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Bien sur, je ne peux pas, dans cette partie consacrée aux remerciements, ne pas avoir une 
pensée émue pour tous les étudiants du DCSO avec lesquels j’ai eu le plaisir de travailler 
durant ces 4 années. Bien plus que des « collègues » de labo, bons nombres d’entre eux sont 
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Dans le souci de n’oublier personne et de ne pas froisser les susceptibilités des uns ou des 
autres, procédons labo par labo : 
�
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Allez, arrête un peu de râler et viens prendre une petite bière …  
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�

Merci également à Jean-Pierre et ses électrodes. Pas toujours habillé à la dernière mode (c’est 
du fait de « son grand age »…euh, je veux dire de « sa grande sagesse » !) mais toujours prêt 
à l’exode ! 
 
Merci enfin à ceux qui sont partis trop tôt ou arrivés trop tard et que je n’ai pas eu le temps 
de bien connaître. Je pense à Graziela et sa gentillesse, Juan-Carlos et sa galanterie, Igor et 
ses tubes à évaporer, Alexandrew et sa Kristina.  
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Que dire sur Myriem, sans provoquer sa colère …  en effet, cette fille au fort caractère 
supporte difficilement les impairs. J’ai cependant apprécié sa compagnie : ces rires et ces cris, 
dans les labos, m’ont souvent réjouie et  sans elle je n’aurais jamais atterri ici. Pour tout 
cela, je lui dis un grand Merci. 
�

Merci à Gillian, notre petite écossaise à la gentillesse sans pareil. Tout enthousiasme m’a 
ravie…et passe le bonjour à « Annnnnnndy ».  
 
Mille mercis à Jon et sa toute petite voix qui, pour mon postdoc, souvent me conseilla. Je n’y 
serai jamais arrivée sans toi. Merci.  
 
Julien : en seulement 6 mois parmi nous, tu nous a re-motivé un grand coup.  
Merci pour ton dynamisme et tes nombreux conseils.  
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Markus (dit couscous). En plus d’être un as de la chimie, ce jeune et brillant postdoc 
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un an sans (trop) broncher.  
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Une petite pensée également pour  Grégory, Dominique, Edzer, Emilie (je penserai bien a toi 
en février !), les 2 Dave, Frédéric et  Lisa. 
Enfin, bonne chance à Diego, Nahid et Yann qui débutent. 
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Un grand merci tout d’abord à Aurélie. La bonne humeur et l’exubérance qui te 
caractérisent, sont des grands bols d’air frais qui nous re-dynamisent. Sans toi, aucun 
« Téléphooone » et « à taaaable » ne rétentissent. Qu’est ce que cela est triste !  
J’ai également apprécié les nombreuses soirées passées à tes cotés.  
Mieux que Billetreduc et Ticketac réunis, Lilie est la reine des soirées théâtrales réussies. 
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Que dire à présence de sa comparse Lucie, brin de femme pétillante et sportive, toujours prête 
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�

Merci à Xavi dont le calme et la gentillesse face à ces 2 furies, resterons légendaire… à mon 
avis.  
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Abréviations (Partie théorique) 
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Introduction générale 
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1. Introduction à la chimie radicalaire 

1.1. Généralités 
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Figure 1- 1 : exemple de radicaux libres, anions et  cations 

�

)����� ��
� ������	
	
� @�������
���
� ��
� ��������� �����
>� A��� ��
� ��@@	������� ��
� �
�6��
�

������
�	�
�
����
�����������
�����-���������A���9�����
��
���
���
;>��

������������
	�H��	�����

��������:�O��
�9@�������:�;/�*�
��	��
���
�������
�O
�����������
<��
�J��

� ������	��
�
����A����������
�����������������
�������������������/������
��
�����
�����

�����	�
��������������
���*:*���
�����������������������	
/�����

� )����
��
�
���/�*����:������������A���
�����-<����6���
��
����������=�����������/�

)���

���
���������
�-<����6����������
��������������
��
�����
��������@����
�������

����������
	
�������	���
>�����
�����<�	/�

�

)�
���������������
�
��
�������
�@��
����
��	��
�@
���
:H:��
��������<�6��/�

�

�



� ���

&��	��
�
���

C + C C C

&�
��
�
���

C
H

C C C+

H

C
H

C
H

+ C C

'���
����
����W��<�6��

C + O2 C O O
�

Figure 1- 2 : Réactions de base des radicaux libres  
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1.2. Les radicaux fugaces 3 
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Figure 1- 3 : Stabilisation du radical par mésoméri e en présence de substituants électro-donneurs et a ttracteurs  
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Figure 1- 5 : Influence de l’effet stérique sur l’a ddition du radical isobutyronitrile  
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Figure 1- 6 : Attaque d’un radical sur une oléfine substituée  
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Figure 1- 7 : Réactivité des radicaux nucléophiles et électrophiles  
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 1.3. Les radicaux persistants et stables 
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Figure 1- 8 : Exemple de radicaux stables et persis tants  
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Figure 1- 9 : Dimérisation réversible du radical di hydro-pyrazolone 
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Figure 1- 10 : Réactions mises en jeu dans l’exempl e considéré 
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2. La chimie radicalaire appliquée à la synthèse de  petites 

molécules 
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2.1. La chimie radicalaire par propagation de chaîn e 
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Figure 1- 11 : Mécanisme radicalaire par propagatio n de chaîne 
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Figure 1- 12 : Mécanisme radicalaire en chaîne util isant l’hydrure de tributylétain  
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Figure 1- 13 : Mécanisme radicalaire du transfert d ’atome ou de groupe  
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2.2. La chimie radicalaire des xanthates 
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Figure 1- 14 : La fonction xanthate 
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Figure 1- 15 : Deux aspects de la chimie radicalair e des xanthates 

�

�/�/�/�,	����
���

�

)���	����
����������	��
��������������������
���
@��
�������
-�
���

�����	
��
	�
������@�������:

���
�����
��J�

�������������������������������������������������
�.
�+��
�>�T/*/�J��,�����"�
/>�-;00>���>��2./�



� .4�

S

O S
R1 R2

In In

=�)�D��


S

O S

In

R1 R2

R2

S

O S

R2

R1 R2

������) �

	��� ���


S

O S
R1 In

R'2

�		���) 

�%���'���) 

������ �
�
 �+++

S

O S

R'2

R1 R2

S

O S
R1 R2

1.7

1.8

1.9

S

O S
R1 R'2

1.10

1.6

1.6

�

Figure 1- 16 : Mécanisme radicalaire du transfert d e xanthate 
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Figure 1- 17 : Bilan de la réaction radicalaire par  transfert de xanthate 
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Figure 1- 18 : Synthèse de la matrine �
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3. La chimie radicalaire des xanthates comme voie d ’accès à de 

nouvelles structures 1,2-diones et application à la  synthèse 

d’hétérocycles azotés 

3.1. La structure 1,2-dione 
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Figure 1- 20 : La fonction 1,2-dione  
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Figure 1- 21 : Synthèse de 1,2-diones  
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Figure 1- 22 : Le noyau imidazole  
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Figure 1- 25 : Le  noyau pyrazine  
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3.2. Synthèse de nouvelles diones 
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Figure 1- 34 : Synthèse inattendue d’un benzimidazo le 
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Figure 1- 38 : Réaction avec le diaminomaléonitrile  

�

�����@����>��������������>3:����������-
��6���������
�H����@����
������������
	�-+.<����
��
�


��R���
����@���
�������	-<������
	�	�/�&��
������
>�����	���
�������������
�*�9!,�;�� ����

������
� ��
� H� �������������� �����
�
�
���� ��� 
<

6��/� *���� �����A��� ���
:O
��� ����A���� ���

�������� 
��� ��� 

���
���� @�����/� )�� �����
	� -+.<� �

� ��������
� ���� 

����� �
� 
�� �	�������

���������
/��

�

./�/./��<�
-6
�����A����������
��
�����<��?���
�

�

'��6
� ������ �@@��
�	� ��� 
<�
-6
�� ��� ��
� �����
�
� ���?�����?���
� �
� �����?���
>� ���
� ���
�


����
������������
����	
����
����
<�
-6
����
���
�@
�A����������
��
��<��?���
/��

�

'� ��� ���� ��
� �	
��
�

� ��	�	���

>� ��� 
������ ����
���
����>� ����� ��
����� ��
� �<��?���
>� � ���

�	���
	���� �����	-<�������
�����
�������� ����������/�&6
� ���
>� ���
� ����
>� ���
������������


