DMSO-
ds, indicating the presence of two isomeric forms. Two signals were
observed for N3-H at 6 14-15 and at § 10-11, suggesting the
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existence of the Z and E configurational isomers. In the first N3-H
is hydrogen-bonded to the pyridine nitrogen while in the latter
N3-H is hydrogen bonded to the solvent [18,19,22].

In the "TH NMR spectrum of H2BzpCIPh in CDCl; the signals of all
hydrogens are duplicated, as for example the signals of N3-H at ¢
15.21 and at 6 13.18, indicating the presence of the Z and E isomers,
respectively [18,19,22]. For H2BzpNO,Ph only one signal was ob-
served for each hydrogen in CDCl3, suggesting the presence of only
one isomeric form. The N3-H signal at 6 15.50 is characteristic of
the Z isomer.

The 3C NMR spectra of H2BzPh (DMSO-dg) and H2BzpCIPh
(CDCl3) also show duplicated signals for most of the carbons, with
predominance of the signals characteristic of the Z isomer [18,22].
The spectrum of H2BzpNO,Ph (in CDCl3) showed only one signal
for all carbons, in accordance with the presence of the Z isomer.

The zinc(II) complexes were soluble in DMSO-dg but insoluble
in CDCls. In the TH NMR spectra of 1-3 the presence of a signal
for N3-H at § 14.71-14.81 suggests hydrogen bonding to the pyr-
idine nitrogen, characteristic of the Z form, indicating that the
hydrazone coordinates as a bidentate chelating system. In fact, in
the '3C NMR spectrum of complex 1 the signals of the pyridine car-
bons do not undergo significant changes in relation to their posi-
tion in free H2BzPh (both in DMSO-dg), suggesting that the
heteroaromatic nitrogen is not attached to the metal center.

Hence the shifts observed for the pyridine in-plane deformation
mode in the infrared spectra of complexes 1-3 relative to its posi-
tion in the spectra of the free bases is probably attributable to the
effect of coordination of N2, which is attached to the pyridine ring
through the C7=N2 bond, and not to coordination of the heteroar-
omatic nitrogen.

3.3. Structural properties of [Zn(2BzPh),] (1a),
[Zn(H2BzpCIPh)Cl,] - H,0 (2a) and [Zn(2BzpNO>Ph)CI(DMSO)] (3a)

Table 2 shows selected bond distances and angles in the crystal
structures of 1a, 2a and 3a. Figs. 2-4 are ortep [23] drawings of the
complexes.

In 1a the zinc(Il) cation in a distorted octahedral environment,
is coordinated to two anionic hydrazone molecules acting as tri-
dentate N, —N-O systems. In 2a and 3a the zinc(II) ion in a fivefold
environment is coordinated to a hydrazone molecule (neutral in 2a
and anionic in 3a) which binds to the metal center through the
pyridine and imine nitrogens, and the oxygen attached to C8. The
remaining coordination positions are occupied by two chloride
ions in 2a and by a chloride and one O-bonded DMSO in 3a.

In all complexes, the hydrazone Pyr(C=N)N-(C=0) skeletal
fragment defines a coordination plane [rms deviation of atoms
from the least-squares plane of 0.110A (1a), 0.071A (2a) and
0.047 A (3a)] with the metal ion laying close onto this plane [at
0.023(2) A (1a), 0.142(2) A (2a) and 0.045(6) A (3a)]. The phenyl
ring and the coordination plane subtend dihedral angles of
54.1(1)° (1a), 51.37(7)° (2a) and 59.7(4)° (3a).

In 1a the N1-C2, O1-C8 and Zn-N1 bond distances are similar
for the two hydrazone molecules, but significant variations were
observed for C2-C7, N2-C7, N3-N2, and N3-C8 bond distances.
Also Zn-N2 and Zn-01 are considerably different in the two ligand
molecules. The bond angles also vary approximately 1-2° within
the two hydrazone molecules, but significant differences were ob-
served for N1-Zn-N2'/N1'-Zn-N2 (7°) and N2-Zn-01'/N2'-Zn-01
(5.5°). These differences lead to a distorted octahedral arrange-
ment around the zinc center.

The C8-01 bond distance is 1.241(4)A in complex 2a and
1.262(9) A in 3a, in accordance with a higher single bond character
of the C-0 bond in the latter. Similarly, the C2-C7 bond distances
are 1.493(4) Ain 2a and 1.47(1) A in 3a in agreement with a higher
double bond character of this bond in 3a due to a more extensive

Table 2
Selected bond distances (A) and angles (°) in the molecular structures o [Zn(2BzPh),]
(1a), [Zn(2BzpCIPh)Cl,] - H,0 (2a) and [Zn(2BzpNO,Ph)CI(DMSO)] (3a)

Attribution 1a 2a 3a

Bond lengths

N1-C2 1.346(3) 1.358(4) 1.35(1)
N1'-C2 1.341(4)

c2-C7 1.491(4) 1.493(4) 1.47(1)
c2'-C7 1.480(4)

N2-C7 1.292(3) 1.285(4) 1.30(1)
N2'-C7 1.301(4)

N2-N3 1.376(3) 1.370(3) 1.370(9)
N2'-N3’ 1.351(3)

N3-C8 1.353(3) 1.350(4) 1.34(1)
N3'-C8’ 1.368(4)

01-C8 1.262(3) 1.241(4) 1.262(9)
01'-C8’ 1.257(3)

Zn-N1 2.224(2) 2.163(3) 2.219(7)
Zn-N1’ 2.226(3)

Zn-N2 2.077(2) 2.110(3) 2.073(7)
Zn-N2' 2.082(2)

Zn-01 2.057(2) 2.255(2) 2.080(6)
Zn-01’' 2.106(2)

Zn-CI2 2.2513(9)

Zn-CI3 2.294(1)

Zn-Cl 2.243(3)
Zn-0 2.032(6)
Bond angles

N1-C2-C7 115.9(2) 114.6(3) 115.9(7)
N1'-C2'-C7' 116.6(3)

C2-C7-N2 114.0(2) 113.5(3) 114.4(7)
C2'-C7'-N2/ 113.3(3)

C7-N2-N3 121.3(2) 121.7(3) 120.6(7)
C7'-N2’'-N3’ 119.8(3)

N2-N3-C8 108.2(2) 115.6(2) 108.1(6)
N2'-N3'-C8' 108.1(2)

N3-C8-01 125.7(3) 121.0(3) 126.8(7)
N3'-C8'-01’ 126.5(3)

C6-N1-Zn 127.5(2) 125.7(2) 127.5(7)
C6/'-N1’-Zn 128.1(2)

C2-N1-Zn 113.0(2) 115.5(2) 113.3(5)
C2'-N1'-Zn 113.4(2)

C7-N2-Zn 121.6(2) 121.1(2) 121.7(6)
C7'-N2'-Zn 121.3(2)

N3-N2-Zn 117.0(2) 116.9(2) 117.7(5)
N3'-N2'-Zn 118.2(2)

C8-01-Zn 113.1(2) 113.9(2) 111.9(5)
C8'-01'-Zn 111.5(2)

N1-Zn-N2 74.73(9) 73.97(9) 74.4(3)
N1-Zn-N2' 93.58(9)

N1'-Zn-N2 100.77(9)

N1'-Zn-N2’ 74.2(1)

N2-Zn-01 75.63(8) 72.63(9) 75.5(2)
N2-Zn-01’ 110.54(9)

N2’'-Zn-01 116.09(8)

N2'-Zn-01’ 75.13(9)

N1-Zn-01 150.30(8) 146.52(9) 149.7(2)
01'-Zn-N1 91.97(9)

01-Zn-N1' 91.11(9)

N1'-Zn-01’ 148.69(9)

01-Zn-01' 96.70(8)

N1-Zn-N1' 96.09(9)

N2-Zn-N2' 166.9(1)

N1-Zn-CI2 102.11(7)

N1-Zn-CI3 101.40(8)

N2-Zn-CI2 113.98(8)

N2-Zn-CI3 127.03(8)

01-Zn-CI2 93.45(7)

01-Zn-CI3 96.74(7)

Cl2-Zn-CI3 118.43(3)

N1-Zn-Cl 98.4(2)
N1-Zn-0 99.1(3)
N2-Zn-Cl 135.2(2)
N2-Zn-0 119.7(3)
01-Zn-Cl 104.9(2)
01-Zn-0 93.3(3)
0-Zn-Cl 105.1(2)
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Fig. 2. Molecular plot of [Zn(H2BzPh),] (1a) showing the labeling scheme of the non-H atoms and their displacement ellipsoids at the 50% probability level. Metal-ligand

bonds are indicated by open lines.

delocalization within the hydrazone chain in the anionic ligand.
For the same reason, C7-N2 is 1.285(4) A in 2a and 1.30(1) A in 3a.

Interestingly, the O1-Zn bond distances are 2.255(2) and
2.080(6) A for 2a and 3a, respectively, in accordance with the pres-
ence of a negative charge at the oxygen in the latter, which in-
creases the strength of the M-01 bond.

In going from complex 2a to complex 3a the N1-M-N2 angle
does not change appreciably but the N2-M-01 and the N1-M-
01 angles change from 72.63(9)° and 146.52(9)° in 2a to 75.5(2)°
and 149.7(2)° in 3a, respectively, due to higher delocalization in
the latter and to the change of the N3 hybridization from sp® in
2a to sp? in 3a. Similarly the N3-C8-01 angle goes from
121.0(3)° in 2a to 128.8(7)° in 3a due to the same effect.

The crystal 2a is further stabilized by a net of H-bonds. The
hydrazone molecules are arranged with their coordination planes
piled-up along the [111] direction. A given complex on the stack
is linked to the neighboring molecule on one side through a pair
of inversion-related CI2.-H-Ow-H:--CI2’ bonds [d(Ow---CI2)=

Fig. 3. Molecular plot of [Zn(H2BzpCIPh)Cl,] (2a).

Fig. 4. Molecular plot of [Zn(2BzpNO,Ph)CI(DMSO)] (3a).

3.433 A, d(Ow---C12") = 3.237 A] and to the molecule on the oppo-
site side by a pair of N3-H.--CI3” [d(N3---CI3") = 3.261 A] bonds. A
paToN [13] view of this crystal packing arrangement is shown in
Fig. 5.

4. Conclusions

We demonstrated that H2BzPh, H2BzpCIPh exist as Z and E iso-
mers in solution (DMSO-dg or CDCl3) while H2BzpNO,Ph adopts
the Z configuration. Since the up-field signal of N(3)-H character-
istic of the Z form has been observed in the '"H NMR spectra of
[Zn(H2BzPh)Cl;] (1), [Zn(H2BzpCIPh)Cl;] (2) and [Zn(H2BzpNO,-
Ph)Cly] (3), we may suggest that the hydrazones adopt the Z
configuration in these complexes, which leads to coordination of
the ligands as bidentate N-O species. In [Zn(2BzPh),] (1a) two
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Fig. 5. Crystal packing of 2a as seen down the c-axis. The b-axis is horizontal. H-
bonds are indicated by dashed lines. The largest open disks are Zn(Il) ions, the ones
of intermediate size are chlorine ions.

molecules of the hydrazone in the E configuration are attached to
the metal as tridentate ligands. Upon slow diffusion of 2 and 3 in
1:9 DMSO:acetone with formation of [Zn(H2BzpCIPh)Cl;] - H,O
(2a) and [Zn(2BzpNO,Ph)CI(DMSO)] (3a) respectively, conversion
of the hydrazones from the Z to the E configuration occur, along
with the additional coordination of the pyridine nitrogen, forming
a tridentate Npy—N-O chelating system. In the case of 2a a hydra-
tion water molecule probably from DMSO binds to the complex
to further stabilize the structure. During the conversion of 3 into
3a attachment of one DMSO molecule to the metal center occurs,
with release of one chloride from the metal coordination sphere
and deprotonation at N3 in the hydrazone chain.
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Appendix A. Supplementary material
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data associated with this article can be found, in the online version,
at doi:10.1016/j.ica.2008.09.040.
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2-Benzoylpyridine-methyl hydrazone (HBzMe) has been obtained as well as its copper(Il) [Cu(HBz-
Me)Cl,] (1) and zinc(Il) [Zn(HBzMe)Cl,] (2) complexes. Upon re-crystallization in 1 - 9 DMSO:acetone
conversion of 1 into dimeric [Cu(BzMe)Cl], (1a) occurred. The crystal structures of HBzMe, 1, 1a, and 2
were determined. HBzMe adopts the ZE conformation in the solid. In all complexes the hydrazone adopts

the E configuration to attach to the metal through the N,,—N2—O chelating system. In 1 and 2 a neutral
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hydrazone coordinates to the metal center while in 1a deprotonation occurs with coordination of an
anionic ligand. 1a presents a dimeric structure, having two copper(Il) ions per asymmetric unit. Two chlo-
rides are also present in the copper coordination sphere, which act as bridging ligands and connect the
copper centers to each other.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Hydrazones are a versatile class of compounds with innumerous
chemical as well as pharmacological applications. In fact, hydra-
zones have shown to possess antimicrobial, anticonvulsant, analge-
sic, anti-inflammatory, and antitumoral properties [ 1-3]. Moreover,
aromatic hydrazone molecules dispersed in a binder polymer are
used as the main constituent of electrophotographic photoreceptors
of laser printers due to their excellent hole-transporting properties
and relatively simple synthesis [4]. Also, di-2-pyridyl ketone benzoyl
hydrazone (dpkbh) is widely used as a sensitive analytical reagent
for the determination of trace amounts of metal ions in solutions
[5,6]. Recently hydrazone-based molecular glasses for solid-state
dye-sensitized solar cells have been obtained [7].

Metal complexes of hydrazones proved to have potential appli-
cations as catalysts [8], luminescent probes [9], and molecular sen-
sors [10]. In addition, it has been recently shown that hydrazones
such as pyridoxal isonicotinoyl hydrazone analogues are effective
iron chelators in vivo and in vitro, and may be of value for the treat-
ment of iron overload [11]. Furthermore, some 2-formylpyridine-
derived hydrazones which behave as iron chelators were suggested
as therapeutic agents for the treatment of neurodegenerative dis-
orders [12].

In the present work 2-benzoylpyridine methyl hydrazone
(HBzMe, Fig. 1) and its copper(ll) and zinc(Il) complexes were pre-

* Corresponding author. Tel.: +55 31 3409 5740; fax: +55 31 3409 5700.
E-mail address: hberaldo@ufmg.br (H. Beraldo).

0022-2860/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.molstruc.2008.10.025

pared. Spectral and structural investigations on the studied com-
pounds were performed.

2. Experimental
2.1. Materials and equipment

Partial elemental analyses were performed on a Perkin-Elmer
CHN 2400 analyzer. Infrared spectra were recorded on a Perkin-EI-
mer FT-IR Spectrum GX spectrometer using Csl/nujol; an YSI model
31 conductivity bridge was employed for molar conductivity mea-
surements. Electronic spectra were acquired with a Hewlett-Pack-
ard 8453 spectrometer in dimethyl formamide (DMF) solutions
using 1 cm cells. NMR spectra were obtained at room temperature
with a Brucker DPX-200 Avance (200 MHz) spectrometer using
deuterated dimethyl sulfoxide (DMSO-dg) as the solvent and tetra-
methylsilane (TMS) as internal reference. Crystal structures were
investigated using single-crystal X-ray diffraction methods. Data
were collected at room temperature on a Kappa CCD diffractome-
ter working in the ¢ and w scan mode.

2.2. X-ray cristallography

Crystal data, data collection procedure, structure determination
methods and refinement results are summarized in Table 1 [13-
17]. The ligand hydrogen atoms were included in the molecular
models at stereo-chemical positions and refined with the riding
model. The methyl H-atoms were optimized by treating them as ri-
gid group allowed to rotate around the corresponding C—C bond.
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12 4 /12 4 The water hydrogen atoms of complex 1 were located in a differ-
1327 \14 X5 1377 N1 3 X5 ence Fourier map and refined at their found positions with Ow—H
| || || | | || || | and H...H distances restrained to target values of 0.86(1) and
14 10 2 6 1.41(1) A, respectively.
14 10 2 6 ’
N N \N/ XN N \N/
|| 1 | 1 2.3. Syntheses of 2-benzoylpyridine-methyl hydrazone (HBzMe)
N N\ o
HN/ 2 2 SNH 2-Benzoylpyridine-methyl hydrazone (HBzMe) was prepared
3 <|3 by mixing equimolar amounts (1.0 mmol) of 2-benzoylpyridine
| 8 with methyl hydrazide in methanol with addition of three drops
8 XN S X .
H C/ \O H,;C 0 of acetic acid as catalyst. The reaction mixture was kept under re-
33 9 flux for 6 h. After cooling to room temperature the resulting solid
was filtered off, washed with ethanol and ether and dried in vacuo.
E configuration Z configuration 2.3.1. 2-Benzoylpyridine-methyl-hydrazone (HBzMe)
Color: white. Yield: 30% M.P.: 96.8-99.3 °C. Selected IR bands
Fig. 1. Structural representation for 2-benzoylpyridine-methyl hydrazone (cm’l): y(C=0) 1663 s, v(C=N) 1585 m; d(py) 620 m. UV-vis
(HBzMe).
Table 1
Crystal data and refinement results for HBzMe, [Cu(HBzMe)Cl,]-H,0 (1), [Cu(BzMe)Cl], (1a) and [Zn(HBzMe)Cl,] (2).
Compound HBzMe 1 1a 2
Empirical formula C14H13N30 C14H15Cl,CuN30, CygH24Cl,CuNg 0, C14H13C1;N50Zn
Formula weight 239.27 391.73 674.51 375.54
Crystal system Orthorhombic Monoclinic Monoclinic Monoclinic
Space group Pna2,(#33) P21/a (#14) P2[n (#13) P2:/n (#14)
Unit cell dimensions®
a(A) 7.7909(4) 8.4631(2) 7.3876(5) 11.669(1)
b (A) 15.285(1) 21.6179(8) 13.323(1) 11.483(1)
c(A) 10.6247(4) 9.3480(3) 13.7890(1) 11.750(1)
o (°) 90.00 90.00 90.00 90.00
B(°) 90.00 104.132(2) 92.556(5) 98.13(1)
7 (°) 90.00 90.00 90.00 90.00
Volume (A%) 1265.2(1) 1658.50(9) 1355.8(2) 1558.6(2)
Z, density calc. (Mg/m?) 4,1.256 4,1.569 2, 1.652 4, 1.600
Absorption coefficient (mm!) 0.082 1.647 1.805 1.919
F(000) 504 796 684 760
Crystal size (mm) 0.20 x 0.16 x 0.12 0.31 x 0.27 x 0.11 0.28 x 0.06 x 0.05 0.22 x 0.13 x 0.03
Crystal color, shape Colorless, prism Green, prism Red, prism Colorless, plate

Diffractometer, scan
Rad., graph. Monoch.

9 range for data coll. (°)
Index range (0)

Completeness (to ¥ = 26°)
Reflections collected/unique (Rin)
Absorption correction

Max. and min. transm.

Obs. Refls.[I > 2a(I)]

Data collection
Data reduction®

Structure solution ©
Structure refinement?
Refinement method

Weights, w

Goodness-of-fit on F?
Data/restraints/parameters
Ry(obs), R(all)®

WR;(0bs), wRy(all)®
Extinction coefficient

Largest peak and hole (e A=3)

KappaCCD/¢ and @
Mo Ko, 2=0.71073 A

3.51-26.00

-9<h<g9, -18<k<18,
-13<1<13

99.4%

2335/1303 [R(int) = 0.0151]
None

0.990-0.984

1157

COLLECT [14]
DENZO and
SCALEPACK [15]
SHELXS-97 [16]
SHELXL-97 [17]
Full-matrix least-
squares on F?

02(F3) + (0.076P) + 0.04P] ",
P = [Max(F3,0) + 2F?]/3
1.045

1303/1/165

0.0369, 0.1009

0.0424, 0.1067

0.07(1)

0.137 and —0.121

KappaCCD/¢ and @
Mo Ko, 2=0.71073 A

3.12-26.00

-10<h <9, -24<k<26,
-11<1<8

99.1%

10367/3239 [R(int) = 0.0375]
Numerical [13]

0.840-0.629

2818

COLLECT [14]
DENZO and
SCALEPACK [15]
SHELXS-97 [16]
SHELXL-97 [17]
Full-matrix least-
squares on F?

02 (F3) + (0.044P)* +0.79P] ",
P = [Max(F3,0) + 2F?]/3
1.034

3239/3/208

0.0311, 0.0381

0.0820, 0.0867

0.268 and —0.381

KappaCCD/¢ and @
Mo Ko, 2=0.71073 A

3.06-25.99

-9<h<8, -14<k<16,
-16<1< 16

99.7%

6797/2665 [R(int) = 0.0703]
Numerical [13]
0.915-0.632

1819

COLLECT [14]
DENZO and
SCALEPACK [15]
SHELXS-97 [16]
SHELXL-97 [17]
Full-matrix least-
squares on F?

a2(F3) + (0.039P)*] !,

P = [Max(F3,0) +2F?]/3
0.986

2665/0/182

0.0391, 0.0715

0.0843, 0.0959

0.351 and —0.585

KappaCCD/¢ and @
Mo Ko, 4=0.71073 A

2.91-25.99
-14<h<10,-14< k<10,
-14<I< 14

99.1%

7946/3043 [R(int) = 0.0791]
Numerical [13]

0.933-0.729

2220

COLLECT [14]
DENZO and
SCALEPACK [15]
SHELXS-97 [16]
SHELXL-97 [17]
Full-matrix least-
squares on F?

02 (F3) + (0.048P)% + 0.50P] !,
P = [Max(F3,0) + 2F%]/3
1.020

3043/0/191

0.0398, 0.0618

0.0942, 0.1056

0.294 and —0.504

2 Least-squares refinement of the angular settings for 2335 reflections in the 3.51 < ¥ < 26.00° range for HBzMe, 10367 reflections in the 3.12 < ¥ < 26.00° range for 1,
6797 reflections in the 3.06 < ¥ < 25.99° range for 1a and 7946 reflections in the 2.91 < ¥ < 25.99° range for 2.
b Corrections: Lorentz, polarization, extinction (HBzMe) and absorption (1, 1a and 2).
€ Neutral scattering factors and anomalous dispersion corrections. Because this later correction was too small for HBzMe, its molecular chirality could not be determined

reliably.

4 Structure solved by direct and Fourier methods. The final molecular model obtained by anisotropic full-matrix least-squares refinement of the non-hydrogen atoms.
¢ Rindices defined as: Ry = Z||Fo| — |Fcll/Z|Fol, wR = [ w(F — F2)*/ S wi(Fg)*]' .
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Table 2
Selected bond distances (A) and angles (°) in the molecular structures of HBzMe,
[Cu(HBzMe)Cl,]-H,0 (1), [Cu(BzMe)Cl], (1a) and [Zn(HBzMe)Cl,] (2).

