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de réduction sont présentées dans la Figure 1.  

sées et leurs potentiels . Quelques structures moléculaires couramment utilisystèmes

 de réduction et oxydation de ces extensibles sont bien corrélées avec les potentiels

) des molécules avec conjugaisons Lowest Unoccupied Molecular Orbitalet LUMO (

) Highest Occupied Molecular Orbitalgouvernés par les énergies des orbitales HOMO (

), lesquels sont IP – ionization potential) et le potentiel d’ionisation (EA – electron affinity

û au fait que l’affinité électronique synthèse des systèmes photoluminescents. Cela est d

 peuvent être utilisés pour la pour la sélection de quelques noyaux organiques qui

duction fournit une première idée  L’analyse de la relation structure/potentiel de ré

optoélectronique. 

 l’application en solide, ces caractéristiques sont essentielles pour

tant qu’à l’état élevés et haut rendement quantiques) en solution au

lacement de Stokes 3- des propriétés photophysiques intéressantes (dép

elle retourne à son état normal. 

ans altération quand réversibles) afin d’oxyder et de réduire l’espèce s

les et quasi-charge (processus de transfert d’électrons réversib

cessus de transfert de 2- une bonne stabilité électrochimique lors des pro

oélectroniques. variations de températures dans les dispositifs opt

a possibilité de décomposer même à des températures élevées) due à l

e doit pas se 1- une stabilité thermique appropriée (le composé n

principalement trois: 

 Nous pouvons distinguer pour l’application en technologie optoélectronique.

i peuvent présenter un potentiel synthèse de nouveaux molécules photoluminescents qu

d’un noyau organique pour la  Divers facteurs influent directement sur le choix 
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es à l’EA peuvent être modulées.  différent de EA. De cette façon, les propriétés lié

écessairement dans une valeur hydrocarbonés, oxygénés ou soufrés, ceci implique n

port a leurs analogues organiques déplacées vers des valeurs plus cathodiques par rap

potentiels de réduction présentent couramment dans les voltammogrammes des 

es azotes hybridés sp Les composés hétérocycliques contenant seulement d 2 
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présentent la valeur la plus élevée (- 1,19 V).   

s molécules représentées qui une structure phenazine (V) sont ceux parmi tous le

 bas (-2,62 V), alors que ceux qui ont sont ceux qui ont le potentiel de réduction le plus

oyau pyridine (Figure 1 - I)  Parmi les hétérocycles présentés, les composés à n

.  optoélectronique

étérocycles employés en technologie Structures et potentiels de réduction de quelques hFigure 1. 

(IV) -2,08 V
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. 12utilisés comme agents anti-HIV

de la BTD peuvent être , etc. Récemment il a été démontré que les dérivés 11organiques

, matériels fluorescents et conducteurs 10, régulateur des gènes, antibactérienherbicide

, tentielle comme fongicidedernière décennie, en raison de leur application po

 années, particulièrement pendant la fait l’objet d’énormément d’attention ces dernières

zole (BTD – Figure 2) ont  Les composés contenant le noyau 2,1,3-benzothiadia

l’utilisation en optoélectronique.  

tronique, propriétés nécessaires pour réduction relativement haut et leur l’affinité élec

nts en raison de leur potentiel de benzothiadiazoles sont une des classes plus importa

. Parmi ces molécules, les 2,1,3- et quelques polymèresbenzimidazoles

, les  ont été explorés, comme les quinoxalines « building blocks »molécules organique

). Seules quelques types de organic light emmiting diodes – OLEDélectroluminescentes (

our la technologie des diodes considérable dû à leur potentiel comme composants p

 ont reçu une attention ons  Les molécules fortement délocalisées par conjugais

Les 2,1,3-benzothiadiazoles 

π3

2 4

5 6

7

8 9

 

N

S

N

R1

R2

R3

R4

tes:  généralement  plusieurs caractéristiques intéressan

. Les dérivés des BTD normalement présentent 13chimie des composés luminescents

i les plus important dans la  Les systèmes 2,1,3-thiadiazole figurent aussi parm

Le noyau 2,1,3-Benzothiadiazole.  Figure 2. 

2,1,3-Benzothiadiazole (BTD)

1

2

34
5

6
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synthèse de chromophores fortement colorés.  

nte un outil puissant pour la cela, la configuration quinoïde des anneaux représe

eurs d’onde d’absorption. Pour pour conséquence un déplacement important des longu

délocalisation de la conjugaison a conjuguée, cette conformation électronique avec la 

ique avec des liaisons doubles quinoïde peut être imaginé comme une structure cycl

-quinoïde. Un para-quinoïde autant que le ortorencontré dans plusieurs colorants, l’

uinoïde (Figure 3) peut être caractéristiques uniques à ces composés. L’anneau q

 qui fournissent des 18noïde Les molécules BTD présentent une configuration qui

.  17matériaux conducteurs

ceptrices pour des d) ils peuvent être utilisés comme unités électroac

. 16hétéroatomes ou des interactions du type 

 que le contact des menant à des interactions intermoléculaires, telles

 leur haute polarité structures cristallines bien ordonnées en raison de

D conduisent à des c) il est attendu que les composés dérivés de la BT

15b) ces sont normalement des fluorophores efficaces

. 14ort d’électronspossibles candidates pour une application au transp

-conjuguées qui sont noyau font partie des  molécules organiques 

posés contenant ce a) cet hétérocycle est électroattracteur et les com

π

 

π-π

 

 

a

de présent une . Dans la majorité des cas, la configuration quinoï19qu’elles sont proches

giquement équivalentes, bien  Les formes aromatique et quinoïde ne sont pas éner

 (b).para (a) et ortoAnneaux quinoïde avec configuration Figure 3. 

b
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duites, à Strasbourg. Nous avons BTD, réalisé au Laboratoire de Synthèses Métallo In

la cyclopalladation des dérivés  Le chapitre 4 présente les résultats obtenus pour 

tte interaction. déterminé les caractéristiques photophysiques de ce

’intercalation avec l’ADN et non symétriques de la BTD. Nous avons étudié leur l

 biochimiques des dérivés  Dans le chapitre 3 nous présentons quelques études

rtant des ligands pyridines.  photophysiques des molécules BTD non symétriques po

les études électrochimiques et  Nous présentons dans le chapitre 2 la synthèse et 

de composés. électrochimiques et photophysiques des deux séries 

ons comparé les propriétés dérivées de la BTD et de la quinoxaline, et nous av

olécules fluorescentes  Dans le chapitre 1 est présentée la synthèse des m

français et les résultats sont inédits. 

 dernier chapitre est présenté en présentés en anglais, comme ils ont été publiés. Le

ois premiers chapitres sont  La thèse est divisée en quatre chapitres où les tr

comparé leurs propriétés.  

 partir des molécules BTD et BTD. Nous avons aussi synthétisé des quinoxalines à

trodonneur des substituents liés à la changeant la caractéristique électroattracteur/élec

ynthétisé différents composés en 2,1,3-benzothiadiazole et ses derivés. Nous avons s

mportant un noyau électroattracteur synthèse et l’étude des propriétés des molécules co

omme objectif principal la  Le travail qui sera exposé dans ce mémoire avait c

Objectifs du Travail 

.   22ne application technologiqueles noyaux utilisés en photoluminescence en vue d’u

s ont aussi un rôle important parmi synthèse des molécules à noyau quinoxaline, lesquel

s comme intermédiaires de  Les dérivés du benzothiadiazole sont aussi utilisé

.  2113de RMN 

ue, comme ont montré des études quinoïde est plus stable que son homologue aromatiq

 et par conséquent, la configuration 20que la configuration aromatique correspondante

) plus petite  (différence d’énergie entre l’orbital HOMO et LUMOband gapénergie du 

C
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ligands. 

ontenant les dérives BTD comme synthétisé et caractérisé neuf complexes palladés c
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. 28dicarbonyl compound (Scheme 1)extrusion and cyclization with the appropriate 1,2-

tive, followed by sulfur -extension of a 2,1,3-benzothiadiazole (BTD) derivathrough the 

d out -extended quinoxaline derivatives is usually carrieThe synthesis of 5,8-

1.2. Quinoxaline Synthesis 

27rting reagentwas observed with 5,8-dibromoquinoxaline as the sta

roduct . Under the same reaction conditions, however, no p27has been reported so far

which proceeded in moderated yield, trimethylsilylacetylene and 5,8-diiodoquinoxaline, 

lation reaction between coupling protocols and only one example of a alkyny

sical Suzuki and Sonogashira cross-nucleus is apparently difficult to achieve via clas

-extension at the 5,8 positions of the quinoxaline  Simple 26of the quinoxaline nucleus.

-conjugation is at the 2,3 positions  especially when the extension of the 25quinoxalines,

 synthesis of . Several different protocols are available for the24diodes (OLEDs)

 multilayer organic light emitting polymers for use as electron-transport materials in

ated in . These derivatives have been successfully incorpor22transporting materials

 and they may also act as electron-23itydisplay high electron affinity, good thermal stabil

nt molecules since usually they extensively used in the chemistry of photoluminesce

 building blocks are also As the BTD nucleus, the quinoxalines (Q) containing

1.1. Introduction 

π

π

. 

π

π
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R R

N
S

N

R' R'

N N

    benzothiadiazole
-extended-2,1,3-4,7-π

RR

-extended-quinoxaline5,8-π

      cross-coupling reaction
classical Suzuki or Sonogashira

R' R'

N N

     1,2-dicarbonyl compound
2- cyclization with appropriated
1- sulfur extrusion

XX

X = leaving group

quinoxaline nucleus

30 in 95% yield (Scheme 2)disubstituted regioisomer 

 acid gives exclusively the 4,7-bromine (added dropwise very slowly) in hydrobromic

Reaction with molecular 29 in 93% yield after steam distillationbenzothiadiazole 

 as solvent, affording 2,1,3-Clchloride in the presence of triethylamine in CH

 with freshly distilled thionyl -phenylenediamine treatment of commercially available 

d BTD compounds involves the  Our strategy for the synthesis of the desired Q an

extended benzothiadiazoles.

-extended quinoxalines using 4,7-Possible reaction pathways for the synthesis of 5,8Scheme 1. 

 

-π π-
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Br

Br1 2

3

N

S

N

N

S

N

NH

NH2

2

ClCH

Br

93%

2

2 2 HBr

95%

Et

SOCl2

3N

Br

Br

 (Scheme 3) in 76% yield after purification. give the air stable quinoxaline 

glyoxal-sodium bisulfite to -aromatic diamine is then immediately treated with resultant 

the reaction (Scheme 3). The different methodologies, depending on the scale of 

 can be performed using three  The sulfur extrusion reaction of compound 

Synthesis of 4,7-dibromo-2,1,3-benzothiadiazole Scheme 2. 

 

3. 

 

3

o

5

 

N

N

NH

NH

Br

Br
76% 5

2

2

4

H
H

O

O

Br

Br 97%

N

S

N

EtOH

reflux 3h
reflux

3

(1 mol%)(cat).6HCoCl

 (200 mol%)NaBH4

2 2O

 in 97% yield. diamine 

/EtOH producing the desired (cat).6H/CoClachieved using the reductive system NaBH

hiadiazole compounds could easily be reductive sulfur extrusion reaction of 2,1,3-benzot

ited to 1 mmol scale. However, the obtained in moderate yields or the reaction was lim

 was , but 32 from 4,7-dibromo-2,1,3-benzothiadiazole 31reductive sulfur extrusion

or the , we initially attempted some published protocols fquinoxaline intermediate 

, necessary for the synthesis of a desired  In order to prepare the diamine 

dibromoquinoxaline 

 and formation of 5,8-thiadiazole  Reductive sulfur extrusion reaction of 2,1,3-benzoScheme 3.

/ EtOHNaHSO3

 

3

5. 

 

4

5

3 4

4 2 2O
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Cl

Cl

Me Pr)P(Pd

(Scheme 4).  

 in excellent yields -extend 5,8-disubstituted quinoxaline derivatives photoluminescent 

 developed in our laboratory, results in the new 33specific NCP pincer palladacycle

 results in almost no product. However, the use of a3 CO and Naemploying Pd(PPh

 and arylboronic acids en  The classical Suzuki cross-coupling protocol betwe 5

3)4 2

π 6

 

i
22N

O

100°C

/ Ar B(OH) CONa

1,4-dioxane

2 32

Br

Br

N

N

Ar Ar

N N Ar = 4-CN-Ph6d 
 Ar = 4-methoxy-Ph6c
 Ar = 4-F-Ph6b
 Ar = Ph6a

5

Cl

Cl

Me Pr)P(Pd i
22N

O

130°C

/ Ar B(OH) CsF

1,4-dioxane

2

Br Br

N
S

N

Ar Ar

Ar = 4-CN-Ph (92%)7d 
 Ar = 4-methoxy-Ph (94%)7c
 Ar = 4-F-Ph (92%)7b
 Ar = Ph (99%)7a

3

N
S

N

2- cyclization
1- sulfur extrusion

.  6a-d-extended-quinoxaline derivatives the 5,8-

lted in . Thereafter, sulfur extrusion and cyclization resu34described for other BTD series

ry of OLEDs as we have  that can also be of great interest for the chemist7a-dBTDs 

-extended photoluminescent  As an alternative route, we first synthesized the 

.  7a-d and 6a-d-extended compounds Synthesis of photoluminescent Scheme 4. 

 

π

 

π

π



13
 

 

.  35ionelectron oxidation and reduction without decomposit

s should allow it to undergo one-device, since the quasi-reversible oxidation proces

 layer of an organic light emitting candidate for inclusion in an electron-transporting

 is therefore a potential 6ae. Molecule species irreversibly formed on the electrode surfac

lectro-reduction processes involving 0.31V and -0.61 V) are attributed to irreversible e

 three potential peaks (0.10 V, -and indicates a quasi-reversible process. The other

trochemical oxidation peak (1.51 V)  The first of these (0.60 V) is related to the elec

 potential peaks are present.  contrast, during the cathodic potential sweep, four

trooxidation of the compound. In well-defined peak (1.51 V) associated with the elec

 anodic potential sweep, there is a cathodic potential sweeps, respectively. During the

.0 V (Ag/AgCl) for the anodic and large electrochemical window, i.e, from -1.0 V to 2

 presents a 6a mV/s. Compound electrode recorded at a potential sweep rate of 200

 at the platinum 6a  Figure 4 shows the cyclic voltammogram of compound

processes at the beginning of the experiment. 

order to avoid any charge transfer adopted was to start the voltammograms at 0.0 V in 

n of the compounds. The strategy the electrode surface due to the oxidation/reductio

charge transfer process occurring at Potential curves were employed to characterize the 

vs.. Current 34ype of compoundemploying the procedures used previously for this t

estigated were recorded  The cyclic voltammograms (CV) of the compounds inv

1.3. Electrochemical Properties 

ionthe primary amine during the sulfur extrusion react

ly reduced to , the CN group attached to the molecule was partial7dthe case of molecule 

 in only moderate yields (Scheme 4). In 6a-dcyclization reactions afforded compounds 

s gave high yields (Scheme 4), the cyclization. Although the sulfur extrusion reaction

tegy to the sulfur extrusion reaction palladacycle proved to be a superior synthetic stra

 and the NCP pincer  A direct Suzuki coupling reaction using compound 5
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-1,0 -0,5 0,0 0,5 1,0 1,5 2,0

150,0

100,0

50,0

0,0

-50,0

-100,0

-150,0

-200,0

 I
/m

A

 

 

4th

1st2nd

3rd

 µ50

6a
 =1.51 V

ox

E/V(Ag/AgCl)

E

A

electrochemical behaviour, as shown in Figure 5. 

revealed a completely different 7a  The same experiment repeated with compound 

mV/s. 

f 200  (1 mM solution) in MeCN, recorded at a scan rate o6aCyclic voltammogram of compound Figure 4. 

0.1 M TBAPF

 M) in MeCN
-3

(1.0 x 10

 = -0.61 V
red

 = -0.31 V
red

 = 0.10 V
red

= 0.60 V
red 

EE

E

E
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5,00

0,00

-5,00

-10,00

-15,00

-20,00

-25,00

-30,00

-35,00

-40,00

-2,0 -1,8 -1,6 -1,4 -1,2 -1,0 -0,8

 = -1.27 V
ox

 = -1.43 V
red

 I
/m

A

E

E

7a

E / V (Ag/AgCl)

0.1 M TBAPF

 M) in MeCN
-3

(1.0 x 10

5 mA

6

. 6aquinoxaline derivative 

 to adsorb at the electrode surface than the 7asulfur-containing BTD derivative 

 may reflect the greater propensity of the 7a and 6aprocesses, the difference between 

nt role in the charge transfer compounds on the electrode surface plays an importa

. Because adsorption of the 26t al2,1,3-BTD derivatives has been presented by Hirao e

 the electrochemical behaviour of single electron transfer. A plausible mechanism for

e process, apparently involving a potential sweep are indicative of a quasi-reversibl

.43 V (Ag/AgCl) during the cathodic at -1.27 V during the anodic potential sweep and -1

on/reduction potential peaks observed potential range from -1.9 V to -0.80 V. The oxidati

over a somewhat narrower  In this case, the charge transfer processes occur 

mV/s. 

f 200  (1 mM solution) in MeCN, recorded at a scan rate o7aCyclic voltammogram of compound Figure 5. 
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150,0

100,0

50,0

0,0

-50,0

-100,0

-150,0

-1,0 -0,5 0,0 0,5 1,0 1,5 2,0

Figure 6. 