���
>����

	�.�R���
�H���5*>�������������
	�	�����
�����	��������BD���������	
�������'����



� �.�

�@�������
��������
<

6������������������
��������������	
	���
�����
�����
������������	��
�������

9@�������:.4;/���

APTS
THF/H2O

50°C, 3jours H

O O

R1O

O O

R1

H2N

R3

R2

H2N N N

R2 R3

R1
�

�

Figure 1- 39 : Voie de synthèse des pyrazines et qu inoxalines 

�

*�

��@��
�������>����
�����
�����
	���

��	
����H����
<�
-6
�����
��

��

����
��
>����������
>�

�����<��� ��������� �
>� ����
������
>� �����<����<��?���� ���� ��
����	����
� ��������
���

	����

��
�������	
	
��������A��
���
	��

��
�
/��

�

)��
�������
�����
���	
��
������
��������
��	
��
�

���
���
�J�

�

$������������	���
� &�������

�
���
	��

*����
	���
���� (�������
�

9G;�

�

N

O
O

O
MeO

Ms

1.55
�

�

�

H2N

H2N �

�

N

Ms

MeO

N

N
1.71

�

�

�

13�

N

O
O

O
MeO

Ms

1.55
�

�

N

H2N

H2N �

N

Ms

MeO

N

N N
1.72

�

�

�

���

N

O
O

O
MeO

Ms

1.55
�

�

H2N

CNH2N

CN

�

N

Ms

1.69

MeO

N

N
CN

CN �

�

�

34�

�



� �1�

*�

�� @��
:��>� ��
�A����������
��
� ����<��?������
�	
	���
���
���R���
�������
/�)�� ��������
�

�

��������
� �����
���� ����<��?����-+68/� $�
�
��
����
�����

�
����
� �����
���
�A����������
�

-+.-��
�-+.0������A����������
���������
��������	��
��������
�	
	��	
��
	/�$��
��������
�A�����
�

��������

�
����
���
�H�����	�����
�������
��������
�������

�����	���
��
��������	���������
����

�-��@@�����������	����������������/���

�

./�/1/�'�
��
��<���
�
���
���
�
����c�����

�

� (	��
���
����B��������
�*��@

�

�

%��
�����
����� ���
��
������
��	����
���
��� ��� �	��
���
	���� ��� @���
�����������@������ �	���
���

��
� �	��
���
� ���B������� �
�*��@

/� ����� @�����
��� ��� �	���
�
���� ��� ��

�� �	��
���>� ���
� ����
�


��������������������������-+22����
��
������<��������
�A������-�����	���
���/�����
�������������

��������

�������6����������
��<���
����
�������������
�������

�
��
�A���-+.1����-+.3�9@�������:

1�;/�

N

O
O

O
MeO

Ms

N

MeO

Ms

OHC

N
Ms

O
1.55

acide

1.73 1.74 �

Figure 1- 40 : Cyclisation de 1.55  par réaction de Friedel et Crafts 
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Figure 1- 41 : Synthèse d’une tétrahydropyridine  
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4. Conclusion 
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Figure 1- 42 : Synthèse de structures hétérocycliqu es originales en couplant un processus radicalaire à un processus 

ionique 
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Chapitre 2 : la polymérisation radicalaire contrôlé e 
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 La polymérisation radicalaire classique 

1.1. Principe 
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Figure 2- 1 : Principe de la polymérisation radical aire classique 
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1.2. Problèmes liés aux réactions de transfert 
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Figure 2- 2 : Les différentes réactions de transfer t 
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1.3. Problèmes liés aux réactions de terminaison 
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 La polymérisation radicalaire contrôlée (PRC) 

2.1. Principe 
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Figure 2- 3 : Principe de la polymérisation radical aire contrôlée 
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2.2. Premières conditions permettant d’obtenir une PRC 
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2.3. Conditions déduites de l’effet radical persist ant   
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Figure 2- 4 : Evolution des concentrations des espè ces lors d’une PRC 35 
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3.1. Polymérisations contrôlées par des métaux de t ransition 
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Figure 2- 7 : mécanisme de la polymérisation au cob alt 
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Figure 2- 8 : Transfert irréversible d’hydrogène au  cobalt 
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Figure 2- 9 : Mécanisme de l’ATRP 
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3.2.  Polymérisations contrôlées par transfert dégé nératif 
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Figure 2- 10 : Mécanisme de l’ITP 
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Figure 2- 11 : Amorçage de la polymérisation aux dé rivés iodés 
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Figure 2- 12 : Mécanisme de la polymérisation par a ddition/fragmentation 
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Figure 2- 13 : Différences entre les agents MADIX e t RAFT 
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3.3. Polymérisation contrôlée par terminaison réver sible : la NMP 66 
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Figure 2- 15 : Mécanisme de la NMP 
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Figure 2- 16 : Amorçage de la NMP 
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Figure 2- 17 : Structure de SG1 
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3.4. Polymérisations utilisant des dérivés téllurés  et séléniés 
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Figure 2- 18 : Mécanisme de la TERP 
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Figure 2- 19 : Mécanisme de la polymérisation aux d érivés séléniés 
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Chapitre 3 : Application du procédé MADIX à la synt hèse 
d’un nouveau support soluble 
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1. Les différents modes de synthèse 

1.1. Synthèse en solution 
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Figure 3- 1 : Principe de la synthèse en solution 
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1.2. Synthèse sur support solide 
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Figure 3- 2 : Principe de la synthèse sur support s olide 
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Figure 3- 3 : Synthèse de l’Ephilone A sur support solide par Nicolaou 
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1.3. Synthèse sur support soluble 80 
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Figure 3- 4 : Principe de la synthèse sur support s oluble 
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2. Description d’un support polymère 
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Figure 3- 5 : Les composants d’un support polymériq ue 
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2.1. Les attaches utilisées 
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Figure 3- 6 : Quelques attaches parmi les plus conn ues 
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2.2. Les polymères utilisés  
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Figure 3- 7 : Quelques polymères utilisés en synthè se sur support soluble 

�

)�� ���<9��<��� ��	
-<�6��;�
3�
� 9��� 
������ ������
�� ��
��� .���� �
� ����� &�;� �

� ��� ����� ���

���<�6���������
��
���
	����
����������������
<�
-6
��
���
�����
�
����������@��
����
������@���

��� 
�������
	/� ��� �@@�
>� 
�� ������ 
�������
	� ���
� ��� &,B>� ��� ���-�����	
-���>� ��� 
���6��>�

����	
���
����>� ��� �	
-����� �
� ������ �����
� ��� �	���
��� ��
� 
���
@����
���
� �-���A��
� 
���


�����
�
����������
�����
�����������
�
�����

/�$���

���������
������6
����
���
����������
�

�����	
-<�	
-��>� ���
�����������
� ��	
-�����H� @����� ���A��������
���� �	���	���� ����
	�����
	����

������
:
�����
	�H����

��������
���
@����
����������	����
�
�������
�����������
�
�����

/�

*�������
>� 
�� @������ 
�������
	����
� �����B� �
� 
�������� 
�������
	����
� ������������
>� ���
�

���
���
���
>�����
���
��������������
���
�
���/
3.
�

���

)�����<

<�6������	������

�	�������
�����������<�6�����������
<�
-6
��
���
�����
����
A�����

�

� 
������� ���
� ��� ������
� ��
� 
�����

� ������A��
� �
� A����� �

� ��
������� ���
� ������ �
� ���

�	
-����/��

)�
����<

<�6��
� ���	����
� 
��
��	�	�������
� 
<�
-	
�
	
����������<�	��
�
�������

<�6����
�

����:�-�����	
-<�

<�6���9@������.:3;/��

�

�������������������������������������������������
3.
�0�����
>�&/S�N����>�8/�8��	
���	�������/>�-88;>��1>����.:�����/�



� ��.�

Cl

AIBN

Cl

m +
toluene ∆

m

n

�
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3. Synthèses de supports solubles effectuées au 

laboratoire  

3.1. Etudes préliminaires 
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3.2. Nouveau support envisagé 
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4. Préparation des attaches 

4.1. Synthèse de l’attache 1 
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Figure 3- 15 : Synthèse de 3.11  
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Figure 3- 20 : Préparation du xanthate 3.19  
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4.2. Synthèse de l’attache 2 
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Figure 3- 21 : Protection de la fonction aldéhyde 
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Figure 3- 22 : Préparation de 3.22  
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Figure 3- 23 : Fonctionnalisation de 3.22  
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5. Synthèse et utilisation du support  