Attribution HBzMe 1 1a 2

Bond lengths

N1—C2 1.351(3) 1.356(3) 1.356(4) 1.346(4)
c2—C7 1.488(3) 1.481(3) 1.488(4) 1.479(4)
N2—C7 1.286(3) 1.279(3) 1.287(4) 1.294(4)
N2—N3 1.369(3) 1.361(2) 1.377(3) 1.367(4)
N3—C8 1.361(3) 1.347(3) 1.322(4) 1.357(4)
0—C8 1.217(3) 1.243(3) 1.271(4) 1.225(4)
M—N1 - 2.028(2) 2.006(3) 2.159(3)
M—N2 - 1.962(2) 1.951(3) 2.123(3)
M—01 = 2.062(2) 1.958(2) 2.313(2)
Cu—Cl - 2.260(1) -

M—Cl1 - 2.4628(7) - 2.2258(9)
M—CI2 - 2.2098(6) - 2.234(1)
Cu—Cl#1 - - 2.723(1) -
M#1—Cl - - 2.723(1) -

Bond angles

N1—C2—C7 117.8(2) 114.8(2) 114.7(3) 115.9(3)
C2—C7—N2 126.7(2) 112.0(2) 112.0(3) 113.3(3)
C7—N2—N3 120.2(2) 124.9(2) 124.2(3) 121.8(3)
N2—N3—C8 120.4(2) 113.9(2) 107.8(3) 116.1(3)
N3—C8—0 119.0(2) 120.4(2) 125.3(3) 120.3(3)
C6—N1—M - 127.7(2) 127.8(2) 125.8(2)
C2—N1—M - 113.4(2) 113.3(2) 115.9(2)
C7—N2—M - 120.6(2) 119.4(2) 120.7(2)
N3—N2—M - 114.5(1) 116.4(2) 117.4(2)
C8—01—M - 112.4(1) 111.2(2) 114.1(2)
N1—M—N2 - 78.65(7) 79.8(1) 74.1(1)
N2—M—01 - 78.02(7) 79.23(9) 71.05(9)
N1—M—01 - 153.45(7) 158.0(1) 144.04(9)
N1—M—Cl1 - 97.46(6) - 100.77(8)
N1—M—CI2 - 99.92(6) - 101.90(8)
N2—M—Cl1 - 93.33(6) - 131.18(8)
N2—M—CI2 - 161.39(6) - 110.62(8)
01—-M—Cl1 - 96.36(6) - 95.57(7)
01—M—CI2 - 98.15(5) - 98.30(7)
Cl1—M—CI2 - 105.23(3) - 117.81(4)
N2—Cu—Cl - - 169.39(8) -
01—Cu—Cl - - 99.28(7) -
N1—Cu—Cl - - 100.06(8) -
N2—Cu—Cl#1 - - 100.24(8) -
01—Cu—Cl#1 - - 94.74(8) -
N1—Cu—Cl#1 - - 95.48(8) -
Cl—Cu—Cl#1 - - 90.34(3) -
Cu—Cl—Cu#1 - - 89.66(3) -

(DMF, cm™1): 32890. 'H NMR (200 MHz, DMSO-dg) [ (ppm)] main
signals: 13.85 (Z), 12.77 (E) [s, 1H, N3H (Z and E isomers)]; 8.77 (Z),
8.57 (E) [d, 1H, H6 (Z and E isomers)]; 7.39 (Z), 8.01 (E) [d, 1H, H3 (E
isomer)]; 7.78 (Z and E) [m, 2H, H4 (Z and E isomers)]; 7.36 (Z), 7.29
(E) [m, H5 (Z and E isomers)]; 2.16 (Z), 2.38 (E) [s, 3H, CH5 (Z and E
isomers)]. '>C NMR (200 MHz, DMSO-dg) [¢ (ppm)] main signals:
174.3 (Z), 1729 (E) [C8 (Z and E isomers)]; 152.3 (Z), 154.6 (E)
[C2 (Z and E isomers)]; 148.8 (Z), 148.7 (E) [C6 (Z and E isomers)];
144.3 (Z), 148.0 (E) [C7 (Z and E isomers)]; 137.2 (2), 137.0 (E) [C4
(Z and E isomers)]; 125.8 (Z), 123.8 (E) [C5 (Z and E isomers)]; 124.0
(2),121.6 (E) [C3 (Z and E isomers)]; 20.7 (Z), 20.0 (E) [C9 (Z and E
isomers)].

2.4. Syntheses of the zinc(Il) and copper(ll) complexes with HBzMe

The zinc(II) and copper(Il) complexes (1 and 2) were obtained
by refluxing an ethanol solution of HBzMe with the metal chloride
(ZnCl, or CuCl;-2H,0) in 1:1 ligand-to-metal molar ratio
(1.0 mmol). After cooling to room temperature the resulting solids
were filtered off and washed with ethanol followed by diethylether
and then dried in vacuo.

Fig. 2. Molecular plot of HBzMe showing the labeling scheme of the non-H atoms
and their displacement ellipsoids at the 50% probability level.

Fig. 3. Molecular plot of monomeric [Cu(HBzMe)Cl,] (1). Metal-ligand bonds are
indicated by open lines.

2.4.1. Dichloro(2-benzoylpyridine-methyl-hydrazone )copper(1l)
[Cu(HBzMe)Cl,] (1)

Green solid. Yield: 71%. Anal. Calc. (C;4H3Cl,CuN30): C, 44.99%;
H, 3.51%; N, 11.24%. Found: C, 44.79%; H, 3.47; N, 11.17%. FW:
373.72gmol~!. Selected IR bands (cm™'): v(C=0) 1630 m;
V(C=N) 1600 m; §(py) 646 m; v(Cu—N) 415 m. UV-vis (DMF,
cm™'): 34010, 26100, 22200 and 11173. Molar conductivity
(1 x 10> mol L', DMF): 16.28 Q' cm? mol~".

2.4.2. Dichloro(2-benzoylpyridine-methyl-hydrazone)zinc(Il)
[Zn(HBzMe)Cl,] (2)

White solid; Yield: 80%. Anal. Calc. (Ci4H;3Cl;N30Zn): C,
44.77%; H, 3.49%; N 11.19%. Found: C, 44.83%; H, 3.53%; N,
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Fig. 4. Diagram showing dimeric [Cu(BzMe)Cl], (1a). The molecular halves are related through a crystallographic inversion center.

Fig. 5. Molecular plot of [Zn(HBzMe)Cl,] (2).

11.25%. FW: 375.57 gmol~'. Selected IR bands (cm™!): v(C=0)
1655s; v(C=N) 1594 m; J(py) 640 m; v(Zn—N) 412 m. UV-vis
(DMF, cm™!): 34250 and 27000. Molar conductivity
(1x103molL™!, DMF): 13.67Q 'cm?mol™l. 'H NMR
(200 MHz, DMSO-dg) [ (ppm)] main signals: 12.19 (s, 1H, N3H);
8.68 (d, 1H, H6); 7.76 (d, 1H, H3); 7.98 (t, 2H, H4); 7.32 (m, 1H,
H5); 2.16 (s, 3H, CHs). *C NMR (200 MHz, DMSO-dg) [6 (ppm)]
main signals: 173.1 (C8); 151.5 (C2); 149.5 (C7); 149.1 (C6);
138.2 (C4); 124.9 (C5); 125.4 (C3); 20.4 (C9).

Crystals of HBzMe, 1, [Cu(BzMe)Cl],, bis[(jt-chloro)-2-benzoyl-
pyridine-methyl-hydrazonato)copper(Il)] (1a) and 2 were obtained
from a mixture of 1:9 DMSO-acetone and were stable in the air.
Crystals of 1 and 1a co-crystallized from the same DMSO-acetone
solution. We were unable to obtain enough quantity of complex 1a
to perform any experiments other than crystal structure
determinations.

3. Results and discussion

Microanalyses (powder) suggest the formation of [Cu(HBz-
Me)Cl;] (1) and [Zn(HBzMe)Cl,] (2) in which the hydrazone coordi-

nates as a neutral ligand. The molar conductivity data reveal that
the complexes are non-electrolytes, indicating that in both cases
two chlorides are attached to the metal center, in accordance the
proposed formulations.

3.1. Infrared spectra

The v(C=N) mode at 1585 cm™! in the spectrum of the free
hydrazone shifts to 1600 cm~! in the spectrum of complex 1 and
to 1594 cm™! in that of complex 2, suggesting coordination of
the azomethine nitrogen N2 [18].

The v(C=0) absorption at 1663 cm™! in the spectrum of the
uncomplexed hydrazone shifts to 1630 and 1655 cm™! in the spec-
tra of complexes 1 and 2, respectively, in accordance with coordi-
nation through the carbonyl oxygen [18,19].

The pyridine in-plane deformation mode at 620cm™" in the
spectrum of HBzMe shifts to 646 and 640 cm~! in those of com-
plexes 1 and 2, respectively, indicating coordination of the hetero-
aromatic nitrogen [18]. Therefore, the infrared data for the
complexes indicate coordination of the hydrazones through the
Npy—N—O chelating system.

1

3.2. NMR spectra

The 'H and '*CNMR assignments for HBzMe and its zinc(Il)
complex (2) in DMSO-dg are reported in Sections 2.2 and 2.3. The
H resonances were attributed based on chemical shifts, multiplic-
ities and coupling constants. The carbon type (C, CH) was deter-
mined by using DEPT135 experiments. The assignments of the
protonated carbons were made by 2D heteronuclear-correlated
experiments (HMQC) using delay values which correspond to
(G H).

In the 'H and C NMR spectra of HBzMe the signals of all
hydrogens and carbons are duplicated suggesting the existence of
the E and Z configurations in solution [20-24] (see Fig. 1). In fact,
two signals of N3—H were observed at 6 13.85 and 12.77, which
were attributed to the Z and E forms, respectively. In the first
N3—H is hydrogen bonded to the pyridine nitrogen, while in the
latter it is hydrogen bonded to the solvent [20-24]. Similarly, the
signals of C8=0 at § 174.3 and 172.9 were attributed to the Z
and E isomers, respectively.

In the 'H and '3C NMR spectra of 2 only one signal was observed
for all hydrogens and carbons. The signals of N3—H and C8=0 were
found at 6 12.15 and 173.1, respectively, indicating that the hydra-
zone adopts the E configuration in the complex as confirmed by
crystal structure determinations. The signals of C7 and those of
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the pyridine carbons undergo shifts upon coordination. Therefore,
the NMR spectra suggest coordination of HBzMe through the
Npy—N2—O0 chelating system, forming a complex in which HBzMe
adopts the E configuration.

3.3. Electronic spectra

In the electronic spectrum of HBzMe the n-m transitions asso-
ciated to the azomethine and carbonyl functions overlap at
32890 cm~! [18]. In the spectra of complexes 1 and 2 two absorp-
tions attributed to these transitions were observed at 34010 and
26100 cm ! (1) and at 34250 and 27000 cm ! (2). In the spectrum
of 1 a shoulder at 22200 cm™! is associated to a ligand-to-metal
charge transfer transition and a broad new band at 11173 cm™!
to a combination of ligand-field transitions [25,26].

3.4. Structural study of HBzMe, [Cu(HBzMe)Cl,] (1) [Cu(BzMe)Cl]»
(1a) and [Zn(HBzMe)Cl,] (2)

Table 2 shows selected bond distances and angles in the crystal
structures of HBzMe, 1, 1a and 2. Figs. 2-5 are ORTEP [27] draw-
ings of the complexes.

HBzMe crystallizes in the ZE conformation (see Fig. 2). In the
structures of 1 and 2 the copper(Il) and zinc(II) ions in a fivefold
environment are attached to a neutral hydrazone molecule acting
as a tridentate ligand which binds the metal center through the
pyridine and imine nitrogens, and the carbonyl oxygen. Two chlo-
ride ions occupy the remaining coordination positions. In complex
1 N1, N2, O and CI2 occupy the basal plane of a distorted square
pyramid, and Cl1 is located in the apical position. In 2 N2, ClI1
and CI2 form the equatorial plane of a distorted trigonal bipyramid,
and N1 and O occupy the axial positions. In dimeric [Cu(BzMe)Cl],
(1a) each copper(ll) center in a distorted square pyramidal
arrangement is attached to an anionic hydrazone and to two chlo-
ride ions which act as bridging ligands and connect the two cop-
per(Il) ions to each other [d(Cu—Cl)=2.260(1) A,
d(Cu—Cl') = 2.723(1) A]. Complex 1a is centrosymmetric.

In all complexes, the hydrazone Pyr(C=N)N—(C=0) skeletal
fragment defines a coordination plane [rms deviation of atoms
from the least-squares plane of 0.045A (1), 0.086A (1a) and

0.052 A (2)] with the metal ion laying close onto this plane [at
0.273(1)A (1), 0.228(2) A (1a) and 0.209(2) A (2)]. The phenyl ring
and the coordination plane subtend dihedral angles of 82.53 (7)°
(1), 53.2 (10)° (1a) and 85.5 (1)° (2).

In HBzMe the C8—01 bond distance is 1.217(3) A while in com-
plexes 1 and 2 this distance is 1.243(3) and 1.225(4) A, respec-
tively, due to the formation of the M—O bond which makes the
C—O0 bond weaker. In complex 1a the C8—01 bond distance is
1.271(4) A due to deprotonation at N3 which leads to a higher sin-
gle bond character for C8—0. In HBzMe the N2—N3 and N3—C8
bond distances are 1.369(3) and 1.361(3) A. These distances are
1.361(2) and 1.347(3) A in 1, and 1.367(4) and 1.357(4) A in 2. In
complexes 1 and 2 Cu—L bonds are stronger than Zn—L bonds
(see Table 2). In fact, while complex 1 exhibits ligand field stabil-
ization energy (LFSE), in the case of 2, the d'° configuration of
Zn?* leads to no LFSE. In 1a N2—N3 and N3—C8 bond distances
are 1.377(3) and 1.322(4)A and the Cu—L distances are
2.006(3)A (M—N1), 1.951(3)A (M—N2), 1.958(2)A (M—O0),
2.260(1) A (M—Cl), 2.723(1) A (M—Cl#1) and 2.723(1) A (M#1—Cl).

In going from HBzMe to 1, 1a and 2 the C2—C7—N2 angle
undergoes a great variation from 126.7(2)° to 112.0(2)°, 112.0(3)°
and 113.3(3)°, respectively, due to the change in configuration of
the hydrazone, from Z when uncomplexed to E in the complexes.
The C7—N2—N3 angle goes from 120.2(2)° in HBzMe to
124.9(2)°,124.2(3)° and 121.8(3)°in 1, 1a and 2, due to the forma-
tion of the N1—M—N2 chelate ring. Similarly N2—N3—C8 changes
from 120.4(2)° in HBzMe to 113.9(2)°, 107.8(3)° and 116.1(3)°in 1,
1a and 2, respectively, due to the formation of the N2—M—01 che-
late ring.

The N2—M—CI2 and N2—M—CI1 angles are 161.39(6)° and
93.33(6)° in 1 and 110.62(8)° and 131.18(8)° in 2 indicating that
1 adopts a distorted square pyramidal structure whereas 2 adopts
a distorted trigonal bipyramidal arrangement. In fact the M—Cl1
and M—CI2 distances are 2.2098(6) A and 2.4628(7) A in 1 and
2.2258(9) and 2.234(1) A in 2 as a consequence of the presence
of two electrons in the d? orbital in the first case, which makes
the M—CI bond longer as a consequence of repulsion along the z
axis [28].

The [Cu(HBzMe)Cl,]-H,0 (1) crystal is further stabilized by a net
of N—H...Ow [d(N...Ow)=2.740A, Z(N—H...Ow)=164.2°] and

Fig. 6. Crystal packing of 1 as seen down the c-axis. The b-axis is along the horizontal. H-bonds are indicated by dashed lines. The largest open disks are Cu(II) ions, the ones of

intermediate size are chloride ions.
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Fig. 7. Crystal packing of 2 as seen down the a-axis showing the H-bonded dimeric
structure. The b-axis is along the vertical. H-bonds are indicated by dashed lines.
The largest open disks are Zn(Il) ions, the ones of intermediate size are chloride
ions.

Ow—H. . .Cl [Ow. . .CI1 distances of 3.152 and 3.202 A, Ow—H. . .Cl1
angles of 167.30° and 169.07°, respectively] bonds. These are
shown in the PLATON [I] [13] packing diagram in Fig. 6. Further de-
tails of the H-bonding structure are provided as Supplementary
material.

The [Zn(HBzMe)Cl,] (2) molecules are arranged in the lattice as
centrosymmetric dimers. The complexes within a dimer are linked
to each other by a pair of N—H...Cl bonds [d(N3...CI2")=3.422 A,
/(N3—H...CI12")=138.6°]. A view of this H-bonded structure is
shown in Fig. 7.

4. Conclusions

2-Benzoylpyridine-methyl hydrazone (HBzMe, HL) forms
[M(HL)Cl,] complexes [M = Cu(Il), Zn(II)] in which the hydrazone
acts as a tridentate ligand and binds to the metal though the
Npy—N—O chelating system. In [Cu(HBzMe)Cl,] (1) the coordina-
tion geometry around the metal is distorted square pyramidal,
with one chloride occupying the apical position. In
[Zn(HBzMe)Cl,] (2) the arrangement around the metal is dis-
torted trigonal, with the pyridine nitrogen and the oxygen occu-
pying the axial positions. Re-crystallization of 1 in 1:9 DMSO-
acetone gives dimeric [Cu(BzMe)Cl], (1a) in which a tridentate
Npy—N—O anionic ligand is attached to the metal center, along
with two chlorides acting as bridging ligands and connecting
the copper centers to each other.
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In the present work 2-formylpyridine-para-chloro-phenyl hydrazone (H2FopCIPh) and 2-formylpyridine-
para-nitro-phenyl hydrazone (H2FopNO,Ph) were obtained, as well as their copper(Il) and zinc(Il) com-
plexes [Cu(H2FopCIPh)Cl,] (1), [Cu(2FopNO,Ph)Cl] (2), [Zn(H2FopCIPh)Cl,] (3) and [Zn(H2FopNO,Ph)Cl;]
(4). Upon re-crystallization in DMSO:acetone conversion of 2 into [Cu(2FopNO,Ph)CI(DMSO)] (2a) and of
4 into [Zn(2FopNO,Ph)CI(DMSO)] (4a) occurred. The crystal structures of 1, 2a, 3 and 4a were

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Hydrazones are an important class of compounds which present
innumerous pharmacological applications as antimicrobial, anti-
convulsant, analgesic, antiinflammatory, antiplatelet, antitubercu-
lar, and antitumoral agents [1-3].

Metal complexes of hydrazones proved to have potential appli-
cations as catalysts [4], luminescent probes [5], and molecular sen-
sors [6]. Moreover, it has been recently shown that hydrazones
such as pyridoxal isonicotinoyl hydrazone (PIH) analogs are effec-
tive iron chelators in vivo and in vitro, and may be of value for the
treatment of iron overload [7].

In the present work 2-formylpyridine-para-chloro-phenyl
hydrazone (H2FopCIPh) and 2-formylpyridine-para-nitro-phenyl
hydrazone (H2FopNO,Ph) were obtained as well as their copper(II)
and zinc(II) complexes. The spectral and structural properties of
the complexes were investigated (see structural representation of
the hydrazones in Fig. 1).

2. Experimental
2.1. Materials and equipment

Partial elemental analyses were performed on a Perkin-Elmer
CHN 2400 analyzer. Infrared spectra were recorded on a Perkin-

* Corresponding author. Tel.: +55 31 3499 5740; fax: +55 31 3499 5700.
E-mail address: hberaldo@ufmg.br (H. Beraldo).

0277-5387/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.poly.2009.07.059

Elmer FT-IR Spectrum GX spectrometer using Csl/nujol; an YSI
model 31 conductivity bridge was employed for molar conductiv-
ity measurements. Electronic spectra were acquired with a Hew-
lett-Packard 8453 spectrometer in dimethyl formamide (DMF)
solutions using 1 cm cells. Magnetic susceptibility measurements
were carried out at room temperature on a Johnson Matthey
MSB/AUTO balance and as a function of temperature in a Lake-
Shore 7130 susceptometer with an a.c. excitation field of 1 Oe in
amplitude and a frequency of 825 Hz at null static magnetic field.
NMR spectra were obtained at room temperature with a Brucker
DRX-400 Avance (400 MHz) spectrometer using deuterated di-
methyl sulfoxide (DMSO-dg) as the solvent and tetramethylsilane
(TMS) as internal reference.

The molecular structures of the copper(ll) and zinc(Il)
complexes were investigated using single-crystal X-ray diffracto-
metry. The measurements were performed on an Enraf-Nonius
Kappa-CCD diffractometer with graphite-monochromated Mo Ko
(4=0.71073 A) radiation. Diffraction data were collected (¢ and
w scans with k-offsets) with COLLECT [8]. Integration and scaling
of the reflections were performed with HKL DENZO-SCALEPACK
suite of programs. The unit cell parameters were obtained by
least-squares refinement based on the angular settings for all col-
lected reflections using HKL SCALEPACK [9]. The data were cor-
rected numerically for absorption with pLaton [10]. The structures
were solved by direct methods with sHeLxs-97 [11] and the molec-
ular model refined by full-matrix least-squares procedure on F?
with sHELxL-97 [12]. The crystallization DMSO solvent of 1 (and to
a much less degree also 3) showed positional disorder which was
modeled in terms of a two-split molecules refined such as their site
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X = Cl (for H2FopCIPh) or NO,, (for H2FopNO,Ph)

Fig. 1. Structural representation for 2-formylpyridine-para-chloro-phenyl hydra-
zone (H2FopCIPh) and 2-formylpyridine-para-nitro-phenyl hydrazone (H2Fop
NOPh).

occupancy factors summed up to one. The hydrogen atoms of the
hydrazones were included in the molecular models at stereo-
chemical positions and refined with the riding model. The DMSO
ligand methyl H-atoms of complexes 2a and 4a were optimized
by treating them as a rigid group which was allowed to rotate
around the corresponding C-S bond. A similar treatment was given
to the CHs groups of the crystallization DMSO of 3. Crystal data and
refinement results are summarized in Tables 1a and b.

2.2. Syntheses of 2-formylpyridine-para-chloro-phenyl hydrazone
(H2FopClIPh) and 2-formylpyridine-para-nitro-phenyl hydrazone
(H2FopNO,Ph)

The hydrazones were prepared by mixing equimolar (1 mmol)
amounts of 2-formylpyridine with the desired hydrazide in meth-
anol with addition of three drops of acetic acid as catalyst. The
reaction mixture was kept under reflux for 6 h. After cooling to
room temperature the resulting solids were filtered off, washed
with ethanol and ether and dried in vaccuo.

2.2.1. 2-Formylpyridine-para-chloro-phenyl hydrazone (H2FopCIPh)

Color: White. Yield: 76% M.P: 166.3-167.9 °C. Selected IR Bands
(cm™"): (NH) 3175 m; «(C=0) 1651 s; v(C=N) 1592 m; p(py) 618
m. UV-Vis (DMF, cm™'): 33110. '"H NMR [400 MHz, DMSO-dg,
é (ppm)]: 12.15 (s, 1H, NH); 8.65 (d, 1H, H6); 8.51 (s, 1H, H7);
8.01 (d, 1H, H3); 7.97 [d, 2H, H(10,14)]; 7.91 (t, 1H, H4); 7.66 [d,
2H, H(11,13)]; 7.44 (t, 1H, H5). *C NMR [400 MHz, DMSO-dg, &
(ppm)]: 162.3 (C8); 153.2 (C2); 149.6 (C6); 148.4 (C7); 136.9
(C4); 131.9 (C9); 129.7 [C(10,14)]; 128.7 [C(11,13)]; 124.5 (C5);
120.0 (C3).

2.2.2. 2-Formylpyridine-para-nitro-phenyl hydrazone mono hydrate
[H2FopNO,Ph]»-2H50

Color: Beige Yield: 87% M.P: 218-220 °C. Selected IR Bands
(cm™"): =y(NH) 3227 m; «(C=0) 1664 s; ®(C=N) 1601 m; p(py)
619 m. UV-Vis (DMF, cm~'): 32 890. '"H NMR [400 MHz, DMSO-
de, & (ppm)]: 15.83(Z), 12.33(E) [s, 1H, NH(Z and E isomers)];
8.92 (Z), 8.64 (E) [d,1H, H6(Z and E isomers)]; 8.31-8.52 (Z,E) [m,
1H, H3(Z and E isomers)]; 8.49 (E) [s, 1H, H7(E isomers)]; 8.39
(E)[d, 2H,H(11,13) (E isomers)]; 8.17 [d, 2H, H(10,14) (E isomers)];
7.99(2), 7.87(E) [t, 1H, H4(Z and E isomers)]; 7.63(Z), 7.45(E) [t, 1H,
H5 (Z and E isomers)]. 3C NMR [400 MHz, DMSO-dg, § (ppm)]:
182.9(Z), 161.8 (E) [C8 (Z and E isomers)]; 153.0 (E) [C2(E isomer)];
149.6 (Z), 149.2 (E) [C6 (Z and E isomers)]; 149.4 (E) [C7 (E iso-
mer)]; 148.5 (E) [C12 (E isomer)]; 138.8 (Z), 137.0 (E) [C4 (Z and
E isomers)]; 128.8 (Z), 129.3 (E) [C(10,14)(Z and E isomers)];
124.8(E) [C5 (E isomer)]; 124.7 (Z), 123.8 (E) [C(11,13) (Z and E iso-
mers)]; 120.1(E) [C3 (E isomer)].

2.3. Syntheses of the zinc(Il) and copper(Il) complexes with H2FopCIPh
and H2FopNO,Ph

The zinc(Il) and copper(ll) complexes (1-4) were obtained by
refluxing an ethanol solution of the desired ligand with the metal
chloride (ZnCl, or CuCl,-2H,0) in 1:1 ligand-to-metal molar ratio
(1 mmol). The solids were washed with ethanol followed by dieth-
ylether and then dried in vacuo.