, as shown in 6ahaviour relative to only a small modification of the electrochemical be

 results 6bine atoms in structure  The introduction of two electron-withdrawing fluor

= 0.61 V
red 

= -0.60 V
red 

= -0.34 V
red 

0.1 M TBAPF

 M) in MeCN
-3

(1.0 x 10

 =1.45 V
ox

I/
m

A
 

 

 

E

6

E

E

E

1st
2nd

3rd

 µ50

E/V(Ag/AgCl)

6b

A

ice. transporting layer of an organic light emitting dev

 to the electron-6b the use of observed only in the oxidation process, restricting

e again, quasi-reversible behaviour is irreversible reduction of the adsorbed species. Onc

0 V) are attributed to multi-electron surface. The other potential peaks (- 0.34 V, - 0.6

cies formed on the electrode corresponding reduction process of the oxidized spe

ntial sweep (0.61 V) is the V. The first peak observed during the cathodic pote

rocess was observed at 1.45  During the anodic potential sweep, one oxidation p

mV/s.

f 200  (1 mM solution) in MeCN, recorded at a scan rate o6bCyclic voltammogram of compound Figure 6. 
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50,0

0,0

-50,0

-100,0

-150,0

-200,0

-250,0

-300,0

-1,8 -1,6 -1,4 -1,2 -1,0 -0,8 -0,6 -0,4 -0,2

potential sweep, as shown in Figure 7. 

ential peaks during the cathodic peaks during the anodic potential sweep and two pot

 exhibits two close lying potential 7b The cyclic voltammogram of compound 

E/V(Ag/AgCl)

 I
/m

A

7b

 = -1.21 V
ox

 = -1.31 V
ox

 = -1.44 V
red

0.1 M TBAPF

 M) in MeCN
-3

(1.0 x 10

 = -1.28 V
red

E

6

 

E

E

E

50 mA

for potential applications in OLED devices.  6b quinoxaline 

r than the  has much more presentable electrochemical behaviou7bbenzothiadiazole 

, the 2,1,3-6bon step. Relative to transfer processes, favoring a multiple electronati

alters the charge , it is clear that the introduction of the F atoms 7b to 7aComparing 

quasi-reversible processes. while those at -1.44 V and -1.31 V correspond to a 

 and -1.28 V are reversible,  The charge transfer processes occurring at -1.21 V

mV/s. 

f 200  (1 mM solution) in MeCN, recorded at a scan rate o7bCyclic voltammogram of compound Figure 7. 
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50,0

0,0

-50,0

-100,0

-150,0

-200,0

. 6cvoltammogram of compound 

t cathodic shift of the cyclic on the reduction of the molecule, resulting in a ne

ting groups has a direct influence process. As expected, the presence of electron dona

potential peak involves an irreversible reversible charge transfer process, while the last 

18 V) are associated with a quasi-oxidation/reduction potential peaks (0.50 V and -0.

he electrode surface. The the affinity of this compound for adsorption onto t

 charge transfer or . The MeO groups may affect the energy required for6b or 6aeither 

 occur over a much narrower range than for 6c The charge transfer processes of 

 potential curves presented in Figure 8.  vs.current 

reduction processes, as shown in the leads to remarkable modifications in the oxidation/

6c(MeO) into the structure of  The incorporation of two electron-donating groups  

-1,3 -1,0 -0,8 -0,5 -0,3 0,0 0,3 0,5 0,8 1,0 1,3

0.1 M TBAPF

 M) in MeCN
-3

(1.0 x 10

E/V(Ag/AgCl)

I/
m

A
 

 = -0.66 V
red

 = -0.18 V
red

 = 0.50 V
ox

E

E

E
6

1st

2nd

mV/s. 

f 200  (1 mM solution) in MeCN, recorded at a scan rate o6cCyclic voltammogram of compound Figure 8. 

6c

50 µA
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-15,00

-20,00

-25,00

-30,00

-35,00
-2,0 -1,8 -1,6 -1,4 -1,2 -1,0 -0,8

e 9. modification in the voltammogram, as shown in Figur

a large , the same electron-donating methoxy groups induce 7c In structure 

 = -1.22 V
red

E

 = -1.55 V
red

E

 = -1.45 V
ox

E

7c

E / V (Ag/AgCl)

 I
/m

A

0.1 M TBAPF

 M) in MeCN
-3

(1.0 x 10

6

versible process. is observed at more negative potentials and is a re

, the electron transfer 7csurface. In irreversibly produced new species on the electrode 

and the last charge transfer processes were shifted to more positive potentials 

, these 6cthodic potential sweep. In electron reduction steps are involved during the ca

. However, multi-7b and 7ae to processes to more negative potential values relativ

eO groups induce a shift of both a quasi-reversible charge transfer processes. The M

nd -1.55 V) are associated with  The oxidation/reduction potential peaks (-1.45 V a

mV/s. 

f 200  (1 mM solution) in MeCN, recorded at a scan rate o7cCyclic voltammogram of compound Figure 9. 

5 mA
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2,0

1,5

1,0

0,5

0,0

-0,5

-1,0

Figure 10.  

, as observed in 6a-c relative to cause significant modifications of the voltammogram

 does not 6dN) in compound  The presence of two electron-withdrawing groups (C

 

-1,0 -0,5 0,0 0,5 1,0 1,5 2,0
E/V(Ag/AgCl)

 I
/m

A

 = 1.55 V
ox

0.1 M TBAPF

 M) in MeCN
-3

(1.0 x 10

 = -0.76 V
red

 = -0.32 V
red

 = 0.60 V
red

E

E

E 6

E

 

1st

2nd

3rd

6d

, as shown in Figure 11.  significant modification in the cyclic voltammogram

, where the presence of the CN groups induces a 7dThis is in contrast to 

re irreversible.  other two cathodic processes (0.32 V and -0.76 V) a

to the reduction peak at 0.60 V). The oxidative sweep (potential peak at 1.55 V, related 

sible process is observed in the same comments should be applied here. A quasi-rever

 and the 6b and 6aructures This behaviour is similar to the one observed in st

200 mV/s.

f  (1 mM solution) in MeCN, recorded at a scan rate o6dCyclic voltammogram of compound Figure 10. 

50 µA
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-3
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6
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 = -0.62 V

ox

 = -1.10 V
ox

 = -1.0 1V
red

 = -1.19 V
red

 = -1.37 V
red

E

E

E

E

E

. The four Q derivatives, however, exhibit 34a single-layer electroluminescent device

and electron transport, as required in possibility of using these compounds for both hole 

d reduction. This suggests the reversible or quasi-reversible in both oxidation an

nd almost all processes are  All four BTD have a small electrochemical window a

ves. electrochemical behaviour of the BTD and Q derivati

 reinforces the significant differences in the 7d and 6dcomparison between compounds 

. The 7bed with compound 1.01 V. This effect is comparable with those observ

g the potential peaks -0.62 V and --1.10 V and -1.19 V and a quasi-reversible involvin

 was observed at the potential peaks well defined reversible oxidation/reduction process

. A 7a-c with 7dmpare compound presence of a CN group on the structures when we co

 remarkably changed by the  The electrochemical charge transfer processes were

200 mV/s.

 (1 mM solution) in MeCN, recorded at a scan rate of7d Cyclic voltammogram of compound Figure 11. 

50 mA
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the results are summarized in Table 1. 

ds were also investigated and  The photophysical properties of all of the compoun

1.4. Photophysical Properties 

  35ole-transporting layerof an organic light emitting device, but not as a h

 of acting as an electron-transporting layer This restricts the possibility of their use to that

 a quasi-reversible oxidation process. irreversible multi-electron reduction processes and

.
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R R

. 7a-d and  6a-d UV-vis and Fluorescence Data for CompoundsTable 1.

N
Y

N

BTD (2,1,3 benzothiadiazole)
Y = S

7dR = 4-CN-Ph, 
7cR = 4-methoxy-Ph, 

7bR = 4-F-Ph, 
7aR = Ph, 

Q (quinoxaline)
Y = HC=CH

6dR = 4-CN-Ph, 
6cR = 4-methoxy-Ph, 

6bR = 4-F-Ph, 
6aR = Ph, 

 

Compound 
Molecule

type 
 Log εa 

(nm)

abs
maxλ  

a (nm)

abs
maxλ  

b (nm)

em

maxλ  

b 

Stokes 

(sing)
c (eV)

gap

op

b (nm)

Shift 
E  

Φf
 d 

τf 

 

s)

(trip) 

ΤΤ

(ns)e 

τΤΤ 

(µ
f
 

3.91 311 467 557 90 2.21 0.0516a  18.1 27,00 

4.84 312 428 489 61 2.43 0.0486b  17.4 27,00 

3.11 312 427 473 46 2.52 0.0996c  

4.55 311 419 476 57 2.32 0.0946d 

Q 

12.9 2.30 

 

4.04 402 426 493 67 2.65 0.8007a 

12.3 2.90 

 12.2 5.07 

3.62 372 443 495 52 2.54 0.7107b  

3.52 362 418 526 108 2.40 0.5107c 

14.6 0.30 

 

4.12 356 419 503 84 2.53 0.5807d 

BTD 

12.7 4.87 

 6.2 0.23 

uantum yields, but show large Stokes contrast, all Q derivatives have low fluorescence q

 values in the range of 3.52-4.12). In their large molar extinction coefficients (log 

* transitions by virtue of ned to energy absorption bands (in acetonitrile) are assig

 The lowest  = 0.71), and show Stokes shifts between 67-108 nm. (7b = 0.80) and 

7aantum yields, especially  All BTD compounds have rather good fluorescence qu

sis. triplet lifetime, by nanosecond laser flash photolysingle photon counting. 

 singlet lifetime, by f = 0.55, as standard) , SO1 M Hyield of fluorescence (quinine sulfate (Riedel) in 

 quantum )  energy of the band gap (optical – from solid state solid state  M). 
-5

MeCN solution (1.0x10
a b c d

2 4 Φ
e

f 

 

 

(Φf Φf

π-π

ε
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Figure 13.  

 in the solid state are shown in Figure 12 and 7aand the benzothiadiazole derivative 

6a the quinoxaline derivative  The normalized absorption and emission spectra of 

. 36ation in OLED devicesand 2.65 eV, a range that is appropriate for applic

. The band gap energies are all between 2.21 eV absorption spectra in the solid state

or with the energy of the onset of electrochemical reduction and oxidation potentials 

), which are correlated with electron affinity (EA) and ionization potential (IP

 -extended conjugated molecules are defined by theirThe HOMO/LUMO levels of 

id state absorption spectra.  The band gap energies were determined from the sol

energy transfer to form singlet oxygen). 

 molecular oxygen (presumably via of all of the compounds are efficiently quenched by

bsence oxygen, since the triplet states The only limitation would be the necessity of the a

stability also in the excited state. laser-induced decomposition indicate high chemical 

t absorption and lack of noticeable in these eight compounds. The strong triplet-triple

icating efficient intersystem crossing lifetimes in the range of 0.23-27 microseconds, ind

 absence of oxygen, with triplet photolysis (355 nm excitation, Nd-YAG laser) in the

ash  show strong triplet-triplet absorption by laser fl7a-dand 6a-d  Molecules 

potential candidates for an OLED test. 

re required in the solid state for very efficient ICT process. These characteristics a

 and the molecules possibly present a withdrawing groups has a similar effect in the ICT,

molecules, the addition of donating or in this case is a BTD type molecule. In the Q type 

ing) and the core employed, which (electron withdrawing) or MeO group (electron donat

 state between the terminal CN group intramolecular charge transfer (ICT) in the excited

. This indicates a very efficient large Stokes shifts, 90, 108 and 84 nm respectively

 have 7d and 7c, 6alecules between 419-468 nm and 473-557 nm, respectively. Mo

) maxima (in solid state) lie em

max) and emission (abs

maxin all BTD systems. The absorption (

stinct  is very close in all four Q molecules, but very diabs

maxof 3.11-4.84). In solution, the 

 values in the range oefficients (log * transitions by virtue of their molar extinction c

ds (in acetonitrile) are assigned to shifts (57-90 nm). The lowest energy absorption ban
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λ λ
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 is hypsochromically6a Under these conditions, the absorption maximum of  
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orption and emission spectra  Figure 14 and Figure 15 present the normalized abs

component of OLEDs for customizing the energy use. 

irable characteristic for a The small band gap of these molecules is a very des

.21 eV and 2.65 eV, respectively). gap (HOMO/LUMO) is similar for the two molecules (2

. The energy of the band 6a is much higher than that of 7arelative fluorescence yield of 

 (65 nm), but the 7a (90 nm) than for 6aStokes shift in the solid state is much larger for 

. The 7a and 402 nm for 6a of 311 nm for abs

maxopposite behaviour is observed, with a 

). In solution, however, the 7a vs. 427 nm for 6a (467 nm for 7ashifted relative to 

λ

 emission

 in solid state.6b(dashed curve) spectra of Absorption (solid curve) and fluorescence emission Figure 14. 
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 in the solid state.7cand 6c 

tion and emission spectra of  Figure 16 and Figure 17 show the normalized absorp

eV). 

 (2.54 7be band gap in  (2.65 eV), the fluorides diminish the energy of th7arelative to 

 (2.43 eV), but, 6bgap energy of insertion of two fluorine atoms increases the band 

 (2.21 eV), the 6amparison to molecules (2.43 eV and 2.54 eV respectively). In co

. The energy of the band gap is similar in both 6b is much higher than that of 7byield of 

s before, the relative fluorescence 52 nm respectively) and reasonable ICT processes. A

large Stokes shifts (61 nm and  of 428 nm and 443 nm, respectively). Both possess abs

max

7b and 6bthe spectra of both  The fluorine atoms induce a bathochromic shift of 

 in solid state.7b(dashed curve) spectra of Absorption (solid curve) and fluorescence emission Figure 15. 
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 in solid state. 6c(dashed curve) spectra of Absorption (solid curve) and fluorescence emission Figure 16. 
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 (2.53 eV).  7dof the band gap in molecule 

rgy  (2.65 eV) the presence of a CN group lowes the ene7aWhen compared to the BTD 

). 6dd gap energy (2.32 eV for Q insertion of a CN group once more increases the ban

 (2.21 eV) the 6ae case of Q molecules (2.32 eV and 2.53 eV respectively). In th

the band gap is close in both much higher than that of the Q core. The energy of 

nce intensity of the BTD core is benzothiadiazole containing molecule. The fluoresce

and 356 nm for  is now 311 nm for quinoxaline containing compound abs

max. The 7d

 and 6ded shift between molecules and a good ICT process. In solution, we observe a r

 respectively) . Both possess large Stokes shifts (57 nm and 84 nm7dbenzothiadiazole 

 is 419 nm and also 419 nm for 6d of abs

max. The 7d and 6dstate for both molecules 

 in the solid abs

max) leads to equal inclusion of another electron withdrawing group (CN

. The 7dand the benzothiadiazole derivative 6d emission to quinoxaline derivative 

alized) absorption and  Figure 18 and Figure 19 show the solid state (norm

-extended molecules (Table 1). 2,1,3-benzothiadiazole-

-extended compounds and lowers the band gap of of the band gap in quinoxaline-5,8-

for other group results in an increase withdrawing groups, the substitution of a hydrogen 

a electron-donating or electron- These facts indicate that even in the presence of 

 (2.40 eV). 7cthe energy of the band gap in molecule 

ng group diminish  (2.65 eV) the presence of the same electron donati7acomparing BTD 

). But 6cp energy (2.52 eV for Q inclusion of a donating group increases the band ga

 (2.21 eV), the 6a case of Q (2.52 eV and 2.40 eV respectively). However, in the

 gap is similar in both molecules much higher than the Q core. The energy of the band

cence intensity of the BTD core is means a very efficient ICT. Once again, the fluores

7carge Stokes shifts for molecule Stokes shift (46 nm and 108 nm respectively). The l

. Both possesses large 7c is 427 nm and 418 nm for benzothiadiazole 6c of abs

max. The 7c

 and 6cched to both molecules  A similar red shift is noted with a MeO group atta
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applications than quinoxaline derivatives. 

r better for luminescence -extended-2,1,3-benzothiadiazole derivatives are faand 4,7-

otoluminescence of these compounds the quinoxaline nucleus is not essential for the ph

-extension at positions 5- and 8- of extended 2,1,3-benzothiadiazoles. Moreover, the 

e in that of -extended 5,8-quinoxaline derivatives but a decreasband gap in 

 groups results in an increase in the by either electron donating or electron withdrawing

noxaline or benzothiadiazole nucleus at the 4-position of the aryl group attached to qui

te that the substitution of hydrogen photophysical and electrochemical properties indica

adacycle. The obtained cross-coupling reaction employing a NCP-pincer pall

 a direct Suzuki vias achieved fluorophenyl, 4-methoxyphenyl and 4-cyanophenyl) wa

erivatives (aryl = phenyl, 4-quinoxaline and 4,7-diaryl-2,1,3-benzothiadiazole d

compounds, namely 5,8-diaryl  The synthesis of a new series of photoluminescent 

-extended 2,1,3-benzothiadiazoles. derivatives but a decrease in that of 

-extended 5,8-quinoxaline nd gap in withdrawing groups results in an increase in the ba

er electron donating or electron hydrogen at the 4-position of an aryl group by eith

 (Table 1) imply that the substitution of 7a-d and 6a-d These observations on 

π

π

π π-
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 4,4'-dipyridil8c:
 3,3'-dipyridil8b:
 2,2'-dipyridil8a:

(Figure 20) 

38nd a bis-BTD derivative seriesan investigation exploiting the properties of BTD a

. Yamashita and co-workers reported 37publications have been published exploiting this

ity, reduction potential, etc) and many (electron-withdrawing property, high electron affin

ir use as OLED device  The BTD nucleus has interesting properties for the

Derivatives 

-extended 2,1,3-Benzothiadiazole Synthesis of Non-Symmetrical 4,7-2.1. π
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 spacer between the C  series), those without the C10a-c and 8a-cone BTD nucleus (

 the molecules containing only  On this study it is possible to observe that among

d co-workers.  BTD and bis-BTD derivatives studied by Yamashita anFigure 20. 
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 3-ethynylpyridine (67%)13b:
 2-ethynylpyridine (78%)13a:

 3-bromopyridine12b:
 2-bromopyridine12a:

 (Scheme 5).  3913b and 67% for 13atwo compounds with 78% yield for 

ed by steam distillation, giving the 3-bromopyridine with the appropriate alkyne, follow

 were prepared through reaction of 2- and 13b and 13a First, the ethynylpyridines 

core and the electron donor group methoxy.  

ps - the ethynylpyridines, the BTD combine the convenient properties of the three grou

pounds that ), it was planned to synthesize a new series of comChapter 1derivatives (

otophysical properties of the BTD like methoxy, exert upon the electrochemical and ph

fluence of electron donor groups, BTD core coupled to the ethynylpyridines and the in

the molecules that present the  In order to associate the properties exhibited by 

.  38 series8a-c whereas is 0° in the 10a-c

D nucleus is 26.4° in the molecules torsion degree between the pyridine ring and the BT

planarity between the rings since the (pyridine and BTD core) as well also decreases the 

 conjugation of both rings e spacer. The absence of the triple bond decreases th

of the derivatives with the maximum wavelength when compared to the wavelength 

romic shifts of the absorption pyridine ring and the BTD nucleus presented hypsoch

π 

π

 

.