5.1. Synthèse du polymère  
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Figure 3- 26 : Synthèse du polymère 
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Figure 3- 27 : Chromatogramme CES de 3.28 , détection RI 
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5.2. Fonctionnalisation du support 
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Figure 3- 28 : Réduction de la fonction xanthate 
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Figure 3- 29 : Déprotection de l’aldéhyde 
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Figure 3- 30 : Réduction de la fonction aldéhyde 
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5.3. Mesure du taux de charge 
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Figure 3- 31 : Accrochage puis décrochage d’un diol  sur 3.30  
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Figure 3- 32 : Accrochage d’un acide carboxylique s ur 3.31 
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Figure 3- 33 : Décrochage d’un acide carboxylique d e 3.35 
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Figure 3- 34 : Décrochage en milieu acide 
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Figure 3- 35 : Les résines de Wang et de Sasrin 
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6. Conclusion 
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Figure 3- 37 : Nouvelle technique de purification d ’un principe actif 
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Chapitre 4 : Synthèse de nouveaux agents modérateur s de 
la polymérisation radicalaire, les dihydro-pyrazolo nes 
�

�

��� �443>� ��� 
���	
	�(-����� ��� ���������
���� ����� ��� ������
����� ��� ���@�

���� +���� �� 	
	� H�

�����������������	�	�,'&$I/
4�
�&6
����
>��������
����	�
�
��@@��

�������-���-��H����������
����

�����

��
��-��������H����
<�
-6
��������<�6��
����
�	�����
	/�*�������
�����	����������
����

��������� ��
	������ �

� ����
	� ���� ��� ������
� ����	� ��� ���
�Q��� ��� ��� ���<�	��
�
���� ��
�

�	
-���<��
�
� ���� ��� ����
/�*���� �

� ���
�����6�����
� �	����
��
� �����(-����� � ���
A��� ��

��

@������� ��� �����6��
� ������ �	�	�������
� ���6
� H� ��
� ���<�6��
� ��

	���
� ��� �����
�

������	
	
� �	����A��
>� ��� ���������>� ���
�� A������ �	
�

����� H� ��-<����<
�� ��	����	�� ����

������
� H� ����
� ��������
� ���<��
�
/� &�� ���
>� ��� ��������� �����6��
� �	
-���<��
�
�

@���
������
�
��
���
�������
�����

���������
/�

�

*��������
�������
��������-���
����>�������
�Q������������<�	��
�
��������������6���(�����

�������
�,'&$I�����
��
������
����

����������	
����������
�����������-�V������������
��
���

��� ����
��� *_�� ��� ���������
� 
-��������<�
-��� 
������ ������ 	
���� ��� @������
�
���� ���

�������
�@���	�9@������1:�;/��

�

O

S SS S Mm

O

S
O

S Mm

agent MADIX

Mn Mn
Mn

Z'
Z'

adduit MADIX

+   Mm

Z'

addition fragmentation

�

Figure 4- 1 : Principe du procédé de polymérisation  MADIX 

�

&��
������
����������<�	��
�
������
��	
-���<��
�
>���	
��������
��
���

�������
����������������

��� ��� �-�V������������
�� 
��� ������
�,'&$I� /�����@@�
>� �����	
����� 
����
��	�>� ��� 
�������

������
�,'&$I>�������
�������
��@����
�����<�6������α�����������
���*_���������

�������6���

���
�����6�����
� ����

�/�&6
� ���
>� ������
��������� �������� 

�����
	���� 
<����	
-���<��
�� 
���

��

�� ����
����

� ��
�O�����
���@@�����/�)�� 
���
@��
� ������
-�
�������������
� 9���A��
����
�

��
;�������
�������<�	��
�
�������

���
����
�Q�	�/�

�

�������������������������������������������������
4�
�����	@	���������������-�����
���	���������	�	
�('B���
�,'&$I>��-���
����/�



� �1��

�

&�����
>�
�������
���
	��

��H���	
����������P����9@������1:�;��
�
��
������
����A���������
����

��� ��� �-�V��� ���������
�� 
��� ������
� ,'&$I� 
��
� ��

����� 9��� A��� ���� ��
� 	
	� �	���
�	�

���	�����
������
;>�������������	
-���<��A������������
�,�
+
��

�
�������
�

�����A����������
�

������������@���	�������
�@������
����������6���H����	�������������������-�V������������
���
�

���� ��� ��������'
+
/� $�� ��� �	
��
����
� ��� ����P���� ���@@������ ��
� �-�V��
� �
� ����� ���������
�

���
�Q������������<�	��
�
���/���

�

Mn
S

O

S A

Z'

S S A

O

Mn

Z'

A-M1

O

S SMn

Z'

agent MADIX
de départ

adduit MADIX

+   A

A     +     M �

Figure 4- 2 : Initiation de la polymérisation MADIX  

�

(-����� ���
�� A��� ��
��� ������
����� 
��
� ����� 
��R���
� ��O

� H� �	��������� ��� ��������
�

�	
-��������
� �����

��
� ��� �������� ��� ���<�	��
�
���� ������������ ���
� ��� ��
� ��
���� ���

���
�Q����������<�	��
�
������
��	
-���<��
�
/��

*��

����
�������������������R�
�A���
���
���
�����
����������
-6
�����
���	��

��
��������
�H�

��� 
<�
-6
�� ��� �����
	
� �
���?�����
� �
� ��-<���:�<��?�����
� �
� H� ��	�����
���� ��� ����
�

������	
	
�
���������<�	��
�
�������A���A��
������6��
/�

�

'������
��������-���
��>�R�����

��-��������
������������
���
�H������
����
�������������R�
��
�

��
� 
������� ��	���������
� �@@��
�	
� ��� ������
����/� ���� ��� 
��
�>� R�� ���
� ��	
��
����� ��
�



���
���
�A�����
�	
	�
<�
-	
�
	�
/��

*�����P��
� 
��
� �������� ���� ��������� ������
� ��
� 

���
���
� �
���?�����
� �
� ��-<���:

�<��?�����
���
�	
	� ����
�@�	�
���� ������
����������������
��
���
�����

����	��
���
���� ���

���<�	��
�
���������������/�

�



� �1��

1. Genèse du projet 

1.1. Utilisation des isoxazolones au laboratoire 
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2. Description du projet 

2.1. Idée générale 
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2.2. Travaux préliminaires effectués par Dr T. Sale h 
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Figure 4- 13 : Schéma rétrosynthétique mis en place  au cours de l’étude préliminaire 
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Figure 4- 14 : Mise en évidence de la dissociation des dimères 4.14-ts et 4.15-ts 
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3. Préparation des agents de 1 ère génération 
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 3.1. Rétrosynthèse 
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Figure 4- 16 : Rétrosynthèse des composés de 1 ère génération 
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Figure 4- 18 : Synthèse des noyaux isoxazolones et dihydro-pyrazolones 
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3.3. Additions radicalaires 
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Figure 4- 28 : Observation de 4 protons benzyliques  par RMN 1H  

�

)�
� ����<
�
� ��� 
���
���	
���� ��� ��

�� ��
� �	�����
� �	��
������
� ��	
��
��
� ��
� 1� ���
�

���	�������
������
	��

�A��
���
����	��
�@
��
���
���������

��������
����
����
��A��������
��

��������
�������@������
�
��������������
���%:9���
�%:=0��������
��������R��
��������	�����>�

������������
������
���
��������

����
�������
��������	��
�������3+63��
�3+62�9@������1:�4�

�a����_��:*�.�-;/��

�

�

�

�

�

�



� �23�

N
N O

Ph

Ph

CN

CN

N
N O

Ph

Ph

NC

CN

N
N O

Ph

Tol

CN

CN
N

N O

PhNC

CN

Tol

N
N O

Ph

Ph

CN

N
N O

Ph

CN

Tol

4.64

4.65

�

�

�

Figure 4- 29 : Exemple de spectre de masse obtenu  
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Figure 4- 30 : Fragmentation de la liaison S-R au c ours de la polymérisation RAFT 
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4.3. Conclusion 
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Figure 4- 31 : Liste des meilleurs agents de 1 ère génération obtenus 
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5. Préparation des agents de 2 ème génération 