Table 1a
Crystal data and structure refinement results for [Cu(H2FopCIPh)Cl,] (1) and [Cu(2FopNO,Ph)CI(DMSO)] (2a).
(1) (2a)
Empirical formula C15H14Cl3CuN30,S Cy5H15CICuUN404S
Formula weight 470.24 446.36
Temperature (K) 296(2) 296(2)
Wavelength (A) 0.71073 0.71073

Crystal system, space group
Unit cell dimensions

a(A)
b (A)
c(A)

B(°)

Volume (A3%)

Z, calculated density (Mg/m?)

Absorption coefficient (mm~')

F(000)

Crystal size (mm?)

Crystal color/shape

0 range for data collection

Index ranges

Reflections collected/unique [Ri,. = 0.0618]
Observed reflections [I> 2a(I)]
Completeness

Refinement method
Data/restraints/parameters
Goodness-of-fit on F?

Weights, w

Final R indices® [I > 2a(I)]

R indices (all data)

Largest difference in peak and hole (e A=)

monoclinic, P24/c

8.4375(3)

11.9811(3)

18.5793(6)

94.219(1)

1873.1(1)

4, 1.668

1.719

948

0.16 x 0.13 x 0.05
yellow/prism

2.96-26.00°

—-10<h<10, -14<k<14, -22<1<22
20 540/3675 [Rin: = 0.0598]
3004

99.8% (to 0 =26.00°)
Full-matrix least-squares on F
3675/0/245

1.056

[0X(F,2) + (0.048P)2 + 1.49P]~! P = [Max(F,2,0) + 2F2]/3

Ry = 0.0352, wR; = 0.0922
R, = 0.0466, WR, = 0.0983
0.524 and —0.501

monoclinic, P2{/n

9.4069(3)

8.1714(3)

23.7042(9)

91.782(2)

1821.2(1)

4, 1.628 Mg/m>

1.489

908

0.20 x 0.11 x 0.04
yellow/plate

2.64-26.00°
-11<h<11,-9<k<10, -28<1<29
14 912/3565

2771

99.6% (to 0 = 26.00°)
Full-matrix least-squares on F?
3565/0/237

1.080

[6?(F,2) +(0.0472P)? + 0.39P] !
R; =0.0372, wR;, = 0.0875

Ry = 0.0550, WR; = 0.0962
0.299 and —-0.512

* Ry = Z||Fo| —IFI/ZIFol, Rz = [SW(|Fo P~ |Fel* [ Zw(IF Py 2.
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Table 1b
Crystal data and structure refinement results for [Zn(H2FopCIPh)Cl»] (3) and [Zn(2FopNO,Ph)CI(DMSO)] (4a).
(3) (4a)
Empirical formula C15H16C13N30,SZn Cy15H15CIN4O4 SZn
Formula weight 474.09 448.19
Temperature (K) 296(2) 296(2)
Wavelength (A) 0.71073 0.71073
Crystal system, space group monoclinic, P24/c triclinic, P1
Unit cell dimensions
a (A) 9.6792(3) 7.9935(3)
b (A) 10.8687(4) 9.7127(3)
c(A) 18.8839(5) 12.1858(4)
o (°) 71.688(2)
p(°) 99.397(2) 88.947(2)
y(°) 84.009(2)
Volume (A3) 1959.9(1) 893.17(5)
Z, calculated density (Mg/m?>) 4,1.607 2, 1.667
Absorption coefficient (mm™") 1.782 1.671
F000) 960 456

Crystal size (mm?)

Crystal color/shape

0 Range for data collection
Index ranges

Reflections collected/unique
Observed reflections [I > 2a(I)]
Completeness

Refinement method
Data/restraints/parameters
Goodness-of-fit on F?
Weights, w

Final R indices [I>20(I)]

R indices (all data)

0.26 x 0.22 x 0.12

colorless/polyhedral

3.17-26.00°

-11<h<11, -13<k<12, -21<1<23
16 239/3829 [Rinc = 0.0392]

3210

99.5% (to 0 = 26.00°)

Full-matrix least-squares on F?
3829/0/224

1.063

[0%(F,2) + (0.0361P)2 + 0.91P]"! P=[Max(F,20) + 2F.2]/3
R; =0.0420, wR, =0.1154

Ry =0.0523, wR, = 0.1229

0.25 x 0.12 x 0.06
yellow/prism
3.09-26.00°

-9<h<9, -11<k<11, -15<1<15

10 777/3482 [Riy = 0.0340]
3012

99.7% (to 0 = 26.00°)
Full-matrix least-squares on F?
3482/0/237

1.084

[6%(F,2) + (0.048P)? + 0.32P] !
R; =0.0342, wR, = 0.0864

R; =0.0412, wR, = 0.0908

Largest difference in peak and hole (e A=3) 2.300% and —0.621

0.325 and -0.610

2 Near a positionally disordered DMSO crystallization solvent molecule.

2.3.1. Dichloro(2-formylpyridine-para-chloro-phenylhydrazone)
copper(Il)[Cu(H2FopCIPh)Cl,] (1)

Green solid. Yield: 70%. Anal. Calc. for C;3H;0Cl3CuN30: C, 39.61;
H, 2.56; N, 10.66. Found: C, 39.18; H, 2.11; N, 10.57%. Selected IR
bands (cm~!): C=0) 1600 m; ®(C=N) 1598 m; »N=C) 1490 s;
p(py) 629 m; »®Cu-N) 411 m. UV-Vis (DMF, cm™!): 25550,
24330 (shoulder) and 13000 (broad). Molar conductivity
(1x103 molL™!, DMF): 3332Q 'cm?mol~'. Magnetic
moment = 1.76 BM.

2.3.2. Chloro(2-formylpyridine-para-nitro-phenylhydrazonato)
copper(Il) [Cu(2FopNO>Ph)Cl] (2)

Green solid. Yield: 77%. Anal. Calc. for C;3HgCICuN4Os5: C,
42.20; H, 2.46, N, 15.21. Found: C, 42.00; H, 2.05; N, 15.36%. Se-
lected IR bands (cm™!): »(C=N) 1607 m; yN=C) 1491 s; p(py)
649 m; ¥(Cu-N) 412 m. UV-Vis (DMF, cm™!): 25510, 24390
(shoulder) and 13050 (broad). Molar conductivity (1 x
103 mol L™!, DMF): 13.38 Q! cm? mol~!. Magnetic moment =
1.82 BM.

2.3.3. Dichloro(2-formylpyridine-para-chloro-phenylhydrazone)
zinc(ll) [Zn(H2FopCIPh)Cl;] (3)

White solid. Yield: 76%. Anal. Calc. for C;3H;oCIsN30Zn: C, 39.43;
H, 2.55; N, 10.61. Found: C, 39.34; H, 2.06; N, 10.47%. Selected IR
bands (cm™!): ¥NH) 3201 m; ®C=0) 1649 s; ®(C=N) 1593 m;
p(py) 640 m; v(Zn-N) 408 m. 'H NMR [400 MHz, DMSO-dg, &
(ppm)]: 12.02 (s, 1H, NH); 8.63 (d, 1H, H6); 8.52 (s, 1H, H7); 7.98
[m, 4H, H3, H4, H(10,14)]; 7.63 [d, 2H, H(11,13)]; 7.51 (t, 1H,
H5). 13C NMR [400 MHz, DMSO-dg, & (ppm)]: 163.2 (C8); 151.6
(C2); 149.3 (C6); 147.1 (C7); 138.0 (C12); 137.3 (C4); 131.2 (C9);
129.8 [C(10,14)]; 128.8 [C(11,13)]; 125.3 (C5); 121.6 (C3). UV-Vis
(DMF, cm™!): 33220 and 26110. Molar conductivity
(1 x 10~3 mol L, DMF): 14.70 Q' cm? mol .

2.3.4. Dichloro(2-formylpyridine-para-nitro-phenylhydrazone )zinc(Il)
[Zn(H2FopNO,Ph)Cl;] (4)

Yellow solid. Yield: 78%. Anal. Calc. for Ci3H;0CI2N4O03Zn: C,
38.41; H, 2.48; N, 13.78. Found: C, 38.42; H, 2.10; N, 13.81%. Se-
lected IR bands (cm™'): ®(NH) 3227 m; ®(C=0) 1656 s; v (C=N)
1598 m; p(py) 641 m; ¥Zn-N) 409 m. 'H NMR [400 MHz,
DMSO-dgs, 6 (ppm)]: 12.26 (s, 1H, NH); 8.64 (d, 1H, H6); 8.52
(s, 1H, H7); 8.38 [d, 2H, H(11,13)]; 8.18 [d, 2H, H(10,14)]; 7.99
(m, 2H, H3, H4); 7.51 (t, 1H, H5). '*C NMR [400 MHz, DMSO-
ds, 6 (ppm)]: 162.5 (C8); 151.8 (C2); 149.5 (C12); 149.3 (C7);
148.1 (C6); 138.5 (C9); 138.0 (C4); 129.4 [C(10,14)]; 1252
(C5); 123.8 [C(11,13)]; 121.3 (C3). UV-Vis (DMF, cm™'): 32 890
and 25310. Molar conductivity (1 x 102> molL™', DMF):
17.78 Q7' cm? mol .

Crystals of the complexes were obtained from a mixture of 1:9
DMSO:acetone and were stable in the air. As shown by crystal struc-
ture determinations (see Section 3.4) in the case of the complexes
with H2FopNO,Ph one DMSO molecule attached to the metal center
during the crystallization process, with release of a chloride ligand
and formation of chloro(dimethylsulfoxide)(2-formylpyridine-
para-nitrophenylhydrazonato)copper(ll), [Cu(2FopNO,Ph)- Cl
(DMSO)] (2a) and chloro(dimethylsulfoxide)(2-formylpyridine-
para-nitrophenylhydrazonato)zinc(Il), [Zn(2FopNO,Ph)CI(DMSO)]
(4a).

3. Results and discussion

Microanalyses suggest the formation of [Cu(H2FopCIPh)Cl,] (1),
[Cu(2FopNO,Ph)CI] (2), [Zn(H2FopCIPh)Cl,] (3), and [Zn(H2Fop-
NO,Ph)Cl;] (4). In complexes 1, 3, and 4 the hydrazone coordinates
a neutral ligand while in 2 an anionic hydrazone is attached to the
metal. The molar conductivity data reveal that the complexes are
non-electrolytes, in accordance with the proposed formulations.
The magnetic moments 1.76 and 1.82 BM found for complexes 1
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Fig. 2. Plots of magnetic susceptibilities y and 1/ vs T for compound 2 in the 15-
300 K temperature range. The open and full triangles represent experimental data,
the curves the best least-squares fit of the data below 175 K with the Curie-Weiss
law.

and 2, respectively, at room temperature are characteristic of
copper(II).

Lacking of adequate single-crystal for structural X-ray diffrac-
tion work, we explored the possibility that compound 2 could be
described as penta-coordinated copper(ll) in a chloro-bridged
[Cuy(2FopNO,Ph),Cl,] dimeric complex. To this purpose we per-
formed magnetic susceptibility measurements as a function of
absolute temperature (T) in the 15-300 K range. The molar suscep-
tibility y(T) data of Fig. 2 shows a Curie-Weiss behavior that can be
described by:

o Nugp)®
X0 =357 =gy

where N is the Avogadro number, § is the Bohr magneton, perin the
effective number of magnetons per molecule, and k the Boltzman
constant. Positive ¥-values correspond to ferromagnetic (FM) ex-
change interaction between the unpaired Cu(Il) electrons, negative
ones to anti-ferromagnetic (AF) coupling. A least-squares fit of the
less noisy data up to 175K with the above equation leads to
¥=2(1)K and per=1.72(1) BM, close to the theoretical spin-only
(§=1/2) value p,z = g./S(S+1) =1.73 g=2.0023 is the free-elec-
tron gyromagnetic factor). Though the ¥-value is zero within two
standard deviation of experimental error, therefore suggesting a
monomeric copper(ll) complex, the possibility of an association in
the lattice of two such monomers through a pair of Cu-Cl---Cu
bridges with a strong intra-monomer Cu-Cl bond and a much
weaker inter-monomer Cu---Cl bond can not be ruled out. In fact,
feeble exchange interactions both FM and AF between the unpaired
S=1/2 spins of the metal ions are reported to exist in several
chloro-bridged Cu(Il) dimers [13-15].

3.1. Infrared spectra

The (C=N) vibration mode at 1592 and 1601 cm~' in the spec-
tra of the free hydrazones shifts to 1598 and 1607 cm™! in the
spectra of the copper(ll) complexes and to 1593 and 1598 cm™!
in the spectra of the zinc(Il) complexes, indicating coordination
of the azomethine nitrogen N2 [16].

The (C=0) absorption at 1650-1665 cm ™' in the spectra of the
uncomplexed hydrazones is observed at 1600-1655 cm™! in those
of the complexes, in accordance with coordination through the car-
bonyl oxygen [16,17]. In complex 2 no absorption attributable to
»C=0) was observed, but an additional band was found at

1491 cm™', in accordance with the presence of a ®{N=C) vibration,
due to the formation of a new N=C bond upon coordination with
deprotonation of the hydrazone ligand [18].

The pyridine in-plane deformation mode at 618 and 619 cm™
in the spectra of the hydrazones shifts to 629-649 cm~! in those
of the complexes, suggesting coordination of the heteroaromatic
nitrogen [16,19]. Therefore, the infrared data for the complexes
indicate coordination through the Npy-N-O chelating system.

1

3.2. NMR spectra

The 'H and 3C NMR assignments for the hydrazones and their
zinc(Il) complexes in DMSO-dg are reported in Sections 2.2 and 2.3.
The 'H resonances were attributed based on chemical shifts, mul-
tiplicities and coupling constants. The carbon type (C, CH) was
determined by using DEPT 135 experiments. The assignments of
the protonated carbons were made by 2D heteronuclear-correlated
experiments (HMQC) using delay values which correspond to 'J(C,
H).

Signals from only the E configuration were observed for the
hydrogens in the 'H NMR spectrum of H2FopCIPh. The signal at &
12.15 was attributed to N3-H hydrogen bonded to the solvent
(DMSO-dg) [19,20]. Upon coordination to zinc(Il) this signal ap-
pears at 6 12.01, suggesting that the hydrazone remains in the E
configuration in complex 3, to attach to the metal as a tridentate
system, as confirmed by crystal structure determinations (see Sec-
tion 3.4). The other hydrogen signals undergo small shifts upon
coordination.

Similarly, signals from only the E configuration were observed
for the carbons of H2FopCIPh in the '3C NMR spectrum. The signals
at § 148.4 and ¢ 162.3 were attributed to C7=N and C8=0, respec-
tively [19,20]. These signals shift to 6 147.1 and 6 163.2, respec-
tively in the spectrum of 3, indicating coordination through the
oxygen and the imine nitrogen. The carbons of the pyridine ring
also undergo shifts upon coordination. Therefore, the NMR study
clearly indicates coordination of H2FopCIPh through the Np,—-N-
O chelating system.

The 'H and '>C NMR spectra of H2FopNO,Ph contain two sets of
signals due to the presence of both the E and Z configurations in
solution [19,20], with predominance (80%) of the E isomer. In fact,
two signals of N3-H were observed at § 15.83 and ¢ 12.33, which
were attributed to the Z and E forms respectively. In the first
N3-H is hydrogen bonded to the pyridine nitrogen, while in the
latter it is hydrogen bonded to the solvent [19-24]. Similarly, the
signals of C8=0 at 6 182.9 and ¢ 161.8 were attributed to the Z
and E isomers. The high frequency signals of N3-H and C8=0 are
a consequence of the presence of a N3-H. - N, hydrogen bond in
the Z isomer.

Upon coordination to zinc(Il) only the 'H and '3C signals due to
the E configuration were observed. In fact, the signal of C8=0 at ¢
162.5, indicates that the hydrazone adopts the E configuration in
the complex, as confirmed by crystal structure determinations.
The signal of N3-H has not been observed, suggesting deprotona-
tion in the DMSO-dg solution. Crystal structure determination of
complex 4a, obtained upon dissolution of 4 in 1:9 DMSO:acetone,
reveals the presence of an anionic hydrazone attached to the metal
center, along with one chloride and one DMSO acting as a ligand.
Since in 4 a neutral hydrazone is attached to the metal along with
two chloride ions, conversion of 4 into 4a must have occurred as
well in DMSO-dg (see Section 3.4). It is worth noticing that com-
plex 2 also contains an anionic para-nitrophenyl hydrazone. Upon
crystallization in 1:9 DMSO:acetone a DMSO coordinates to the
metal, with formation of 2a. Therefore we may suggest that the
electron-withdrawing nitro group favors deprotonation at N3 with
formation of a highly delocalized system, with the subsequent
coordination of DMSO. Formation of complex 4a from complex 4
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occurred with deprotonation at N3 followed by the release of a
chloride ligand.

3.3. Electronic spectra

The n—7 transitions associated to the azomethine and carbonyl
functions are overlapped at 33 100 cm™! in the electronic spectra
of the free hydrazones [16]. In the spectra of the zinc(Il) complexes
two absorptions attributed to these transitions were observed at
ca.33100 cm ™' and 25 300-26 100 cm ™. In the spectra of the cop-
per(Il) complexes the n-n transitions overlap at 25500 cm™!. A
new absorption at 24 400 cm ™! was attributed to a ligand-to-metal
charge transfer transition, and a broad band at 13000 cm™! to a
combination of ligand field transitions [19,25].

3.4. Structural study of [Cu(H2FopCIPh)Cl>] (1)
[Cu(2FopNO,Ph)CI(DMSO)] (2a) [Zn(H2FopCIPh)Cl,] (3) and
[Zn(2FopNO,Ph)CI(DMSO)] (4a)

Table 2 shows selected bond distances and angles in the crystal
structures of 1, 2a, 3 and 4a. Figs. 3-6 are ortep [26] drawings of the
complexes.

Table 2

Selected bond distances (A) and angles (°) in the molecular structures of [Cu(H2Fop-
CIPh)Cl;] (1), [Cu(2FopNO,Ph)CI(DMSO)] (2a), [Zn(H2FopCIPh)Cl;] (3), and [Zn(2Fop-
NO,Ph)CI(DMSO)] (4a).

Attribution 1 2a 3 4a

Bond lengths

N1-C2 1.361(3) 1.363(3) 1.352(4) 1.348(3)
c2-C7 1.459(4) 1.459(4) 1.463(5) 1.464(3)
N2-C7 1.277(3) 1.284(3) 1.278(4) 1.278(3)
N2-N3 1.361(3) 1.363(3) 1.359(4) 1.371(3)
N3-C8 1.359(3) 1.331(3) 1.366(4) 1.337(3)
01-C8 1.243(3) 1.285(3) 1.231(4) 1.268(3)
M-N1 2.044(2) 2.043(2) 2.182(3) 2.259(2)
M-N2 1.971(2) 1.942(2) 2.125(3) 2.059(2)
M-01 2.137(2) 1.988(2) 2.250(2) 2.098(2)
M-Cl1 2.4344(8) 2.2337(9)

M-CI2 2.2212(8) 2.249(1)

M-Cl 2.2354(7) 2.2516(7)
M-02 2.242(2) 2.008(2)
Bond angles

N1-C2-C7 114.4(2) 114.2(2) 114.8(3) 115.7(2)
C2-C7-N2 114.4(2) 114.8(2) 115.8(3) 117.0(2)
C7-N2-N3 124.7(2) 122.9(2) 122.4(3) 120.8(2)
N2-N3-C8 113.5(2) 107.3(2) 114.1(3) 108.3(2)
N3-C8-01 120.4(2) 125.1(2) 120.5(3) 126.0(2)
C6-N1-M 128.6(2) 129.2(2) 126.5(2) 130.2(2)
C2-N1-M 112.4(2) 112.3(2) 114.8(2) 111.6(2)
C7-N2-M 118.5(2) 118.6(2) 119.3(2) 120.5(2)
N3-N2-M 116.8(2) 118.5(2) 118.0(2) 118.7(1)
C8-01-M 112.0(2) 110.6(2) 115.2(2) 112.1(2)
N1-M-N2 78.91(9) 79.86(9) 73.9(1) 74.95(7)
N2-M-01 76.17(8) 78.52(8) 71.30(9) 74.90(7)
N1-M-01 150.28 (8) 158.06(8) 143.18(9) 149.56(7)
N1-M-Cl1 105.26(7) 98.75(8)

N1-M-CI2 97.71(7) 103.48(8)

N2-M-Cl1 92.90(7) 135.35(8)

N2-M-CI2 163.28(7) 108.07(8)

01-M-Cl1 92.00(6) 97.65(7)

01-M-CI2 101.48(6) 98.27(8)

Cl1-M-CI2 103.76(3) 116.39(4)

N1-M-Cl 98.88(6) 98.89(5)
N1-M-02 93.78(8) 98.26(7)
N2-M-Cl 162.64(7) 134.73(6)
N2-M-02 95.06(8) 117.62(8)
01-M-Cl 100.63(5) 105.19(6)
01-M-02 91.80(7) 91.98(7)
02-M-Cl 102.29(5) 107.65(5)

Fig. 3. Molecular plot of [Cu(H2FopCIPh)Cl,] (1) showing the labeling of the non-H
atoms and their displacement parameters at the 50% probability level. Metal-ligand
interactions are indicated by open bonds.

Fig. 5. Molecular plot of [Zn(H2FopCIPh)Cl;] (3).
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Fig. 6. Molecular plot of [Zn(2FopNO,Ph)CI(DMSO)] (4a).

The copper(Il) and zinc(Il) ions present coordination number
five, and are attached to a hydrazone molecule acting as a triden-
tate ligand through the pyridine and imine nitrogens, and the car-
bonyl oxygen. Two chloride ions occupy the remaining
coordination positions in the complexes with H2FopCIPh. In the
complexes with H2FopNO,Ph one chloride and one O-bonded
DMSO are attached to the metal, along with an anionic hydrazone.

In all compounds, the hydrazone Pyr(C=N)N(C=O0)N skeletal
fragment defines the coordination plane [rms deviation of atoms
from the least-squares plane less than 0.040 A] with the metal
ion laying closer onto this plane in complexes 2a and 4a than in
complexes 1 and 3 [Cu(ll) ions at 0.382(2) and 0.104(1)A in 1
and 2a and Zn(Il) ions at 0.358(2) and 0.105(2)A in 3 and 4a,
respectively]. In 2a and 4a a competition between one chloride
ion and the anionic hydrazone for the positively charged metal
probably occurs. The interaction between the metal center and
the anionic hydrazone results in the metal laying closer to the
hydrazone skeleton plane in 2a and 4a than in 1 and 3, where
the attraction effect of two chloride ions for the positive metal cen-
ter predominates over the interaction between the metal and a
neutral hydrazone. The phenyl ring and the coordination plane in
complexes 1, 2a, 3 and 4a subtend dihedral angles of 22.0(1),
9.5(1), 9.5(2), and 2.5(1)°. In 2a and 4a the terminal NO, group is
nearly coplanar with the phenyl ring [angled at 7.1(5) and
0.2(6)°, respectively].

For complexes 1 and 3 the hydrazone C8-01 bond distances are
1.243(3) and 1.231(4) A, respectively, while in complexes 2a and
4a the C8-01 bond distances are 1.285(3) and 1.268(3) A respec-
tively, in accordance with a higher single bond character for the
latter which present an anionic hydrazone ligand. Similarly, the
N3-C8 bond distances are 1.359(3) and 1.366(4)A for 1 and 3
respectively and 1.331(3) and 1.337(3) A for 2a and 4a respec-
tively, in agreement with a higher double bond character in the lat-
ter. Interestingly, the O1-M bond distances are 2.137(2) and
2.250(2) A for 1 and 3 and 1.988(2) and 2.098(2) A for 2a and 4a,
in accordance with the presence of a negative charge at the oxygen
in the latter, which increases the strength of the M-01 bond.

In going from complexes 1 and 3 to complexes 2a and 4a the
N1-M-N2 and N2-M-01 angles undergo small changes (ca. 1-
3°, see Table 2); the N1-M-01 changes from 150.28(8) and
143.18(9)° in 1 and 3, respectively, to 158.06(8) and 149.56(7)°
in 2a and 4a due to higher delocalization in the latter and to the
change of the N3 hybridization from sp® to sp?. Similarly the N3-
C8-01 angles goes from 120.4(2) and 120.5(3)° in 1 and 3 to
125.1(2) and 126.0(2)° in 2a and 4a due to the same effect.