N

Br

N2)KOH / 

OH

 (Scheme 6). 14a-b, affording the molecules  3BTD

the  were immediately submitted to a new coupling with 13a-b The compounds 

 13a-b.  Synthesis of ethynylpyridinesScheme 5. 

NH/DMFEt/  Pd(PPh
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 3-ethynylpyridine13b:
 2-ethynylpyridine13a:

 3-ethynylpyridine-BTD (82%)14b:
 2-ethynylpyridine-BTD (93%)14a:

N
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Br
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N Br
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N
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N
Et

60 °C
 

3N

Cl

Cl

Me Pr)P(Pd

 after purification (Scheme 7). 15b and 81% yield for 15a with 87% for 15a-bcompounds 

, affording the 14a-bhe products New Suzuki coupling reactions were performed with t

3% and 82% yields, respectively. published. The new products were synthesized with 9

, but their characterization has not been 38synthesis of double coupling compounds

  have already been reported as side products in the14a-b The molecules 

. 14a-bSynthesis of BTDs Scheme 6. 

/ CuIClPd(PPh3)2 2
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 3-ethynylpiridine-BTD (82%)14b:
 2-ethynylpiridine-BTD (93%)14a:
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OMe

 3-ethynylpiridine-BTD-4-OMe-Ph (81%)15b:
 2-ethynylpiridine-BTD-4-OMe-Ph (87%)15a:

N
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N

N

 same behaviour of BTD derivatives 0.58 V related to 1.20 V). The compound follows the

peaks 0.43 V related to -0.30 V and -presents two quasi-reversible processes (potential 

14a. Compound 14ad  Figure 21 shows the cyclic voltammogram of compoun

). Chapter 1 (7a-d and 6a-dounds following the same procedure described for the comp

 were investigated 15a-b and 14a-b The electrochemical properties of compounds 

2.2. Electrochemical Properties 

15a-bSynthesis of BTDs Scheme 7. 
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. 14awhen compared to compound The potentials are shifted to less cathodic values 

nd one irreversible process in -0.65 V. related to -0.35 V and -0.25 V related to -1.21 V a

to the potential peaks 0.41 V presents two quasi-reversible processes associated 

14b. Compound 14bd  Figure 23 shows the cyclic voltammogram of compoun

 that contains a bromine substituent.  14amolecule 

l values when compared to the (oxidation and reduction) to more negative potentia

p induces the shift of both process V. The presence of a methoxy electron donating grou

 V and -0.41 V associated to -1.35 potential peaks 0.89 V and -0.34V, 0.18 V and -1.09

transfer process related to the  It is possible to observe quasi-reversible charge 

200 mV/s.

f  (1 mM solution) in MeCN, recorded at a scan rate o15aCyclic voltammogram of compound Figure 22. 
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as a hole transport. 

OLED device either as an electron or oxidation/reduction, they are good candidates to a 

ules possesses quasi-reversible oxidation process of compounds. Since the two molec

-conjugation favours the se, the to more cathodic values, indicating that in this ca

15b and 15aal peaks of compounds methoxy electron donating group shifted the potenti

 BTD core by an aryl with a  The replacement of bromine bounded directly to the

.  15awhen compared to compound 

re negative potential peaks values 1.38 V. It's also possible to observe a shift to mo

.16 and -1.12 V and -0.41 related to -associated to potential peaks 0.76 V and -0.35 V, 0

ge transfer process  it is possible observe three quasi-reversible char15b For 

200 mV/s

f  (1 mM solution) in MeCN, recorded at a scan rate o15bCyclic voltammogram of compound Figure 24. 
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.  15a-b and 14a-bUV-vis and fluorescence data of compounds Table 2. 

.  15a-b and 14a-bds  Table 2 presents the photophysical data of compoun

2.3. Photophysical Properties 

 

N
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N
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N

 3-ethynylpyridine, R = 4-MeO-Ph15b:
 2-ethynylpyridine, R = 4-MeO-Ph15a:

 3-ethynylpyridine, R = Br14b:
 2-ethynylpyridine, R = Br14a:
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Compound Log εa 
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λ  
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λ  

b (

E  E  

2.68 371 376 471 95 2.48 1.78 14a 

2.58 403 492 535 43 2.20 1.40 15a 

2.68 373 382 462 80 2.51 1.60 14b 

energy (electrochemical – thin film) 

 band gap band gap energy (optic – solid state). solid state. 
b 

 M). 
-5

MeCN solution (1.0x10
a 

2.57 403 430 530 100 2.20 1.11 15b 

c d
 

values measured in abs
max presented a significant increase of 15a-bred. The molecules 

-conjugation shifts the absorption wavelength to methoxyphenyl group. The increase of 

 was replaced for a nm to 403 nm and 373 nm to 404 nm) when the bromine

(from 371 abs
max showed a bathochromic shift of 15a-bcompounds series, the molecules 

382 nm. When we compare the two wavelength in solution and solid state, 373 nm and 

 showed a large difference of maximum 14b373 nm, respectively. Compound 

, 371 and 14b and 14ain solution is near for both ) abs
max The absorption maximum (
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 in solid 14a(dashed curve) spectra of Absorption (solid curve) and fluorescence emission Figure 25. 
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.  15b and 14bra of compounds  Figure 27 and Figure 28 show the solid state spect

decrease of Stokes shift (from 95 to 43 nm).  

. However it is possible to observe a 14a when compared to 15amaximum of compound 

 wavelength -conjugation shifts bathochromically the absorption The increase of 

state. 

 in solid 15a(dashed curve) spectra of Absorption (solid curve) and fluorescence emission Figure 26. 
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 in solid 14b(dashed curve) spectra of Absorption (solid curve) and fluorescence emission Figure 27. 
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 in solid 15b(dashed curve) spectra of Absorption (solid curve) and fluorescence emission Figure 28. 
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devices.  

nds are good candidates as OLED indicating an efficient ICT. These series of compou

 (100 nm),  presents the largest value of this compound series15bthe molecule 

hift and -conjugation. Both compounds exhibit large Stokes sbecause the increase of 

 (382 nm and 430 nm) 14bnd emission wavelength maximum in comparison of compou

ion and  also presented a bathochromic shift on his absorpt15b The molecule 

π
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CHAPTER 3 
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.  49SYPRO dye family

 as the . Proteins also have specific fluorescent dyes such48agarose gel electrophoresis

ely used for DNA visualization in are commercially available. Ethidium bromide is wid

ium bromide (Figure 29), . Some photoluminescent intercalators such as ethid47purposes

, among others 46 as well as novel antitumor compounds45DNA cleavage agents

complexes have been studied as intercalators based on small organic molecules and 

. For example, human DNA 44rapymany intercalators are active in antitumor chemothe

 is of special importance since inserted between two consecutive base pairs of DNA,

s to intercalate, i.e., to be  The ability of planar polycyclic aromatic molecule

.  43indicate the association of a specific dye with DNA

ns are direct methodologies that spectrophotometric and spectrofluorimetric titratio

 260 nm). Consequently, maxinterfere with the absorption of DNA bases (

emit at wavelengths that do not advantageous because small organic dyes absorb and 

thods are particularly . These simple and straightforward spectroscopic me42proteomics

rkers in genomics and molecular probes and are useful photoluminescent ma

e a very important class of biomacromolecules (e.g., DNA, RNA, and proteins) ar

robes) upon association with host the absorbance and emission intensity (“light-up” p

. Molecular probes that increase both 41chemistry, biology, and medicine among others

important tools in material science, sensitivity, molecular photoluminescent probes are 

. Owing to their high fluorescence clinical, forensic, and pharmaceutical applications

 interest as they play a major role in currently, without any doubt, an area of tremendous

tection of nucleic acids are  Biosensor technologies that focus on the direct de

3.1.1. Introduction 

Derivatives 

-Extended Benzothiadiazole Biological Properties of Non-Symmetrical 4,7-3.1. π

λ  ≈
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+

O

N

NR1

. 56fluorophores for selective DNA detection

 that can be used as very sensitive 34,55benzothiadiazole (BTD) are useful dyes

-extended-2,1,3-d that 4,7-biomacromolecules. Indeed, we have recently reporte

zation of , but they can be used successfully for the visuali54as DNA intercalators

 of neutral and highly polar dyes may become problematic. There are only few examples

ood visualization of some bands poorly resolved. This is a common problem and the g

s in the agarose gel are sometimes of cations and anions along the gel. Thus, DNA band

ation because of the known migration charged dyes, especially in electrophoresis purific

h the use of However, some technical problems are associated wit53macromolecules

double stranded DNA positive charge with the phosphate backbone of the 

to DNA by interaction of the  Cationic organic dyes are usually assumed to bind 

52rge as commercially viablebe fulfilled for this technology to continue to eme

orming the assay. These patterns must shorter assay times, and greater simplicity in perf

 higher selectivity and sensitivity, remains a challenge, especially those that may give

nic fluorophores Accordingly, the design of new small molecular orga51discussed

inding DNA has been widely fluorescence enhancement of ethidium bromide upon b

For example, the 50structuresmainly due to the great diversity of the resulting 

 an easy and direct task. This is of their binding mode with biomacromolecules is not

orophores, the determination However, in the case of small molecular organic flu49detail

 already been studied in  Fluorescent ruthenium-based DNA intercalators have

Examples of some charged DNA intercalators.  Figure 29. 

Benzoxazolas derivatives
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Ar Ar

.   56reactions, as previously reported

hira and Suzuki cross-coupling (Figure 30) were prepared in high yields by Sonogas

y. The studied BTD derivatives extended BTD derivatives were performed successfull

state structure of 4,7- Synthesis, physico-chemical properties, and solid-

-Extended Benzothiadiazole Derivatives Symmetrical 4,7-

chal Properties of Non-3.2. X-Ray Analysis, Photophysical and Electrochemi

π

π-

 

N
S

N

Ar

 Ar = 4-methoxy-Ph7c
 Ar = Ph 7a

N
S

N

O Ar Ar

 Ar = Ph15c
 Ar = 3-Py15b
 Ar = 2-Py15a

N
S

N

 Table 3. selected bond angles and distances are presented in

 are presented in Figure 31 and X-Ray diffraction studies. The molecular structures

 were confirmed by 15b and 15ayes structures. Moreover, the molecular structures of d

l accordance with the proposed spectrometry, and elemental analyses and showed ful

C NMR spectroscopy, mass 13H and  All compounds were fully characterized by 

3.2.1. X-Ray Analysis 

Structures of studied BTD derivatives. Figure 30. 

 Ar = Ph 16c
 Ar = 4-methoxy-Ph16b
 Ar = 2-Py16a

 

1
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 (bottom). The ellipsoids are drawn at the 50 15b (top) and 15aMolecular structures of the dyes Figure 31. 
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Angle (deg)
Selected atoms 

15b

d (Å) 

15a 

d (Å) 
Selected atoms 

. 15band 15a  of compounds  Selected bond angles and distances from X-Ray dataTable 3.

1 

 Angle (deg)

15a 

 

15b1 

179.40(3) 

174.90(2) 

113.90(18) 

111.55(17) 

106.26(13) 

107.25(15) 

101.03(9) 

176.85(18) 

172.16(17) 

113.53(14) 

112.65(13) 

106.00(11) 

106.61(10) 

101.20(7) 

C1-C2-C3 

C21-C1-C2 

N2-C8-C7 

N1-C7-C8 

C8-N2-S1 

C7-N1-S1 

N1-S1-N2 

1.607(2) 

1.609(2) 

1.348(3) 

1.356(2) 

1.424(3) 

1.438(3) 

1.440(3) 

1.377(3) 

1.414(3) 

1.371(3) 

1.424(3) 

1.200(3) 

1.431(3) 

1.615(1) 

1.612(1) 

1.347(2) 

1.347(2) 

1.430(2) 

1.437(2) 

1.438(2) 

1.381(2) 

1.414(2) 

1.379(2) 

1.427(2) 

1.197(2) 

1.439(2) 

S1-N2 

S1-N1 

N2-C8 

N1-C7 

C8-C3 

C7-C8 

C6-C7 

C5-C6 

C4-C5 

C3-C4 

C2-C3 

C1-C2 

C21-C1 

  

 mean values of three independent molecules 
1

with the BTD moiety, both in solution and is very likely that the pyridine ring is co-planar 

  is probably due to the crystal packing. Indeed, it15b and 15aThe arrangement found in 

 the other one close to perpendicular. of the torsion angles in this BTD close to zero and

. In particular as one 57ehtynyl)-2,1,3-BTDfor the solid-state structure of 4,7-bis-(2-thienyl

se to the ones previously reported independent molecules. These torsion angles are clo

 it is 48.1°, 81.4°, and 51.4° for the three 15bthe torsion angle is only 5.4º while for 15a 

yridine ring and the BTD moiety: for remarkable difference on the torsion angle of the p

here is a (1.356(2) and 1.348(3) Å, respectively). However, t15b  and similar for 15afor 

  since the distances N1-C7 and N2-C8 are 1.347(2) Å18to 2,1,3-benzothidiazole systems

 a quinoid character common  The X-Ray analysis revealed that both dyes present
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max
em

b (nm)

max 
abs

Shift (nm) 

Stokes 

a (nm)

max
em

a (nm)

max 
abs

Dye Log 

16a-c and 15a-c, 7a,cpounds Photophysical and electrochemical properties of comTable 4. 

their electrochemical stability.  

Table 4 with the solid state Stokes shift and phosphate buffer and are summarized in

 . However, new necessary measurements were taken in55,56described by us elsewhere

 were 16a-c and 15a-c, 7a-bSome of the photophysical properties of compounds 

3.2.2. Photophysical Properties 

dominated by packing effects.  

), respectively. They also seem to be 15band 7.7° (three independent molecules of 

) and 32.4°, 34.9°, 15are 29.5° (between the 4-phenylmethoxy ring and the BTD core a

15b and 15aon angles for the dyes in the gas phase (Table 4). Additionally, the torsi  

 

 

. 

ε  
λ λ  λ λ  

(eV)

op
gap

f c
b Shift (nm)

Stokes 

b (nm)
Φ  

E  
d 

3.22 411 535 124 426 493 67 0.80 2.40 7a 

3.97 444 544 100 491 535 44 0.40 2.21 15a 

3.33 367 506 139 418 526 108 0.51 2.65 7c 

4.35 365 471 106 452 543 91 0.86 2.81 16a 

4.01 426 525 99 413 525 112 0.47 2.22 15c 

3.78 401 547 146 430 531 101 0.44 2.20 15b 

mM (pH = 7.0).  