5.1. Principe 
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Figure 4- 32 : Agents de 1 ère et 2ème génération 
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5.2. Composés portant 2 groupements nitro 
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Figure 4- 33 : composé de 2 ème génération portant 2 groupements nitro 
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Figure 4- 34 : Synthèse de 4.89a  
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5.3. Composés portant un seul groupement nitro 
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Figure 4- 36 : Synthèse de 4.94  
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Figure 4- 37 : Réaction radicalaire impliquant 4.94  
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Chapitre 5 : Effet des agents de 1 ère et 2ème génération sur 
la polymérisation 
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Figure 5- 1 : Mode de dissociation des agents synth étisés  
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1. Evaluation rapide des propriétés de ces agents e n présence de 

monomères 

�

)���R��
�@������������6���
	�������
�


�A������
�����
��@@��
�	��	
��
�������/�%��
��	
�����
�

���������
�����������
�����

���
�����	���
�������
���
�A��������

����
������
�����

�����P��
�

������<�	��
�
�����
�A��� ������<�6������
����
�������
��
� H� 
�����
�	��
	� �����<�����-<���:



� �41�

�<��?�����/� %��
� 
��-��
���
>� ����
��� ���
>� ����
�@���� ���������
� ��
� �����
	
� ��
� ���
�

�����

���
� �@��� ��	
������ ��� @�P��� ���
� �����@������ ��� ������
����
� ����� ������� ���
�

����
	�������

/�

$�� 
����
� ����� ���� ������ 	
���� ���
� A����
�
���� A��� A���
�
�
���� �
� ��
� 
���� ��� ������
���� ���

�����6��
��
��������

�����
���
�	
	���
��	
����
�������������R���
	���
���
/�

�

1.1. Conditions choisies 
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1.2. Résultats obtenus 
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Figure 5- 2 : Superposition des spectres CES obtenu s par détection RI lors de la polymérisation du sty rène en 

présence de AT4, AT5, AT6 ou AT7 ainsi que lors de la polymérisation témoin. Polymérisations réalisées  dans le 

toluène (ES= 30% pour AT4 à AT6 et 22% pour AT7) à 110°C et pendant 12h. 
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Figure 5- 3  : Superposition des spectres CES obtenus par détectio n UV (315 nm) lors de la polymérisation du styrène 

en présence de AT4, AT5, AT6 ou AT7 ainsi que lors de la polymérisation témoin. Polymérisations réalis ées dans le 

toluène (ES= 30% pour AT4 à AT6 et 22% pour AT7) à 110°C et pendant 12h.  
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Tableau 1 : Polymérisation du styrène dans le toluè ne à 110°C pendant 12h en présence des différents a gents.  

Mn théorique = 3 kg/mol, ES= 30% dans les cas de AT 1 à AT6 et 22%  dans celui de AT7.  
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Tableau 2 : Polymérisation de l’acrylate de butyle dans le toluène à 110°C pendant 12h en présence des  différents 
agents. Mn théorique = 3 kg/mol, ES= 30% dans les c as de AT1 à AT6 et 22%  dans celui de AT7.  
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Figure 5- 4 :  Superposition des spectres CES obtenus par détectio n UV (315nm) lors de la polymérisation de l’acrylat e 

de butyle en présence de AT4, AT5, AT6 et AT7. Poly mérisations réalisées dans le toluène (ES= 30% pour  AT4 à AT6 et 

22% pour AT7) à 110°C et pendant 12h  
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Figure 5- 5 :  Superposition des spectres CES obtenus par détectio n UV (315nm) lors de la polymérisation de l’acrylat e 

de butyle en présence de AT1, AT2 et AT3. Polyméris ations réalisées dans le toluène (ES= 30%) à 110°C et pendant 12h  
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Figure 5- 7 : Superposition des spectres CES obtenu s par détection UV (315nm) lors de la polymérisatio n du 

méthacrylate de méthyle en présence de AT1, AT2 et AT3. Polymérisations réalisées dans le toluène (ES=  30%) à 110°C 

et pendant 12h  
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Figure 5- 8  : Superposition des spectres CES obtenus par détectio n UV (315nm) lors de la polymérisation du 

méthacrylate de méthyle en présence de AT4, AT5, AT 6 et AT7. Polymérisations réalisées dans le toluène  (ES= 30% 

pour AT4 à AT6 et 22% pour AT7) à 110°C et pendant 12h  
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1.3. Conclusion 
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2. Evaluation du degré de contrôle des polymérisati ons à 110°C 
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2.1. Evolution de la taille du polymère en fonction  des concentrations relatives 

en monomères et en agents 
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Figure 5- 9 : Isomérisation de AT1 en cours de poly mérisation  
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Figure 5- 10 : Comparaison Mn calculée et mesurée p our les  polymérisations réalisées dans le toluène à 110°C 

pendant 12h, ES= 30% 
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2.2. Etudes cinétiques 
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Figure 5- 11 : Evolution des conversions en styrène  et en AT6 en fonction du temps au cours de la poly mérisation du 

styrène,  dans le toluène (ES= 30%) à 110°C, pendan t 12h 
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Figure 5- 12 : Evolution de Mn en fonction du taux de conversion en styrène au cours de la polymérisat ion du St en 

présence de AT6 dans le toluène (ES= 30%) à 110°C, pendant 12h 
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Figure 5- 13 : Superposition des chromatogrammes CE S, détection RI, obtenus pour chaque prélèvement da ns le cas 

de la polymérisation du styrène en présence de AT6,  dans le toluène (ES= 30%)à 110°C pendant 12h  
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Figure 5- 14: Evolution des conversions en acrylate  de butyle et en AT1 en fonction du temps au cours de la 

polymérisation du BA dans le toluène (ES= 30%), à 1 10°C, pendant 12h 
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Figure 5- 15 : Evolution de Mp en fonction du taux de conversion en acrylate de butyle au cours de la polymérisation 

du BA en présence de AT1 dans le toluène (ES= 30%) à 110°C, pendant 12h 
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Figure 5- 16 : Evolution des conversions en méthacr ylate de méthyle et en AT1 en fonction du temps au cours de la 
polymérisation du MMA dans le toluène (ES= 30%), à 110°C, pendant 12h 
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Figure 5- 17 : Evolution de Mp en fonction du taux de conversion en méthacrylate de méthyle au cours d e la 
polymérisation du MMA en présence de AT1, dans le t oluène (ES= 30%), à 110°C, pendant 12h 
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2.3. Réaction d’extension de chaîne 
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Figure 5- 18 : Remise en réaction des macroamorceur s PSt-AT4 et PSt-AT6 dans le styrène et le toluène à 110°C 
pendant 12h, ES= 10%  
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2.4. Conclusion 
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3. Evaluation du degré de contrôle des polymérisati ons à 130°C  
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3.1. Etudes cinétiques de la polymérisation du méth acrylate de tert-butyle 
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Figure 5- 19 : Evolution de la conversion en AT en fonction de la conversion en méthacrylate de tert-butyle pour des 
polymérisations effectuées en masse, à 130°C et sur  une durée totale de 24h 
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Figure 5- 20 : Evolution de la quantité d’agent rés iduel au cours des polymérisations du méthacrylate de tert-butyle en 
masse, à 130°C, en présence respectivement de AT1 e t de AT4  
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Figure 5- 21 : Evolution de Mn en fonction de la co nversion en méthacrylate de tert-butyle dans le cas de la 
polymérisation de tBuMA, en masse, en présence AT1 et à 130°C sur une durée totale de 24h  
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Figure 5- 22 : Evolution de Mn en fonction de la co nversion en méthacrylate de tert-butyle dans le cas de la 
polymérisation de tBuMA, en masse, en présence AT4 et à 130°C sur une durée totale de 24h  
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Figure 5- 23 : superposition des chromatogrammes CE S (détection IR) obtenus lors de la polymérisation du 
méthacrylate de tert-butyle, en masse, en présence de  AT4 et à 130°C  
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3.2. Etudes cinétiques de la polymérisation du styr ène 
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Figure 5- 24: Evolution de la conversion en AT en f onction de la conversion en styrène au cours de la polymérisation 
du St en masse, à 130°C et sur une durée totale de 24h 
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Figure 5- 25 : Evolution de la quantité d’agent rés iduel au cours des polymérisations du styrène en ma sse, à 130°C, en 
présence respectivement de AT1, AT4 et  AT6  
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Tableau 5 : constante de vitesse de dissociation ap parente et temps de demi-vie apparent des agents AT 1, AT4 et  AT6 
mesurés au cours des polymérisations du styrène ou du méthacrylate de tert-butyle 
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Figure 5- 26  : Evolution de Mn en fonction de la conversion en s tyrène au cours de la polymérisation en masse du 
styrène en présence de AT1, à 130°C et sur une duré e totale de 24h 
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Figure 5- 27 : Evolution de Mn en fonction de la co nversion en styrène au cours de la polymérisation e n masse du 
styrène en présence de AT4, à 130°C et sur une duré e totale de 24h 
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Figure 5- 28 : Evolution de Mn en fonction de la co nversion en styrène au cours de la polymérisation e n masse du 
styrène en présence de AT6, à 130°C et sur une duré e totale de 24h 
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Figure 5- 29 : superposition des chromatogrammes CE S (détection IR) obtenus lors de la polymérisation du styrène, en 
masse, en présence de  AT6 et à 130°C 
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Figure 5- 30 : Mécanisme d’action proposé des agent s étudiés 
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3.3. Réaction d’extension de chaînes 
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Figure 5- 31 : Chromatogrammes CES (détection RI) d u prépolymère, des deux polymères « 2 ème génération » et d’un 
témoin ( « re-polymérisation » de styrène en masse à 130°C pendant 2h) 
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Figure 5- 32 : Chromatogrammes CES (détection UV à 315 nm) du prépolymère  et de l’un des polymères « 2ème 
génération » (« re-polymérisation »  de styrène en masse à 130°C pendant 2h)  
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Figure 5- 33 : Addition irréversible intrigante de l’agent de transfert sur les chaînes méthacrylates 
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4. Analyses complémentaires 