Comparison between 1 and 3 and between 2a and 4a reveals
that the bond distances within the hydrazone ligand are not very
different but, as expected, the M-L [M = Cu(II), Zn(II)] distance var-

ies appreciably with the metal ion. Similarly, the bond angles with-
in the hydrazone backbone do not change significantly but the
angles around the metal undergo appreciable variations upon
changing the metal center.

The crystallization DMSO solvent molecule in crystals 1 and 3
acts as acceptor of a N3-H.-.O bond [N3...0 length and N3-
H.--O angle of 2.685 A and 149.6° for 1 and 2.706 A and 161.6°
for 3].

4. Conclusions

2-Formylpyridine-para-cholro-phenyl-hydrazone (H2FopCIPh)
and  2-formylpyridine-para-nitro-phenyl-hydrazone  (H2Fop-
NO,Ph) react with copper chloride and with zinc chloride with for-
mation of [Cu(H2FopCIPh)Cl,] (1), [Cu(2FopNO,Ph)Cl] (2),
[Zn(H2FopCIPh)Cl;] (3) and [Zn(H2FopNO,Ph)Cl;] (4), in which
the hydrazones coordinate to the metal center as Np,—N-O chelat-
ing systems. Upon crystallization in DMSO:acetone conversion of 2
into [Cu(2FopNO,Ph)CI(DMSO)] (2a) and of 4 into [Zn(2Fop-
NO,Ph)CI(DMSO)] (4a) occurs. In the case of 2a the coordinating
ability of DMSO leads to its attachment to the metal center with
expansion of the metal coordination number. The electron-with-
drawing effect of the para-nitro group probably makes the metal
center more positive and more able to accept the fifth ligand. In
the case of 4a the electron-withdrawing effect of the para-nitro
group favors deprotonation at N3, with release of HCl, and attach-
ment of a DMSO molecule to the metal. Interestingly, as we
showed in a previous work, crystallization of [Zn(H2BzpNO,Ph)Cl;]
(H2BzpNO,Ph = 2-benzoylpyridine-para-nitro-phenyl-hydrazone)
in DMSO:acetone lead to the formation of [Zn(2BzpNO,Ph)CI(DM-
SO)], also promoted by the presence of the para-nitro group [20].

Supplementary data

CCDC 714806, 714807, 714808, and 714809 contain the supple-
mentary crystallographic data for complexes 1, 2a, 3 and 4a. These
data can be obtained free of charge via http://www.ccdc.cam.ac.uk/
conts/retrieving.html, or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44)
1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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Organotin(IV) Complexes with 2-Acetylpyridine Benzoyl Hydrazones:

Antimicrobial Activity

Angel A. R. Despaigne,“* Lorena F. Vieira," Isolda C. Mendes,"
Fernanda B. da Costa," Nivaldo L. Speziali® and Heloisa Beraldo™*
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Reagdes de tricloreto de n-butilestanho, [Bu"SnCl,], e tricloreto de fenilestanho, [PhSnClL],
com 2-acetilpiridina benzoil hidrazona (H2AcPh), 2-acetilpiridina-para-cloro-benzoil hidrazona
(H2AcpCIPh) e 2-acetilpiridina-para-nitro benzoil hidrazona (H2AcpNO,Ph) produziram os
complexos [Bu"Sn(2AcPh)CL] (1), [Bu"Sn(2AcpCIPh)CL,] (2), [Bu"Sn(2AcpNO,Ph)CL,] (3),
[PhSn(2AcPh)CL,] (4), [PhSn(2AcpCIPh)CL] (5) e [PhSn(2AcpNO,Ph)CL ] (6). H2AcpCIPh
revelou-se a hidrazona mais ativa contra Staphylococcus aureus e Candida albicans. Pela
coordenagio a atividade antibacteriana tanto do metal quanto das hidrazonas aumenta
significativamente. Os complexos 2 e 5 revelaram-se os mais ativos como agentes antimicrobianos.

Reaction of n-butyltin trichloride, [Bu“SnC13], and phenyltin trichloride, [PhSnC13], with
2-acetylpyridine benzoyl hydrazone (H2AcPh), 2-acetylpyridine para-chloro-benzoyl hydrazone
(H2AcpCIPh) and 2-acetylpyridine para-nitro-benzoyl hydrazone (H2AcpNO,Ph) gave
[Bu"Sn(2AcPh)CL ] (1), [Bu"Sn(2AcpCIPh)CL ] (2), [Bu"Sn(2AcpNO,Ph)CL,] (3), [PhSn(2AcPh)
Cl,] (4), [PhSn(2AcpCIPh)Cl,] (5) and [PhSn(2AcpNO,Ph)CL ] (6) as products. Among the
hydrazones H2 AcpClPh proved to be the most active against Staphylococcus aureus and Candida
albicans. Upon coordination the antibacterial activity of both tin and the hydrazones significantly
increases. Complexes 2 and 5 revealed to be the most active as antimicrobial agents.

Keywords: 2-acetylpyridine benzoyl hydrazones, organotin(IV) complexes, crystal structures,

antimicrobial activity

Introduction

Hydrazones are a versatile class of compounds
which present a wide range of biological applications
as antimicrobial,' antitubecular,” anticonvulsant,’ anti-
inflammatory,* cytotoxic® and vasodilator® agents.
Moreover, 9-acridanone-hydrazones proved to be active
against Schistosoma mansoni’ and quinoxaline-N-
acylhydrazones showed trypanocidal activity.® In addition,
methyl pyrazinylketone isonicotinoyl hydrazones have been
synthesized in an attempt to develop novel chelators with
high affinity for iron for the treatment of iron overload
disease.’

Hydrazones also proved to be useful as sensitive
analytical reagents for the determination of trace amounts
of metal ions.!®'" Metal complexes with hydrazones have

*e-mail: hberaldo@ufmg.br
#On leave from Universidad de Oriente, Santiago de Cuba, Cuba

potential applications as catalysts,'? luminescent probes, '
and molecular sensors.!* Moreover, metal complexes with
hydrazones present antimicrobial,'>'” DNA-binding and
cytotoxic activities.'” It has also been shown that metal
complexes with hydrazones can be potent inhibitors of cell
growth and DNA syntheses.®

Tin compounds present applications as PVC stabilizers,"
for chemical vapor decomposition (CVD),” in non-linear
optics?! and in catalyses.?? Organotin complexes present
innumerous pharmacological applications as antitumorals,?
antimicrobials®*® and biocides.?® The cytotoxic activity of
a variety of organotin complexes against tumor cell lines
has been demonstrated by some of us.?’*

In recent works we started an investigation on metal
complexes of pyridine-derived hydrazones.?*>! In the present
paper organotin(IV) complexes were prepared by reacting
[Bu"SnCl,] and [PhSnCl,] with 2-acetylpyridine-benzoyl
hydrazone (H2AcPh), 2-acetylpyridine para-chloro-
benzoyl hydrazone (H2AcpCIPh) and 2-acetylpyridine

3]2131y
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para-nitro-benzoyl hydrazone (H2AcpNO,Ph) (see
Figure 1). The antimicrobial activity of the hydrazones
and their organotin(IV) complexes was evaluated against
Candida albicans and Staphylococcus aureus.

[ B
/ CH3 = CH,
o o
N N
“SNH S HN
0 o
. R R ,

R=H, Cland NO,

Figure 1. Generic structure of 2-acetylpyridine benzoyl hydrazones (E
and Z configurational isomers).

Experimental
Apparatus

Partial elemental analyses were performed on a Perkin
Elmer CHN 2400 analyzer. Infrared spectra were recorded
on a Perkin Elmer FT-IR Spectrum GX spectrometer using
Csl pellets; an YSI model 31 conductivity bridge was
employed for molar conductivity measurements; NMR
spectra were obtained with a Bruker DPX-200 (200 MHz)
spectrometer or with a Bruker DRX-400 Avance (400
MHz) spectrometer using deuterated dimethylsulfoxide
(dmso-d,) or deuterated chloroform (CDCl,). The 'H
and *C NMR chemical shifts in ppm are reported from
internal tetramethylsilane (tms) on the % scale. The
'“Sn NMR spectra were measured relative to Sn(CH,),.
Bruker standard experiments were performed using
decoupling sequences for *C and '"°Sn. Splitting patterns
are designated as follows: s singlet; d doublet; t triplet; q
quartet; m multiplet.

n-Butyltin trichloride, phenyltin trichloride,
2-acetylpyridine, benzoyl hidrazide, 4-chloro benzoyl
hidrazide, and 4-nitro benzoyl hidrazide were purchased
from Sigma-Aldrich and used without further purification.
All other chemicals and solvents were of analytical grade.

Syntheses of 2-acetylpyridine-benzoyllhydrazone
(H2AcPh), 2-acetylpyridine-para-chloro-benzoyl hydrazone
(H2AcpCIPh) and 2-acetylpyridine-para-nitro-benzoyl
hydrazone (H2AcpNO,Ph)

2-Acetylpyridine-benzoyl hydrazone (H2AcPh)
and 2-acetylpyridine-para-chloro-benzoyl hydrazone

J. Braz. Chem. Soc.

(H2AcpCIPh) were prepared as described in the
literature.’>* 2-Acetylpyridine-para-nitro-benzoyl
hydrazone (H2AcpNO,Ph) was obtained by mixing
equimolar amounts of 2-acetylpyridine with the para-nitro-
benzoyl hydrazide in methanol with addition of three drops
of acetic acid as catalyst. The reaction mixture was kept
under reflux for 6 h. After cooling to room temperature the
resulting solid was filtered off, washed with ethanol and
ether and dried in vaccuum.

H2AcpNO,Ph: Color: Beige; Yield: 88%; mp
220-224 °C. Selected IR bands (Vmax/cm"): V(NH) 3188 m;
v(C=0) 1676 s; v(C=C) + V(CN) 1580 m; 1458 m; 1429 m;
p(py) 615 m. '"H NMR (dmso-d,, 400 MHz, 6 ppm): 11.21
(s, IH,NH); 8.64 (d, 1H, H6); 8.38 [d, 2H, H(11,13)]; 8.19
[d, 2H, H(10,14)]; 8.16(d,1H, H3); 7.91 (t, 2H, H4); 7.47(t,
1H, H5); 2.50 (s, 3H, CH,). "C NMR (dmso-d,, 400 MHz,
ppm): 8 162.69(C6); 154.76 (C7); 149.10 (C2); 148.57(C6);
139.61(C12); 136.61 (C4); 134.06(C9); 129.52(C10,14);
124.25 (C5); 123.30(C11,13); 120.43 (C3).

Synthesis of [Bu"Sn(2AcPh)CL] (1), [Bu"Sn(2AcpCIPh)CL,]
(2), [Bu'Sn(2AcpNO,Ph)CL] (3), [PhSn(2AcPh)CL] (4),
[PhSn(2AcpCIPh)CL ] (5) and [ PhSn(2AcpNO,Ph)CL ] (6)

The organotin(IV) complexes were obtained by
refluxing an ethanol solution of the desired hydrazone
with [Bu"SnCl,] or [PhSnCl,] in 1:1 ligand-to-metal molar
ratio. The solids were washed with ethanol followed
by diethylether and then dried in vaccuum. Crystals of
complexes 1, 2, 3 and 5 were obtained from their ethanolic
solutions and were stable in the air. Slow evaporation
of 6 in 1:9 dmso:acetone solution gave crystals of
[PhSn(2AcpNO,Ph)ClL,]-dmso, (6a).

n-Butyl(dichloro)(2-acetylpyridine-
phenylhydrazonato)tin(1V), [Bu"Sn(2AcPh)CL,], (1):
Color: Yellow. Yield: 71%. Anal. Calc. (C,;H, C1,N,OSn):
C, 44.88; H, 4.36; N, 8.66. Found: C, 44.87; H, 4.16;
N, 8.96%. Selected IR bands (v /cm™): v (CH,) 2952
m; v (CH,) 2869 m; v, (CH,) 2925 m; v (CH,) 2853
m; v(C-H)ar 3060 m; v(C=N) 1599 m; 6, (CH,)) 1460;
c,(CH,) 1421; 6 (CH,) 1380; p(py) 649 m; VIM-N, . )
492; v(M-0) 392; v(M-C) 349; v(M-Cl) 250; V(M—pr)
228. 'H NMR (CDCl,, 200 MHz, ppm): 6 8.62 (d, 1H,
H6); 8.34 (d, 2H, H10,14); 8.20 (t, 1H, H4); 8.01(d, 1H,
H3);7.74 (t, 1H, HS); 7.49(m, 3H, H11,13, H12); 2.82 (s,
3H, H15); 2.33(t, 2H, H16); 2.07(m, 2H, H17); 1.61(m,
2H, H18); 1.05(t, 3H, H19). "C NMR (CDCl,, 200 MHz,
ppm): 4 171.38(C8); 145.13(C6); 144.68(C7); 144.16(C2);
142.49(C4); 132.51(C12); 132.42(C9); 129.00(C10,14);



Vol. 21, No. 7, 2010

128.15(C11,13); 127.05(C5); 125.06(C3); 35.50(C16);
27.51(C17); 25.60(C18); 13.68(C19); 13.53(C15).
'"Sn NMR (CDCl,, 200 MHz, ppm): 0 —414.39. Molar
conductivity (1x103mol L, dmf): 11.56 Q! cm? mol™..

n-Butyl(dichloro)(2-acetylpyridine-para-chloro-
phenylhydrazonato)tin(1V), [Bu'Sn(2AcpCIPh)CL,], (2):
Color: Yellow. Yield: 83%. Anal. Calc. (C H, CI,N,OSn):
C, 41.62; H, 3.88; N, 8.09. Found: C, 41.77; H, 3.41; N,
8.39%. Selected IR bands (v, /cm™): v (CH,) 2957 m;
v (CH,) 2870 m; v_(CH,) 2928 m; v (CH,) 2859 m; v(C-H)
ar 3081 m; v(C=N) 1599 m; 6 (CH,) 1448; ¢ _(CH,) 1448;
0,(CH,) 1386; p(py) 647 m; v(M-N, . ) 481; v(M-0) 402;
v(M-C) 360; v(M-Cl) 250; V(M—pr) 228.'HNMR (CDCI,,
200 MHz, ppm): 6 8.63(d, 1H, H6); 8.24(d, 2H, H10,14);
8.20(m, 1H, H4); 8.02(d, 1H, H3); 7.67(t, 1H, H5); 7.44(d,
2H, H11,13); 2.81(s, 3H, H15); 2.32(t, 2H, H16); 2.08(m,
2H, H17); 1.60(m, 2H, H18); 1.05(s, 3H, H19). *C NMR
(CDCl,, 200 MHz, ppm): 0 170.50 (C8); 145.28(C6);
145.05(C7); 144.14(C2); 142.56(C4); 138.66(C12);
130.98(C9); 130.43(C11,13); 128.13(C10,14); 127.26(C5);
125.20(C3); 35.60(C16); 27.52(C17); 25.61(C18);
13.68(C19); 13.56(C15). '"Sn NMR (CDCl,, 200 MHz,
ppm): d —413.66. Molar conductivity (1x10mol L', dmf):
14.33 Q' cm? mol ™.

n-Butyl(dichloro)(2-acetylpyridine-para-nitro-
phenylhydrazonato)tin(1V), [Bu"Sn(2AcpNO,Ph)CL ], (3):
Color: Yellow. Yield: 74%. Anal. Calc. (C,;H,,CI,N,O,Sn):
C, 40.79; H, 3.80; N, 10.57. Found: C, 40.92; H, 3.72; N,
10.48%. Selected IR bands (Vmaxlcm“): v _(CH,) 2956 m;
v (CH,) 2869 m;v_(CH,) 2927 m; v (CH,) 2858 m; v(C-H)
ar 3077 m; v(C=N) 1596 m; 6, (CH,) 1456; 6 (CH,) 1443;
6 (CH,) 1384; p(py) 649 m; v(M-N, . ) 479; v(M-0O)
394; v(M-C) 364; v(M-Cl) 249; V(M-pr) 214. 'H NMR
(CDCl,, 200 MHz, ppm): 6 8.68(d, 1H, H6); 8.49(d, 2H,
H10,14); 8.30(m, 2H, H11,13); 8.28(m, 1H, H4); 8.11(d,
1H, H3); 7.84(t, 1H, HS5); 2.87(s, 3H, H15); 2.34(t, 2H,
H16); 2.05(m, 2H, H17); 1.61(m, 2H, H18); 1.05(t, 3H,
H19). C NMR (CDCI, 200 MHz, ppm): 169.36(C8);
150.00(C7); 146.89(C2); 145.51(C6); 143.93(C12);
142.62(C4); 138.41(C9); 129.85(C10,14); 127.60(C5);
125.45(C3); 123.21(C11,13); 35.79(C16); 27.52(C17);
25.61(C18); 13.73(C19); 13.68(C15). '""Sn NMR
(CDCl,, 200 MHz, ppm): 0 —412.33. Molar conductivity
(1x10°mol L', dmf): 10.66 ' cm? mol™'.

Phenyl(dichloro)(2-acetylpyridine-phenylhydrazonato)
tin(1V), [PhSn(2AcPh)Cl,], (4): Color: Yellow. Yield:
85%. Anal. Calc. (C,)H,CIN,OSn): C, 47.57; H, 3.39;

N, 8.32. Found: C, 46.66; H, 3.06; N, 8.80%. Selected
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IR bands (Vnm/cm"): v(C-H)ar 3061 m; v(C=N) 1600 m;
p(py) 650 m; vVIM-N, . ) 494; v(M-C) 441; v(M-O) 395;
v(M-Cl) 242; V(M-pr) 229. '"H NMR (CDCl,, 200 MHz,
ppm) main signals: 0 8.41(m, 1H, H4); 8.40(m, 1H, H6);
8.33(d,2H, H17,21); 8.21(d, 2H, H10,14); 8.04(d, 1H, H3);
7.60(m, 1H, H5); 7.59(m, 3H, H18,19,20); 7.50(m, 1H,
H12); 7.44(m, 2H, H11,13); 2.88(s, 3H, H15). *C NMR
(CDCl,, 200 MHz, ppm) main signals: 6 171.53(C8);
145.06(C6); 144.11(C2); 142.61(C4); 139.92(C16);
136.62(C17,21); 132.59(C12); 132.16(C9); 131.13(C19);
129.08(C10,14,18,19); 128.17(C11,13); 126.99(C5);
124.04(C3); 13.45(C15). """Sn NMR (CDCI,, 200 MHz,
ppm): 0 —443.37. Molar conductivity (1x10°mol L', dmf):
20.51 ' cm? mol™.

Phenyl(dichloro)(2-acetylpyridine-para-chloro-
phenylhydrazonato)tin(1V), [PhSn(2AcpCIPh)CL] (5):
Color: Yellow. Yield: 86%. Anal. Calc. (C, H,.CI,N,OSn):
C, 44.53; H, 2.99; N, 7.99. Found: C, 43.57; H, 2.82; N,
8.04%. Selected IR bands (v /cm™): v(C-H)ar 3050 m;
V(C=N) 1597 m; p(py) 647 m; v(M-N, . ) 476; v(M-C)
443; v(M-0) 403; v(M-Cl) 260; V(M-pr)233. 'H NMR
(CDCl,, 200 MHz, ppm): 6 8.42(m, 1H, H6); 8.40(m, 1H,
H4);8.27(d,2H, H17,21); 8.21(d, 2H, H11,13); 8.06(d, 1H,
H3); 7.63(t, 1H, H5); 7.59(m, 3H, H18,19,20); 7.41(d, 2H,
H10,14); 2.88(s, 3H, C15). "C NMR (CDCl,, 200 MHz,
ppm): 6 170.58(C8); 145.11(C6); 144.46(C7); 144.07(C2);
142.77(C4); 139.75(C16); 138.76(C12); 136.50(C17,21);
131.22(C19); 131.00(C9); 130.47(18,20); 129.13(C11,13);
128.50(C10,14); 127.12(C5); 125.04(C3); 13.47(C15).
119Sn NMR (CDCl,, 200 MHz, ppm): 0 —442.65. Molar
conductivity (1x10*mol L', dmf): 20.53 Q! cm? mol™'.

Phenyl(dichloro)(2-acetylpyridine-para-nitro-
phenylhydrazonato)tin(1V), [PhSn(2AcpNO,Ph)CL], (6):
Color: Yellow. Yield: 82%. Anal. Calc. (C,H, C1LN,O,Sn):
C, 43.68; H, 2.93; N, 10.19. Found: C, 43.23; H, 3.00;
N, 10.28%. Selected IR bands (v _/cm'): v(C-H)ar
3058 m; v(C=N) 1596 m; p(py) 649 m; v(M-N, . )
486; v(M-C) 450; v(M-0) 394; v(M-Cl) 250; V(M-N)
231. '"H NMR (CDCl,, 200 MHz, ppm): 6 8.50(d, 2H,
HI11,13); 8.42(m, 1H, H6); 8.41(m, 1H, H4); 8.28(m,
2H, H17,21); 8.25(m, 2H; H10,14); 8.13(d, 1H, H3);
7.70(t, 1H, H5); 7.61(m, 3H, H18,19,20); 2.93(s, 3H;
H15). "C NMR (CDCl,, 200 MHz, ppm): 6 169.41(C8);
150.06(C7); 146.32(C2,C12); 145.28(C6); 142.79(C4);
139.48(C16); 138.43(C9); 136.45(C17,21); 131.36(C19);
129.99(C18,20); 129.21(C11,13); 127.56(C10,14);
125.38(C5); 123.27(C3); 13.64(C15). ""Sn NMR
(CDCl,, 200 MHz, ppm): 0 —441.42. Molar conductivity

(1x10°mol L', dmf): 18.75 ' cm? mol'.
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X-ray crystallography

Crystals of [Bu"Sn(2AcPh)CL] (1), [Bu"Sn(2AcpClPh)
CL] (2), [Bu"Sn(2AcpNO,Ph)CL ] (3), [PhSn(2AcPh)Cl,]
(4) and [PhSn(2AcpNO,Ph)CIL,J-dmso (6a) were mounted
on glass fibers and used for data collection. X-ray diffraction
data collection was performed on a Oxford-Diffraction
GEMINI diffractometer (LabCri) using graphite-Enhance
Source MoK, radiation (A = 0.71069 A) at 293(2) K. Data
integration and scaling of the reflections were performed with
the Crysalis suite.** Final unit cell parameters were based on
the fitting of all reflections positions. The structures were
solved by direct methods using the program SHELXS-97%
and refined by full-matrix least-squares techniques against
F? using SHELXL-97.%¢ Positional and anisotropic atomic
displacement parameters were refined for non hydrogen
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atoms, except for those involved in disorder systems for
which isotropic ADP was used. Although some hydrogen
atoms could be identified in a Fourier difference map, in the
final model they were geometrically positioned and refined
using a riding model. Criteria of a satisfactory complete
analysis were the ratios of rms shift to standard deviation
less than 0.001 and no significant features in final difference
maps. Molecular graphics were obtained from ORTEP.”
A summary of the crystal’s data, experimental details and
refinement results are listed in Table 1.