 Determined in phosphate buffer 100 f = 0.55, as standard. , SO(quinine sulfate (Riedel) in 1 M H

 Quantum yield of fluorescence in MeCN  Solid state. M, pH = 7.0).  In solution (phosphate buffer 10 

3.81 438 552 114 424 543 119 0.37 1.90 16c 

3.76 429 563 134 522 590 68 0.29 2.29 16b 

a
µ

b c

2 4 Φ
d
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 in solid 15a(dashed curve) spectra of Absorption (solid curve) and fluorescence emission Figure 32. 
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 in solid 15b(dashed curve) spectra of Absorption (solid curve) and fluorescence emission Figure 33. 
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 absorption

e smaller for . The resulting Stokes shifts in the solid state ar15cequal for compound 

 and 16c and 15a-b, 7a,c and blue-shifted for compounds 16a-bshifted for compounds 

ission maxima that are red-. The solid-state analysis presents fluorescence em16cand 

15c and blue-shifted for compounds 16a-b and 15a-b, 7a,cred-shifted for compounds 

. In the solid state, the absorption maxima are 59BTD dyes and BTD-containing polymers

s the ones exhibited by . These Stokes shift values are in the same range a58properties

ntramolecular proton transfer) with compounds that exhibit ESIPT (excited stated i

 of Stokes shift and are comparable that all compounds investigated possess high values

BTD moiety. It is interesting to note attached to position 4 of the phenyl ring) and the 

phenyl ring, or a methoxy group excited state between the terminal aromatic group (

ecular charge transfer (ICT) in the high values also indicate a very efficient intramol

orescence of biomolecules. These effects and no interference with the background flu

tection without reabsorption solution (99-146 nm). These allow an unambiguous de

) have large Stokes shifts in 16a-c and 15a-c, 7a, 7c It is noteworthy that all dyes (

  state.

 in solid 15c(dashed curve) spectra of Absorption (solid curve) and fluorescence emission Figure 34. 
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solution and thin film. 

 in 15a-cams of compounds  Figure 35 and Figure 36 show the cyclic voltammogr

3.2.3. Electrochemical Properties 

methods.  detection of biomacromolecules using spectroscopic 

idates to be tested as probes for the in the excited state, suggesting they are good cand

tate show adequate stability of the dyes values of Stokes shift in both solution and solid s

. The high 16c and 15c, but larger for compounds 16a-b and 15a-b, 7a,ccompounds 

15a

15c

E/V (Ag/AgCl)

I/
m

A
 

 

15a 

15b 

15c 

15b

MeCN recorded at a scan rate of 200 mV/s. 

 in  (1 mM) dissolved in a 0.10 M solution TBAPF15a-cof compounds Cyclic voltammogramFigure 35. 
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 the solid state, the dyes presented a (and -0.91 V), and -0.20 V (related to -1.19 V). In

ues were 0.98 V (and -0.27 V), 0.38 V anodic shift in the CV and the related observed val

, an 15c to -1.38 V). In the case of -0.35 V), 0.16 V (and -1.12 V) and -0.41 V (related

 at 0.76 V (and 15b to -1.38 V), as for -0.35 V), 0.16 V (and -1.12 V) and -0.41 V (related

, we observed 0.76 V (and 15bV). For 0.18 V (and -1.09 V) and -0.41 V (related to -1.35 

, the related values were 0.89 V (and -0.34 V), 15apotential sweeps, respectively. For 

(Ag/AgCl) for the anodic and cathodic electrochemical window, i.e., from -2.0 V to 2.0 V 

 presented a large 15a-cpounds possible to observe quasi-reversible processes. Com

ical behaviour and it was  All compounds exhibited a very similar electrochem

 in MeCN. APFat a scan rate of 40 mV/s in a 0.1 M solution of TB

 recorded 15a-ce electrode) of compounds Cyclic voltammogram (thin film coated onto a Pt wirFigure 36. 
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ic titration, . It is worth noting that by using spectrophotometr16aof DNA using the BTD 

ity allowed the quantitative detection exponential decay of the relative absorbance intens

on maxima were observed. The blue shift (3-5 nm) of the long-wavelength absorpti

hromic effect) and a M), a significant decrease of the absorbance (hypoc (50 16aBTD 

o the buffered solutions of the  Interestingly, upon addition of DNA (10-100 ppm) t

dyes in duplex DNA. 

ation of these C triple bound spacer is necessary for the intercalthe presence of a C

) indicate that 16a-cand sensitive detection for 7a,c . These data (low detection for 16c

 and less than 5 ppm for compound 16adetection was as low as 10 ppm of DNA for 

. The limit of 56lective DNA detectionwere successfully tested as sensitive probes for se

) 16a-c spacer (C nds having a Cabsorption/emission of the dye. However, all compou

M and the effect would be due to the solid-state buffer media was observed above 100 

pitation of the dye in the aqueous DNA in order to detect any increment. Indeed, preci

 both the intercalating agent and the since it is necessary to use high concentrations of

 detection  are not good candidates as light-up probes for DNA7a,c Compounds 

 260 nm). nucleic bases (

 390 nm), well separated from the values of the near-UV region of the spectrum (

in the max 
absthesized dyes showed tested as possible DNA probes using UV-vis. All syn

 were then 16a-c and 15a-c, 7a,cother enzymatic processes. The synthesized dyes 

DNA and that they do not interfere with results show that all dyes tested are specific for 

 and gave negative results. These 61purine nucleoside phosphorylase (PNP) enzymes

Mycobacterium tuberculosis All dyes were first evaluated against human and 

tions 3.3. Spectrophotometric and Spectrofluometric Titra

. 38,55,60type of fluorophore

itude previously reported for this reduction windows that is of the same order of magn

s of the solvent oxidation and electrochemical window and stability than the limit

d, indicating a larger defined reduction or oxidation peak was not observe

cal window tested (-1.5-1.5 V), a well-good electrochemical stability. In the electrochemi
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maxima were observed (Figure 37 to Figure 42).  

the long-wavelength absorption (hyperchromic effect) and a red shift (5-12 nm) of 

M), a significant increase of the absorbance  (50 16cbuffered solutions of the BTD 

ition of DNA (5-100 ppm) to the result using spectrophotometric titration. Upon add

 showed the best 16c, BTD 16a-cresult in poorly resolved spectra. Among compounds 

pronounced rotational bands that M) seems not to be a good candidate because of its 

 (50 16bht-off” probe. Compound this compound was the only one that acted as a “lig
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µ

 

. 16aSpectrophotometric titrations of DNA to compound Figure 37. 
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 (Figure 43 to Figure 48).  15cimpressive 5-19 nm for 

 and between an 15b; similar shifts between 2-5 nm was observed for 15acompound 

ion maxima was observed for shift between 2-7 nm of the long-wavelength absorpt

 spacer on the other side, proved efficient. A red C one side and the presence of a C

attached to the BTD nucleus on combination of a donating group (4-MeOPh) directly 

sign of these sensitive dyes, i.e., the for spectrophotometric titrations. Our molecular de

 most sensitive ever described down to 1 ppm of DNA. These compounds are among the

. All three dyes detected 56ompoundssensitive fluorophores to DNA detection among all c

 gave the best results as selective and 15a-c The designed organic molecules 

 (ppm = ng/mL). 16censity of compound Exponential increase of the relative absorbance intFigure 42. 
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us to exclude it as dsDNA probe.  

 led 16bstate instability of compound The long stabilization time as well as the excited 

uired to stabilize the fluorescence. (with or without DNA), at least 15 minutes were req

n. In both cases ) and DNA was added to the phosphate buffer solutio16b563 nm (using 

cence intensity was monitored at fluorescent intensity was observed when the fluores

ety. A higher increase in the probably resulting in a ring opening of the BTD moi

C groups, s two 4-MeOPh-Cunstable in phosphate buffer solutions when it bear

hat the BTD core becomes uncommon for BTD compounds. This result indicates t

563 nm led to an instability that is nm and monitoring of the fluorescence intensity at 

 BTDs (Figure 53). Irradiation at 429 displayed a very different behaviour than all other

16bigure 52). However, compound used to detect down to 1 ppm of DNA (Figure 49 to F

, and were successfully 56 gave very interesting results16c and 16a Compounds 

other enzymatic processes.  

t they probably do not interfere with sensitivity and selectivity to DNA and the fact tha

e negative results indicated their purine nucleoside phosphorylase (PNP) enzyme and th

Mycobacterium tuberculosis) were tested against human and 16a-c and 15a-c, 7a,c

iscussed below. All compounds core and the bases in the DNA strands, as will be d

 spacer avoids steric hindrance of the BTD C results indicate that the presence of a C

 to the duplex DNA. These  spacer is crucial for the intercalation of the dyeC of a C

l method (fluorescence), the presence indicating that for even a more sensitive analytica

, 7a,csing the BTD systems  Once again, no significant results were obtained u

determined by the spectrophotometric titrations.  

unds that were previously phosphate buffer solution of the pure organic compo

velength absorption maxima of the fluorimetric titrations corresponded to the long-wa

excitation wavelengths for the changes in the absorption spectra of the dyes, the 

ith DNA also leads to significant precipitation was observed. Since the interaction w

c one. At these conditions, no concentration much lower than the spectrophotometri

lution at a ligand M) were similarly performed in an aqueous buffer so (10 16a-c

 and 15a-c, 7a,cBTD derivatives  Spectrofluorimetric titrations of DNA against the 
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 all cases, very low concentrations (10 little as 1 ppm of DNA (Figure 54 to Figure 59). In

were successfully tested and could detect as 15a-c  The designed organic dyes 

  distortion by auto-fluorescence of the cell matrix.

luorescence without  are of interest since it allows the detection of f61,62above 500 nm

, Table 4). Note that values 16a wavelength emission maxima below 500 nm (473 nm for

 presented its long-16aCompound biomacromolecule, unless fresh solutions are used. 

s kind of . It is thus inappropriate for the detection of thi16cdegradation of compound 

ffer solution, we observed the Nevertheless, after a few weeks in the phosphate bu

phate buffer solutions. dyes were sufficient to detect 1 ppm of DNA in phos

M) of the y low concentrations (10 dsDNA by fluorimetric titration. In both cases, ver

 could be useful as light-up probes to detect 16c and 16a However, compounds 

ng/mL). 

3 nm (ppm =  over a period of 30 minutes upon irradiation at 5616bBehaviour of compound Figure 53. 
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ative Table 5.  limit equal or above 10 ppm, as shown in the compar

rmally possess a detection  Interestingly, commonly used fluorescent probes no

allowing the DNA quantification of DNA solutions.  

g the DNA concentration, thus exponential increase in fluorescence upon increasin

 dyes displayed similar 15c and 15b, both 15along-wavelength emission maxima. The 

nm and 2-3 nm, respectively) of the fluorescence intensity and a slight red shift (1-4 

se of the  presented similar results, with significant increa15c and 15bCompounds 

ngth emission maxima was observed. effect) and a red shift (2-5 nm) of the long-wavele

nsity (hyperchromic  showed a significant increase in fluorescence inte15aCompound 

NA in phosphate buffer solutions. M) of the dyes were sufficient to detect 1 ppm of Dµ

 

 

15a Spectrofluorimetric titrations of DNA to compound Figure 54.
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15bSpectrofluorimetric titrations of DNA to compound Figure 56. 
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15cSpectrofluorimetric titrations of DNA to compound Figure 58. 
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Fluorescent probe Nucleic acid

 (ppm = ng/mL).  16c and 16a

15a-nly used fluorescent probes and dyes  Detection limits for nucleic acids with some commoTable 5.

c,

 Detection limit (ppm) Reference 

Ethidium bromide DNA 10 63 

Tb-1,10-phenanthroline

Tb(III) DNA/RNA 10/100 67 

Vitamin K3 DNA/RNA 10/26 66 

Methylene Blue DNA 28 65 

Hoechst 33258 DNA 10 64 

 

DNA 1 76 16c 

DNA 1 76 16a 

DNA 1 76 15c 

DNA 1 76 15b 

DNA 1 76 15a 

Tb(III)-L4 DNA 3 75 

Tb(III)-L1 DNA 10 74 

Eu-oxytetracycline DNA 11 73 

Tb-BPMPHD-CTMAB DNA 9 72 

Al-8-hydroxyquinoline DNA/RNA 13/130 71 

La-8-hydroxyquinoline DNA/RNA 68/329 70 

Eu–tetracycline DNA 10 69 

DNA/RNA 100/200  68 

 



73
 

 

). 15a,bunds was performed using one of the designed dyes (compo

eriment of resolution and sensitivity this type of gel. A comparative and qualitative exp

t used compounds to reveal DNA in poorly resolved. Ethidium bromide is one of the mos

n the agarose gel are sometimes and the anion along the gel. Therefore, DNA bands i

ecause of the migration of the cation dyes, especially in electrophoresis purification, b

ated with the use of charged  As noted above, some technical problems are associ

sensitive than ethidium bromide. 

 are thus at least ten times more 15a-chas a detection limit of 10 ppm; and compounds 

ly used compound to detect DNA, Ethidium bromide, a commercially available and wide

, are among the most sensitivity ever described. 15a-cup probes, especially BTD 

t the designed fluorescent light- It is clear from the data presented in Table 5 tha

 

pCINeo 5 ng. 

100 ng, pCINeo 50 ng, pCINeo 20 ng, pCINeo 10 ng, lanes: control (1 kbp plus), pCINeo 200 ng, pCINeo 

he gel L of 1 mM solution). From left to right we see in t1 mM solution) and (D) ethidium bromide (1 

L of  (1 15bpCINeo 10 ng, pCINeo 5 ng. (C) Dye 200 ng, pCINeo 100 ng, pCINeo 50 ng, pCINeo 20 ng, 

he gel lanes: control (1 kbp plus), pCINeo L of 1 mM solution). From left to right we see in tbromide (1 

L of 1 mM solution) and (B) ethidium  (1 15aPicture under UV irradiation at 360 nm. (A) Dye Figure 60. 
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2 seconds, all new supermolecules fluorescence, the better the light-up probe. After 

t the greater the increase in is expected for a light-up probe. It is obvious tha

all increase in the fluorescence, as damage to the fluorescence; indeed, we noticed a sm

 the interaction does not cause any (detection limit). However, it can be affirmed that

ibrium was reached faster than 0.1 s variation in fluorescence indicating that the equil

could not detect any significant was so fast that even pre-steady state experiments 

D + DNA complex) , the interaction between the new supermolecule (BT16acompound 

 constant at 100 mM (pH = 7.0). For with the concentration of the phosphate buffer kept

78e under steady-state conditionswere assessed by measuring the fluorescence increas

sted, the intercalating properties between these systems and DNA. For all compounds te

mining the velocity of interaction with these compounds (Figure 61). We aimed at deter

77ments, we performed some pre-steady state kinetic experi16a and 15a-cof systems 

ability due to the fast interaction  In order to verify the increase of fluorescence st

3.4. Pre-Steady State Experiments (Stopped-Flow) 

.  15b was successfully applied to 15aconcentrated DNA (200 ng). The analysis made for 

dium bromide) reveals only the most concentrations, while agarose gel D (used with ethi

reveals DNA at four different 15b using the commercial ethidium bromide. The use of 

re 60), whereas it was not possible weights could be detected (the control band in Figu

, the bands corresponding to low molecular 15acan also be noted that using compound 

rly observed for ethidium bromide. It for charged dyes. The migration of the dye was clea

, as is commonly observed 15apound also worth noting that there is no migration of com

concentrated DNA (200 ng). It is (used with ethidium bromide) reveals only the most 

 while the agarose gel B ) reveals DNA for the six different concentrations,15acompound 

 that the agarose gel A (used with plus DNA ladder as a control. In Figure 60, we note

 gels (1%) using commercial 1 kbp electrophoretic separation in two different agarose

ng, 50 ng, 20 ng, 10 ng, 5 ng) to submitted at different concentrations (200 ng, 100 

le DNA plasmid (pCINeo) was  In the proposed experiment, a commercially availab
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necessary to reach stability.  

indicates the time that was showed stable fluorescence intensity and Figure 61 

he supermolecule to associate with to DNA. The required time was less than 0.1 s for t

  reached fluorescence stability 1.0 s after binding15bincrease and stability. Compound 

ause of the very fast fluorescence were the best dyes for this purpose, especially bec

15a-bnds. However, molecules fluorescence was constant and stable after 2.0 seco

reached its equilibrium; the binding to DNA. After 1.0 s, the supermolecule had 

ilization after  displays almost no difference in fluorescence stab15c Compound 

 binding to DNA.16a and 15a-cStopped-flow trace of compounds Figure 61. 
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amplification was noticed.  

cation of interference during the directly added to the amplification mixture no indi

that even when the dyes were reaction amplification to proceed. Figure 62 shows 

s necessary for polymerase chain dye was added in conjunction with the other reagent

erest. In every sample analyzed, the with primers designed to flank a 1 kb region of int

at was obtained from TF-1 cells cDNA synthesized by reverse transcription of RNA th

 using -actinousekeeping gene conventional PCR. Briefly, we amplified the human h

is issue, we first used end-point well-defined emission range. To properly address th

NA strand and emit light upon a should be incorporated into the newly synthesized D

 Therefore, as an intercalating dye, it guarantee this condition for the new intercalators.

using PNP enzymes helped us to thermostable enzyme activity. Our negative results 

affect the DNA-polymerase chain reaction assay (qRT-PCR) is that it must not 

uantitative real-time polymerase  One of the main characteristics of a dye used in q

3.5. Real-Time PCR Experiments 

s were necessary. fluorescence stability, pre-steady state experiment

nd the required time to reach the supermolecule formation (DNA and dye association) a

 idea of the velocity of the normal fluorescence measurements did not give us an

ty in 2.0 seconds. Thus, because the detection, as they all reached fluorescence stabili

elective DNA ) are very good candidates as light-up probes for s15a-ccompounds (

 is worth noting that all three compounds used, as is clearly seen in Figure 61. It

e was far better than for the other  (the best result) and the stability of fluorescenc15a

β

 



77
 

 

ttings, there was a 0.5 °C increase a dissociation program. According to the machine se

7500 Real-Time PCR System to run TF-1 cells as described above, and was loaded in a 

ained 50 ng of cDNA isolated from concentration of 100 nm each. The mixture also cont

 to a final -actinment of the human of primers designed to amplify a 250 base-pair frag

r’s recommendations and used a pair reaction buffer (pH 8) according to the manufacture

polymerase enzyme), and Thermus aquaticus , 1 unit of Taq (), 2 mM MgCl15a-cdye (

mixed 10 mM dNTPs, 10 nM of each molecular biology and diagnostics. To this end, we 

ies that became a staple in modern key concept in quantitative nucleic acids technolog

olecules being duplicated. This is a detection of the increase in the number of target m

tion process, i.e., enabling real-time bind DNA and emit fluorescence during the amplifica

nvestigate the ability of the dyes to of the target sequence, a further approach was to i

zyme activity and amplification  Since the dyes were shown not to interfere with en

dyes. 

lymerase enzyme was noticed for any of the tested negative effect over the activity of the Taq DNA Po