4.1. Expérience Maldi-Tof 
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Figure 5- 35 : Spectre Maldi-Tof de PSt-AT4 133 
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4.2. Spectres infrarouge et RMN 
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5. Conclusion 
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Figure 5- 37 : Mécanisme d’action des agents dihydr o-pyrazolones au cours de la polymérisation 
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Chapitre 6 : Nouvelles structures et perspectives 
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1. Synthèse des agents de 3 ème génération 

1.1. Approche rétrosynthétique 
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1.2. Synthèse des noyaux aminopyrazoles  
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1.3. Mise en place du groupement R 2 par addition sur le 1-chloro-2,4-

dinitrobenzene 
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Figure 6- 7 : Voie de synthèse de 6.14  
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1.4. Mise en place du groupement R 2 par condensation sur un aldéhyde 
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Figure 6- 9 : Mode opératoire « classique » pour la  réalisation des condensations de Knovenagel  
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�

)��

���
�������6+-6��

�R�

�@�	����������<
��	�	���
��������A�����
��
���������������
�������

�	��
���� ���

� ���
����	/� *�������
>� �����
� ��� �	
��
�
� ��

�� �����������
>� ���
� ����
�

�������������������������������������������������
�1�
�,��7����
>�'/�J��������������9����,���/>�-8-->�.3�>��1/�



� ����

�	���	� ��� ��

��� ��� c����� ��� ����� ��	��
����� 
��� ��
� ������<��?���
� A��� ���
� �����
�


<�
-	
�
	
���	�	������
/�

�

� (	
��
�

���
���
����
������
����6+--�

�

&��
� ��� ��
� ��� 6+--� �
� ���
��������
� ���� �	
��
�

� ��
���
� ����,��7����
>� ������ �����
	�

��

	���
� ��� 

���
���� 6+-2� �

������ ���� ��� O
��� �	
��
	/� '� ��� �����>� ���
� ��
�����
� ���

@����
���� ��� 6+-;� ����� ��� ��������
� ��� ��G� 9@������ �:��;/� *�� �����
	� �����������
� ���

���

�A�����
�����	������������������
�A������
	��������@���
�������������6+-8�
��������������

���=�������������
�!��������������6+0</�*����������
���	�����
�
����
��
������6+-;/�

�

N
N

Ph
H
N

6.11

+ OHC
N

N

Ph

N

ZnCl2

125°C

N
N N

Tol

Ph

ZnCl2
125°C

N
N

Ph

N

HO Tol

N
N N

Tol

Ph

oxydation

6.186.19 6.20

56%H

6.15

�

Figure 6- 11 : Mise en réaction de 6.11  
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2. Synthèse d’aryles sulfones 
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Figure 6- 19 : Fragmentation de 6.30  

�

%��
�����
��-��
�����
���������������������������
�I_��!���@�����������
������

�����
	����

��������6+08��
�����	����������
����	A�����������
����@����
������
��
�6��
������������
/��

&���O��� A��� ���
� ��� ��	
���� ��
� 

���
���
� ��-<���:�<��?�����
>� ���
� ������
� �
���
��� ���

���������
�'��������	��
�������������������������<�	��
�
����������������J���
����-����
��

�

���
	�
���������������
��
���
<����
����/�

�
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Figure 6- 21 : Synthèse du disulfure 6.34 
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Figure 6- 22 : Synthèse de 6.31  
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Figure 6- 24 : Synthèse de 6.33  
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3. Synthèse de benzofuranones 

3.1. Description 
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Figure 6- 26 : Dissociation des bis(isobenzofuran)- 3,3’-diones effectée par Kruppa 

�

)�
��	
��
�

���
���
�����8������
��
���	
��
	
����
����
�������
�����
/��

�

�

�

�

�

�

�������������������������������������������������
�1�
�8�����>�0/S����>��/S�)������>�'/S�(�

>�0/�<��%��,�����9
�
>�-881>�&�>��3��:�3.���
��	@	�����
���
	�
/�



� ��.�

%��� �
���
���� ����	��
����
�12
�

�����

����
����

6+1.� (�_�(�_�(._���

(1_�,��

l����5*�

�

6+1;� (�_�(�_���

(._�(1_�,��

�3�5*�

6+18� (._���

(�_�(�_�(1_�,��

:��5*�

6+3<� (._���

(�_�(�_�,��

(1_�� ��

:.�5*�

�

%��
� �����A���
� A����� 
�@@�
� ������������ �	�6�����
� 9���� ��
� ���������

� �	
-<��
;� ��
�

��
�
���
����
�������������
�A�����
����6��
��������
���������������

���	���
���
�������������

���
�

��

�����
�A��������-���������
��
����������
��	
-<���96+1.;�������

���
������
���
/��

�

)�	
���� ��� ��� ��

����
���� ��
� ��
9���?�@����;:�>��:�����
� �>� A���
� H� ����>� 	
	� ���
�	�� ����

!@������
�13
����
���
����	�
��42�����
������
�����
��	������
�������	A���������������/

�14
�

!��<�����������
�����
�A���������6���6+3-�
����

�����H����
������2�5*�9@�������:�2;/��

�

O
O

O O
OO

O
O

6.41 6.42

70°C

�

Figure 6- 27 : Dissociation étudiée par Ofenberg 

�

��� ���
� ��������
� H� ��	
��
� ��
� �	
��
�

� ��
���
� ����8������ ����� ����� ��!@������>� ���
�

�����A���
�A�����
�������������?�@����:�:���
���

6���
�H������������������������������
6���

���
�

��
�A��� ��
� ��������� �
����?�@����:.:���
����
A���6+1.� 
����

�����������H�������5*�

�������������������������������������������������
�12
�)�
�������
�����A�	�
�
��
���
�
���	��
���
����A�����
������

����
������
����6��
���	
	��	
��
	������(��/��

�13
�8��@����>��/S�*�

���>�N/�/S�)�����-�:*������>�'/S�!@������>��/�J��,�����"�
��*�	K���8	
�����>�-8..>���1�:

��13/�
�14
� B����

�>�,/S� '�����>� */S� B��
:����-�
>� �/S� �������>� N/*/�N	�� �����/>�0<<3>�&>� ��>� ��24:��3�� �
� �	@	�����
�

��
	�
/�



� ��1�

����
�A���6+3-�
����

������6
�2�5*/�*���-	���6����

����H�������
��������

�����
	������������

6+30����@��
����
���	������
�
�������
������
������@���
����������<��/�

�

&6
� ���
>� ��� ���
� 
������
� ��
	��

��
� ��� �	
�������� ���@@�
� ��� 
��
� ��������� 
��� ���

���<�	��
�
���������������/�&��
������
>����
�����
��-���-	�H�
<�
-	
�
�����
�����

����
<���

6+31��
�6+33��9@�������:�3;/��

O

O
O

O
A

R

A

6.43 6.44 �

Figure 6- 28 : Structure des agents que nous souhai tons synthétiser  

�

3.2. Synthèse des agents possédant un noyau benzofur an-2-one  
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Figure 6- 30 : Synthèse de 6.41  
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3.3. Synthèse des agents possédant un noyau isobenzo furan-3-one 
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Figure 6- 35 : Rétrosynthèse envisagée pour obtenir  6.44 
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Figure 6- 36 : Obtention des noyaux isobenzofuran-3 -ones  
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1. Généralités 