In vitro antimicrobial activity
Antimicrobial activity was evaluated by minimum

inhibitory concentration (MIC) using the macrodilution
test.® S. aureus ATCC6538 stored in Brain Heart Infusion

Table 1. Crystal data and refinement results for [Bu"Sn(2AcPh)Cl,] (1), [Bu®Sn(2AcpCIPh)CL] (2), [Bu"Sn(2AcpNO,Ph)CL ] (3), [PhSn(2AcPh)CL,] (4)

and [PhSn(2AcpNO,Ph)CL,]-dmso (6a)

Compound 1 2 3 4 6a
Empirical Formula C,H, CLLN.OSn CH,,CI.N.OSn C,H,,C,N,0,Sn C,H,C,N.OSn  C,H,CIN,O,SSn
Formula Weight 484.97 519.41 529.97 504.96 628.09
Crystal System orthorhombic orthorhombic triclinic triclinic monoclinic
Space Group Fdd2 Fdd2 P-1 P-1 P2 /e
Unit cell dimensions a, A 27.440(4) 26.6226(17) 12.9843(4) 11.4662(3) 14.4967(4)
b, A 22.024(4) 23.9627(18) 13.3554(6) 12.5545(3) 13.4617(4)
c, A 13.316(2) 13.3438(7) 14.1000(7) 16.2705(4) 13.3607(3)
a,° 90 90 111.487(4) 112.147(2) 90
,° 90 90 94.407(3) 95.650(2) 102.523(3)
v, °© 90 90 105.649(3) 101.670(2) 90
Volume, A 8047(2) 8512.7(10) 2148.31(16) 2084.75(9) 2545.31(12)
Z / Density calc., Mg/m? 16/1.601 16/1.621 4/1.639 4/1.609 4/1.639
Absorption coefficient, mm! 1.546 1.589 1.464 1.496 1.332
F(000) 3872 4128 1056 1000 1256

Crystal size, mm

0.27 x 0.24 x 0.12

0.29 x 0.24 x 0.18

0.28 x 0.25 x 0.10

0.24 x 0.18 x 0.09

0.19 x0.19 x 0.05

0 range for data collection, ° 2.86 t0 26.37 3.07 to 26.37 2.76 t0 26.37 2.61 to 26.37 2.79 t0 26.37
Index range, 6 -34<h <31 -24<h<33 -16<h<16 -14<h<11 -18<h <18
27<k<23 —29<k<29 -13<k<16 -14<k<15 -16<k<16
-15<1<16 -13<1<16 -17<1<16 -20<1<19 -16<1<13
Completeness to 6 = 26.37 ° 99.9% 99.6% 99.9% 99.9% 99.9%
Absorption correction none none none none none
Goodness-of-fit on F? 0.927 1.072 0.814 0.869 0.829
Reflections collected/unique (R, ) 12047 / 3852 6718 /3555 19702 / 8769 18566 / 8525 14702 /5212
(0.0647) (0.0319) (0.0474) (0.0295) (0.0447)
Absolute structure parameter 0.03(5) 0.06(5) - - -
Data / restraints / parameters 3852/11/224 3555/6/235 8769 /8 /470 8525/0/487 5212/0/307
Observed reflections, I > 26(I) 2232 2405 4288 5929 3261
Final R indices [I > 26(I)] R, =0.0477, R =0.0483, R =0.0442, R =0.0257, R =0.0324,
wR, =0.1077 wR,=0.1335 wR, =0.0963 wR, =0.0441 wR, =0.0543
R indices (all data) R, =0.0879, R, =0.0740, R, =0.1028, R, =0.0469, R, =0.0655,
wR, =0.1166 wR, =0.1460 wR, =0.1055 wR, =0.0463 wR, =0.0580
Larg. peak and hole, e A~ 1.047 / -0.660 0.739 /-1.179 0.951/-0.490 0.309 /-0.279 0.968 / -0.569
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(BHI) broth were subcultured for testing in the same
medium and grown at 37 °C. Then the bacterial cells were
suspended in BHI, according to Clinical and Laboratory
Standards Institute (CLSI) guidelines,” to produce a
suspension of about 10° CFU (colony forming units) mL"'.
C. albicans ATCC18804 stored in Sabouraud broth was
sub-cultured for testing in the same medium and grown at
37 °C. Then the yeast cells were suspended according to
the McFarland protocol® in saline solution to produce a
suspension of about 10? cells mL.

For both the antibacterial and antifungal activity
evaluations serial dilutions of the compounds, previously
dissolved in dmso, were prepared in test tubes. A 24-h
old inoculum (100 pL) was added to each tube. The MIC,
defined as the lowest concentration of the test compound
which inhibits the visible growth after 20 h, was determined
after incubation at 37 °C. Tests using tetracycline (in the
case of S. aureus) or fluconazole (in the case of C. albicans)
as reference and dmso as negative control were carried out
in parallel. The final dmso concentration never exceeded
1%. In all cases no inhibition was observed with 5% v/v
dmso. All tests were performed in triplicates with full
agreement between the results.

Results and Discussion

Microanalyses and molar conductivity data suggest the
formation of the following complexes: [Bu"Sn(2AcPh)Cl, |
(1), [Bu"Sn(2AcpCIPh)CL,] (2), [Bu"Sn(2AcpNO,Ph)Cl,]
(3), [PhSn(2AcPh)ClL ] (4), [PhSn(2AcpCIPh)CL,] (5) and
[PhSn(2AcpNO,Ph)CL,] (6), in which an anionic hydrazone
is attached to the metal centre along with a n-butyl or a
phenyl group and the remaining coordination sites are
occupied by two chloride ions. X-ray diffraction analysis
confirms the structures of 1-4 and 6 (as its dmso solvate,
[PhSn(2AcpNO,Ph)Cl J-dmso, 6a).

Spectroscopic characterization

Infrared spectra

The v(N-H) and v(C=0) absorptions at 3180-3287 cm’!
and 1655-1676 cm™ in the spectra of the uncomplexed
hydrazones were not found in the spectra of complexes
(1-6), in accordance with the presence of anionic ligands
in the products.

The v(C=C) + v(C=N) composed mode observed at
1590-1460 cm™ in the spectra of the hydrazones undergoes
small shifts in the spectra of the complexes. However a new
V(C=N) absorption due to the formation of a second C=N
bond was observed at 1625-1632 cmin the spectra of 1-6,
indicating coordination of an anionic hydrazone.
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The pyridine in-plane deformation mode at
620-625 cm™' in the spectra of the hydrazones shifts
to 647-650 cm! in those of the complexes, suggesting
coordination of the heteroaromatic nitrogen.*-*! In
addition, new absorptions at 495-475 cm™' and 450-350
cm! have been attributed to v(Sn-N, . ) and v(Sn-C)
respectively; absorptions at 230-215 cm™! were assigned
to V(Sn—pr),”'ZS*‘“’ and bands in the 405-390 cm! range
have been assigned to v(Sn-O). An absorption at 260-250
cm’! has been attributed to v(Sn-Cl1).2>24° Therefore, the
infrared data for the complexes indicate coordination of
the hydrazones through the N -N-O chelating system,
as confirmed by the X-ray structure determinations for
1-4 and 6a.

NMR spectra

The 'H and "*C NMR spectra of the hydrazones were
recorded in dmso-d, as well as in CDCI, except in the case
of H2AcpNO,Ph, which is insoluble in CDCIl,. The spectra
of complexes 1-6 were recorded only in CDCI, since some
of them interact with dmso-d,.

The 'H resonances were assigned on the basis of
chemical shifts, multiplicities and coupling constants. The
carbon type (C, CH) was determined by using distortionless
enhancement by polarization transfer (DEPT135)
experiments. The assignments of the protonated carbons
were made by 2D heteronuclear multiple quantum
coherence experiments (HMQC). A ''*Sn NMR study was
performed for all complexes.

The NMR spectra of H2AcPh in CDCI, show only one
signal for each hydrogen and each carbon, indicating the
presence of only one configurational isomer. The signal
of N3-H was observed at  9.22, suggesting the presence
of the E isomer. The spectra recorded after 24 h do not
show any changes. The spectra recorded in dmso-d, show
two signals for each hydrogen and carbon, in accordance
with the presence of the E and Z isomers (see Figure 1) in
solution.”*' The signals of N3-H at 6 10.90 and 6 15.80
were attributed to the E and Z isomers respectively (97%
of E and 3% of Z). The high frequency signal of the Z
isomer is characteristic of N3-H hydrogen-bonded to the
heteroaromatic nitrogen while the signal at § 10.90 is
characteristic of N3-H hydrogen-bonded to the solvent, as
previously observed by us.?3!

H2AcpNO,Ph is soluble in dmso-d, but insoluble
in CDCI,. In the 'H and "C NMR spectra (dmso-d,) of
H2AcpNO,Ph only one signal has been observed for
each hydrogen and each carbon. The signal of N3-H
was found at 6 11.22, suggesting the presence of the E
configurational isomer, in which N3-H is hydrogen-bonded
to the solvent.!
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The 'H and "C NMR spectra of H2AcpCIPh in dmso-d,
show duplicated signals for the hydrogens, in accordance
with the presence of two configurational isomers. The
signals of N3-H at  10.96 and 6 15.86 were attributed to
the E (98%) and Z (2%) isomers, respectively.-3! Due to the
low solubility of H2AcpCIPh in dmso-d, only some of the
signals of hydrogens could be attributed and no attribution
was possible for the carbons of the Z isomer.

The spectra of this compound in CDCI, also show
duplicated signals. However in this case the spectra are
characteristic of the presence of the keto and enol forms.*!
In fact no signal of N3-H was observed for the first isomer,
according to the presence of the enol form. In addition, the
signal of C-O was observed at 0 167.44. The resemblance in
position of the carbon signals of H2AcpClPh with those of
H2AcPh in the same solvent suggests that the enol isomer
adopts the E configuration. As an example, the signal of
C15 (acetyl) was observed at 0 11.36, close to the signal
for the same hydrogen at 6 10.89 observed for the E isomer
of H2AcPh in CDCI,. The keto isomer exhibits the signal
of N3-H at ¢ 15.83, characteristic of the Z configuration,
and the signal of C=0 at ¢ 163.40.

Only one signal was observed for each hydrogen and
each carbon in the spectra of complexes 1-6, suggesting the
presence of only one configurational isomer. The signals
of C=N, C=0 and the pyridine carbons undergo significant
shifts in the complexes indicating coordination through the
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pr—N—O chelating system. Hence the hydrazones adopt
the E configuration in the complexes, as confirmed by
crystal structure determinations of complexes 1-4 and 6a.
Moreover, the signal of N3-H was not observed in the 'H
NMR spectra of the complexes, according to deprotonation
of the hydrazones upon coordination.

In the spectra of complexes 1-3, new signals at § 2.35-
1.05 and at 0 35.80-13.60 were attributed to the hydrogens
and carbons, respectively, of the n-butyl group attached to
the metal.?® In the spectra of complexes 4-6, the signals at
0 8.33-7.59 and at & 136.62-129.08 were attributed to the
hydrogens and carbons, respectively, of the phenyl group
coordinated to tin.*°

In the '"”Sn NMR spectra of complexes 1-6 (CDCI,)
only one signal was observed at 6 — 414 (1), 6 — 413 (2),
0-412(3),0 —443 (4), 0 — 442 (5) and 0 — 441 (6) ppm,
compatible with the presence of one tin site in solution.
The values of the '"Sn signals are at the boundary
between six- and seven-coordinated tin(IV) as reported
in the literature.* However, considering that the spectra
were recorded in a non-coordinating solvent (CDCL,),
only six-coordinated species must be present in solution.
The shielding effect on '"’Sn of the chloride ions could
explain the lower frequencies observed for the ''°Sn
signals with respect to that expected for a six-coordinated
monorganotin(IV).*

Figure 2. Molecular plot of the asymmetric units of [(Bu")Sn(2AcPh)Cl,] (1), [(Bu")Sn(2AcpCIPh)CL,] (2) and [(Bu")Sn(2AcpNO,Ph)CL,] (3) showing
the labeling scheme of the non-H atoms and their displacement ellipsoids at the 50% probability level.
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Figure 3. Molecular plot of the asymmetric units of [PhSn(2AcPh)Cl,] (4) and [PhSn(2AcpNO,Ph)Cl,]-dmso (6a) showing the labeling scheme of the

non-H atoms and their displacement ellipsoids at the 50% probability level.

X-ray diffraction analysis

Figures2and 3 are perspective views of [Bu"Sn(2AcPh)Cl, ]
(1), [Bu"Sn(2AcpCIPh)CL,] (2), [Bu"Sn(2AcpNO,Ph)Cl ]
(3),[PhSn(2AcPh)Cl,] (4) and [PhSn(2AcpNO Ph)Cl, |-dmso
(6a). Selected intramolecular bond distances and angles of
the complexes are given in Tables 2 and 3. The distances and
angles in all complexes are similar. In all complexes tin(IV)
is coordinated to a tridentate anionic ligand, a n-butyl
(1-3) or a phenyl (4 and 6a) group and two chloride ions
trans to each other in an distorted octahedral environment.
In the crystal structures of 3 and 4, two symmetrically
independent molecules were found in the asymmetric unit
(see Figure 2 and Figure 3).

In complexes 1-4 and 6a the N1-Sn—O1 angle of ca.
144.3-146.7° deviates markedly from the ideal value of
180°, probably due to the spatial requirements of the
ligand chelating system. By contrast, the C11-Sn—CI2 and
N2-Sn—C16 angles, which do not involve sterical hindrance,
are approximately 167.3-171.4° and 172.5-179.1° (see
Table 3). In all complexes the metal atom lies in the plane
calculated for the NIN20O1C16 atoms. In structures 1-3 the
distance of the tin atom to the calculated plane varies from
0.023A to 0.059 A; in structures 4 and 6a this distance is
smaller (0.002 to 0.009 A).

In all structures the hydrazone skeleton (C7(C15)
N2N3C801) is planar, with medium deviation of the fitted
atoms from the calculated plane ranging from 0.0055
to 0.0266 A. In 1-4 and 6a the hydrazone adopts the E
configuration in relation to the C7=N2 double bond. The

angle between the pyridine and the hydrazone planes
varies from 1.5(6) to 7.5(3)°, while the angle between
the hydrazone and the phenyl planes varies in the 0.5(2)
to 14.9(2)° range. Therefore the hydrazone ligand in all
complexes is almost planar. Complexes 3 and 6a show the
highest deviation from planarity for the angle between the
hydrazone chain and the phenyl ring.

The molecular structure of H2AcPh has been
determined previously by other authors.*® The hydrazone
adopts the EZ conformation in relation to the C7=N2 and
N3—-C8 bonds. The expected lengthening of the C8-Ol1
bonds from 1.219(2) A in H2AcPh® to 1.279(11) A
in 1 and 1.292(3) and 1.302(3) A in 4, together with
the shortening of the N3-C8 bond from 1.347(3) A in
H2AcPh* to 1.337(12) Ain 1 and 1.321(3) and 1.327(3) A
in 4, were observed (see Table 2). Therefore the C8-0O1
bond changes from a double to a predominantly single
bond whereas N3—C8 acquires some double bond
character. The bond distances between tin and the imine
nitrogen in the complexes, 2.184(4)-2.161(7) A, are
slightly shorter than the distance between tin and the
pyridine nitrogen, 2.288(4)-2.2354(18) A. The Sn—O bond
lengths lie in the 2.0916(17)-2.108(3) A range.

Bond distances in the five complexes are similar to those
found in other tin(IV) complexes with hydrazones, as in
trans-dimethyl[2,6-diacetylpyridinebis(2-theoylhydrazone)]
tin(IV)*, where N3-C8 and C8-01 bond distances of
1.322(8) A and 1.286(7) A, respectively, and Sn—C, Sn-N_,
Sn-N, . and Sn—O bond distances of 2.102(6), 2.327(4),
2.255(5) and 2.209(4) A, respectively, were observed.
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A twisting of approximately 180° in the C2—C7 bond of
the hydrazone to match the steric requirements of tridentate
coordination was evidenced. Hence some angles undergo
significant changes on complexation. The C8-N3-N2
angle goes from 117.02(13)° in H2AcPh* to 110.7(7)°
in 1 and to 109.5(2)° and 109.8(2)° in 4; N3—C8-O goes
from 123.32(15)° in the free base® to 125.7(8)° in 1 and
to 126.4(2)° and 125.2(2)° in 4.

The molecular packings of all complexes show weak
interactions involving Cl, H and O atoms with formation of
molecular chains as shown in Figure 4. 1-4 show interactions
between adjacent molecules involving CI-- 'pr. In 4 and 6a
short Cl---H contacts are observed involving chlorides and
hydrogens from the hydrazone phenyl ring. In 6a CI---H
interactions were observed as well, along with short H---O
contacts involving the oxygens from dmso and from the nitro
group and hydrogens from pyridine and dmso.

J. Braz. Chem. Soc.

Figure 4. Molecular structure scheme of [PhSn(2AcPh)Cl,] (4) showing
short intermolecular contacts between CI---H and O---H atoms.

Table 2. Selected bond lengths (A) for [Bu"Sn(2AcPh)CL,] (1), [BuSn(2AcpCIPh)CL)] (2), [Bu'Sn(2AcpNO,Ph)CL] (3), [PhSn(2AcPh)CL,] (4) and

[PhSn(2AcpNO,Ph)Cl, ]-dmso (6a)

Bond 1 2 6a

C2-C7 1.495(11) 1.504(13) 1.456(7) 1.483(7) 1.487(3) 1.467(4) 1.478(4)
C7-Cl15 1.505(12) 1.474(12) 1.484(7) 1.474(7) 1.479(3) 1.486(3) 1.479(4)
C7-N2 1.253(11) 1.298(10) 1.283(6) 1.279(6) 1.285(3) 1.285(3) 1.282(4)
N2-N3 1.381(9) 1.363(10) 1.381(6) 1.390(5) 1.381(2) 1.369(3) 1.375(3)
N3-C8 1.337(12) 1.305(11) 1.346(6) 1.308(7) 1.321(3) 1.327(3) 1.313(4)
C8-C9 1.455(12) 1.475(13) 1.471(7) 1.480(7) 1.490(3) 1.470(3) 1.487(4)
C8-01 1.279(11) 1.309(11) 1.275(6) 1.305(6) 1.292(3) 1.302(3) 1.293(3)
Snl-O1 2.108(6) 2.105(7) 2.096(4) 2.108(3) 2.0996(14) 2.0916(17) 2.104(2)
Snl-N1 2.246(8) 2.280(8) 2.278(4) 2.288(4) 2.2354(18) 2.2484(19) 2.264(3)
Snl1-N2 2.171(7) 2.161(7) 2.184(4) 2.175(4) 2.165(2) 2.1713(18) 2.170(3)
Snl-Cl1 2.456(2) 2.460(2) 2.445(2) 2.445(2) 2.4584(7) 2.4705(7) 2.4771(9)
Sn1-CI2 2.494(3) 2.455(3) 2.500(2) 2.473(2) 2.4532(7) 2.4471(7) 2.4452(9)
Snl1-C16 2.119(9) 2.166(12) 2.140(7) 2.137(8) 2.138(3) 2.124(2) 2.135(3)

Table 3. Selected angles (°) for [Bu"Sn(2AcPh)CL] (1), [Bu*Sn(2AcpCIPh)Cl,] (2), [Bu"Sn(2AcpNO,Ph)CL] (3), [PhSn(2AcPh)CL] (4) and

[PhSn(2AcpNO,Ph)Cl, ]-dmso (6a)

Angle 1 2 6a
C2-C7-N2 116.4(7) 114.1(8) 114.5(5) 113.6(5) 114.0(2) 115.0(2) 114.7(3)
N2-C7-Cl15 125.7(8) 123.9(8) 123.4(5) 124.6(5) 124.0(2) 122.5(2) 123.6(3)
C7-N2-N3 123.0(7) 120.2(7) 121.5(4) 119.7(4) 121.5(2) 122.2(2) 121.7(3)
C8-N3-N2 110.7(7) 111.2(7) 109.6(4) 109.3(4) 109.5(2) 109.8(2) 110.1(3)
N3-C8-C9 116.6(9) 117.2(9) 115.5(5) 115.5(5) 116.0(2) 117.6(2) 115.93)
N3-C8-01 125.7(8) 124.0(8) 125.5(5) 127.1(5) 126.4(2) 125.2(2) 126.5(3)
C9-C8-01 117.6(8) 118.8(8) 119.0(4) 117.3(5) 117.7(2) 117.6(2) 117.6(3)
N2-Sn1-Cl16 175.5(3) 176.1(5) 174.7(2) 172.5(2) 179.06(8) 178.82(9) 176.71(11)
N1-Sn1-0O1 146.7(2) 145.3(3) 144.96(16) 144.32(15) 146.12(7) 145.88(6) 145.97(9)
Cl1-Sn1-CI2 167.76(12) 169.41(13) 168.97(5) 171.36(6) 169.54(2) 167.30(2) 170.75(3)
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Antimicrobial activity

The minimum inhibitory concentrations (MICs) of
the hydrazones and their organotin complexes against
S. aureus and C. albicans are reported in Table 4. Among
the hydrazones the antibacterial activity follows the order
H2AcPh < H2AcpNO,Ph < H2AcpCIPh, suggesting that
the electron-withdrawing effect of the nitro and chloro
groups probably favors the antibacterial effect. The
calculated values of log P* were: 1.98 for H2AcPh, 2.58
for H2AcpCIPh and 1.92 for H2AcpNO,Ph. Therefore the
higher lipophilicity of H2AcpCIPh probably accounts in
part for its higher activity.

Table 4. Minimum inhibitory concentrations (MIC) of the hydrazones and
their organotin complexes against Staphylococcus aureus and Candida
albicans

Compound MIC / (umol mL™") MIC / (wmol mL™)
C. albicans S. aureus

H2AcPh 0.213 0.428
[BuSn(2AcPh)CL] (1) 0.210 0.255
[PhSn(2AcPh)CL,] (4) 0.206 0.132
H2AcpClIPh 0.046 0.197
[Bu"Sn(2AcpCIPh)CL ] (2) 0.045 0.059
[PhSn(2AcpCIPh)CL] (5) 0.046 0.057
H2AcpNO,Ph >0.179 0.353
[Bu"Sn(2AcpNO,Ph)CL] (3) 0.096 0.125
[PhSn(2AcpNO,Ph)Cl,] (6) 0.093 0.114
[Bu"SnCl,] > 0.86 >1.88
[PhSnCl,] 0.158 0.249
Tetracycline - 0.020
Fluconazole 0.033

[Bu"SnCl,] proved to be inactive against S. aureus while
[PhSnCl,] exhibited antibacterial activity in the assayed
concentrations. The hydrazones showed antibacterial
activity with MIC values similar to the phenyltin salt.
Upon coordination the antibacterial activities of both the
hydrazones and tin substantially increase. A synergistic
effect involving tin and the hydrazone might be responsible
for this enhancement.

The complex of H2AcPh with phenyltin is more
active than its n-butyltin analogue, but the n-butyltin
and phenyltin complexes with the other two hydrazones
are equally active. The activities of the n-butyltin
complexes with the different hydrazones follows the
order [Bu"Sn(2AcPh)Cl] < [Bu"Sn(2AcpNO,Ph)ClL ] <
[Bu"Sn(2AcpCIPh)Cl,], which is the same order of
activity of the free hydrazones. However, the activities
of the phenyltin complexes are [PhSn(2AcPh)Cl,] =
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[PhSn(2AcpNO,Ph)CL ] < [PhSn(2AcpCIPh)CL,]. The
most active complexes were those with H2AcpClPh (2
and 5), with MIC values similar to that determined for
tetracycline.

Among the hydrazones H2AcpCIPh exhibited the
highest activity against C. albicans. Upon coordination
the antifungal activity of the hydrazones increased in
complexes 3 and 6, but remained the same in the other
cases. The antifungal activity increased in complexes 2, 3,
5 and 6 relative to the organotin salts.

Like in the case of the antibacterial activity, the best
results were obtained for the organotin complexes with
H2AcpCIPh. The MIC values for complexes 2 and §
(0.045 umol mL™") were the same, suggesting that the
n-butyl or the phenyl group in the metal coordination sphere
have the same effect. This value of MIC is of the same order
of magnitude of that obtained for fluconazole. Likewise, the
MIC values are the same for complexes 3 and 6.

Conclusions

Organotin compounds are known for their innumerous
bioactivities but are also often rather toxic.***’ Coordination
of organotin salts with organic ligands could be an
interesting strategy for activity improvement*® or toxicity
reduction. In the present work we demonstrated that
coordination of organotin salts to hydrazones might
improve the pharmacological profile of both metal and
ligands.*

Supplementary Information

Crystallographic data have been deposited with the
Cambridge Crystallographic Data Centre (deposition
numbers CCDC 747621 (1), CCDC 747620 (2), CCDC
747624 (3), CCDC 747623 (4) and CCDC 747622 (6a)).
Copies of available material can be obtained by request to
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax
44-1223-336033 or e-mail: deposit@ccdc.cam.ac.uk).
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2-Acetylpyridine-phenylhydrazone (H2AcPh), its para-chlorophenylhydrazone (H2AcpCIPh) and para-
nitrophenylhydrazone (H2AcpNO,Ph) analogues, the corresponding 2-benzoylpyridine-derived hydra-
zones (H2BzPh, H2BzpCIPh and H2BzpNO,Ph) and their gallium(lll) complexes were assayed for their
cytotoxic activity against U87 (expressing wild-type p53 protein) and T98 (expressing mutant p53
protein) glioma cells. ICsp values against both glioma cells and against the MRC5 (human fetal lung

fibroblast) lineage were obtained for the hydrazones, but not for their gallium(IIl) complexes, due to their
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Crystal structures
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low solubility. Hydrazones were highly cytotoxic at nanomolar doses against U87 and T98 cells. The
therapeutic indexes (TI = ICsomrcs/ICs0glioma) Were 2-660 for T98 cells and 28-5000 for U87 cells, indi-
cating that the studied hydrazones could be good antitumor drug candidates to treat brain tumors.