, lane 3). No evidence of 15c, lane 2; 15b, lane 1; 15al; were added directly to the reaction mixture (contro

ed dyes gene was amplified using end-point PCR and the test-actin A fragment of the human Figure 62. 
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. 79522 nm

ht at 488 nm, and emits light at SybrGreen binds to double-stranded DNA, absorbs lig

ection of double-stranded DNA. intercalating dye used in Real-Time PCR for the det

nce it is a gold-standard ). The latter was employed as a positive control siUSA

Molecular Probes, invitrogen, Carlsbad, CA,  ( SybrGreencommercially available dye

, and the 15c, 15b, 15adyes (Figure 63 consisting of the reaction mixture plus 

icate ) of primer pairs. Four samples were loaded in duplideal melting temperature (T

pecific amplification and to set the Dissociation curves are also used to evaluate non-s

erature at which it peaks. emission at the established wavelength and the temp

fluorescence  in this case). This model enables full control of -actinprimer pair used (

 the ideal melting temperature of the (60-90 °C) per cycle in order to properly determine

β

m

 

by Taq-polymerase. 

 during the DNA amplification process promoted 15c, and 15b, 15a, SybrGreenincreasing temperature for 

malized fluorescence plotted against The dissociation curves show an increase in the norFigure 63. 
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 the BTD core itself results in a positions 4 and 7 of the 2,1,3-benzothiadiazole and

at  spacer, the ring torsion between the substituents the presence of a triple bond 

enzothiadiazole moiety. Without backbone of the double-stranded DNA and the 2,1,3-b

pulsion between the phosphate intercalation may occur without steric hindrance re

 spacer on one side of the BTD core, the  With the presence of a triple bond 

  18,80derivatives

-extended BTD ed X-Rays for and were fully in accordance with previously report

 methods ab initional analysis using used in the model had a fully optimized conformatio

structures  spacer allows an effective dye intercalation. The presence of a triple bond 

odel (Figure 64), in which the intercalating agents, we propose an intercalation m

earching for a better design of  To better understand our results and to continue s

3.6. Proposed Association (Intercalation) Model 

sults.  intercalating model was necessary to explain our re

d an  are extremely selective for double-stranded DNA an15a,bthat the dyes 

stranded DNA. These results confirm there is no noticeable interaction with the single-

nce did not change, showing that stranded DNA was formed in the assay, the fluoresce

ication reaction. When the single-double-stranded DNA is present in the cyclic amplif

 is due to the intercalation when observed, indicating that the observed fluorescence

scence of the dyes could be stranded DNA was formed and no change in the fluore

gle-, and for commercially available SybrGreen, the sin15a,b For compounds 

with single-stranded DNA was observed.  

nd thus an interaction  is not totally selective for double-stranded DNA a15cCompound 

(Figure 63, bottom/right). temperatures while forming the single-stranded DNA 

 presented a better fluorescence with increasing 15c. Actually, 15a,bDNA as the dyes 

 is not as selective for double-stranded 15c. It is worth noting that compound SybrGreen

 is the case for commercially available no difference in the fluorescence sign is noted, as

hen single-stranded DNA is formed, as seen in Figure 63 (top/right and bottom/left). W

 are specific to duplex DNA, 15b and 15a The results clearly show that the dyes 

π

π

π

π
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place. 

 core and the association then takes the pyridine ring is in the same plane than the BTD

, it is reasonable to assume that 15bphosphate buffer solutions. While using compound 

 was unstable in 16c emitted below 500 nm and 16aequally observed. Nevertheless, 

cence could be  symmetry), the association and increase in fluoresC2 (with 16cand 

16abe observed. For compounds consequence, an increase in the fluorescence could 

otion was suppressed and, as a ethynylaryl substituent associated with DNA, this m

. In the proposed model, when the 81ystate with an increase of the fluorescence intensit

lecular motion in the excited with a biomacromolecule was proposed to suppress mo

 The association  were a very good indication of the proposed model.7a,ccompounds 

64). The negative results obtained with conformation that avoids the intercalation (Figure 

 

 

king . All intercalators bind to DNA by noncovalent stac83indenoisoquinoline derivatives

and accepted for BTD. A similar explanation was previously proposed 

 spacer-containing C e binding of Cinteractions are the predominant contribution to th

 stacking . Our results indicate that the primary 82have already been proposed

ules binding to DNA  stacking interaction models of small organic molec Some 

 DNA.model for the intercalation of the designed dyes inProposedFigure 64. 
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model is appropriate.  

sults clearly indicate that the proposed not be expected to be so efficient. Finally, the re

ting group, the ICT process would the association proceeded through the electron-dona

ting a more efficient ICT process. If was observed after the association with DNA, indica

, as previously discussed, a red shift those compounds sustain high Stokes shifts. In fact

. Upon binding to DNA, some of 34,55Ph groupsefficient for the ICT process than 4-N(Me)

he BTD nucleus can be more shown that the 4-MeOPh group attached directly to t

icient ICT process. We have recently compounds after binding, which indicates a very eff

of Stoke shift presented by those process. This fact is reflected in the high values 

n still proceed through an ICT acceptor) and the 4-MeOPh group (electron donor) ca

DNA, the BTD core (electron  It can be noted in Figure 65 that upon binding to 

d association model (Figure 66).  (Figure 65). This is in accordance with the propose

) 15c, Ar = Ph in BTD 15b, Ar = 3Py in BTD 15aC-Ar portion (Ar = 2Py in BTD the C

lecule that would associate with DNA is an efficient intercalation. The only part of the mo

 spacer is needed for C sults, the CAssociating this molecular architecture with our re

onor. , and the 4-MeOPh system is naturally an electron d59,86electron acceptors

 are also commonly known as good the molecule has a torsion angle close to 140º. BTD

y structure showed that this side of transfer (ICT) process increases. Besides, the X-Ra

ty to an efficient intramolecular charge the electron donor is totally free and the propensi

ause of steric hindrance. Thus, molecule (4-MeOPh) avoids binding to DNA mainly bec

ture, the electron donor part of the with the observed efficiency. In the designed struc

mpromised and would not take place stabilization in the excited state would then be co

t is important to the molecule bind to DNA because the charge-transfer process tha

would not prefer to . As a result, this part of the molecule (4-MeOPh) 85biomacromolecule

cited state upon binding to the role in the stabilization of the molecule in the ex

ransfer process) contribution plays a then the electron donor-electron acceptor (charge-t

e other one an electron acceptor, interacting systems is a good electron donor and th

. Furthermore, if one of the 84-bondingwith nucleic acid base pairs, often combined with H

≡ π

≡

2
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     site
DNA binding 

charge transfert process, Ar = Ph15c
, Ar = 3-Py15b
Ar = 2-Py15a, 

Ar O

NN
S

C C

 spacer.  C  without the C15a’-c’ and the corresponding structures 15a-cmolecules 

minimized structures of the a remarkable steric hindrance. Figure 66 shows the 

ed configuration is expected to display this type of system. Without the spacers, the twist

 as expected for  showed a co-planar conformation with the BTD core,15bcompound 

n the bases. It is worth noting that the penetration of the molecule in the space betwee

e spacer, in which the planarity allows the optimal intercalation for the molecules with th

isted (Figure 66). This can explain corresponding structures without the spacer were tw

C and BTD), whereas the C or Ph-Cplanar conformation of the first two rings (Py-C

 showed a 15a-c). The structures 15c’ and 15b’, 15a’ spacer were also calculated (

C ut without the C. For the sake of comparison, similar structures, b87 RHF/6-31G**initio

ab with  were submitted to optimization using GAUSSIAN 98, 15a-c Structures 

3.7. Theoretical Calculations and Analysis 

15a-cves Molecular architecture of the designed BTD derivatiFigure 65. 

    (electron donor)
4-methoxyphenyl group

(electron acceptor)
      BTD core

   intercalation
requisited for DNA 

spacer

 

. 

≡

π

≡ ≡

≡ π
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(Figure 67).  15a-c systems 

depicts the HOMO and LUMO of the -stacking interactions, as shown in Figure 67 that 

 and that the binding is mainly due to intercalation is steric and coulombic (polar dyes),

the main factor controlling the of the tested dyes. Furthermore, it indicates that 

rols the intercalation process in the case electronic control is not the main effect that cont

ates that  and the nucleic bases were small. It clearly indic15a’-c’ spacer C 

e  as well as the corresponding structures without th15a-cHOMO and LUMO of dyes 

differences in the obtained values for calculation of the nucleic bases (T, G, A, C). The 

, and we also performed a full 15a’-c’, 15a-cHOMO and LUMO energy of the systems 

indrance, we calculated the  To be certain as to the importance of the steric h

and the molecule is no longer able to intercalate. 

 spacer, that planarity breaks down C deduce from the calculation that without the C

roup was again twisted. We could also resulting stabilizing energy was too high and the g

group and the BTD core, the analysis. Simulating a co-planarity of the 4-MeOPh 

) were similar to those obtained from X-Ray 15a’-c’second and the third rings (also for 

 spacer, while the torsion angles between the C were zero in the presence of a C

15a-ct two rings in structures  In all cases, the dihedral angles between the firs

 optimized with ab initio RHF/631G**. 15a’-c’ and 15a-cStructures Figure 66. 
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me PCR, mainly because of their These results allowed the use of the dyes in Realti

 negative results.  purine nucleoside phosphorylase (PNP) enzymes gavetuberculosis

Mycobacterium  of human and interact with the tested proteins and the detection

ents. These BDT dyes did not spectrophotometric and spectrofluorimetric measurem

 (down 1 ppm) in both probes to duplex DNA with unprecedented sensibility

e photoluminescent “light-up” arylethynyl and 4-methoxyphenyl groups are selectiv

othiadiazoles containing 1-biomacromolecules. The 4,7-disubstituted-2,1,3-benz

kground fluorescence of absorption effects and no interference with the bac

unambiguous detection without re-Stokes shifts in solution (99 to 146 nm), allowing 

 have large 16a-c, and 15a-c, 7a,c-extended-2,1,3-benzothiadiazoles  The 4,7-

upon binding to DNA.  

xplain the intercalation phenomenon association model and show that it can be used to e

hese aspects support the proposed processes during the excited state after binding. T

hOMe group can be used for ICT group. The HOMO distribution also revealed that 4-P

D core has an electron acceptor efficiently the ICT processes may occur when the BT

O orbitals indicate how  One last important aspect is the fact that the LUM

nd LUMO (right).  optimized with ab initio RHF/631G**. HOMO (left) a15a-cStructures Figure 67. 
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luorimetric titrations.  in solution by both spectrophotometric and spectrof

e detection and quantification of DNA of the most sensitive probes reported so far for th

rchitecture that leads to one C group on the other side is a suitable molecular aan Ar-C

n one side of the BTD core with core. The combination of the PhOMe donating group o

orm the ICT process with the BTD as a consequence, the PhOMe portion is free to perf

C side of the BTD nucleus and, he Csuggest that the intercalation with DNA occurs at t

) strongly ab initiol calculations (. The photophysical, X-Ray analysis, and theoretica

15a-with the non-symmetrical BTDs dsDNA with an increase in fluorescence, especially 

e dyes with the biomacromolecules of demonstrated the fast (immediate) interaction of th

e kinetic experiments (stopped-flow) specificity and sensitivity to DNA. Pre-steady stat

c

≡

≡
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CHAPITRE 4 
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: ceux où la liaison Pd-C reste peuvent être subdivisés en deux classes de composés

s applications, les palladacyles potentielless de cette classe de composés. Parmi ce

ée fournit une profusion d'applications monomérique, neutre ou cationique. Cette flexibilit

xe est dimérique, O, etc). Tous ces éléments déterminent si le complecomme THF, H

laire (halogénure, triflate ou solvant phosphore, soufre, oxygène, etc) et le ligand ancil

le type de l’atome donneur (azote, du carbone métallé (aliphatique, aromatique, etc), 

 à 10 membres), la nature de l'atome changement de la taille de l’anneau métallacycle (3

ques des complexes par simple moduler les propriétés stéréochimiques et électroni

est facile et il est possible de comportant des métallacycles azotés. Leur synthèse 

identates), les plus communs électrons (les bidentates) ou six eléctrons (les tr

-anioniques donneurs de quatre partie des palladacycles possèdent des ligands mono

. Une grande 90 ont été publiéesorganométallique et nouveaux matériaux moléculaires

tion en synthèse organique, catalyse synthèse, leurs aspects structurels et leur applica

. Ultérieurement, plusieurs revues dédiées à leur 89l’azobenzène dans les années 60

risés à partir des dérivés de Ces composés ont été initialement isolés et caracte

rivés du palladium le plus populaires. palladacycles, constituent l’une des classes des dé

appelés composés cyclopalladés ou stabilisés par un autre atome donneur d'électrons, 

iaison carbone-métal  Les composés du palladium contenant au moins une l

.  88diverses autres complexes des métaux de transition

nctionnels les différencie aussi de doute, leur compatibilité avec plusieurs groupes fo

e la richesse de cette chimie. Sans Pd(II)/Pd(0) est le principal facteur responsable d

deux états d'oxydation stables et manipuler. Le changement redox facile entre les 

lus disponibles et facile à préparer figurent parmi les composés organométalliques les p

 une chimie riche, et ils  Les composés organopalladés sont à l’origine d’une

4.1.1. Introduction 

thiadiazole 4.1.Les Palladacycles des Dérivés de la 2,1,3-Benzo

2
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. 34,38,55oluminescentes des BTDssynthèse des palladacycles avec les propriétés phot

Figure 68) pour associer la facilité de fluorescents dérivés de la 2,1,3-benzothiadiazole (

ladium avec les ligands entrepris la synthèse des nouveaux complexes du pal

dinnés. De ce fait, nous avons des caractéristiques individuelles des ligands coor

tes qui dépendent étroitement présentent une large gamme de propriétés luminescen

 du Pd(II) et Pt(II) ans carrés dmodification chimique des ligands. Les complexes pl

euvent être modulées par la caractéristiques de la luminescence des complexes p

émetteurs et les autres  Il est bien connu que la nature des états excités 

 de couche simple.  96LECs

 ou les 96des OLEDs multicouchecandidats les plus versatiles pour la construction 

 émergent comme les tion dles complexes cyclométallés des métaux de configura

 est en pleine expansion. Parmi ceux-ci, 96organométalliques des métaux de transition

 y compris les complexes 95luminescentes de plusieurs classes de matériaux

de cela, l’exploration des propriétés liquides pour les écrans plats du futur. En raison 

es les plus viables aux cristaux emmiting electrochemical cells) sont les alternativ

 photoémettrices (LECs - light-lumière (OLEDs) comme les cellules électrochimiques

ui, les diodes organiques émettrices de l’obtention de dispositifs électroniques. Aujourd'h

composés organométalliques est  Un autre domaine d'intérêt pour l'utilisation des 

.  94ites de Heck et de Suzukiplus actifs, promoteurs des réactions de couplage d

i les précurseurs catalytiques les avec des ligands azotés ou phosphorés figurent parm

ntérêt. De fait, les palladacycles formation des liaisons C-C a suscité énormément d'i

 précurseur catalytique pour la organométallique. Notamment, leur utilisation comme

 et la catalyse homogène 93linéaire, etc), la chimie bioorganométallique

 (cristaux liquides, optique non 92, les nouveaux matériaux91pour la synthèse organique

té utilisés comme intermédiaires synthèse organique). De ce fait, ces composés ont é

alisé (principalement pour la classe, où l'atome de carbone palladé est fonctionn

 ligand ancillaire) et la deuxième intacte (l'unité cyclopalladé est utilisée comme un

6

8
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= 4-méthoxy-Ph (85%)2  = Br, R7e 
 = 4-méthoxy-Ph (94%) = R R7c
 = Ph (99%) = R R7a

 (Figure 68).    7eprécédents, à l'exception du nouveau composé 

 et avec les chapitres 34,38,55tératurepalladium ont été synthétisés en accord avec la lit

ns de cyclométallation avec le  Les ligands fluorescents utilisés pour les réactio

4.2. La Synthèse des Palladacycles 

 

1 2

1 2

R1  

R2

N
S

N

R1

(Figure 69). 

alliques de palladium , nous avons synthétisé neuf nouveaux complexes mét7eet 

7c, 7aalladation. A partir des ligands nous avons décidé l’utiliser comme ligand pour la p

, et 7c comme sous-produit de la synthèse du composé 7egrand quantité le composé 

nt formés. Nous avons obtenu en faibles que prévu et des produits secondaires se so

dements plus , les produits désirés ont été obtenus avec des ren97couplage de Suzuki

du catalyseur pour les réactions de Cependant, la difficulté majeure a été la synthèse 

olonne chromatographique. solvants ont été essayés pour la purification sur c

miser les rendements, différents système de réaction ont été nécessaires afin d’opti

, quelques adaptations du 7c et 7a Malgré la synthèse facile des composés 

ion.  Ligands fluorescents utilisés pour la cyclométallatFigure 68. 
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= 4-méthoxy-Ph= OMe, R: R17b

= Ph= H, R R17a: 1 2

1 2

1 2

N

S

N

R1

R2

ement reproductible.    (Schéma 1). Cette méthodologie est simple et facil9870°C

 pendant 1h à  avec l'acétate de palladium dans l’acide acétique, 7eet 7c 7ades ligands 

 par réaction  17eet17a, 17b  La première étape est la synthèse des complexes 

Nouveaux complexes cyclopalladés synthétisés.  Figure 69. 