1.1. Abréviations 
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1.2. Purification des solvants et réactifs 
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2. Récapitulatif des molécules citées dans la parti e expérimentale 

2.1. Chapitre 1 
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3. Préparation de structures 1,2-diones et applicat ion à la synthèse 
d’hétérocycles azotés 
�

3.1. Addition radicalaire des xanthates sur les olé fines 
�
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2,2-Dimethyl-propionic acid 1-ethoxythiocarbonylsul fanyl-5,5-
dimethoxy-4-oxo-pentyl ester  

-+0.�

5B' 
 

MeO

O

S

O

O

OS

OMe

 

 
�

�

*�����!����

�

�

�

,_�.��/14��/���
:�
�

�

�<�
-�
�
������������
��
-��������������������U�
-��/�.����@�-+0-5B'�91/.������>��/���A;>��/���

�)��@����<��������
��93/11�����>��/���A;�����1/���)��@��>�:���-�����
-���/�

��G��@�&)��U���������/�

�-�� ��
��
���� ������ ���
���� U�
� ����@���� �<� @��
-� �-����
�����-<� ��� 
������ ����

9��
/�
-��D'�!�
J�4�D�;�<���������/.����931G;��@�-+0.5B'��
����������

����/�

�

�-��
���
������
���@�-+0.5B'����������
�������UJ�

 
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.20 (s, 9H, C(CH3)3), 1.42 (t, 3H, J= 7.0 Hz, OCH2CH3), 2.20-2.25 
(m, 2H, CH2CH2CO), 2.65-2.75 (m, 2H, CH2CO), 3.41 (s, 6H, 2 
OCH3), 4.46 (s, 1H, CH(OCH3)2), 4.59-4.67 (m, 2H, OCH2CH3), 6.61 
(t, 1H, J= 6.6 Hz, CHS)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.8 (OCH2CH3), 27.0 (C(CH3)3), 27.6 (CH2CH2CO), 33.1 (CH2CO), 
39.0 (C(CH3)3), 55.01, 55.05 (2OCH3), 70.3 (OCH2CH3), 80.0 (CHS), 
104.2 (CH(OCH3)2), 176.8 (O-C=O), 203.8 (C=O), 210.2 (C=S) 
 

IR (o�cm-1) (CCl4) 
 

2977, 2934, 1739, 1479, 1367, 1135, 1110, 1071, 1052 
 

MS (m/z) (IC, NH3) 246 [MH-SC(S)OEt]+, 263 [MNH4-SC(S)OEt]+, 384 [MNH4]
+
 

 

HRMS (m/z) Calculée 
Trouvée 

366.1171  
366.1183 

Erreur : 3.3 ppm 
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Dithiocarbonic acid [1-(4,4-dimethoxy-3-oxo-butyl)- nonyl] ester ethyl 
ester  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.88 (t, 3H, J= 6.6 Hz, CH2CH3), 1.26 (sé, 12H, 6CH2), 1.42 (t, 3H, J= 
7.2 Hz, OCH2CH3), 1.65 (q, 2H, J= 7.6 Hz, CH2CHS), 1.80-1.90 (m, 
1H, CHHCH2CO),  2.01-2.10 (m, 1H, CHHCH2CO), 2.72 (t, 2H, J= 7.6 
Hz, CH2CO), 3.41 (s, 6H, 2OCH3), 3.73 (m, 1H, CHS), 4.47 (s, 1H, 
CH(OCH3)2), 4.63 (q, 2H, J= 7.2 Hz, OCH2CH3) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.9 (OCH2CH3), 14.2 (CH3), 22.8, 26.9, 27.3, 29.3, 29.5, 32.0, 34.6, 
34.8 (8CH2), 51.0 (CHS),  54.9 (2OCH3), 69.9 (OCH2CH3), 104.1 
(CH(OCH3)2),  205.1 (C=O), 214.6 (C=S) 
 

IR (o�cm-1) (CCl4) 
 

2956, 2929, 2856, 1729, 1465, 1215, 1112, 1054 
 

MS (m/z) (IC, NH3) 348 [MH-OMe]+, 379 [MH]+, 396 [MNH4]
+
 

 

HRMS (m/z) Calculée  
Trouvée 

378.1899 
 378.1899 

Erreur : -0.2 ppm 

   
 

2-Acetylamino-2-(2-ethoxythiocarbonylsulfanyl-6,6-d imethoxy-5-oxo-
hexyl)-malonic acid diethyl ester  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.25 (t, 3H, J= 7.6 Hz, CO2CH2CH3), 1.27 (t, 3H, J= 7.6 Hz, 
CO2CH2CH3), 1.42 (t, 3H, J= 7.0 Hz, OCH2CH3), 1.85-1.95 (m, 1H, 
CHHCH2CO), 1.97-2.07 (m, 1H, CHHCH2CO), 2.07 (s, 3H, 
CH3C(O)N), 2.66-2.72 (m, 3H, CHHCHS et CH2CO), 2.88 (dd, 1H, J1= 
15.4 Hz, J2= 3.4 Hz, CHHCHS), 3.39 (s, 6H, 2OCH3), 3.70-3.77 (m, 
1H, CHS), 4.18-4.29 (m, 4H, 2CO2CH2CH3), 4.47 (s, 1H, CH(OCH3)2), 
4.64 (q, 2H, J= 7.2 Hz, OCH2CH3),  6.87 (s, 1H, NH) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.8, 13.9, 14.0 (3OCH2CH3), 23.1 (CH3CO), 29.5, 29.5 (2CH2), 34.4 
(CH2CO), 46.2 (CHS), 54.8 (2OCH3), 62.7, 63.1 (2CO2CH2CH3), 65.4 
(C(CO2Et)2), 70.3 (C(S)OCH2CH3), 103.9 (CH(OCH3)2), 167.4, 167.9 
(2CO2Et), 169.4 (N-C=O), 204.6 (C=O), 213.6 (C=S) 
 

IR (o�cm-1) (CCl4) 
 

3413, 2982, 2936, 2833, 1750, 1739, 1687, 1490, 1444, 1369, 1218, 
1111, 1051, 908 
 

MS (m/z) (IC, NH3) 496 [MH]+, 513 [MNH4]
+
 

 

HRMS (m/z) Calculée 
Trouvée 

495.1597 
495.1594 

Erreur : -0.5 ppm 
 

   
 
Dithiocarbonic acid [1-(1,3-dioxo-1,3-dihydro-isoin dol-2-ylmethyl)-5,5-
dimethoxy-4-oxo-pentyl] ester ethyl ester  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.41 (t, 3H, J= 7.2 Hz, OCH2CH3), 1.82-1.91 (m, 1H, CHHCH2CO), 
2.07-2.14 (m, 1H, CHHCH2CO), 2.77-2.84 (m, 2H, CH2CO), 3.39 (s, 
6H, 2OCH3), 3.89-4.02 (m, 2H, NCH2), 4.10-4.17 (m, 1H, CHS), 4.46 
(s, 1H, CH(OCH3)2), 4.52-4.64 (m, 2H, OCH2CH3), 7.72 (dd, 2H, J1= 
8.4 Hz, J2= 2.8 Hz, 2Har), 7.85 (dd, 2H, J1= 5.2 Hz, J2= 2.8 Hz, 2Har) 
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13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.7 (OCH2CH3), 24.6 (CH2CH2CO), 34.5 (CH2CO), 41.0 (NCH2), 48.8 
(CHS), 54.8 (2OCH3), 70.3 (OCH2CH3), 103.9 (CH(OCH3)2), 123.4 
(2CHar), 131.8 (2Car), 134.1 (2CHar), 168.0 (2N-C=O), 204.4 (C=O), 
212.2 (C=S) 
 

IR (o�cm-1) (CCl4) 
 

1776, 1722, 1392, 1220, 1112, 1051, 908 
 

MS (m/z) (IC, NH3) 426 [MH]+, 443 [MNH4]
+
 

 

HRMS (m/z) Calculée 
Trouvée 

425.0967 
425.0967  

Erreur : 0.1 ppm 
 

   
 