© 2012 Elsevier Masson SAS. All rights reserved.

1. Introduction

Cancer is the leading cause of death in economically developed
countries and the second leading cause of death in developing
countries [1]. Although brain tumors constitute only 1—2% of the
tumors in adults, they have a poor prognosis and the patients’
chance of survival is generally very low. Moreover, brain tumors
represent one of the most common solid tumors in children,
being responsible for 20% of childhood neoplasms [2,3].

Gliomas, especially glioblastomas (GBMs), represent the most
malignant primary brain tumors. GBMs have a high rate of cellular
proliferation and a marked propensity to infiltrate diffusely into
normal brain regions rendering impossible total surgical extirpa-
tion and difficult effective local radiotherapy. Such aggressive and
invasive growth is the main characteristic which results in their
high morbidity and mortality, the median survival of a patient with
GBMs being 15 months [4,5].

Hydrazones and their metal complexes are an important class
of compounds which present innumerous pharmacological

* Corresponding author. Tel.: +55 31 3499 5740; fax: +55 31 3499 5700.
E-mail address: hberaldo@ufmg.br (H. Beraldo).

0223-5234/$ — see front matter © 2012 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.ejmech.2012.01.051

applications as antimicrobial [6,7], anticonvulsant [8,9], analgesic
and anti-inflammatory [10—12], and anticancer [13—15] agents.

Gallium, as Ga(NOs)s3, is the second metal ion, after platinum, to
be used in cancer treatment, but its unfavorable pharmacokinetics
has prevented its widespread use in systemic chemotherapy of
cancer [16]. Hence, coordination of gallium with organic ligands has
been recognized as a promising strategy for the design of new
antitumor agents with higher bioavailability and hydrolytic
stability, and better membrane penetration ability [17,18].

Gallium’s activity against tumors is thought to be due to its anti-
proliferative and antimitotic effects. Once gallium gets into the cell
it exerts its anti-proliferative effects by inhibiting the catalytic
activity of ribonucleoside diphosphate reductase (RDR), a key
enzyme in DNA biosyntheses, which is involved in the conversion
of ribonucleotides into deoxyribonucleotides. Due to competitive
binding of gallium(IIl) and iron(IIl), gallium affects intracellular iron
availability, but it also interacts directly with RDR, displacing iron
from the enzyme [19—21].

In a previous work some of us demonstrated that gallium(III)
complexes with 2-pyridineformamide-derived thiosemicarbazones
exhibit potent cytotoxic activity against glioblastoma cells [18]. In
the context of a research program that aims to contribute to the
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discovery of new anticancer drug candidates with activity against
gliomas, in the present work 2-acetylpyridine-phenylhydrazone
(H2AcPh), its para-chlorophenylhydrazone (H2AcpCIPh) and para-
nitrophenylhydrazone (H2AcpNO,Ph) analogues, the correspond-
ing 2-benzoylpyridine-derived hydrazones (H2BzPh, H2BzpCIPh
and H2BzpNO,Ph) (see Fig. 1) and their gallium(III) complexes were
assayed for their cytotoxic activity against malignant glioma cells.

It is well known that glioma cells express wild-type pro-
apoptotic p53 protein [22]. Two glioma cell lines were used in the
present investigation: U87 cells, which express wild-type p53, and
T98 cells, expressing mutant p53. Previous characterization of p53
genotype and drug sensitivity of human cancer cell lines has
revealed that cells with mutant or absent p53 are less sensitive than
cells with wild-type p53 to the majority of clinically used anti-
cancer agents [22].

Structure—activity relationships (SAR) studies were carried out.

2. Results and discussion
2.1. Formation of the gallium(Ill) complexes

Microanalyses and molar conductivity data are compatible
with the formation of [Ga(2AcPh);]NO3-H,0 (1), [Ga(2AcpCIPh),]
NO3-H,O (2), [Ga(2AcpN0;)2]NO3-1.5H,0 (3), [Ga(2BzPh);]
NO3-2H,0 (4), [Ga(2BzpCIPh);]NO3-2H,0 (5) and [Ga(2Bzp-
NO,Ph);]JNO3-H;0 (6), in which two anionic hydrazones are
attached to the metal center. The presence of crystallization water
molecules in complexes (1—6) was confirmed by their thermogra-
vimetric curves.

2.2. Spectroscopic characterization

The vibrations attributed to »(C=N) at 1603—1576 cm™! in the
infrared spectra of the free hydrazones shift to 1603—1597 cm~! in
the spectra of the complexes, in agreement with coordination of the
azomethine nitrogen [23—26]. The »(C=0) absorption at
1687—1654 cm~! in the spectra of the uncomplexed hydrazones
disappear in those of the complexes, indicating coordination of the
enolate oxygen. The in-plane deformation mode of the pyridine
ring at 654—614 cm~! in the spectra of the hydrazones shifts to
653—648 cm~! in the complexes, suggesting coordination of the
hetero-aromatic nitrogen [23—25]. In addition, new absorptions at
423-410 cm~! and 235—219 cm ™! in the spectra of the complexes
were attributed to the »(Ga—N) and »(Ga—Npy) vibrations, respec-
tively [18,27] and bands in the 327—298 cm™! range were assigned
to »(Ga—O0) [28]. In the spectra of the complexes, broad bands at
3409—3420 cm~! were attributed to the »(OH,) vibration, in
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Fig. 1. Structural representation for 2-acetylpyridine- and 2-benzoylpyridine-derived
hydrazones.

agreement with the presence of crystallization water. Absorptions
attributed to nitrate were observed at 1385—1384 cm™~! [28].

The NMR spectra of the hydrazones and their gallium(III)
complexes were recorded in DMSO-dg. The 'H resonances were
assigned on the basis of chemical shifts and multiplicities. The
carbon type (C, CH) was determined by using distortion-less
enhancement by polarization transfer (DEPT 135) experiments.
The assignments of the protonated carbons were made by 2D
hetero-nuclear multiple quantum coherence experiments (HMQC).

In the '"H NMR spectra of the hydrazones, except for H2Acp-
NO,Ph, all signals were duplicated, indicating the presence of the Z
and E configurational isomers in the DMSO-dg solution. In the first,
N(3)-H is hydrogen bonded to the hetero-aromatic nitrogen (6
14.72—15.86), while in the second N(3)-H is hydrogen bonded to
the solvent (6 10.15—10.96) [7,23]. In the 'H NMR spectrum of
H2AcpNO,Ph only one signal was observed for each hydrogen
(N(3)-H at 6 11.22), suggesting the presence of only the E
isomer [7].

In the spectra of the gallium(Ill) complexes (DMSO-dg) only one
signal was observed for all hydrogens, indicating the presence of
only one configuration in solution. The signals of N(3)—H observed
in the spectra of free hydrazones were absent in the spectra of
complexes (1—6), in accordance with the presence of anionic
ligands upon deprotonation. In the spectra of the complexes the
signals of all hydrogens undergo significant shifts in relation to
their positions in the uncomplexed hydrazones. Similarly, the
signals of C=N, C=0 and the pyridine carbons undergo significant
shifts, indicating coordination through the Npy—N—O chelating
system. Hence, in the gallium(Ill) complexes the hydrazones adopt
the E configuration.

2.3. X-ray crystallography

Fig. 2 shows ORTEP [29] drawings of H2BzpCIPh and
H2BzpNO,Ph, while the ORTEP drawing of [Ga(2AcPh);]™ is shown
in Fig. 3. Crystal data and refinement results are listed in Table 1.
The crystal structure of H2AcPh has been previously determined by
other authors [30]. Tables 2 and 3 present selected intra-molecular
bond distances and angles for H2BzpCIPh, H2BzpNO,Ph, H2AcPh
[30] and complex [Ga(2AcPh),]*.

H2BzpCIPh and H2BzpNO,Ph show similar molecular confor-
mations. The C8=01 and C7=N2 distances were 1.215(2) and
1.302(2) A for H2BzpCIPh, and 1.214(2) and 1.297(2) A for
H2BzpNO,Ph, as expected for formally double bonds. The N2-N3
length of 1.369(2) A for both compounds agrees with the single
character of this bond.

The molecules’ conformation is stabilized by a strong
intra-molecular N—H---N bond [d(N3---N1) = 2.612(2) A,
2/ (N3—H---N1) = 131.6° for H2BzpCIPh and d(N3---N1) = 2.613(2)
A, £(N3—H---N1) = 1353° for H2BzpNO,Ph]. Subjected to
intra-molecular steric hindrance and crystal packing interactions,
this H-bond tends to produce a nearly planar Py—C7=
N2—(N3H)—(C8=01)- skeleton [rms distance of atoms from the
least-squares plane of 0.176 A (Cl) and 0.102 A (NO>)]. Interestingly,
the conformer obtained by 180° rotation around the C7—N2
bond affords the neutral molecule or its deprotonated (at N3)
anion which act as tridentate ligands of metal ions. In fact,
this is the case of complexes [Zn(H2BzpCIPh)Cl;].H,O and
[Zn(2BzpNO,Ph)CI(DMSO)] [23].

A difference Fourier map phased on the [Ga(2AcPh),]* complex
(1a) showed that the nitrate counter ion and possible solvent
molecules are severely disordered in the lattice. In [Ga(2AcPh),]|*
(1a), the Ga(lll) ion is in a distorted octahedral environment
(GaN4053) coordinated to two nearly planar (rms deviation of atoms
from the least-squares plane of 0.017 and 0.035 A) and mutually
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H2BzpCIPh

:Sca C%’)

H2BzpNOPh

Fig. 2. View of H2BzpCIPh and H2BzpNO,Ph showing the labeling of the non-H atoms and their displacement ellipsoids at the 30% probability level.

perpendicular (2AcPh)~ ligands [angled at 87.61(3)° from each
other]. The hydrazones behave as tridentate N—N—O chelating
systems. In 1a the imine N-atoms are in trans position to each
other, and the carbonyl oxygen and the pyridine nitrogen are cis to
each other (see Fig. 4). Trans L-Ga-L angles are in the range from
159.9(1) to 170.9(1)° and cis L—Ga—L angles from 76.8(1) to
107.92(9)°.

In complex (1a) there is a slight shortening of the bond distance
between the gallium center and the imine nitrogen, 1.975(2) and
1.988(2) A, compared to the distance between the metal and the
hetero-aromatic nitrogen, 2.139(3) and 2.115(3) A. The Ga—0O
distances are 1.956(2) and 1.960(2) A.

The expected lengthening of the C8—01 bonds from 1.219(2) A
in H2AcPh [30] to 1.295(4) and 1.296(4) A in 1a, together with the
shortening of the N3—C8 bond from 1.347(3) A in H2AcPh [30] to
1.321(4) and 1.326(4) A in 1a were observed (see Table 2). There-
fore, the C8—01 bond changes from a double to a predominantly
single bond whereas N3—C8 acquires some double bond character
due to deprotonation at N3 and formation of a highly delocalized

Fig. 3. View of [Ga(2AcPh),]" showing the labeling of the non-H atoms and their

displacement ellipsoids at the 30% probability level.

system [7,30].

Table 1

Crystal data and structure refinement for H2BzpCIPh, H2BzpNO,Ph and [Ga(2AcPh),]|" (1a).
Compound H2BzpCIPh H2BzpNO,Ph 1a
Empirical formula C19H14C1N30 C19H14N403 C23H24GaN602
Formula weight (g mol™') 335.78 346.34 546.25
Temperature (K) 150(2) 296(2) 293(2)
Crystal system, space group Triclinic, Pt Monoclinic, P21/, Triclinic, Pt

Crystal size (mm)
Unit cell dimensions

0.32 x 0.27 x 0.24

a(A) 8.6803(4)

b (A) 8.8436(3)

c(A) 11.3764(5)

o (°) 78.734(2)

B(°) 88.121(2)

v (°) 69.995(3)

Volume (A3) 804.26(6)

Z, Calculated density (Mg m—3) 2,1.387

Absorption coefficient (mm™1) 0.2500

F(000) 348

0 range for data collection (°) 3.65—26.00°

Limiting indices -10<h<10
-10<k<10
-14<1<14

Reflections collected/unique (Rint)
Completeness

7319/3093 (0.1144)
98.2%, 0 = 26.0°

Absorption correction Gaussian
Data/restraints/parameters 3093/0/217
Goodness-of-fit on F? 1.055

Final R indices [I > 20(I)]
R indices (all data)
Largest diff. peak and hole (e-A~3)

R1 = 0.0582, wR2 = 0.1533
R1 = 0.0612, wR2 = 0.1579
0.543 and —0.509

0.34 x 0.34 x 0.15

13.9892(5)
7.4240(4)
15.6813(6)

90

92.611(3)

90

1626.90(12)
4,1414

0.099

720

3.25-25.02°
-16<h<14
-7<k<8
-18<1<18
9023/2792 (0.0465)
97.1%, § = 25.02°
None

2792/0/235

1.035

R1 = 0.0492, wR2 = 0.1325
R1 = 0.0608, wR2 = 0.1457
0.142 and —0.169

0.245 x 0.079 x 0.070

11.632(1)

12.137(1)

12.161(1)

95.624(5)
103.179(5)
111.515(4)
1523.6(2)

2

0.935

562

2.79—-25.99°
-13<h<14
-14<k<14
-14<1<14
14431/5938 (0.0640)
99.3%, § = 25.99°
None

5938/0/336

1.011

R1 = 0.0494, wR2 = 0.1220
R1 = 0.0769, wR2 = 0.1318
0.302 and —0.403
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Table 2
Selected bond lengths (A) for H2BzpCIPh, H2BzpNO,Ph, H2AcPh [30] and
[Ga(2AcPh),]* (1a).

2.4. Cytotoxic activity

The cytotoxic effects of the hydrazones and their gallium(III)

Atoms H2BzpCIPh H2BzpNO,Ph H2AcPh [30] Atoms 1a complexes were assayed on U87 and T98 malignant glioma cells.
C(2)-C(7) 1.484(2)  1.488(2) 1.487(2) C(12)-C(17) 1.461(5) Negative control was taken as 100% survival. Fig. 4 presents the
C(22)-C(27) 1.481(5) percentage of cell survival in the presence of the studied
C7)-N@)  1302(2)  1.2969(19)  1264(3) C(17)-N(12)  1.287(4) compounds at 1 pumol L~ The survival of U87 and T98 cells in the
C(27)-N(22) 1.281(4) 1 .
N(2)-N(3) 1.3693(19) 1.3691(16) 1.375(2) N(12)-N(13) 1378(3) presence of 2-acetylpyridine-derived hydrazones was found to be
N(22)-N(23) 1.379(3) 14.4—35.1%, while the percentage of survival in the presence of 2-
N(3)-C(8) 1.366(2)  1.360(2) 1.347(3) N(13)-C(18) 1.321(4) benzoylpyridine-derived hydrazones was above 54.8%. All galliu-
CE0) 12151 1913619) 12192 ?(fg)*g(ff) }ggg(i) m(Ill) complexes exerted higher cytotoxic activity than the free
®)-01)  1.215(2) ’ (19) 219(2) CEZS;:OEH; 1296% hydrazones against U87 cells. In contrast, the cytotoxic effect of the
(12)-Cl  1.7411(17) — _ Ga—0(11) 1.956(2) 2-acetylpyridine-derived hydrazones and their gallium(III)
2)-N4) — 1.477(2) - Ga—0(21) 1.960(2) complexes against T98 cells was comparable, indicating that coor-
Ga-N(11)  2.139(3) dination did not improve the activity. Coordination to gallium(III)
Ga-N(21)  2.115(3) improved the activity of the 2-benzoylpyridine-derived hydrazones
Ga—N(12)  1.975(2) . . .
Ga-N(22)  1.988(2) against T98 cells. Ga(NOs3)3 showed no cytotoxic effect against the
tested cell lineages.
Table 3
Selected bond angles (°) for H2BzpCIPh, H2BzpNO,Ph, H2AcPh [30] and [Ga(2AcPh),]* (1a).
Atoms H2BzpCIPh H2BzpNO,Ph H2AcPh [30] Atoms 1A
C(2)-C(7)-N(2) 127.25(15) 128.03(13) 114.47(15) C(12)—C(17)-N(12) 113.3(3)
C(22)—C(27)-N(22) 113.3(3)
C(7)-N(2)-N(3) 117.65(14) 117.97(13) 119.02(14) C(17)—-N(12)-N(13) 121.4(3)
C(27)—-N(22)-N(23) 122.5(3)
N(2)-N(3)-C(8) 119.64(14) 119.69(13) 117.02(13) N(12)—N(13)—C(18) 108.0(2)
N(22)—N(23)—C(28) 108.4(2)
N(3)—C(8)—0(1) 124.33(16) 124.01(14) 123.32(15) N(13)—C(18)—0(11) 125.1(3)
N(23)—C(28)—0(21) 124.6(3)
N(3)—C(8)—C(9) 113.34(14) 113.60(13) 115.99(13) N(13)—C(18)—C(19) 116.3(3)
N(23)—C(28)—C(29) 117.6(3)
0(1)—C(8)—C(9) 122.33(14) 122.38(14) 120.68(18) 0(11)—C(18)—C(19) 118.7(3)
0(21)—C(28)—C(29) 117.8(3)
0(11)-Ga—0(21) 94.72(10)
0(11)-Ga—N(12) 79.10(9)
0(21)-Ga—N(12) 106.78(10)
0(11)-Ga—N(22) 107.92(9)
0(21)-Ga—N(22) 78.88(10)
N(12)—Ga—N(22) 170.87(10)
0(11)-Ga—N(21) 92.47(10)
0(21)—-Ga—N(21) 156.00(10)
N(12)-Ga—N(21) 97.05(10)
N(22)-Ga—N(21) 77.11(10)
0(11)-Ga—N(11) 155.86(10)
0(21)-Ga—N(11) 92.98(10)
N(12)—-Ga—N(11) 76.77(10)
N(22)-Ga—N(11) 96.01(10)
N(21)-Ga—N(11) 89.69(10)
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Fig. 4. Cytotoxic effect of 2-acetylpyridine- and 2-benzoylpyridine- derived hydrazones and their gallium(Ill) complexes on U87 and T98 glioma cells. Cells were treated with

compounds (1 pmol L~") for 48 h and the cell survival was measured by the MTT assay.
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Table 4
Experimental ICsq values (nmol L™') for 2-acetylpyridine- and 2-benzoylpyridine-
derived hydrazones and etoposide reference drug against U87, T98 and MRC5 cells.

Compounds Glioblastoma cell lines Human fetal lung

us7 Tos fibroblast (MRC5) cells
H2AcPh 0.94 + 0.01 0.80 + 0.07 284 + 15
H2AcpCIPh 0.07 + 0.01 1.17 £ 032 348 + 37
H2AcpNO,Ph 0.57 £ 0.07 0.43 + 0.04 283 + 33
H2BzPh 8.26 + 1.1 7.41 + 0.42 1180 + 127
H2BzpCIPh 26.1 + 14.6 415 + 31 738 £ 13
H2BzpNO,Ph >500 >500 551 + 53
Etoposide 620 + 15 460 + 25 -

Results are expressed as mean & SD, n = 4.

The obtained preliminary results of cell survival stimulated the
determination of the compounds’ concentration able to kill 50% of
the glioma cells (ICsp). For comparison, ICs¢ values were also ob-
tained against the MRC5 (Human Fetal Lung Fibroblast) lineage, as
a model of healthy cells. Etoposide, an antineoplastic drug in clin-
ical use, was employed as positive control. IC5y values of the gal-
lium(Ill) complexes were not determined due to their low
solubility.

Table 4 presents IC5o values of the 2-acetylpyridine- and 2-
benzoylpyridine-derived hydrazones against U87, T98 and MRC5
cells. All hydrazones, except H2BzpNO,Ph, were highly active
against malignant glioma cells with ICs5g values between 0.07 and
26.1 nmol L~ against U87 (p53 wild-type) cells and between 0.43
and 415 nmol L~! against T98 cells (p53 mutant).

2-Acetylpyridine-derived hydrazones were more active than the
2-benzoylpyridine analogues against both cell lineages. H2AcpCIPh
proved to be the most cytotoxic compound against U87 cells while
H2AcpNO,Ph was the most cytotoxic compound against T98 cells.
All hydrazones except H2BzpNO,Ph, were more potent than the
reference drug etoposide.

Interestingly, the ICso values against MRC5 cells, which act as
a model of healthy cells, were much higher. In fact, the therapeutic
indexes (TI = ICsomrcs/IC50glioma) Were 2-660 for T98 cells and 28-
5000 for U87 cells, indicating that the studied hydrazones could be
good antitumor drug candidates to treat brain tumors.

2.5. Induction of membrane DNA changes characteristics of
apoptosis

Under inverted microscope, cell shape and its changes can be
clearly observed. A wide range of phenotypic modifications, with
a clear concentration-response tendency was observed in both
glioma cell lines but not in MRC5 cells after exposure to all tested
compounds. As shown in Fig. 5, cells in the control groups present
cytoplasmatic expansions, and treatment with all compounds
caused retraction of cytoplasmatic expansions, leading to round
shaped cells, cell shrinkage and blebs formation in both p53 wild-
type and mutant cell lines. Reduction of the number of cells after
treatment was also observed. T98 cells seem to be slightly more
resistant than U87 cells. In fact T98 cells presented such alterations
at higher concentrations of H2BzpCIPh and H2BzpNO,Ph. All of the
observed morphological changes are associated with programmed
cell death (apoptosis).

Triggering programmed cell death (apoptosis) induces DNA
fragmentation through the activation of specific DNA endonucle-
ases. Activation of nucleases can be identified through the use of
DNA staining with 4’,6-diamidine-2-phenylindole (DAPI), which
detects fragmented DNA and condensed chromatin. No DNA frag-
mentation was observed in untreated and MRC5 cells, but after
exposure to the hydrazones, U87 cells showed extensive DNA
fragmentation as seen in Fig. 6. These results suggest that reduction

of cell survival after treatment with the studied compounds
occurred, at least in part, due to apoptosis induction.

2.6. SAR studies

Theoretical calculations were performed in order to investigate
stereo-electronic properties of the studied hydrazones. Since the
number of molecules was not enough for a QSAR investigation, SAR
studies were carried out, to identify physico-chemical properties
that might be involved in the mechanism of cytotoxic action of
these compounds.

Properties of interest in this study were the highest occupied
molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) energies, the dipole moment, logP and surface area
(SA), which were correlated to ICso. HOMO and LUMO energies are
related to ionization potential and electron affinity, respectively.
These frontier orbitals are associated to the molecule’s reactivity.
The HOMO energy is closely related to susceptibility to eletrophilic
attack, while LUMO energy is closely related to susceptibility to
nucleophilic attack. Dipole moment may give some insight on the
degree of hydrophobicity/hydrophilicity of the compounds. Addi-
tionally, logP is often used as a measure of lipophilicity of the
compounds. Surface area may offer information on stereo features
for drug—receptor interactions.

pICs0 (—log ICsp) values against U87 and T98 malignant glioma
cells and stereo-electronic parameters of the free hydrazones are
displayed in Table 5. Stereo-electronic parameters were obtained
for the hydrazones’ E and Z isomers.

Attempting to establish some correlation between stereo-
electronic parameters and the cytotoxic effect we built a single
correlation matrix (data not show) for the hydrazones, considering
the possibility of existence of the E and Z isomers.

Considering separately the E and Z isomers the results suggest
that an inverse correlation between logP and the activity against
U87 cells (R = —0.73 for E and Z isomers, p > 0.05) could exist. An
inversion correlation between logP and the activity against T98
cells (R = —0.93 for E and Z isomers, p < 0.05) was observed.

Likewise, an inverse correlation could exist between SA and the
activity against the tested cells (R = —0.83, p > 0.05 for E and Z
isomers against U87, and R = —0.82, p > 0.05, for E and Z isomers
against T98). Thus, lower values of logP or SA could contribute to
higher cytotoxic effect. Indeed, 2-acetylpyridine-derived hydra-
zones were more active than the corresponding 2-benzoylpyridine-
derived hydrazones.

Analyzing the major isomers (E isomer for H2AcPh, H2AcpCIPh
and H2AcpNO,Ph and Z isomer for H2BzPh, H2BzpCIPh and
H2BzpNO,Ph), we found inverse correlations between logP or SA
and the activity of the hydrazones against U87 and T98 glioma cells
(The obtained R values do not change appreciably in relation to the
values determined by considering the E and Z isomers separately).
Considering the major isomers, there could be an inverse correla-
tion between the dipole moment and the cytotoxic activity
(R = -0.84, p > 0.05 for U87 and T98 cells).