= Br= OMe, R R18e:
= 4-méthoxy-Ph= OMe, R: R18b

= Ph= H, R R18a:

2

1 2

1 2

1 2
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O
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eau 1. de liaison représentés dans la Figure 70 et au Tabl

 ainsi que quelques distances et angles 17edichlorométhane. La structure du complexe 

u pentane dans le Rayons-X et obtenu des monocristaux par diffusion d

 pour faire l'analyse par diffraction des 17e Nous avons choisi le complexe 

coordiné.  

autre coté où le métal aurait pu être l’orthométallation d’un côté du ligand désactive l’

ué. Il est probable que un dimer bimétallique, cependant la réaction a écho

 pour avoir 17bion du complexe sous argon. Nous avons essayé une deuxième palladat

roduit est séché sous vide et conservé libre qui pourrait rester en faible quantité). Le p

acétique et l'éther (pour retirer du ligand procédé, le solide est filtré et lavé avec l'acide 

du ) correspondant au complexe cyclopalladé. À la fin 17e et 17bet rouge foncé pour 

17arécipité rouge (rouge pâle pour réaction, nous pouvons observer la formation d'un p

. Après quelques minutes de le mélange réactionnel sous forme d’un solide jaune

ide et le ligand est visible dans  Les ligands sont pratiquement insolubles dans l'ac

. 7e et 7c, 7a Cyclométallation des ligands Schéma 1.

= Br, 77%= OMe, R R17e:
= 4-méthoxy-Ph, 32%= OMe, R: R17b

= Ph, 38%= H, R R17a: 1 2

1 2

1 2
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= Br, 77%= OMe, R R17e:
= 4-méthoxy-Ph, 32%= OMe, R: R17b

= Ph, 38%= H, R R17a:

= Br, 96%= OMe, R R18e:
= 4-méthoxy-Ph, 93%= OMe, R: R18b

= Ph, 88%= H, R R18a:

température ambiante (Schéma 2).  

 LiCl dans l’acétone pendant 1h à atomes chloro en pont) par une simple réaction avec

 (avec deux et 18a, b  en dimères et 17a, b  Nous avons converti les composés e e

 

1 2

1 2

1 2

1 2
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Pd
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PdPd

N
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N
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O O

O

R1

R2

N

S

N
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température ambiante (Schéma 3). 

thane sous agitation à  par simple addition de pyridine dans le dichloromé19e

et  19b 19a ont été convertis en leurs monomères 18eet  18b 18a Les dimères 

d’un seul isomère.  

N, ce qui indique la présence Nous n’observons qu’un seul groupe de signaux en RM

 acétate par des ligands chloros. (2,3 ppm, ce qui prouve la substitution des ligands

u groupe méthyle du ligand acétate nous pouvons observer la disparition du signal dû a

e de résonance magnétique du proton, dans laquelle ils sont très solubles. Sur le spectr

s apolaires), à l'exception de l'acétone majorité des solvants polaires (et tous les solvant

 ne sont que partiellement solubles dans la  18eet 18b 18a Les composés 

.  18eet18a, 18b Synthèse des composés Schéma 2. 
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Cl
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= Br, 87%= OMe, R R19e:
= 4-méthoxy-Ph, 89%= OMe, R: R19b

= Ph, 83%= H, R R19a: 1 2
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Cl
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= Br, 96%= OMe, R R18e:
= 4-méthoxy-Ph, 93%= OMe, R: R18b

= Ph, 88%= H, R R18a:

pyridine

1 2

1 2

1 2

N

S

N

R1
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N

S

N

R1

R2

igure 71 et au Tableau 2.  quelques angles et distances de liaison sont à la F

a structure du complexe ainsi que par diffusion du pentane dans le dichlorométhane. L

e  Nous avons obtenu des monocristaux de couleur roug19e.l’occurrence le complexe 

ffraction des Rayons-X, en avons choisi un complexe pour faire l'analyse de di

s l'addition de la pyridine. Nous dimère dans le dichlorométhane) devient homogène dè

aible solubilité du complexe  Le mélange réactionnel hétérogène (du fait de la f

. 19eet 19a, 19b Synthèse des composés Schéma 3. 

TA
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4.3. Analyse par Diffraction des Rayons-X 

 

; les hydrogènes sont omis par souci de clarté.  17eDiagramme ORTEP du complexe Figure 70. 
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Angles (deg.) 
Selectionnés 

Atomes 
d (Å) 

Sélectionnés 

Atomes 

. 17eomplexe  Sélection de distances et d'angles de liaison du cTableau 1.

N1-S1 1,647(3) N1-Pd1-O2 90,54(12) 

Pd1-Pd1 2,9026(6)   

O3-Pd1 2,064(3)   

O2-Pd1 2,165(3)   

N1-Pd1 1.989(3) C1-N1-Pd1 128,70(3) 

C12-Pd1 1,992(4) O2-C14-O3 126,20(4) 

C10-O1 1,372(5) C7-C12-Pd1 126,00(3) 

C3-Br1 1,886(4) N1-Pd1-O3 174,66(12) 

C2-N2 1,350(5) C12-Pd1-O2 175,55(13) 

C1-C2 1,424(5) O3-Pd1-O2 85,96(11) 

C1-N1 1,338(5) N1-Pd1-C12 90,55(15) 

N2-S1 1,599(4) C12-Pd1-O3 93,24(14) 

attendu pour un complexe plan-N1-Pd1-C12 de 90,55(15), un valeur proche de celle 

res, avec un angle de chélation planéité. Nous observons un palladacycle à six memb

avec une petite déviation de la angles environnants du complexe carré est 360,29°, 

1-O2. La somme de tous les pour les atomes C12-Pd1-O3 et 85,96(11)° pour O3-Pd

tate, avec un angle de 93,24(14)° aromatique ortho et aux deux oxygènes du pont d'acé

 l'atome d'azote, au carbone complexe carré formé par l'atome du palladium lié à

. Il y a une petite distorsion des angles du 99carré du palladium est estimé à 1,31Å

 dans une géometrie plan IIyon de Pdest 2,9026 Å, une distance non liante puisque le ra

. La distance palladium-palladium atomes de palladium, qui présentent une symétrie 

s deux  sont des dimères avec deux ligands acétate pontant17e Les cristaux 

 

C2
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lement l’un par rapport à l’autre. deux ligands cyclométallés sont positionnés parallè

pontés par les ligands acétates, les à six chaînons. Les deux atomes de palladium étant 

717,55°, proche des 720° d'un cycle somme de tous les angles internes du cycle atteint 

 cycle à six membres. Néanmoins la carré, mais plus petite que les 120° prévus pour un

 

; les hydrogènes sont omis par souci de clarté. 19eDiagramme ORTEP du complexe Figure 71. 
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Angles (deg.) 
Selectionnés 

Atomes 
d (Å) 

Selectionnés 

Atomes 

. 19eomplexe  Sélection de distances et d'angles de liaison du cTableau 2.

C1-N1 1,341(3) N1-Pd-C12 90,43(8) . 

  N1-C1-C6 126,2(2) 

  C12-C7-C6 124,50(2) 

  C1-C6-C7 121,90(2) 

Cl-Pd 2,411(6) S1-N1-Pd 121,91(11) 

N3-Pd 2,037(19) C1-N1-Pd 128,71(15) 

N1-Pd 1,993 (19) N1-Pd-N3 174,54(8) 

C12-Pd 2,015(2) C12-Pd-Cl 177,37(7) 

N2-S 1,605(2) N1-Pd-Cl 89,98(6) 

N1-S 1,649(19) C12-Pd-N3 92,61(8) . 

C2-N2 1,343(3) N3-Pd-Cl 87,19(6) . 

. 17e coordination de N1 au métal, comme pour le complexe

 Å, respectivement) en raison de la grande que la liaison N2-S (1,649(19) Å et 1,605(2)

e la benzothiadiazole est plus proche d'un complexe carré idéal. La liaison N1-S d

 avec un angle de liaison de 174,54°, trans177,37° et les deux azotes sont en position 

o. L'angle de liaison C12-Pd-Cl est l'azote de la benzothiadiazole et à un ligand chlor

, à  la pyridine, un carbone spcarré légèrement déformé, et coordinné à l'azote de

 au centre, dans un complexe plan II Nous avons un composé avec le métal Pd

 

2
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 (ns) ΦΦ

(nm) 

de Stokes 

Déplacement 

em

max

abs
maxComposé Log 

.  19e et 19b19a,, 17e, 7e Donnés d’UV-vis et fluorescence pour les composés Tableau 3.

 la Figure 72 à la Figure 76.  solution du ligand et des complexes sont montrés de

es d’absorption et d’émission en composés sont représentées au Tableau 3. Les spectr

 inédit. Les donnés photophysiques des 7eNous avons aussi analysé le ligand 

isation à l’aide d’une cuve à ultrason. fluorescent) en solution après tentative de solubil

ion (avec libération du ligand l’acetonitrile et nous avons observé une décomposit

) ne sont pas complètement solubles dans 18 et 17analyses. Les dimères (séries 

pour faire les 18e  et 17e et les complexes 19avons choisi la série de complexes 

s ont été étudiées. Nous  Les propriétés photophysiques de quelques complexe

4.4. Propriétés Photophysiques 

 

 

ε λ a λ a ΦΦf
 b τ1

3,92 384 554 170 0,110 14,200 7e 

f = 0.55, standard) , SOquinine (Riedel) en 1.0 M H

 rendement quantique de fluorescence (sulfate de  M). 
-5

Solution dans l’acetonitrile (1.0x10
a 

3,39 484 684 200 0,009 0,130 19e 

3,56 499 690 191 0,040 0,224 19b 

3,30 459 597 138 0,030 0,291 19a 

3,61 491 706 215 0,010 0,129 17e 

b

2 4 Φ
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 M dans l’acetonitrile). 
-5

 en solution (1,0x107eligand 

 et absorption (courbe en trait plein) du Spectre normalisé d’émission (courbe en pointillés)Figure 72. 
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 M dans l’acetonitrile). 
-5

 en solution (1,0x1017eligand 

 et absorption (courbe en trait plein) du Spectre normalisé d’émission (courbe en pointillés)Figure 73. 
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 M dans l’acetonitrile).
-5

 en solution (1,0x1019aligand 

 et absorption (courbe en trait plein) du Spectre normalisé d’émission (courbe en pointillés)Figure 74. 
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 M dans l’acetonitrile).
-5

 en solution (1,0x1019bligand 

 et absorption (courbe en trait plein) du Spectre normalisé d’émission (courbe en pointillés)Figure 75. 
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 et de quelques palladacycles publiés. 19e et 19b, 19a

, 18e, 17edes complexes  Au Tableau 4 nous avons les donnés photophysiques 

able dans l’état excité.  temps de vie (14,2 ns) indique que le ligand est st

 le BTD et le groupe terminal OMe. Le transfert de charge intramoléculaire efficace entre

que un  présent un grand déplacement de Stokes, ce qu’indi7efluorescence. Le ligand 

 de la molécule et par conséquence augmente la augmente la conjugaison 

 La présence de deux groupes aryles groupement aryle (de l’autre côté il y a un brome).

à un  n’est pas symétrique et le noyau BTD n’est lié qu’7e, le ligand 7b et 7ades ligands 

 (voir le Tableau 2 au Chapitre 1). Au contraire 7b et 7acomparaison aux autres ligands, 

ment faible en  présent une valeur de rendement quantique relative7e Le ligand 

 M dans l’acetonitrile).
-5

 en solution (1,0x1019eligand 

 et absorption (courbe en trait plein) du Spectre normalisé d’émission (courbe en pointillés)Figure 76. 

19e
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 (ns) Référence

(nm) 

de Stokes 

Déplacement 

(nm) 

em

max

Composé Solvant 

mplexes cyclopalladésDonnés photophysiques à temperature ambiante des coTableau 4. a 

λ  
Φf τ  

 0,129 Ce travail 
-3

MeCN 706 215 10,00 x 1017e 

 3,400 100 
-3

 536 64 0,09 x 10ClCH20

 0,130 Ce travail 
-3

MeCN 684 200 9,00 x 1019e 

 0,224 Ce travail 
-3

MeCN 690 191 40,00 x 1019b 

 0,291 Ce travail 
-3

MeCN 597 138 30,00 x 1019a 

b 2 2

annexes.

Les structures des composés 20 au 29 sont dans les 
b 

 Tableau addapté de la référence 103. 

 200 39 
-3

MeCN 457 137 6,80 x 1029

 4,400 102 
-3

 660 341 230,00 x 10ClCH28

 4,000 102 
-3

 430 38 4,00 x 10ClCH27

 < 0,500 102 
-3

 600 222 1,00 x 10ClCH26

 1,100 100 
-3

 560 114 0,12 x 10ClCH25

 < 1,000 100 
-3

 556 78 0,08 x 10ClCH24

 1,700 100 
-3

 560 85 0,47 x 10ClCH23

 0,400 101 
-3

 582 102 0,20 x 10ClCH22

 1,200 101 
-3

 578 103 4,70 x 10ClCH21b 2 2

b 2 2

b 2 2

b 2 2

b 2 2

b 2 2

b 2 2

b 2 2

b 

a

 

é importante du ligand et à une Normalement ces déplacements sont dus à une rigidit

excitation pour les complexes. bathochrome des longueurs d’onde d’absorption et d’

a engendré un déplacement  Nous avons observé que la palladation des ligands 
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tonitrile ou le dichlorométane.  solubilité des composés dans les solvants comme ace

isées en raison de la trop faible  Les études électrochimiques n’ont pas pu être réal

 des temps de vie faibles. processus radiatifs thermiquement activés, et aussi

mpérature ambiante, en raison de présenter généralement une luminescence faible à te

. Les complexes palladés sont connus pour 103en accord avec les valeurs déjà publiés

, mais 34,55son aux ligands libresquantiques des complexes sont assez bas en comparai

ableau 4. Les rendements grandes que la majorité des composés présentés au T

 215 nm), plus  présentent de larges déplacements de Stokes (138 à19e et 19b, 19a

, 18e, 17eLes produits cyclopalladés délocalisation électronique liée à la métallation. 
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CONCLUSION 
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rature pour la détection et la une des sondes plus sensibles décrite dans la litté

laire qui conduit à C de l’autre côté constitue une architecture molécudu groupe Ar-C

PhOMe d’un côté de la BTD et noyau BTD. La combinaison du groupe électrodonneur 

) avec le ICTharge intramoléculaire (PhOMe est libre pour le processus de transfert de c

C, par conséquence, le groupe riple Cproduit du côté de la BTD où se trouve la liaison t

N se ) suggèrent fortement que l’intercalation avec l’ADab initioet les calculs théoriques (

fraction des Rayons-X . Les analyses photophysiques, les analyses par dif15a-cdérivés 

orescence, spécialement avec les double-brin, révélée par une augmentation de la flu

 biomacromolécules de l’ADN démontré l’interaction rapide des composés avec les

) ont stopped-flowionnaires (l’ADN. Des expériences cinétiques d’état quasi-stat

 spécificité et de leur sensibilité à PCR en temps réel, principalement en raison de leur

 permis de tester les composés en des résultats négatifs. Tous ces résultats nous ont

 ont donné Mycobacterium tuberculosis)phosphorylase (PNP) humaine ou bactérienne (

ion des enzymes purine nucleoside pas avec les protéines testées, les tests de détect

 n’interagissent 15a-cdérivés BTD spéctrophotométriques et spéctrofluométriques. Les 

 les mesures sensibilité sans précédent (moins de 1 ppm) d’après

 pour l’ADN avec une «light-up»du type méthoxyphényl, sont de sondes sélectives

, portant les groupes 1-aryléthynyl et 4-15a-c Les derives benzothiadiazoles 

lication en luminescence (OLEDs).  supérieurs aux dérivés de la quinoxaline pour l’app

composés dérivés de la BTD sont pas essentielle pour leur photoluminescence et les 

s benzothiadiazoles n’est  des positions 5 et 7 des quinoxalines et 4 et 7 deL’extension 

D. -extensible, mais réduit la valeur pour la série BT pour la série Q band gapdu 

eur d’électrons augmente la valeur ou benzothiadizole par un groupe donneur ou attract

roupe aryl lié au noyau quinoxaline substitution d’un hydrogène dans la position 4 du g

électrochimiques indiquent que la benzothiadiazole. Les propriétés photophysiques et 

ne et 4,7-diaryl-2,1,3-le noyau BTD et Q, les dérivés 5,8-diaryl quinoxali

és photoluminescents avec  Nous avons synthétisé une nouvelle série de compos

Conclusions et Perspectives  

π

π

 

≡

≡
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MeO OMe

 (Schéma 4).  104réaction d’insertion d’alcynes dans la liaison Pd-C

omposés fluorescents par une comme intermédiaire pour l’obtention des nouveaux c

 peut être utilisé 18mplexes  Par ailleurs, nous avons montré que la série de co

trie cyclique.   potentiels d’oxydation et de réduction par voltammé

en solution pour déterminer les métal au ligand). Les composés ne sont pas stables 

ar exemple le transfert de charge du intéractions entre le métal et les ligands (comme p

s pour déterminer la nature des libres. Des études complemmentaires sont nécéssaire

les en comparaison aux ligands spectres d’UV-vis et des rendements quantiques faib

ement vers le rouge dans les reproductibles. Les complexes présentent des déplac

. Les réactions sont faciles et bien 19 et les monomères 18 et 17les séries de dimères 

 nous a fourni neuf composés inédits, 7e et 7b, 7a La cyclopalladation des ligands 

spectrofluorimétrique.  

ctrophotométrique et quantification de l’ADN en solution par titrage spe

 

N
S

N

Cl

Pd

OMe

OMe

N

S

N

 dans le chlorobenzène 140°C. Des premier temps et ensuite par l’addition de l’alcyne

 NaI dans l’acétone dans un  Ces nouveaux produits sont obtenus par l’action de

Obtention de nouveaux composés fluorescents.  Schéma 4. 