Dithiocarbonic acid [5,5-dimethoxy-1-((3aR,5S,6R,6a R)-6-methoxy-2,2-
dimethyl-tetrahydro-furo[2,3- d][1,3]dioxol-5-yl)-4-oxo-pentyl] ester ethyl 
ester  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.32 (s, 3H, CH3), 1.44 (t, 3H, J= 7.0 Hz, OCH2CH3), 1.49 (s, 3H, 
CH3), 1.93-2.02 (m, 1H, CHHCH2CO), 2.27-2.36 (m, 1H, 
CHHCH2CO), 2.78 (t, 2H, J= 7.6 Hz, CH2CO), 3.36 (s, 3H, OCH3), 
3.39 (s, 6H, 2OCH3), 3.77 (d, 1H, J= 2.8 Hz, H3), 4.07 (td, 1H, J1= 9.2 
Hz, J2= 4.4 Hz, CHS), 4.29 (dd, 1H, J1= 9.2 Hz, J2= 3.2 Hz, H4), 4.50 
(s, 1H, CH(OCH3)2), 4.54 (d, 1H, J= 3.6 Hz, H2), 4.61-4.71 (m, 2H, 
OCH2CH3), 5.90 (d, 1H, J= 3.6 Hz, H1) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.9 (OCH2CH3), 25.7 (CH2CH2CO), 26.3, 26.9 (2CH3), 34.9 
(CH2CO), 48.2 (CHS), 54.7, 54.8, 57.9 (3OCH3), 70.2 (OCH2CH3), 
81.1 (C4H), 81.3 (C2H), 84.2 (C3H), 103.9, 105.3 (CH(OCH3)2 et C1H), 
111.8 (C(CH3)2), 204.9 (C=O), 213.0 (C=S) 
 

IR (o�cm-1) (CCl4) 
 

2991, 2933, 2831, 1731, 1444, 1373, 1217, 1164, 1111, 1082, 1054, 
1022 
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MS (m/z) (IC, NH3) 439 [MH]+, 456 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

438.1382 
438.1373  

Erreur : -2.0 ppm 
 

   
   
-+13@��

 
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.32 (s, 3H, CH3),  1.42 (t, 3H, J= 7.0 Hz, OCH2CH3), 1.48 (s, 3H, 
CH3), 1.81-1.93 (m, 1H, CHHCH2CO), 2.12-2.21 (m, 1H, 
CHHCH2CO), 2.74-2.78 (m, 2H, CH2CO), 3.40 (s, 3H, OCH3), 3.42 (s, 
6H, 2OCH3), 3.75 (d, 1H, J= 2.8 Hz, H3), 4.15 (td, 1H, J1= 9.4 Hz, J2= 
3.6 Hz, CHS), 4.30 (dd, 1H, J1= 8.8 Hz, J2= 3.6 Hz, H4), 4.48 (s, 1H, 
CH(OCH3)2), 4.58 (d, 1H, J= 4.0 Hz, H2), 4.64 (q, 2H, J= 7.0 Hz, 
OCH2CH3), 5.90 (d, 1H, J= 3.6 Hz, H1) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.8 (OCH2CH3), 23.8 (CH2CH2CO), 26.4, 26.9 (2CH3), 35.0 
(CH2CO), 49.5 (CHS), 54.8 (2OCH3), 57.7 (OCH3), 70.1 (OCH2CH3), 
80.4 (C4H), 81.3 (C2H), 84.5 (C3H), 104.0, 104.9 (CH(OCH3)2 et C1H), 
111.7 (C(CH3)2), 204.9 (C=O), 213.7 (C=S) 
 

IR (o�cm-1) (CCl4) 
 

2991, 2934, 2832, 1731, 1454, 1382, 1373, 1217, 1165, 1110, 1081, 
1055, 1024 
 

MS (m/z) (IC, NH3) 439 [MH]+, 456 [MNH4]
+ 
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Dithiocarbonic acid [3-(3,3-dimethoxy-2-oxo-propyl) -bicyclo[2.2.1] hept-
2-yl] ester ethyl ester 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.17 (d, 1H, J= 10.4 Hz, CH), 1.26-1.43 (m, 6H), 1.40, 1.41 (2t, 2*3H, 
J= 7.2 Hz, 2OCH2CH3), 1.51-1.81 (m, 6H), 1.97, 1.98 (2d, 2*1H, J= 
3.6 Hz, 2CHCHS), 2.34 (d, 1H, J= 4.4 Hz, CH), 2.49-2.74 (m, 6H 
including CH2CO), 3.40, 3.40, 3.41, 3.41 (4s, 4*3H, 2*2OCH3),  3.50-
3.53 (m, 1H, CHS), 3.83-3.85 (m, 1H, CHS), 4.41, 4.47 (2s, 2*1H, 
2CH(OCH3)2), 4.59-4.66 (m, 4H, 2OCH2CH3)  
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13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.9 (OCH2CH3 et OCH2CH3’), 23.3, 29.6 (2CH2), 28.8, 29.4 (2CH2’), 
34.6 (CH2CO’), 36.2 (CH2CO),  40.4 (2CH2), 40.8, 41.7, 42.9 (3CH), 
41.1, 42.3, 44.5 (3CH’),  54.8 (CHS et CHS’),  56.4 (2OCH3’), 56.9 
(2OCH3), 69.8 (OCH2CH3), 69.9 (OCH2CH3’), 104.0 (CH(OCH3)2’), 
104.3 (CH(OCH3)2), 204.3 (C=O), 204.4 (C=O’), 214.6 (C=S’), 215.3 
(C=S)  
 

IR (o�cm-1) (CCl4) 
 

2958, 2874,1729, 1455, 1217, 1112, 1056, 1004, 948, 909  
 

MS (m/z) (IC, NH3) 333 [MH]+, 350 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

332.1116 
332.1114 

Erreur : -0.6 ppm 
 

   
 

2,2-Dimethyl-propionic acid 1-ethoxythiocarbonylsul fanyl-4-oxo-4-(2,5,5-
trimethyl-[1,3]dioxan-2-yl)-butyl ester  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.77 (s, 3H, C(CH3)2), 1.14 (s, 3H, C(CH3)2), 1.20 (s, 9H, C(CH3)3),  
1.42 (s, 3H, CH3CO2), 1.42 (t, 3H, J= 8.6 Hz, OCH2CH3), 2.16-2.33 
(m, 2H, CH2CH2CO), 2.75 (td, 2H, J1= 7.6 Hz, J2= 2.0 Hz, CH2CO), 
3.38 (dd, 2H, JAB= 11.2 Hz, J2= 4.6 Hz, OCH2), 3.51 (d, 2H, JAB= 11.2 
Hz, OCH2), 4.60-4.68 (m, 2H, OCH2CH3), 6.65 (t, 1H, J= 6.8 Hz, CHS) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.7 (OCH2CH3), 22.0, 22.4 (C(CH3)2), 23.3 (CH3CO2), 26.9 
(C(CH3)3), 28.0 (CH2CH2CO), 29.7 (C(CH3)2), 32.7 (CH2CO), 38.9 
(C(CH3)3), 70.3 (OCH2CH3), 72.8 (2OCH2), 80.0 (CHOS), 100.3 
(CH3CO2), 176.7 (O-C=O), 207.9 (C=O), 209.9 (C=S) 
 

IR (�  cm-1) (CCl4) 
 

2959, 2871, 1733, 1477, 1396, 1371, 1274, 1229, 1134, 1110, 1080, 
1051, 908 

 
MS (m/z) (IC, NH3) 317 [MNH4-SC(S)OEt] +, 438 [MNH4]

 + 

 

HRMS (m/z) 
fragment (-Opiv) 

Calculée 
Trouvée 

319.1038 
319.1033 

Erreur : -1.5 ppm 
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Dithiocarbonic acid ethyl ester {1-[3-oxo-3-(2,5,5- trimethyl-[1,3]dioxan-2-
yl)-propyl]-nonyl} ester  

-+1. 