3. Conclusions

Due to their high therapeutic indexes, the studied hydrazones
revealed to be good as anticancer drug candidates to treat brain
tumors. In some cases coordination of the hydrazones to galliu-
m(Ill) proved to be an interesting strategy of cytotoxicity
improvement. The low solubility of the gallium(Ill) complexes
precluded the determination of their ICsg values. However, since
the complexes were highly active at 1 pmol L™, they should be
further investigated as metal-based anticancer drug candidates
as well.
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Fig. 5. Cells treated with hydrazones (1 umol L™!) exhibit characteristic morphological changes of apoptosis. Control or treated T98, U87 and MRC5 cells were incubated in culture
dishes. After 48 h treatment the dishes were observed under phase contrast and membrane morphology was photographed. Changes such as cell rounding, cell shrinkage and blebs

formation can be observed. Amplification: 400x.

Hydrazones derived from pyridoxal and from salicylaldehyde
were shown to be good iron chelators and to present anti-prolif-
erative effect against tumor cell lines [14]. Iron is essential for the
function of many key proteins such as RDR, being vital for cellular
replication. Interestingly, addition of a saturating amount of iron to
hydrazone chelators prevented their anti-proliferative effects,
suggesting that these ligands disrupt normal cellular iron metab-
olism [14]. It has also been shown that gallium potentiates the anti-
proliferative effect of pyridoxal isonicotinoyl hydrazone [14].

The studied hydrazones are good chelators of both gallium
and iron [31]. In addition coordination to gallium(IIll) resulted
in increased cytotoxic activity, indicating that the mode of action
of the studied compounds could involve disruption of iron
metabolism.

4. Materials and methods
4.1. Chemistry

4.1.1. Synthesis of 2-acetylpyridine- and 2-benzoylpyridine-derived
hydrazones

2-Acetylpyridine-phenylhydrazone, its para-chlorophenylhy-
drazone and para-nitrophenylhydrazone analogues and the cor-
responding 2-benzoylpyridine-derived hydrazones were prepared
previously by some of us [7,23] and by other authors [32,33]. Their
syntheses were carried out as described before [7,23,32,33].
Crystals of H2BzpCIPh and H2BzpNO,Ph suitable for X-ray
diffraction were obtained by slow evaporation from an ethanol
solution.
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Ug7

Control

H2AcPh

H2AcpCIPh

H2AcpNO>Ph

MRCS5

Fig. 6. Cells treated with hydrazones exhibit nuclear changes characteristic of apoptosis. U87 (on the left column) and MRC5 (on the right column) cells were treated with
hydrazones (10~° mol L™!) or diluent (Control). After 48 h treatment, cells were fixed and stained with DAPI as described in Section 4.6. Chromatin condensation, nuclear frag-

mentation and apoptotic bodies can be observed. Magnification: 400x.

4.1.2. Synthesis of the gallium(Ill) complexes

The gallium(Ill) complexes were obtained by stirring under
reflux an ethanol solution of the desired hydrazone with gallium
nitrate in 2:1 ligand-to-metal molar ratio for 7 h (see Scheme 1).
The obtained solids were washed with ethanol, diethylether and
then dried in vaccuo.

Upon recrystallization of [Ga(2AcPh);]NO3-H20 (1) in ethanol,
single crystals containing the complex [Ga(2AcPh),]" (1a) suitable
for structural X-ray diffraction were obtained.

4.1.2.1. Bis(2-acetylpyridinephenylhydrazonato)gallium(Ill)  nitrate
monohydrate [Ga(2AcPh),]NOs-H0 (1). Yellow solid. Anal. Calc. for
C2gH26GaN70g (FW = 626.27 g mol~!): C, 53.70%; H, 4.18%; N,
15.66%. Found: C, 53.43%; H, 4.21%; N, 15.66%. Thermogravimetry
(30—100 °C range): Calc. weight loss of one water molecule: 2.87%.

Table 5

Found: 2.53%. Molar conductivity (1 x 107> mol L~! DMF):
73.30 Q' cm? mol ™. IR (KBr, cm™): »(C=N) 1602, p(py) 648,
»(NO3) 1384. IR (Csl/nujol, cm~!): »¥(M—N) 442, »(M—0) 327,
»(M—Npy) 246, 235. The main signals in 'H NMR (DMSO-ds)
[6(ppm), J (Hz)]: 8.48 (d, 1H, H6), 7.74; 8.42 (t, 1H, H5), 7.80; 8.23 (d,
1H, H3), 5.06; 7.76 (t, 1H, H4), 6.36; 3.06 (s, 3H, H15). The main
signals in *C NMR (DMSO-dg): 6 (ppm) = 172.9 (C8), 154.4 (C2),
146.2 (C6), 145.5 (C7), 143.8 (C4), 128.2 (C5), 125.6 (C3), 13.7 (C15).
Yield 59%.

4.1.2.2. Bis(2-acetylpyridine-para-chloro-phenylhydrazonato)
gallium(1ll) nitrate monohydrate [Ga(2AcpCIPh)2]NO3-H,0 (2). Yellow
solid. Anal. Calc. for CogH24Cl,GaN;Og (FW = 695.16 g mol~'): C,
48.38%; H, 3.48%; N, 14.10%. Found: C, 48.15%; H, 3.61%; N,
14.14%. Thermogravimetry (30—100 °C range): Calc. weight loss of

Calculated physico-chemical properties and experimental pICsg values for 2-acetylpyridine- and 2-benzoylpyridine-derived hydrazones.

Compound ¢ (HOMO) (eV)? ¢ (LUMO) (eV) Dipole (db) LogP Surface Glioblastoma cell lines (pICsp)
2
area (A%) Us7 To8

H2AcPh —8.560 (E isomer) 1.978 (E isomer) 3.365 (E isomer) 1.92 342.28 9.026 9.096
—8.545 (Z isomer) 1.780 (Z isomer) 5.308 (Z isomer)

H2AcpCIPh —8.692 (E isomer) 1.813 (E isomer) 3.381 (E isomer) 2.53 359.09 10.154 8.931
—8.689 (Z isomer) 1.632 (Z isomer) 6.672 (Z isomer)

H2AcpNO,Ph —8.898 (E isomer) 0.803 (E isomer) 4.717 (E isomer) 2.15 383.15 9.244 9.366
—8.933 (Z isomer) 0.998 (Z isomer) 8.855 (Z isomer)

H2BzPh —6.801 (E isomer) 1.558 (E isomer) 3.104 (E isomer) 3.10 419.37 8.083 8.130
—6.620 (Z isomer) 1.344 (Z isomer) 4.976 (Z isomer)

H2BzpCIPh —8.639 (E isomer) 1.814 (E isomer) 3.440 (E isomer) 3.68 436.41 7.583 6.381
—8.346 (Z isomer) 1.527 (Z isomer) 6.386 (Z isomer)

H2BzpNO,Ph —8.832 (E isomer) 0.833 (E isomer) 5.072 (E isomer) 3.31 459.15 < 6.301 < 6.301
—8.549 (Z isomer) 0.955 (Z isomer) 8.585 (Z isomer)

3 eV = 627.51 kcal mol~".
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Ga(NO,), xH,0 + 2HL — = [GaL,JNO, + 2HNO,

R H2AcPh: R = CH;; R'=H
H2AcpCIPh: R = CH,; R' = C
H2AcpNO,Ph: R = CH,; R' = NO,
NS
s / NO;  H2BzPh: R= C/Hy; R'=H
xH,0
H2BzpCIPh: R = CH; R' = CI

H2BzpNO,Ph: R = C;Hg; R' = NO,

Scheme 1. General scheme of synthesis of the gallium(Ill) complexes with hydrazones
and structural representation of the gallium(IIl) complexes.

one water molecule: 2.59%. Found: 2.41%. Molar conductivity
(1 x 1073 mol L~! DMF): 82.98 Q~! cm? mol~ .. IR (KBr, cm™!): »(C=
N) 1600, p(py) 648, »(NO3) 1384. IR (Csl/nujol, cm™"): ®(M—N) 420,
»(M—0) 317, (M—Npy) 219. The main signals in 'H NMR (DMSO-dg)
[6(ppm), ] (Hz)]: 8.47 (d, 1H, H6), 7.89; 8.40 (t, 1H, H5), 7.78; 8.22 (d,
1H, H3), 4.76; 7.76 (t, 1H, H4), 6.38; 3.04 (s, 3H, H15). The main
signals in '>C NMR (DMSO-ds): 6 (ppm) = 171.9 (C8),155.0 (C2), 146.3
(C6), 145.4 (C7), 143.9 (C4), 128.9 (C5), 125.7 (C3), 13.7 (C15). Yield
66%.

4.1.2.3. Bis(2-acetylpyridine-para-nitro-phenylhydrazonato)
gallium(1ll) nitrate sesquihydrate [Ga(2AcpNO2Ph);]NO3-1.5H,0 (3).
Yellow solid. Anal. Calc. for C;gH24GaNgO1g (FW = 725.27 g mol ™! ):
C,46.95%; H, 3.38%; N, 17.60%. Found: C, 46.37%; H, 3.47%; N, 17.38%.
Thermogravimetry (30—100 °C range): Calc. weight loss of 1.5
water molecule: 3.72%. Found: 3.58%. Molar conductivity
(1 x 1073 mol L™! DMF): 71.54 Q' cm? mol~L IR (KBr, cm™): »(C=
N) 1603, p(py) 649, »(NO3) 1384. IR (Csl/nujol, cm~1): »(M—N) 410,
»(M—0) 317, ¥(M—Npy) 227, 221. The main signals in 'H NMR
(DMSO-dg) [6(ppm), ] (Hz)]: 8.55 (d, 1H, H6), 7.94; 8.46 (t, 1H, H5),
7.83; 8.34—8.28 (m, H, H3); 7.82 (t, 1H, H4), 5.35; 3.11 (s, 3H, H15).
The main signals in '3C NMR (DMSO-dg): 6 (ppm) = 171.1 (C8), 156.9
(C2), 146.5 (C6), 145.2 (C7), 144.0 (C4), 129.2 (C5), 123.7 (C3), 14.0
(C15). Yield 68%.

4.1.2.4. Bis(2-benzoylpyridinephenylhydrazonato)gallium(Ill) nitrate
dihydrate [Ga(2BzPh),]NO3-2H,0 (4). Yellow solid. Anal. Calc. for
C3gH3,GaN;07 (FW = 768.43 g mol '): C, 59.39%; H, 4.20%; N,
12.76%. Found: C, 58.99%; H, 4.22%; N, 12.87%. Thermogravimetry
(30—100 °C range): Calc. for weight loss of two water molecules:
4.69%. Found: 4.52%. Molar conductivity (1 x 10~> mol L~! DMF):
71.07 Q' em? mol~L IR (KBr, cm™1): »(C=N) 1600, p(py) 649,
»(NO3) 1384. IR (Csl/nujol, cm™1): »(M—N) 423, »¥(M—0) 326,
y(M—Npy) 235. The main signals in 'H NMR (DMSO-ds) [6(ppm),
(Hz)): 8.41 (d, 1H, H6), 5.14; 8.36 (t, 1H, H5), 7.89; 8.01—7.99 (m, 1H,
H3); 7.85(m, 1H, H4). The main signals in '*C NMR (DMSO-dg):
6 (ppm) = 174.2 (C8), 151.2 (C2), 146.9 (C6), 145.2 (C7), 143.9 (C4),
130.8 (C5), 126.8 (C3). Yield 42%.

4.1.2.5. Bis(2-benzoylpyridine-para-chloro-phenylhydrazonato)

gallium(1ll) nitrate dihydrate [Ga(2BzpCIPh),]NOs-2H,0 (5). Yellow
solid. Anal. Calc. for C3gH30CloGaN;07 (FW = 83732 g mol™): C,
54.51%; H, 3.61%; N, 11.71%. Found: C, 54.21%; H, 3.59%; N, 11.80%.
Thermogravimetry (30—100 °C range): Calc. weight loss of two
water molecules: 4.30%. Found: 4.08%. Molar conductivity
(1 x 107> mol L~ ! DMF): 83.86 Q! cm? mol ™. IR (KBr, cm™): »(C=
N) 1597, p(py) 650, ¥(NO3) 1385. IR (Csl/nujol, cm~1): »(M—N) 422,
»(M—0) 298, »(M—Npy) 234. The main signals in '"H NMR (DMSO-

ds) [6(ppm), J (Hz)]: 8.39 (d, 1H, H6), 5.05; 8.34 (t, 1H, H5), 7.88;
7.99—7.95 (m, 1H, H3); 7.83(m, 1H, H4). The main signals in '>*C NMR
(DMSO-dg): 6 (ppm) = 173.3 (C8), 151.9 (C2), 147.1 (C6), 145.2 (C7),
144.1 (C4), 130.1 (C5), 127.5 (C3). Yield 52%.

4.1.2.6. Bis(2-benzoylpyridine-para-nitro-phenylhydrazonato)
gallium(Ill) nitrate monohydrate [Ga(2BzpNO,Ph),]NO3-H0
(6). Yellow solid. Anal. Calc. for C3gHygGaNgO19 (FW =
840.41 g mol™ ]) ,54.31%; H, 3.36%; N, 15.00%. Found: C, 55.06%; H,
3.78%; N, 14.93%. Thermogravimetry (30—100 °C range): Calc.
weight loss of one water molecule: 2.14%. Found: 2.08%. Molar
conductivity (1 x 1072 mol L~! DMF): 77.31 Q"' cm? mol . IR (KBr,
cm~1): »(C=N) 1603, p(py) 653, ¥(NO3) 1385. IR (Csl/nujol, cm~1):
»(M=N) 410, »(M—0) 317, ¥(M—Npy) 227. The main signals in 'H
NMR (DMSO-dg) [6(ppm), ] (Hz)]: 8.49 (d, 1H, H6), 5.11; 8.40 (t, 1H,
H5), 7.88; 8.06 (d, 1H, H3), 7.97; 7.90 (m, 1H, H4). The main signals
in C NMR (DMSO-dg): 6 (ppm) = 172.9 (C8), 154.0 (C2), 147.8 (C6),
145.4 (C7), 144.6 (C4), 131.4 (C5), 129.2 (C3), 13.87 (C15). Yield 73%.

4.2. Physical measurements

All common chemicals were purchased from Aldrich and used
without further purification. Partial elemental analyses were per-
formed on a Perkin Elmer CHN 2400 analyzer. Thermogravimetric
curves were obtained with a TGA50H thermobalance (Shimadzu) in
the 25—750 °C temperature range, under dynamic nitrogen atmo-
sphere and at a heating rate of 10 °C min~. An YSI model 31
conductivity bridge was employed for molar conductivity
measurements. Infrared spectra were recorded on a Perkin Elmer
FT-IR Spectrum GX spectrometer using KBr plates (4000-400 cm™!)
and nujol mulls between Csl plates (400-200 cm~'). NMR spectra
were obtained with a Bruker DPX-200 Avance (200 MHz) spec-
trometer using DMSO-dg as the solvent and TMS as internal
reference.

4.3. X-ray crystallography

Single crystal X-ray diffraction measurements for H2BzpCIPh,
H2BzpNO,Ph and [Ga(2AcPh),]* were performed on an Enraf-
Nonius Kappa-CCD diffractometer with graphite-monochromated
MoKe. (A = 0.71073 A) radiation. Diffraction data were collected
(¢ and w scans with k-offsets) with COLLECT [34]. Integration and
scaling of the reflections were performed with HKL DENZO-
SCALEPACK [35] suite of programs. The unit cell parameters were
obtained by least-squares refinement based on the angular settings
for all collected reflections using HKL SCALEPACK [35]. Data were
corrected numerically for absorption with PLATON [36]. The
structures were solved by direct and Fourier methods with
SHELXS-97 [37] and the corresponding molecular models refined
by full-matrix least-squares procedure on F* with SHELXL-97 [38].
The hydrogen atoms were included in the molecular models at
stereo-chemical positions and refined with the riding method.
The methyl H-atoms positions of the 2AcPh ligands in the
[Ga(2AcPh);]" complex were optimized by treating them as a rigid
group which was allowed to rotate around the corresponding C—C
bond. A difference Fourier map phased on the [Ga(2AcPh);]*
complex showed that the nitrate counter ion and possible solvent
molecules are severely disordered in the lattice. This disorder could
not be modeled adequately in terms of the expected molecules.
Therefore, we proceeded with the refinement of the ordered Ga(Ill)
complex resorting to a procedure described in [39] and imple-
mented in the program SQUEEZE included in the PLATON [36] suite
of programs.
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4.4. Cells lines and culture conditions

Malignant human cell lines U87 (multiform glioblastoma wild-
type), T98 (multiform glioblastoma P53 mutant) and MRC5
(Human Fetal Lung Fibroblast) cells were obtained from the
American Type Culture Collection (ATCC, USA). Cell lines were
grown as monolayer in Dulbecco’s Modified Eagle’s Medium
(DMEM, Gibco), supplemented with 10% fetal bovine serum (Cul-
tilab) and antibiotics (50 U/mL penicillin/50 pM streptomycin), in
a humidified atmosphere air/CO, (5%/95%) at 37 °C. Cells 80%
confluents were used in all experiments.

4.5. Cytotoxic activity

Cytotoxicity was measured by the 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) assay which
measures the cellular metabolic viability [40]. The cells were
cultured in 96-well plates and, 12 h after incubation, they were
treated with different concentrations of test compounds
(1 x 10712—1 x 10> mol L ). Another group of cells was treated
with the same concentrations of etoposide (positive control), an
antineoplasic drug that inhibits the enzyme topoisomerase IL
Compounds were previously dissolved in DMSO and the final
concentrations were adjusted, through an 8-fold serial dilution, in
DMEM in such manner that final DMSO concentration was lower
than 0.5%.

After 48 h-treatment, the cells were incubated with MTT
(0.5 mg mL™"), and formazan crystals were solubilised in DMSO.
Absorbance was measured in a microplate reader at 570 nm. Tests
using DMSO (0.5% in DMEM) as negative control were carried out in
parallel. ICsq values were calculated as the concentration of
compound that induced 50% of cytotoxicity.

4.6. Morphological analysis of tumor cells

Cells were seeded in 96-well plates and treated with test
compounds. For phase contrast microscopy, representative fields of
cells were photographed using a TS100 (Nikon) microscope.
Morphological changes were analyzed 48 h after the treatment.

DNA alterations were detected by 4/,6-diamidine-2-
phenylindole (DAPI) staining. After the 48 h-treatment with
10~ mol L~! of test compounds, cells were washed with PBS and
fixed with 70% methanol at room temperature for 30 min. Cells
were incubated with 0.4 ug mL~! DAPI (Sigma) for 1 h in the dark
after washing with PBS. DNA alterations such as fragmentation and
chromatin condensation were observed by fluorescence micros-
copy (Nikon 385—410 nm).

4.7. SAR studies

Conformational analysis of hydrazones was performed using the
Merck Molecular Force Field (MMFF) [41] implemented in the
Tinker Molecular Modeling Program [42]. For all compounds the E
and Z isomers were analyzed. The minimum energy structures of
the isomers of the compounds obtained in the conformational
analysis step were further optimized at the Density Functional
Theory level [43], employing the hybrid B3LYP [44,45] exchange-
correlation functional and using the 6-31G(d) all electron basis
set [46,47] for all atoms. In order to have better properties and
energetic results, single point energy calculations at the second
order Mpller-Plesset perturbation theory level [48,49] were then
performed on the optimized B3LYP/6-31G(d) structures, using the
same basis set (MP2/6-31G(d)//B3LYP/6-31G(d)). The charge
distribution on the most stable conformers was computed using
the Natural Bonding Orbital (NBO) formalism [50,51]. All quantum

mechanical calculations were performed using the Gaussian
program [52]. HOMO and LUMO energies, and dipole moments,
were obtained after full optimization and were used as descriptors
for further SAR studies. The three-dimensional structures obtained
from optimization of hydrazones were used as input for the Marvin
software [53] to calculate the superficial molecular areas. Theo-
retical octanol-water partition coefficients (logP) of the hydrazones
were performed using ALOGPS 2.1 software, accessed via the
Virtual Computational Chemistry Laboratory interface [54].
Superficial molecular area and logP were also used as descriptors
for SAR studies.

Supplementary material

CCDC 845604, 845605 and 845606 contain supplementary
crystallographic data for H2BzpCIPh, H2BzpNO,Ph, and complex
[Ga(2AcPh);]". These data can be obtained free of charge via http://
www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ,
UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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Complexes [Cu(2AcPh)Cl]-2H,0 (1), [Cu(2AcpCIPh)Cl]-2H,0 (2), [Cu(2AcpNO,Ph)CI] (3), [Cu(2BzPh)Cl] (4).
[Cu(2BzpCIPh)CI] (5) and [Cu(2BzpNO,Ph)Cl] (6) were obtained with 2-acetylpyridine-phenylhydrazone
(H2AcPh), 2-acetylpyridine-para-chloro-phenylhydrazone (H2AcpCIPh), 2-acetylpyridine-para-nitro-phen-
ylhydrazone (H2AcpNO,Ph), 2-benzoylpyridine-phenylhydrazone (H2BzPh), 2-benzoylpyridine-para-
chloro-phenylhydrazone (H2BzpCIPh) and 2-benzoylpyridine-para-nitro-phenylhydrazone (H2BzpNO,Ph).
The hydrazones showed poor antibacterial effect against Staphylococcus aureus, Enterococcus faecalis and
Pseudomonas aeruginosa but demonstrated significant antifungal activity against Candida albicans. Upon coor-
dination to copper(ll) the antibacterial and antifungal activities appreciably increased. H2AcpCIPh,

H2BzpCIPh and their copper(Il) complexes (2) and (5), respectively, were as active as fluconazole against

C. albicans.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Hydrazones have attracted considerable attention due to their
interesting chemical and structural properties. Their optical, ther-
mal and photoelectrical properties have been reported in the litera-
ture [1]. They are employed in the polymer industry as plasticising
agents, antioxidants and polymerisation initiators [2]. Hydrazone
derivatives are reported to possess antimicrobial [3-5], anti-
tubercular [6-8], anticonvulsant [9,10], anti-inflammatory [11,12],
antiviral [13,14], and anti-proliferative [15,16] activities. In
addition, some aroylhydrazones have shown cytotoxic activity and
their binding to cellular Fe results in oxidative damage to vital
bio-molecules [17]. Metal complexes of hydrazones also exhibit
a wide range of pharmacological applications as antimicrobial
[18-20], cytotoxic [21,22], and as DNA-binding agents [21,23].

In some cases, coordination to metal ions results in improvement
of the pharmacological activity of organic compounds. In fact, as we
previously reported, the antimicrobial activity of thiosemicarbazones
significantly enhances upon coordination to copper(ll) [24,25]. In a
previous work we also demonstrated that upon complexation to
n-butyltin and phenyltin the antibacterial and antifungal properties
of 2-acetylpyridine-derived hydrazones substantially increase [26].

* Corresponding author. Tel.: +55 31 3409 5771; fax: +55 31 3409 5700.
E-mail address: hberaldo@ufmg.br (H. Beraldo).

0277-5387/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.poly.2012.03.017

In addition, we also demonstrated that zinc(Il) complexes with
salicylaldehyde-derived hydrazones [27] proved to present a wider
pharmacological profile as anti-inflammatory agents than their
hydrazone ligands [28].

Here we report studies on the coordination of 2-acetylpyridine-
phenylhydrazone (H2AcPh), 2-acetylpyridine-para-chloro-phen-
ylhydrazone (H2AcpCIPh), 2-acetylpyridine-para-nitro-phenylhydraz-
one (H2AcpNO,Ph), 2-benzoylpyridine-phenylhydrazone (H2BzPh),
2-benzoylpyridine-para-chloro-phenylhydrazone (H2BzpCIPh) and
2-benzoylpyridine-para-nitro-phenylhydrazone (H2BzpNO,Ph) (see
Fig. 1) to copper(Il) as a strategy aimed to increase the hydrazones’ anti-
microbial activity. All compounds were tested against fungi Candida
albicans, Gram-positive bacteria Staphylococcus aureus and Enterococ-
cus faecalis, and Gram-negative bacteria Pseudomonas aeruginosa.