18b

2
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ractérisation des produits.  améliorer les rendements et pouvoir effectuer la ca

es réactions est nécessaire pour avec de très faibles rendements. Une optimisation d

btenu des résultats positifs, mais études préliminaires ont été faites et nous avons o
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EXPERIMENTAL SECTION 
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pecies. transient and obtain the lifetimes of the excited s

ed to analyze the decays of the decay routines of the LP900 system software were us

composition. The standard exponential replaced by fresh solution at the first signs of de

e array spectrometer) and absorption spectroscopy (Hewlett-Packard 8452A diod

ition by conventional UV-vis Solutions were monitored for laser-induced decompos

in the transient absorption decays. each laser shot and 10 laser shots averaged to obta

 Solutions were stirred between harmonic (355 nm) of a Surelite II-10 Nd-YAG laser.

n was carried out with the third 450W Xe high pressure monitoring lamp and excitatio

photolysis system is equipped with a Edinburgh Analytical Instruments LP900 laser flash 

ed with a rubber septum. The with solvent-vapor-saturated argon in cuvettes capp

s deoxygenated by exhaustive purging 20 °C on air-equilibrated solutions and on solution

s experiments were performed at exponential decay. Nanosecond laser flash photolysi

fitting routines for mono- and bi-from the decays by using the FL900 convolution and 

  lamp excitation source). Lifetimes were determinedFL900 lifetime Spectrometer (H

 Edinburgh Analytical Instruments correlated single photon counting technique with an

ys were collected by the time-spectrofluorometer were employed. Fluorescence deca

i Model F-4500 a Shimadzu UV-1601PC spectrophotometer and a Hitach

r fluorescence quantum yields, spectrophotometer or a Shimadzu Model UV-1601PC. Fo

ere taken on a Cary 50 Varian PGSTAT 30 Potentiostat. UV-vis absorption spectra w

were recorded on an Autolab Melting Point apparatus. Cyclic voltammograms (CV) 

C/min or in a Electrothermal IA9000 12000 PL-DSC apparatus at a heating rate of 5 

ing points were measured on a were registered on a Bomem B-102 spectrometer. Melt

spectrometers. Infrared spectra on a Varian Inova 300 MHz or Varian Gemini 200 MHz 

cation. NMR spectra were recorded new compounds were fully characterized after purifi

. All 97ing to a the reported methodpalladacycle catalyst precursor was prepared accord

rther purification. The NCP purchased from Acros or Aldrich and used without fu

r reactors. All substrates were oven-dried resealable Schlenk tubes or Fisher-Porte

argon or nitrogen atmosphere in  All catalytic reactions were carried out under an 

General Methodology 

°

2
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tively with water. The solid was mixture was filtered under vacuum and washed exhaus

. The  was added to consume completely any excess Brsaturated solution of NaHSO

 rt and a sufficient amount of a solid was noted. The mixture was allowed to cool to

ion of a dark orange , the solution was refluxed for 6 hours. Precipitataddition of the Br

ution. After total an additional 100 mL of HBr can be added to the sol

ial!). If necessary, added dropwise very slowly (slow addition is essent

 (35.21 g, 220.32 mmol) in 100 mL of HBr was solution containing Br

 (10.00 g, 73.44 mmol) and 150 mL of HBr (48%). A benzothiadiazole 

ed  To a 500 mL two-necked round bottom flask were add

enzothiadiazole 3 General Procedure for the Synthesis of 4,7-Dibromob

20.51. 

52.83; H, 2.94; N, S C, 52.92; H, 2.96; N, 20.57; S, 23.54. Found: C, Calcd. For C

C. Anal : 44 105erature): 1659, 1433, 1264, 1104, 747. M.p. 43.6-44.4. Lit-1(KBr, cm

 ppm 154.6 ; 129.1; 122.4. FTIR  – 50 MHz): C NMR (CDCl133.1 Hz and J = 6.8 Hz). 

 (dd, 2H, J =  ppm 7.99 (dd, 2H, J = 3.3 Hz and J = 4.6 Hz); 7.57 – 200 MHz): (CDCl

H NMR  1 in 93% yield (11.71 g, 85.99 mmol). was removed, affording pure compound 

 and filtered. The solvent , dried over MgSOClextracted 5 times with 200 mL of CH

e steam distilled mixture was following addition of water were to the mixture. Th

urified by direct steam distillation achieve a final pH of 1. The desired compound was p

entrated HCl was added to rotatory evaporator and 700 mL of water added. Conc

 hours. The solvent was removed in a dropwise very slowly and the mixture refluxed for 5

d . Thionyl chloride (184.94 mmol, 2 equiv.) was addediamine 

dissolution of the 369.98 mmol). The solution was stirred until total 

 and triethylamine (37.44 g, Cl (10.00 g, 92.47 mmol), 300 mL of CH

-phenylenediamine  To a 1000 mL flask were added commercial 

hiadiazole 2 General Procedure for the Synthesis of 2,1,3-Benzot

o

1 2 2

1

2 2 4

2

3 δ

3 δ

°

6H4N2

2

2

2

3 2

N

S

N

Br

Br

N

S
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Br

Br

 (1.70 mmol -3 mol%). Compound acid (3.74 mmol) and the NCP pincer palladacycle (1

 (3.74 mmol – for Q), arylboronic COcharged with CsF (3.74 mmol – for BTD) or Na

d and back-filled with Ar and  An oven-dried resealable Schlenk tube was evacuate

6a-d and 7a-d General Procedure for the Preparation of Compounds 

 285.87412, found 285.87418. BrHR/MS calcd for C

C. : 226-228 106ature ppm 147.3, 140.6, 133.9, 123.4. M.p. 229 ºC. Liter75 mHz): 

 – C NMR (DMSO-d13 ppm 9.13 (s, 2H), 8.17 (s, 2H);  – 300 MHz): H NMR (DMSO-d

 in 76% yield.  compound 

H to afford The yellow solid was then crystallized with hot EtO

 (3 x 20 mL). removed and the crude product was washed with water

nt was then and the mixture was refluxed for 3 hours. The solve

3.43 mmol) was added Under stirring, glyoxal sodium bisulfite (0.912 g, 

H.  (0.365 g, 1.37 mmol) was dissolved in 10 mL of EtOCompound 

. 34,56according to literature method

, followed by cyclization, were performed 7a-dThe sulfur extrusion reactions of the BTDs 

d procedure.  was synthesized according to a previously describe Compound 

Reactions 

xaline 5 and Cyclization General Procedure for Synthesis of 5,8-Dibromoquino

9.53; S, 10.91. Found: C, 24.58; H, 0.76; N, 9.62. 

S C, 24.52; H, 0.69; Br, 54.36; N, BrC. Anal calcd. for C: 188-189 34Literature

 ppm 152.6; 132.1; 113.6. M.p. 189-190 ºC.  – two drops – 50 MHz): /DMSO-d(CDCl

C NMR 13 ppm 7.73 (s, 2H).  – two drops – 200 MHz): /DMSO-dH NMR (CDCl

 in 95% yield (20.51 g, 69.77 mmol). desired dibrominated product 

g the O and dried under vacuum for ca. 20 hours, affordinthen washed once with cold Et2

3

1
3 6 δ

3 6 δ

° 6H2 2N2

4

4

5

1
6 δ 6

δ °

8H4 2N2

2 3

3

N

N
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N N

3.49; N, 8.65. 

 C, 75.46; H, 3.80; N, 8.80. Found: C, 75.51; H, 1220318.0991. Anal. Calcd For C

 318.0968, found 1220C1591, 1546, 1487, 801. M.p. 147 ºC. HRMS calcd for 

): 2893, 2659, 2245, 2122, 2054, -1(KBr, cm

147.3, 136.6, 136.5, 134.0, 114.5, 114.2. FTIR 

 ppm 165.3, 162.2, NMR (DMSO, 50 MHz), 

C 13ppm 7.90-7.62 (m, 4H), 7.06-7.02 (m, 6H). 

, 200 MHz), H NMR (CDCl: 6b Quinoxaline 

0.13.  C 85.08, H 5.00, N 9.92; found C 84.90, H 4.75, N 1

 (282.3): calcd. 1420 282.1157; found 282.1131. C1420181 °C. HRMS: calcd. for C

): = 2243, 2122, 802,795. M.p. -1ppm. FTIR (KBr; cm

= 146.0, 141.5, 135.6, 132.6, 127.9 ), MHz, CDCl

C NMR (75 13=7.52 Hz, 2 H) ppm. J (m, 4 H), 7.45 (t, 

= 1.18 Hz, 4 H), 7.81 (s, 2 H), 7.56 J = 8.40 and J (d, 

= 7.96 ), H NMR (300 MHz, CDCl: 6a Quinoxaline 

O as eluant. ca gel using Etcrude material was chromatographed directly on sili

ted under reduced pressure. The to cool to room temperature and the solvent evapora

or 18 h. The solution was then allowed was stirred at 130 ºC (for BTD) or 100 ºC (for Q) f

he reaction mixture  (1.70 mmol – Q) was added in 1,4-dioxane (5 mL). T– BTD) or 5

2

 

 

1
3 δ 

3 δ 

H N2 H N2

 

 

1
3 δ 

δ

H F2N2
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MeO OMe

N N

9.71. Found: C, 75.31; H, 4.56; N, 9.97. 

S C, 74.97; H, 4.19; N, 12181586, 1463, 1424, 1333. M.p. 84 ºC Anal. Calcd For 

): -1136.5, 133.9, 133.2, 113.8, 113.0. FTIR (KBr, cm

 ppm 154.0, 137.3, , 50 MHz), C NMR (CDCl136H). 

ppm 8.00-7.95 (m, 4H), 7.80 (s, 2H), 7.60-7.43 (m, 

, 200 MHz), H NMR (CDCl: 7a Benzothiadiazole 

3.64; N, 16.86. Found: C, 79.05; H, 3.27; N, 16.52.

 C, 79.50; H, 1222 332.1062, found 332.1051. Anal. Calcd For C1222calcd for C

.p. 240 ºC. HRMS ): 2533, 2119, 2053, 1591, 1547, 1494, 1428, 807. M-1FTIR (KBr, cm

152.6, 147.3, 134.7, 131.1, 119.1, 112.5. 

 ppm C NMR (DMSO, 75 MHz), 13Hz). 

7.93 (d, 4H, J = 8.2 Hz), 7.78 (d, 4H, J = 8.4 

 ppm 8.45 (s, 2H), 8.15 (s, 2H), MHz), 

, 200 H NMR (CDCl: 6d Quinoxaline 

88; N, 7.89.  C, 77.17; H, 5.30; N, 8.18. Found: C, 76.75; H, 4.1822

 342.1368, found 342.1349. Anal. Calcd For 1822M.p. 152 ºC. HRMS calcd for C

): 2644, 2117, 2038, 1591, 1488, 799. -11137.6, 137.5, 133.7, 113.5, 55.2. FTIR (KBr, cm

 ppm 163.1, 162.0, 146.0, 141.6, MHz): 

, 75 C NMR (CDCl13Hz), 3.89 (s, 6H). 

= 8.4 Hz), 7.99 (s, 2H), 7.01 (d, 4H, 8.4 

 ppm 9.00 (s, 2H), 8.15 (d, 4H, J MHz), 

, 300 H NMR (CDCl: 6c Quinoxaline 1
3

δ

3

δ

H N2O2

C H O2N2
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δ

δ

H N4 H N4
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3 δ
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3.32; N, 16.84. 

S C, 70.99; H, 2.98; N, 16.56. Found: C, 71.28; H, 1020338.0661. Anal. Calcd For C

S 338.0626, found 1020d for C1747, 1607, 1401, 1185, 826. M.p. 160 ºC. HRMS calc

): 3080, 2924, 2862, 2367, 2222, -1118.6, 116.3, 114.9, 113.8 112.2. FTIR (KBr, cm

129.8, 129.7, 128.9, 128.5, 127.9, 118.7, 

141.2, 140.9, 134.5, 132.8, 132.4, 132.3, 

 ppm 152.9, 152.5, , 50 MHz), (CDCl

C NMR 13 ppm 8.10-7.77 (m, 10H). MHz), 

, 200 H NMR (CDCl: 7d Benzothiadiazole 

8.41. 

.96; N, S C, 68.94; H, 4.63; N, 8.04. Found: C, 69.31; H, 41620Anal. Calcd For C

): 3029, 2954, 1604, 1519, 1284. M.p. 207 ºC. -1129.9, 127.4, 114.0, 55.4. FTIR (KBr, cm

 ppm 159.6, 154.1, 132.2, 130.3, MHz), 

, 50 C NMR (CDCl13Hz), 3.89 (s, 6H). 

Hz), 7.70 (s, 2H), 7.08 (d, 4H, J = 8.4 

 ppm 7.92 (d, 4H, J = 8.2 200 MHz), 

H NMR (DMSO, : 7c Benzothiadiazole 

.31; N, 8.92. S C, 66.65; H, 3.11; N, 8.64. Found: C, 66.95; H, 31018

S 324.0532, found 324.0572. Anal. Calcd For 1018ºC. HRMS calcd for C

): 3068, 1604, 1517, 1227, 1163. M.p. 127 -1115.7, 115.6, 115.5, 113.2. FTIR (KBr, cm

132.2, 131.0, 130.9, 128.1, 127.9, 115.9, 

 ppm 164.50, 161.3, 153.9, 133.3, MHz), 

, 50 C NMR (CDCl132H), 7.21-7.10 (m, 4H). 

 ppm 7.91-7.80 (m, 4H), 7.79-7.44 (m, MHz), 

, 200 H NMR (CDCl: 7b Benzothiadiazole 1
3

δ

3

δ

H F2N2

C H F2N2
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δ
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δ
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δ

3 δ
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MeO Br

154.1, 153.0, 150.2, 142.6, 136.3, 133.6, 131.9, 

 ppm , APT), C NMR (CDCl137.29-7.34 (1H, m). 

= 7.5 Hz), 7.67-7.74 (2H, m), J Hz), 7.76 (1H, d, 

= 7.5 J =4.8 Hz), 7.81 (1H, d, J  ppm 8.69 (1H, d, 

, 300 MHz), H NMR (CDCl: 14a Benzothiadiazole 

. 14a-bthe desired products hexane/ethyl acetate gradient as eluant, affording 

tographed directly with solvent was evaporated and the crude product chroma

eated at 90 °C for 3 days. The mL), and the resulting suspension was stirred and h

ry triethylamine (15  (20 mg), cuprous iodide (20 mg) was suspended in dClPd(PPh

 (4.85 mmol), 13a-b(2.85 g, 9.7 mmol), alkynes 3 . A mixture of 72,74procedure

ed  were synthesized according to a previously describ13a-b Compound 

14a-b General Procedure for the Preparation of Compounds 

8.72. Found: C 48.31, H 2.85, N 8.87. 

OS (321.20): C 48.61, H 2.82, N BrN13127.4, 114.2, 112.2, 55.4. Anal. Calcd for C

= 160.1, 153.9, 153.2, 133.6, 132.3, 130.4, 129.0,   ), C NMR (125 MHz, CDCl133H). 

 7.7 Hz), 7.06 (d, 2H, 8.8 Hz), 3.89 (s, (d, 1H, 7.7 Hz), 7.86 (d, 2H, 8.8 Hz), 7.52 (d, 1H,

 = 7.90 ),H NMR (300 MHz, CDCl in 85% yield. 7eO affording with pentane and Et

material was purified on silica gel the solvent evaporated under reduced pressure. The 

lowed to cool to room temperature and stirred at 130 °C for 24h. The solution was then al

 dioxane (10 mL) was added. The reaction mixture was

 (1.7 mmol, 500 mg) under argon and 1,4-and 

, mmol, 250 mg), the NCP pincer palladacycle (1 mol%)

mmol, 250 mg), 4-methoxybenzeneboronic acid (1.7 

 A Schlenk tube was charged with CsF (1.7 

General Procedure for the Synthesis of Compound 7e 

3

2
1

3   δ

3 δ
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3)2 2

 

 

1
3

δ

3 δ
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Br

5, 134.5, 130.8 (2C), 129.5, ,  ppm 160.5, 155.6, 153.4, 150.4, 143.5, 136.2, 135.APT) 

, C NMR (CDCl13m), 3.90 (3H, s). 

(4H, m), 7.27-7.32 (1H, m), 7.08 (1H, 

(1H, m), 7.92-7.98 (3H, m), 7.67-7.76 

 ppm 8.67-8.69 , 300 MHz), (CDCl

H NMR : 15a Benzothiadiazole 

O. raphed on silica gel with Etpressure. The crude material was directly chromatog

lvent evaporated under reduced then allowed to cool to room temperature and the so

t 130 ºC for 18h. The solution was dioxane (15 mL). The reaction mixture was stirred a

(0.63 mmol) were added in 1,4-14a-b pincer palladacycle (1 mol%). Compounds 

cid (0.76 mmol) and the NCP charged with CsF (383 mg, 2.52 mmol), arylboronic a

d and back-filled with Ar and  An oven-dried resealable Schlenk tube was evacuate

15a-c General Procedure for the Preparation of Compounds 

H, 1.96; N, 13.24.

S C, 49.39; H, 1.91; N, 13.29. Found: C, 49.37; BrN131485, 833. M.p. 146.1 °C. For C

): 3088, 3027, 2919, 2853, -1 (KBr, cm131.8, 123.2, 119.8, 115.7, 115.5, 92.8, 87.8. FTIR

 ppm 153.8, 153.0, 151.9, 148.8, 139.0, 133.1, 

, APT) C NMR (CDCl13= 7.5 Hz), 7.34 (1H, m). J d, 

= 7.5Hz), 7.69 (1H, J = 7.9 Hz), 7.86 (1H,d, J (1H,d, 

= 3.7 Hz), 7.94 J  8.89 ppm (1H, s), 8.62 (1H,d, 

, 300 MHz), H NMR (CDCl14b Benzothiadiazole 

13.29. Found: C, 49.43; H, 1.99; N, 13.34. 

S C, 49.39; H, 1.91; N, BrN131082. M.p. 182.6 °C. Yield: 92% Anal Calcd. For C

): 3075, 2919, 2848, 1579, 1458, -1cm127.6, 123.4, 115.7, 115.6, 95.4, 83.9. FTIR (KBr, 

H6 3
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δ
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δ
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3 δ
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OMe

ine (30 mg)  (5 mg), cuprous iodide (5 mg), and triphenylphosphClmmol), Pd(PPh

0 g, 14.35 (1.593 g, 5.42 mmol), trimethylsilylacetylene (1.413  A mixture of 

16a-c General Procedure for the Preparation of Compounds 

4.19; N, 8.23. OS C, 73.66; H, 4.12; N, 8.18. Found: C, 73.70; H, 142191%. For C

754 . M.p.100.5 °C. Yield: ): 3054, 2956, 2211, 1605, 1503, 1479, 1244, 1031, -1(KBr, cm

4.4, 112.5, 97.8, 85.6, 55.7. FTIR 130.6, 129.3, 129.2, 128.7, 127.6, 122.7, 117.4, 11

 160.3, 154.6, 133.8, 132.6, 132.2, , APT) C NMR (CDCl13=2.1 Hz), 3.84 (3H, s). 

=2.7 Hz), 7.05 (1H, t, m), 7.08 (1H, t, 

=6 Hz), 7.39-7.42 (3H, 7.53 (1H, d, 

m), 7.80 (1H, s), 7.65-7.70 (2H, m), 

 ppm 7.84-7.91 (2H, ) NMR (CDCl

H : (91% yield)15c  Benzothiadiazole 

3.88; N, 12.31.  

 OS C, 69.95; H, 3.82; N, 12.24. Found: C, 70.01; H,1320117.8 °C. Yield: 81% For C

): 3044, 2922, 1603, 1515, 1486, 1244, 826. M.p. -1(2C), 91.2, 89.5, 55.4. FTIR (KBr, cm

1, 126.5 (2C), 114.1 (2C), 113.9 151.1, 147.5, 139.8, 135.1, 133.6, 130.5 (2C), 129.

 ppm 160.2, 155.1, 153.1, APT) 

, C NMR (CDCl13(2H, m), 3.89 (3H,s). 

=7.4), 7.05-7.10 (7H, m), 7.67 (1H, d, 

 ppm 7.88-8.01 , 300 MHz), (CDCl

H NMR 15b Benzothiadiazole 

N, 12.24. Found: C, 69.90; H, 3.79; N, 12.20.

OS C, 69.95; H, 3.82; 1320or C1579, 1485, 1459, 1243, 1168, 834. M.p. 125.7 °C. F

): 2992, 2952, 2832, 1602, -1KBr, cm126.9, 114.4 (2C), 114.3., 94.5, 85.0, 55.8. FTIR (

H N3
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3 δ
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δ
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3 δ
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 160.14, 154.30, 133.51, 132.08, 117,02, ): C NMR (75 MHz, CDCl13Hz), 3.85 (6H,s). 

= 8.8 J Hz), 6.92 (4H, d, 

= 8.8 J s), 7.61 (4H, d, 

 ppm 7.74 (2H, MHz), 

, 300 H NMR (CDCl

: 16b Benzothiadiazole 

2.98; N, 16.56. Found: C, 70.51; H, 2.94; N, 16.55.

S C, 70.99; H, 1020cd. For C2924, 1574, 1489, 1444, 1239. M.p. 233 ºC. Anal Cal

): 3049, -139, 84.45. FTIR (KBr, cm142.70, 136.19, 133.06, 127.96, 123.41, 116.97, 96.

 154.27, 150.29, ): (75 MHz, CDCl

C NMR 13(4H, m), 7.35-7.27 (2H, m). 

= 4.6 Hz) 7.89 (2H, s), 7.79-7.68 J d, 

 ppm 8.69 (2H, , 300 MHz), (CDCl

H NMR : 16a Benzothiadiazole 

. 16a-c

), affording the desired products directly chromatographed with ether/n-hexane (20:80

evaporated and the crude product and heated at 60 °C for 18 h. The solvent was then 

 resulting suspension was stirred was suspended in dry triethylamine (20 mL), and the

 (5 mg), and cuprous iodide (5 mg) Clhalogenated compound (11.38 mmol), Pd(PPh

d (5.42 mmol), the corresponding second Sonogashira reaction. A mixture of this soli

) was immediately submitted to a affording a yellow solid. This solid (very unstable

romatographed directly with ether, The solvent was evaporated and the crude product ch

d at room temperature for 8 hours. potassium fluoride (1.260 g, 21.68 mmol) and stirre

 methanol (25 mL), treated with product (air unstable) was immediately dissolved in

ing a yellow solid. The isolated chromatographed directly with diethyl ether, afford

ated and the crude product and heated at 90 °C for 4 h. The solvent was evapor

 resulting suspension was stirred was suspended in dry triethylamine (20 mL), and the

3)2 2
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.  17a-caffording the product 

der vacuum, O and pentane. The result orange solid was dried unamounts of AcOH, Et

d then filtered, washed with small reaction was allowed to cool to room temperature an

ipitated was noted. After 1h, the at 70 °C for 1h and a dark red or orange solid prec

 was added. The reaction was stirred and heated Schlenk tube and 1.04 mmol Pd(OAc)

 were dissolved in 10 mL of AcOH in a  7eor 7c 7a 1.04 mmol of compounds 

a, 17b and 17e General Procedure for the Synthesis of Compounds 17

S 336.07212, found 336.0717. 1222840, 750, 688. mp.159 ºC. HRMS calcd for C

): 3037, 1537, -13. FTIR (KBr, cm131.92, 129.02, 128.37, 122.39, 117.08, 97.41, 85.2

 ppm 154.26, 132.37, ): MHz, CDCl

C NMR (75 13m), 7.35-7.27 (2H, m). 

4.6 Hz), 7.89 (2H, s), 7.79-7.68 (4H, 

= J  ppm 8.69 (2H, d, ), MHz, CDCl

H NMR (300 : 16c Benzothiadiazole 

S 396.093250, found 396.0940. 1624201 ºC. HRMS calcd for C

): 3044, 1599, 1509, 1289. M.p. -1114.53, 114.04, 97.60, 84.31, 55.33. FTIR (KBr, cm

H N2O2  
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3 δ

3 δ
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3.64, N 5.41.

49.77, H 3.80, N 5.28; Found: C 50.01, H 

O (1061.80): C , 2HPd3644

3H), 2.33 (s, 3H). Anal. Calcd for 

8.8 Hz, 2.6 Hz), 3.94 (s, 3H), 3.80 (s, 

Hz), 6.90 (d, 1H, 2,7 Hz), 6.49 (dd, 1H, 

7.40 (d, 1H, 7.7 Hz), 7.11 (dd, 3H, 8.8 

7.84 (d, 2H, 8.8 Hz), 7.49 (d, 1H, 7.7 Hz), 

 ppm: ), H NMR (300 MHz, CDClyield. 

: burgundy solid, 32%  17bCompound

H 3.64, N  5.64. 

(923.67): C 52.01, H 3.27, N 6.07; Found: C 52.41, 

O , HPd28403H). Anal. Calcd for C

1H), 7.21 (m, 1H), 6.96 – 6.83 (m, 2H), 2.33 (s, 

 7.63 – 7.54 (m, 4H), 7.51 (t, 1H, 7.3 Hz), 7.36 (m,

 ppm: 7.86 (d, 2H, J= 7.1 Hz), ), (300 MHz, CDCl

H NMR : orange solid, 38% yield. . 17aCompound 1

3 δ

H N4O4 2S2 2

 

 

1
3 δ

C H N4O8 2S2 2

 

24.2. Anal. Calcd for

6, 55.3, 133.1, 131.6, 123.3 (2C), 120.6, 117.5, 112.7, 111.

 ppm: 183.2, 157.4, 152.1, 144.9, 136.6, ), MHz, CDCl

C NMR (125 138.8 Hz, 2.8 Hz), 3.81 (s, 3H), 2.31 (s, 3H); 

58 (dd, 1H, Hz), 7.17 (d, 1H, 9.0 Hz), 6.79 (d, 1H, 2.6 Hz), 6.

 ppm: 7.64 (d, 1H, 8.1 Hz), 7.29 (d, 1H, 8.1 ), MHz, CDCl

H NMR (300  light red solid, 77% yield.  17e:Compound

 

 

1

3 δ

3 δ

 

Pd

Pd

5.60. 

H 2.49, N calculated C 37.10, H 2.28, N 5.77; found C 37.01, 

 (971.30): PdBr2230C H 2N4O6 2S2
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Cl

Pd

6.66 (dd, 1H, 8.6 Hz, 2.7 Hz), 3.78 (s, 3H). 

, 7.7 Hz), 7.96 (d, 1H, 8.2 Hz), 7.72 (d, 1H, 8.8 Hz)

 ppm: 8.11 (d, 1H, 2.9 Hz), 8.10 (d, 1H, )m acetone-d

H NMR (300 MHz,  (96% yield)  18eCompound

3H), 3.79 (s, 3H). 

6.68 (dd, 1H, 8.8 Hz, 2.6 Hz), 3.89 (s, 

7.75 (d, 1H, 8.8 Hz), 7.10 (d, 2H, 9.0 Hz), 

(dd, 2H, 9.0 Hz), 7.85 (d, 1H, 7.7 Hz), 

1H, 7.7 Hz), 8.06 (d, 1H, 2.7 Hz), 8.01 

 ppm: 8.27 (d, ), (300 MHz, acetone-d

H NMR (93% yield):  18b Compound

Hz), 7.03 (t, 1H, 7.7 Hz).  

 7.1 (dd, 1H, 7.7 Hz), 7.63 – 7.44 (m, 3H), 7.19 (d, 1H,

.74 Hz), 7.84 (d, 1H, 7.7 Hz), 7.80 (dd, 1H, 8.2 Hz), 7

 ppm: 8.29 (t, 1H, 7.7 Hz), 7.92 (d, 2H, 7.0 ), CDCl

H NMR (300 MHz, (88% yield):  18a Compound

  18e. and  18b18athe compounds 

ed and dried under vacuum affording at room temperature. The resulting solid was filter

eaction mixture was stirred for 1h Schlenk tube. LiCl (0.796 mmol) was added and the r

 (0.398 mmol) were dissolved in 10 mL acetone in a 17eor  17b 17a Compounds 

a, 18b and 18e General Procedure for the Synthesis of Compounds 18
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Cl

Pd

ound  PdS (568.39): calculated C 52.83, H 3.55, N 7.39; fClN202554.9. C

5.8, 125.2, 122.8, 114.5, 111.8, 55.1, 132.2, 131.6, 131.0, 129.1, 128.7, 126.2, 126.1, 12

.2,  ppm: 160.1, 157.6, 153.6, 152.5, 146.7, 143.0, 139), C NMR (125 MHz, CDCl13

(d, 1H, 2.6 Hz), 3.90 (s, 3H), 3.53 (s, 3H). 

8.8 Hz), 6.78 (dd, 1H, 2.6 Hz, 8.6 Hz), 6.0 

7.7 Hz), 7.44 (t, 2H, 6.4 Hz), 7.08 (d, 2H, 

(m, 3H), 7.83 (d, 1H, 8.8 Hz), 7.77 (d, 1H, 

4.9 Hz), 8.22 (d, 1H, 7.9 Hz), 7.96 – 7.86 

 ppm: 8.96 (d, 2H, ), (300 MHz, CDCl

H NMR (89% yield):  19b Compound

3.65, N 7.65. 

 H O (526.35): C 52.48, H 3.45, N 7.98. Found C 52.23,PdS, HClN1623Calcd for C

5, 126.0, 125.4, 125.3, 124.8. Anal. 132.4, 131.7, 129.1, 128.9, 128.7 (2 signals), 127.

151.4,. 146.8, 142.1, 138.2, 137.4, 135.8, 133.0, 

 ppm: 153.4, ), C NMR (125 MHz, CDCl138.1 Hz); 

1H, 1.5 Hz, 6.6 Hz, 8.2 Hz), 6.53 (dd, 1H, 1.1 Hz, 

7.20 (ddd, 1H, 8.2 Hz, 7.0 Hz, 1.3 Hz), 6.85 (ddd, 

7.7 Hz), 8.0 – 7.81 (m, 5H), 7.62 – 7.38 (m, 5H), 

 ppm: 8.93 (d, 2H, 4.9 Hz), 8.37 (d, 1H, ), CDCl

H NMR (300 MHz, (83% yield):  19a Compound

d dried under vacuum.  temperature for 1h and the result solid filtered an

he reaction was stirred at room Schlenk tube and pyridine (0.708 mmol) was added. T

 in a Cl (0.354 mmol) were dissolved in 10 mL CH18e or 18b, 18a Compounds 

a, 19b and 19e General Procedure for the Synthesis of Compounds 19
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OMe

Cl

Br

Pd

7.76; found C 40.21, H 2.54, N 7.59. 

OPdS (541.16): calculated C 39.95, H 2.42, N BrClN1318122.2, 111.8, 111.3, 54.4. C

4.2, 143.2, 138.3, 133.4, 133.1, 125.4, 125.2, 124.8, 12

 ppm: 158.1, 153.3, 152.1, 146.3, ), (125 MHz, CDCl

C RMN 138.6 Hz), 5.97 (d, 1H, 2.6 Hz), 3.52 (s, 3H). 

6 Hz, 1H, 8.8 Hz), 7.44 (t, 2H, 6.6 Hz), 6.75 (dd, 1H, 2.

77 (d, Hz), 7.91 (d, 1H, 8.1 Hz), 7.88 (t, 1H, 8.0 Hz), 7.

 ppm: 8.93 (d, 2H, 4.9 Hz), 8.00 (d, 1H, 8.1 ), CDCl

H NMR (300 MHz, (87% yield):  19e Compound 1

3 δ

3 δ

H 3

N
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N
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Parameter 17e 19e 

19eand 17e t for Summary of the crystal data and structure refinemenTable 6. . 

OPdS BrClN1318 CPdBr2230Empirical formula C H 2N4O6 2S2 H 3

 (I))  (I)) 4629 (I >2Observed reflections 4263 (I >2

 (R(int) = 0.0405) Independent reflections 5558 (R(int) = 0.0623) 5192

Reflections collected 33822 10301 

 15  l -15 

 14  k -12 

 11  h -12 

  18   l -18 

  34   k -36 

  10  h -15 

Index ranges 

Theta range 0.998 to 30.034 deg. 1.90 to 29.99 deg.

Crystal colour red red 

 0.30 x 0.25 x 0.20 mmCrystal size 0.20 x 0.18 x 0.10 mm

Crystal shape plate prism 

-1
 3.546 mm

-1
Absorption coefficient 3.489 mm

 2.007 g/cmDensity (calculated) 1.994 g/cm

 895.34(6) ÅVolume 3800.59(12)Å

67.469(2) 

85.148(2) 

107.378(1) 

77.842(2) 

10.9885(3 

10.4897(4) 

8.6025(4) 

90.00 

90.00 

90.00 

10.465(1) 

13.3993(2) 

26.1898(5) 

10.8302(2) 

(deg) 

(deg) 

(deg) 

c (Å) 

b (Å) 

a (Å) 

Unit cell dimensions 

Z 4 2 

Space group P b c n P-1 

Crystal system orthorhombic triclinic 

Wavelength 0.71073Å 0.71073 Å 

Temperature 173(2)K 173(2)K 

Formula weight 1141.11 541.13 

α

β

γ

3 3
 

3 3
 

 

3 3
 

 

≤ ≤

≤ ≤

≤ ≤

≤ ≤

≤ ≤

≤ ≤

δ δ
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-3
 0.584 and -1.093 eÅ

-3
Largest diff. peak and hole 0.90 and  -1.70 eÅ

71 (I)) R1 = 0.041, wR2 =  0.115 R1 = 0.029, wR2 = 0.0Final R indices (I >2

 1.182 1.054 Goodness-of-fit on F

/ 236 Data/restraints/parameters 5558 / 0 / 237 5192 / 0 

35123 Max./min. transmission 0.66192/ 0.52407 0.43655/ 0.

ts Semi-empirical from equivalents Absorption correction Semi-empirical from equivalen

2

δ
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17a.  Spectra of compound H NMRFigure A 3. 
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17b.Spectra of compound H NMRFigure A 4. 
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. 17eHMBC of compound Figure A 6. 
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17eHSQC of compound Figure A 7. 
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18a. Spectra of compound H NMRFigure A 8. 
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18b. Spectra of compound H NMRFigure A 9. 
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18e. Spectra of compound H NMRFigure A 10. 
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19a. Spectra of compound H NMRFigure A 11. 
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 19aHSQC of compoundFigure A 12. 
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. 19aHMBC of compound Figure A 13. 
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19bHMBC of compound Figure A 15. 
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19bHSQC of compound Figure A 16. 

 

. 

pEtm080017_5b_h sq:: 1 (10 1H) 
0 
0 

j 0 
~ 

IL 'li Ü , • 
0 
~ 

1 
1 

t 
2 

, 

~ 

0 

, 
fi 

0 
rn 

0 
0 

0 

• R 

• Il Il DI 
a • Il ~ 

0 • ~ 

0 
~ 

• 
~ 

pm i.5 ~ i5 \ 6'.5 ~ 5'.5 ~ ,'.5 : /5 '7l: 1~ 



143
 

 

 

OMe

Cl

Br

Pd

19e. Spectra of compound H NMRFigure A 17. 

 

1  

N
S

N

N



144
 

 

19eHMBC of compound Figure A 18. 
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19e. HSQC of compound Figure A 19. 
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