2. Materials and methods
2.1. Apparatus

All common chemicals were purchased from Aldrich and used
without further purification. Partial elemental analyses were per-
formed on a Perkin Elmer CHN 2400 analyzer. Thermo-gravimetric
curves were obtained with a TGA50H thermo-balance (Shimadzu)
in the 25-750°C temperature range, under dynamic nitrogen
atmosphere and at a heating rate of 10 °Cmin~'. An YSI model 31
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Fig. 1. Structural representation for 2-acetylpyridine- and 2-benzoylpyridine-
derived hydrazones.

conductivity bridge was employed for molar conductivity measure-
ments. Infrared spectra were recorded on a Perkin Elmer FT-IR Spec-
trum GX spectrometer using KBr plates (4000-400 cm~!) and Nujol
mulls between Csl plates (400-200 cm™!). The molecular structure
of a copper complex derived from complex (3), [Cu(2Acp-
NO,Ph)CI(DMSO0)] (3a) (see Section 2.3), was investigated using sin-
gle-crystal X-ray diffraction methods. The measurements were
performed on an Enraf-Nonius Kappa-CCD diffractometer with
graphite-monochromated Mo Ko (2 = 0.71073 A) radiation. Diffrac-
tion data were obtained (¢ and ® scans with k-offsets) with
COLLECT [29]. Integration and scaling of the reflections were per-
formed with HkL DENZO-scaLEPACK suite of programs [30]. The unit cell
parameters were obtained by least-squares refinement based on
the angular settings for all collected reflections using HKL SCALEPACK
[30]. The data were corrected numerically for absorption with pLaTON
[31]. The structure was solved by direct methods with sHELxs-97 [32]
and the molecular model refined by full-matrix least-squares proce-
dure on F? with suELx1-97 [33].

Electron paramagnetic resonance (EPR) spectra were obtained
on a Bruker ESP300E equipment with a frequency modulation of
100 kHz and a magnetic field modulation of 0.4-1mT. Room
temperature spectra of the samples in the solid state and as DMSO
solutions (1 mmolL~') were obtained in glass capillaries of 1.2 mm
internal diameter. Frozen DMSO solution spectra were acquired at
liquid N, temperature (77 K) in 3 mm internal diameter Teflon®
tubes.

2.2. Syntheses of 2-acetylpyridine-phenylhydrazone (H2AcPh), 2-acetyl
pyridine-para-chloro-phenylhydrazone (H2AcpCIPh), 2-acetylpyridin-
e-para-nitro-phenylhydrazone (H2AcpNO,Ph), 2-benzoylpyridine-phe
nylhydrazone (H2BzPh), 2-benzoylpyridine-para-chloro-phenylhydra
zone (H2BzpCIPh) and 2-benzoylpyridine-para-nitro-phenylhydrazone
(H2BzpNO,Ph)

The syntheses of all hydrazones were performed as reported
previously [26,34].

2.3. Syntheses of the copper(1l) complexes with H2AcPh, H2AcpCIPh,
H2AcpNO,Ph, H2BzPh, H2BzpCIPh and H2BzpNO,Ph

The copper(Il) complexes were obtained by refluxing an ethanol
solution of the desired ligand with copper chloride in 1:1 ligand-
to-metal molar ratio. The solids were washed with ethanol
followed by diethylether and then dried in vacuo.

2.3.1. [Cu(2AcPh)Cl]-2H50 (1) [chloro(2-acetylpyridinephenyl
hydrazonato) copper(ll)] dihydrate

Green solid. Yield: 90%. Anal. Calc. (C;4H;6CICuN303): C,45.04; H,
4.32; N, 11.26. Found: C, 44.99; H, 4.29; N, 11.24%. Thermogravime-
try (30-750 °C range): Calc. for weight loss of two water molecules:
9.64%. Found: 9.83%. Selected IR bands (cm~!'): ¥(CN) 1600 m;
v(C=C)+v(CN) 1586 m; 1566 m; v(NC) 1493 s; p(py) 647 m;

Y(Cu-N,z0m) 415 m; v(Cu-0) 332 's. Molar conductivity (1 x 103
molL~!, dimethylformamide, DMF): 37.50 Q' cm?mol .

2.3.2. [Cu(2AcpCIPh)Cl]-2H50 (2) [chloro(2-acetylpyridine-para-
chloro-phenylhydrazonato) copper(ll)] dihydrate

Green solid. Yield: 90%. Anal. Calc. (C;4H;5Cl,CuN305): C, 41.24;
H, 3.71; N, 10.31. Found: C, 41.50; H, 3.66; N, 10.26%. Thermo-
gravimetry (30-750 °C range): Calc. for weight loss of two water
molecules: 8.82%. Found: 8.94%. Selected IR bands (cm™'): v(CN)
1602 m; v(C=C)+v(CN); 1562 m; 1534 m; v(NC) 1485s; p(py)
644 m; v(Cu-Nuom) 416 m; v(Cu-0) 333 s. Molar conductivity
(1 x 102 mol L}, dimethylformamide, DMF): 36.66 Q! cm?mol .

2.3.3. [Cu(2AcpNO>Ph)Cl] (3) [chloro(2-acetylpyridine-para-nitro-
phenylhydrazonato) copper(Il)]

Green solid. Yield: 87%. Anal. Calc. (C,4H;1CICuN403): C, 43.99;
H, 2.90; N, 14.66. Found: C, 43.55; H, 2.84; N, 14.3%. Selected IR
bands (cm™!): ¥(CN) 1600 m; v(C=C)+ v(CN); 1568 m; 1527 m;
V(NC) 1495 m; p(py) 649 m; v(Cu-Na,om) 417 m; v(Cu-0) 326s.
Molar conductivity (1 x 10~ molL"!, dimethylformamide, DMF):
5.28 @ 'cm?mol .

Upon re-crystallization of complex (3) in 1:9 DMSO:acetone
[Cu(2AcpNO,Ph)CI(DMSO)] (3a) was formed.

2.3.4. [Cu(2BzPh)Cl] (4) [chloro(2-
benzoylpyridinephenylhydrazonato) copper(Il)]

Green solid. Yield: 86%. Anal. Calc. (C;9H14CICuN50): C,57.15; H,
3.53; N, 10.52. Found: C, 57.22; H, 3.41; N, 10.4%. Selected IR bands
(cm™1): ¥(CN) 1596 m; v(C=C)+ v(CN) 1596 m; 1552 m; 1487 m;
V(NC) 1494 s; p(py) 645 m; v(Cu-Nazom) 421 m; v(Cu-0) 304 s.
Molar conductivity (1 x 10~ molL~!, dimethylformamide, DMEF):
21.56 Q~'cm?mol .

2.3.5. [Cu(2BzpCIPh)Cl] (5) [chloro(2-benzoylpyridine-para-chloro-
phenylhydrazonato) copper(Il)]

Green solid. Yield: 86%. Anal. Calc. (C;9H;3Cl,CuN50): C, 52.61;
H, 3.02; N, 9.69. Found: C, 52.75; H, 2.99; N, 9.85%. Selected IR bands
(cm™1): ¥(CN) 1594 m; v(C=C) + v(CN) 1594 m; 1576 m; 1556 m;
V(NC) 1495 s; p(py) 645 m; v(Cu-N,,0m) 424 m; v(Cu-0) 314 s. Mo-
lar conductivity (1 x 107> molL~!, dimethylformamide, DMF):
37.40 Q@ 'cm?mol .

2.3.6. [Cu(2BzpNO,Ph)Cl] (6) [chloro(2-benzoylpyridine-para-nitro-
phenylhydrazonato) copper(Il)]

Green solid. Yield: 74%. Anal. Calc. (C;9H;3CICuN,403): C,51.36; H,
2.95;N,12.61.Found: C,51.21; H, 2.94; N, 12.15%. Selected IR bands
(ecm™1): ¥(CN) 1595 m; v(C=C) + v(CN) 1596 m; 1556 m; 1526 m;
V(NC) 1497 s; p(py) 647 m; v(Cu-N,,0m) 424 m; v(Cu-0) 307 s. Mo-
lar conductivity (1 x 10~>molL™!, dimethylformamide, DMEF):
20.68 Q@ 'cm?mol .

2.4. In vitro antimicrobial activity

Antimicrobial activity was evaluated by minimum inhibitory
concentration (MIC) using the macro-dilution test [35]. S. aureus
ATCC6538 and P. aeruginosa ATCC9027 were stored in Mueller Hin-
ton Broth and E. faecalis ATCC19433 in Brain Heart Infusion. They
were sub-cultured for testing in the same medium and grown at
37 °C. Then the bacterial cells were suspended, according to Clini-
cal and Laboratory Standards Institute (CLSI) guidelines [36], to
produce a suspension of about 10° CFU (colony forming units)
mL~'. C. albicans ATCC10231 stored in Sabouraud Broth was sub-
cultured for testing in the same medium and grown at 37 °C. Then
the yeast cells were suspended according to the McFarland proto-
col [36] in saline solution to produce a suspension of about
10° cells mL~™.
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For both the antibacterial and antifungal activity evaluations se-
rial dilutions of the compounds, previously dissolved in DMSO,
were prepared in test tubes. A 24-h old inoculum (100 pL) was
added to each tube. The MIC, defined as the lowest concentration
of the test compound which inhibits the visible growth after
20 h, was determined after incubation at 37 °C. Tests using tetracy-
cline (in the case of S. aureus), ciprofloxacin (in the case of E. faecal-
is) or fluconazole (in the case of C. albicans) as reference and DMSO
as negative control were carried out in parallel. The final DMSO
concentration never exceeded 1%. In all cases no inhibition was
observed with 5% v/v DMSO. All tests were performed in triplicates
with full agreement among the results.

3. Results and discussion

Microanalyses suggest the formation of [Cu(L)Cl]-nH,0 (n =0 or
2) complexes, in which the hydrazones coordinate as anionic
ligands. The molar conductivity data reveal that the complexes
are non-electrolytes, in accordance with the proposed formula-
tions. Crystallization water molecules in complexes (1) and (2)
were confirmed by thermo-gravimetric analyses.

3.1. Structural characterization of [Cu(2AcpNO,Ph)CI(DMSO)] (3a)

Crystal data and refinement results are summarized in Table 1.
An ORTEP [37] drawing of 3a is shown in Fig. 2 and bond distances
and angles around the metal are in Table 2.

The copper(Il) ion is in a fivefold distorted pyramidal environ-
ment, coordinated at the pyramid base to an anionic hydrazone
molecule acting as a tridentate ligand through the pyridine and
imine nitrogens [d(Cu-N1)=2.049(2)A, d(Cu-N2)=1.936(2)A]
and the carbonyl oxygen [d(Cu-01) = 1.994(1) A], and to a chloride
ion [d(Cu-Cl) = 2.2364(6) A]. The pyramid apex is occupied by the
oxygen atom of a DMSO molecule [d(Cu-0)=2.267(2) A]. On the

Table 1
Crystal data and structure refinement results for [Cu(2AcpNO,Ph)CI(DMSO)] (3a).

[Cu(2AcpNO,Ph)CI(DMSO)] (3a)
C16H17CICUN;04S

Compound

Empirical formula

Formula weight 460.39
Temperature (K) 296(2)
Wavelength (A) 0.71073
Crystal system monoclinic
Space group P24/c

Unit cell dimensions

a(A) 12.8481(4)
b (A) 7.8598(2)
c(A) 19.0296(5)
B (°) 107.587(2)
Volume (A3%) 1831.85(9)
Z, Dcaic (mg/m?) 4, 1.669
Absorption coefficient (mm™!) 1.483
F(000) 940

0.046 x 0.126 x 0.271

prism/green

2.82-25.74
-15<h<15-9<k<9,-23<1<23
18528/3478 (0.05)

Crystal size (mm?)

Crystal shape/color

Theta range for data collection (°)
Index ranges

Reflections collected/unique (Riy)

Observed reflections [I > 2a(I)] 2981
Completeness to 0 = 26.00° (%) 99.0
Refinement method Full-matrix least-squares on F?

[62(F,2) + (0.0469P)? + 0.56P] !
P = [Max(F,2,0)+2F2]/3,
P = [Max(F,2,0)+2F2]/3
Data/restraints/parameters 3478/0/247
Goodness-of-fit on F? 1.037
Final R indices® [I > 2a(I)] R;=0.0292, wR, = 0.0754
R indices (all data) R, =0.0364, wR, = 0.0800
Largest difference in peak and hole 0.232 and —0.677

(eA™?)

Weights, w

* Ru = Z|IFo| = IFI/ZIFol, WRy = [EW(IFol® — IFel [ Ew(IFoI*Y]'2.

Fig. 2. Drawing of [Cu(2AcpNO,Ph)CI(DMSO0)] (3a) showing the labeling of the non-
H atoms and their displacement ellipsoids at the 50% probability level. Copper—
ligand bonds are indicated by full lines.

Table 2
Selected bond distances (A) and angles (°) in the molecular structures of
[Cu(2FopNO,Ph)CI(DMSO)] and [Cu(2AcpNO,Ph)CI(DMSO)] (3a).

Compound  [Cu(2FopNO,Ph)CI(DMSO0)] [39]  [Cu(2AcpNO,Ph)CI(DMSO)]
Bond lengths

N1-C2 1.363(3) 1.356(3)
c2-C7 1.459(4) 1.474(3)
N2-C7 1.284(3) 1290(3)
N2-N3 1.363(3) 1.365(2)
N3-C8 1.331(3) 1.327(3)
01-C8 1.285(3) 1.284(2)
Cu-N1 2.043(2) 2.049(2)
Cu-N2 1.942(2) 1.936(2)
Cu-01 1.988(2) 1.994(1)
Cu-Cl 2.2354(7) 2.2364(6)
Cu-0 2.242(2) 2.267(2)
Bond angles

N1-C2-C7 114.2(2) 115.00(17)
C2-C7-N2 114.8(2) 112.55(18)
C7-N2-N3  122.9(2) 122.01(17)
N2-N3-C8  107.3(2) 107.91(16)
N3-C8-01 125.1(2) 125.45(18)
C6-N1-M 129.2(2) 127.86(16)
C2-N1-M 112.3(2) 112.19(13)
C7-N2-M 118.6(2) 120.32(14)
N3-N2-M 118.5(2) 117.66(12)
C8-01-M 110.6(2) 109.70(13)
N1-Cu-N2  79.86(9) 79.24(7)
N2-Cu-O1  78.52(8) 79.15(6)
N1-Cu-01 158.06(8) 156.81(6)
N2-Cu-Cl 162.64(7) 168.92(5)
01-Cu-Cl 100.63(5) 100.21(4)
N1-Cu-Cl 98.88(6) 99.38(5)
N1-Cu-O 93.78(8) 88.56(6)
N2-Cu-O0 95.06(8) 93.12(6)
01-Cu-0 91.80(7) 100.91(6)
0-Cu-Cl 102.29(5) 97.84(4)

pyramid base, trans O1-Cu-N1 and N2-Cu-Cl bond angles are
156.81(6) and 168.92(5)°, respectively, and cis L-Cu-L angles are
in the 79.15(6)-100.21(4)° range. The tau parameter, 7= (B — o)/
60 (p is the N2-Cu-Cl angle and « is the O1-Cu-N1 angle), which
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defines the degree of trigonality, was determined as 0.2018, in
accordance with distorted square pyramidal structure [38].

The hydrazone anion is nearly planar [rms deviation of atoms
from the least-squares plane of 0.060 A] with the chlorine and
metal ion laying close onto this plane [at 0.020(2) and 0.233(1) A,
respectively].

As expected, the molecular structure is very similar to the closely
related [chloro(dimethylsulfoxide)(2-formylpyridine-para-nitro-
phenylhydrazonato) copper(Il)] [Cu(2FopNO,Ph)CI(DMSO)], which
only differs in that a H-atom rather than a methyl group is attached
to the carbon C7 [39]. In fact, the best least-square superposition
of the common skeletal structure of [Cu(2AcpNO,Ph)CI] and
[Cu(2FopNO,Ph)CI] [39] fragments, performed with the Kabsh’s
procedure [40], leads to a rms deviation between homologous
non-H atoms of 0.142 A. Small deviations are also observed when
comparing the more weakly bonded DMSO apical ligand. In fact,
the Cu-0 bond distance is 0.025(2) A larger in the present complex
as compared with that containing the formyl derivative [39] and
L-Cu-0 bond angles differ in up to 9.11(8)°.

(a)

M

Powder,
room temp.

(2

3

A.A. Recio Despaigne et al./Polyhedron 38 (2012) 285-290

C8-01 and C8-N3 distances of 1.284(2) and 1.327(3) A are con-
sistent with the formal partial double bond character expected
upon deprotonation at N3 to form the anionic ligand.

3.2. Infrared spectra

The v(C=C)+ v(C=N) composed mode observed at 1580-
1585cm~' in the spectra of the hydrazones shifts to 1487-
1604 cm™! in the spectra of the complexes, indicating coordination
of the azomethine nitrogen N2 [39,41]. The v(C=0) absorption at
1660-1680 cm™! in the spectra of the uncomplexed hydrazones
disappears in those of the complexes, in agreement with coordina-
tion of an enolate oxygen. The pyridine in-plane deformation mode
at 610-620 cm™! in the spectra of the free hydrazones shifts to
644-649 cm~! in those of the complexes, suggesting coordination
of the heteroaromatic nitrogen [39,41]. New absorptions at 415-
424 cm~! and 286-305cm~! were attributed to v(Cu-N) and
v(Cu-Npy) [42], respectively, and bands in the 305-333 cm™!
range were assigned to v(Cu-0). Therefore, the infrared data for
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Fig. 3. EPR spectra of the Cu(Il) complexes (1-6) in the solid state at room temperature.
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Fig. 4. EPR spectra of DMSO solutions of the Cu(Il) complexes (1-6) (~1 mM) at 77 K. Insets: (a) room temperature spectrum of 2 in DMSO, (b) second derivative spectrum of

4 at the perpendicular region.
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Table 3

Minimum inhibitory concentrations (MIC) of the hydrazones and their copper(Il) complexes.
Compound MIC (pmol L)

S. aureus E. faecalis P. aeuroginosa C. albicans

H2AcPh 428 >819 422 179
[Cu(2AcPh)Cl]-2H,0 (1) 49 131 >535 229
H2AcpCIPh 197 >738 383 86
[Cu(2AcpCIPh)CI]-2H,0 (2) 10 122 >505 52
H2AcpNO,Ph 353 >696 337 111
[Cu(2AcpNO,Ph)C] (3) >673 >523 >554 220
H2BzPh 177 >657 >670 105
[Cu(2BzPh)Cl] (4) 20 62 >510 107
H2BzpCIPh >619 >601 >613 69
[Cu(2BzpCIPh)Cl] (5) 114.1 237 232 47
H2BzpNO,Ph >600.5 >577 >577 >750
[Cu(2BzpNO,Ph)Cl] (6) 140.6 112 >441 306
CuCly-2H,0 >656 >2322 >1255 >1671
Tetracycline hydrochloride 0.36 - 15 -
Fluconazole - - - 79
Ciprofloxacin - 0.25 - -

the complexes indicate coordination of the hydrazones through the
Npy-N-0 chelating system and also the presence of a chloride ion
at the fourth coordination site.

3.3. EPR spectra

The EPR spectra of 1-6 in the solid state at room temperature
are presented in Fig. 3. They are all very similar, and are character-
istic of mononuclear Cu(ll) complexes with axial symmetry. The
values of g, and g,, 2.24 and 2.08, respectively, are in the range
for this kind of complexes [43]. The values are consistent with a
dxa_y» ground state. The spectra lack the 4-line hyperfine splitting
due to the interaction with Cu(Il) nuclear magnetic moment (I = 3/
2), as it is frequently the case for concentrated solid samples where
exchange interactions are present [44,45]. Given that these are
magnetically non-diluted systems, the lines are markedly broad-
ened due to magnetic dipole-dipole interactions.

The EPR spectra of DMSO solutions of the complexes were re-
corded at 77 K (Fig. 4). The spectrum of 1 (Fig. 4a) is a superposi-
tion of an axially symmetric component that shows three of the
4-line hyperfine splitting, with parameters g =2.25, g, =2.08,
Aj=17.0 mT, and a very broad component; those of 2 and 3 display
only the broad component, where the parallel region is barely no-
ticed. The spectra of 4, 5 and 6 (Fig. 3b), however, do not present
the broad component, and show the hyperfine splitting features
at the parallel region. These results show that the complexes with
2-acetylpyridine derivatives aggregate in DMSO, while those with
2-benzoylpyridine derivatives do not, probably because of the
bulkier substituents. Complex (4) presents a single component
spectrum with g = 2.265, g, = 2.064, and A = 16.3 mT. Complexes
(5) and (6) display, besides the spectrum of complex (4), a second
minor component with g, =2.194 and A = 15.6 mT, indicating two
Cu(II) microenvironments.

Although Cu(Il) interacts with at least two nonequivalent N
atoms in complexes 1-6 (N; and N, in Fig. 2), the spectra of 1-3
do not exhibit resolved nitrogen super-hyperfine structure
(Fig. 4a). Nitrogen super-hyperfine structure is noticed in the
perpendicular region on the spectra of (4-6) (Fig. 4b). The inset
presents the 2nd derivative spectrum of 4 at this region, which
reveals the super-hyperfine splitting constant Ay =1.65 mT, but
the number of super-hyperfine lines is unclear mainly because of
the unresolved hyperfine splitting at the perpendicular region.

DMSO solutions of the complexes at room temperature show
identical broad EPR spectra (inset of Fig. 4a), indicating absence
of motional narrowing.

3.4. Antimicrobial activity

The minimum inhibitory concentrations (MICs) of the hydra-
zones and their copper(ll) complexes against S. aureus, E. Faecalis,
P. aureginosa and C. albicans and are reported in Table 3.

The hydrazones showed poor activity against Gram-positive and
Gram-negative bacteria with values of MIC higher than those of the
control drugs. The compounds were inactive against E. faecalis. Nev-
ertheless, they showed significant activity against C. albicans. In fact,
the determined MIC values of H2AcpCIPh (86 umolL™') and
H2BzpCIPh (69 pumolL™!), were comparable to that of the control
drug fluconazole (MIC =79 pmolL™"). Hence the presence of a
para-chloro substituent in the phenyl ring seems to contribute to
an increase of antifungal activity in these compounds.

In general, the antimicrobial activities of the compounds
improved after coordination to copper(II). The best results were ob-
tained for complexes (1) (MIC = 49 pmolL™1),(2)(MIC = 10 pmolL™1)
and (4) (MIC =20 umolL™!) against S. aureus, and (4) (MIC = 62
umol L) against E. faecalis, respectively. Unfortunately, these MIC
values are higher than those of the control drugs tetracycline
(MIC =0.36 pmolL~! against S. aureus) and ciprofloxacin (MIC =
0.25 pmol L~! against E. faecalis), respectively.

Complexes (2) (MIC =52 umolL™') and (5) (MIC =47 pmolL™1)
were more active than their respective hydrazones (MIC = 86 and
69 pmolL~!, respectively) against C. albicans. The MIC values of
the hydrazones are similar to that of the control drug fluconazole
(MIC = 79 umol L"), while those of (2) and (5) are lower than that
of fluconazole, hence suggesting that the complexes could be inter-
esting as new antifungal drug candidates.

4. Conclusions

The studied 2-acetylpyridine- and 2-benzoylpyridine-derived
hydrazones showed poor antimicrobial effect against Gram-positive
S. aureus and E. faecalis and Gram-negative P. aeruginosa bacteria, but
exhibited significant antifungal activity against C. albicans. In gen-
eral, upon coordination to copper(Il) the antibacterial effect against
S. aureus and E. faecalis appreciably increased, although the MIC val-
ues for the complexes were higher than those determined for the
control drugs tetracycline and ciprofloxacin. Coordination to cop-
per(Il) resulted in complexes with increased antifungal activity
against C. albicans than fluconazole used as control.

As already mentioned, we demonstrated that upon coordination
to copper(Il) the antimicrobial activity of 2-acetylpyridine- and 2-
benzoylpyridine-derived thiosemicarbazones increases [24,25].
The enhancement of the antimicrobial activities of hydrazone
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analogs on complexation with copper(Il) suggests that coordina-
tion of hydrazones to copper(Il) could also represent an interesting
strategy for antimicrobial dose reduction.

The increased use of antibacterial and antifungal agents in re-
cent years has resulted in the development of resistance to these
drugs. The important clinical implication of resistance has led to
renewed interest in the development of novel antibacterial and
antifungal agents [46]. Hence the studied compounds could consti-
tute alternatives as drug candidates for the treatment of microbial
diseases.
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charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or
from the Cambridge Crystallographic Data Centre, 12 Union Road,
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