 

O

OO
S

S

O

2

 

 
�

�

*���1�!1���

�

�

�

,_�1.�/�4��/���
:�
�

�

�<�
-�
�
������������
��
-��������������������U�
-�.�������@�-+005B'� �9�/�.�����>��/���A;>�

����i)��@��:�������9�/.2�����>��/���A;��������)��@��>�:���-�����
-���/�

��G��@�&)��U���������/�

�-�� ��
��
���� ������ ���
���� U�
� ����@���� �<� @��
-� �-����
�����-<� ��� 
������ ����

9��
/�
-��D'�!�
J�43D�;�<��������.�.����93�G;��@�-+1.��
����������

����/�

�

�-��
���
������
���@�-+1.����������
�������UJ�

 
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.74 (s, 3H, C(CH3)2), 0.88 (s, 3H, CH3), 1.15 (s, 3H, C(CH3)2), 1.27 
(m, 12H, 6CH2), 1.42 (s, 3H, CH3CO2),  1.42 (t, 3H, J= 7.2 Hz, 
OCH2CH3), 1.68 (q, 2H, J= 7.2 Hz, CH2CHS), 1.80-1.90 (m, 1H, 
CHHCH2CO), 2.05-2.14 (m, 1H, CHHCH2CO), 2.75 (t, 2H, J= 7.2 Hz, 
CH2CO), 3.37 (dd, 2H, JAB= 11.6 Hz, J2= 2.8 Hz, OCH2), 3.50 (d, 2H, 
JAB= 11.6 Hz, OCH2), 3.73-3.78 (m, 1H, CHS), 4.63 (q, 2H, J= 7.2 Hz, 
OCH2CH3) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.9 (OCH2CH3), 14.2 (CH3), 22.0, 22.5 (C(CH3)2), 22.8 (CH2), 23.7 
(CH3CO2), 26.9-34.9 (8CH2), 29.8 (C(CH3)2), 51.1 (CHS), 69.9 
(OCH2CH3), 73.0 (2OCH2), 100.6 (CH3CO2), 209.4 (C=O), 214.5 
(C=S) 
 

IR (o�cm-1) (CCl4) 
 

2958, 2928, 2856, 1728, 1472, 1371, 1213, 1112, 1080, 1053 

MS (m/z) (IC, NH3) 433 [MH]+, 450 [MNH4]
+
 

 

HRMS (m/z) 
fragment sans 
acétale (- xanthate) 

Calculée 
Trouvée 

 225.1855 
 225.1845 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Erreur : -4.2 ppm 
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3.2.�Réduction de la fonction xanthate  
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2,2-Dimethyl-propionic acid 5,5-dimethoxy-4-oxo-pen tyl ester 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.20 (s, 9H, C(CH3)3), 1.93 (qui, 2H, J= 6.8 Hz, CH2CH2CO), 2.65 (t, 
2H, J= 6.8 Hz, CH2CO), 3.42 (s, 6H, 2OCH3),  4.07 (t, 2H, J= 6.8 Hz, 
CH2O), 4.48 (s, 1H, CH(OCH3)2) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

22.2 (CH2CH2CO), 27.3 (C(CH3)3), 33.6 (CH2CO), 38.8 (C(CH3)3), 
54.9 (2OCH3), 63.5 (CH2O), 104.2 (CH(OCH3)2), 178.6 (O-C=O), 
204.9 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2969, 2933, 1730, 1479, 1283, 1154, 1108, 1072 
 

MS (m/z) (IC, NH3) 247 [MH]+, 264 [MNH4]
+  

 

HRMS (m/z) Calculée 
Trouvée 

 246.1467 
 256.1459 

Erreur : -3.3 ppm 
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1,1-Dimethoxy-tridecan-2-one 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.88 (t, 3H, J= 6.8 Hz, CH3), 1.20-1.30 (m, 18H, 9CH2), 2.55 (t, 2H, J= 
7.4 Hz, CH2CO), 3.41 (s, 6H, 2OCH3), 4.46 (s, 1H, CH(OCH3)2) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.1 (CH3), 22.7-37.3 (10CH2), 54.6 (2OCH3), 104.4 (CH(OCH3)2), 
205.8 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2927, 2855, 2360, 2341, 1728, 1542, 1466, 1102, 1073 
 

MS (m/z) (IC, NH3)  259 [MH]+, 276 [MNH4]
+  
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2-Acetylamino-2-(2-ethoxythiocarbonylsulfanyl-6,6-d imethoxy-5-oxo-
hexyl)-malonic acid diethyl ester  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.07-1.17 (m, 2H, CH2), 1.25 (t, 6H, J= 7.0 Hz, 2OCH2CH3), 1.55-1.62 
(m, 2H, CH2), 2.03 (s, 3H, CH3C(O)N), 2.31-2.35 (m, 2H,  CH2CO), 
2.54 (t, 2H, J= 7.4 Hz, CH2C), 3.40 (s, 6H, 2OCH3), 4.24 (q, 4H, J= 
7.2 Hz, 2OCH2CH3), 4.43 (s, 1H, CH(OCH3)2), 6.76 (s, 1H, NH) 
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13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.1 (2OCH2CH3), 22.7, 23.17 (2CH2), 23.21 (CH3C(O)N), 31.9 
(CH2CO), 37.0 (CH2C), 54.8 (2OCH3), 62.6 (2OCH2CH3), 66.5 
(C(CO2Et)2), 104.1 (CH(OCH3)2), 168.2 (2CO2Et), 169.0 (N-C=O), 
205.4 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

3420, 2936, 1737, 1689, 1490, 1369, 1273, 1074, 1020, 909, 859 
 

MS (m/z) (IC, NH3) 376 [MH]+, 393 [MNH4]
+
 

 

HRMS (m/z) 
fragment (-CH3CO) 

Calculée 
Trouvée 

332.1709 
332.1707 

Erreur : -0.7 ppm 
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2,2-Dimethyl-propionic acid 4-oxo-4-(2,5,5-trimethy l-[1,3]dioxan-2-
yl)-butyl ester 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.76 (s, 3H, C(CH3)2), 1.15 (s, 3H, C(CH3)2), 1.20 (s, 9H, C(CH3)3), 
1.43 (s, 3H, CH3CO2), 1.96 (qui, 2H, J= 6.8 Hz, CH2CH2CO), 2.68 (t, 
2H, J= 6.8 Hz, CH2CO), 3.39 (d, 2H, JAB= 11.2 Hz, OCH2), 3.51 (d, 
2H, JAB= 11.2 Hz, OCH2), 4.09 (t, 2H, J= 6.8 Hz, CH2O) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

22.0, 22.4, 23.4 (3CH3), 22.8 (CH2CH2CO), 27.2 (C(CH3)3), 29.8 
(C(CH3)2), 33.2 (CH2CO), 38.8 (C(CH3)3), 63.3 (CH2O), 72.9 (2OCH2),  
100.4 (CH3CO2), 178.4 (O-C=O), 209.0 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2959, 2872, 1730, 1478, 1460, 1396, 1371, 1283, 1205, 1154, 1082, 
1040, 1009, 950, 912, 876 
 

MS (m/z) (IC, NH3)  301 [MH]+, 318 [MNH4]
+ 

 

HRMS (m/z) 
fragment (-piv) 

Calculée 
Trouvée 

 215.1283 
 215.1283 

Erreur : -0.2 ppm 
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3.3. Cyclisation intramoléculaire d’un xanthate sur  un aromatique 
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Dithiocarbonic acid {1-[( tert-butoxycarbonyl-phenyl-amino)-methyl]-5,5-
dimethoxy-4-oxo-pentyl} ester ethyl ester  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.28 (t, 3H, J= 7.2 Hz, OCH2CH3), 1.43 (sé, 9H, C(CH3)3), 1.75-1.85 
(m, 1H, CHHCH2CO), 2.13-2.21 (m, 1H, CHHCH2CO), 2.69-2.75 (m, 
2H, CH2CO), 3.38 (s, 6H, 2OCH3), 3.77-3.89 (m, 2H, NCH2), 3.99-
4.06 (m, 1H, CHS), 4.45 (s, 1H, CH(OCH3)2), 4.53 (q, 2H, J= 7.2 Hz, 
OCH2CH3), 7.20-7.24 (m, 3H, 3Har), 7.34 (t, 2H, J= 7.8 Hz, 2Har)   
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.6 (OCH2CH3), 24.3 (CH2CH2CO), 28.3 (C(CH3)3), 34.6 (CH2CO), 
49.0 (CHS), 52.4 (CH2N), 54.7 (2OCH3), 70.0 (OCH2CH3), 80.8 
(C(CH3)3), 103.9 (CH(OCH3)2), 126.6, 127.6, 128.9 (5CHar),  141.7 
(1Car), 154.8 (N-C(O)O), 204.6 (C=O), 213.0 (C=S) 
 

IR (o�cm-1) (CCl4) 
 

2979, 2933, 1729, 1700, 1597, 1498,1454, 1390, 1367, 1296, 1218, 
1165, 1111, 1053, 908, 864 
 

MS (m/z) (IC, NH3) 370 [M-Boc].+, 472 [MH]+, 489 [MNH4]
+ 

HRMS (m/z) Calculée 
Trouvée 

471.1749 
471.1748 

Erreur : -0.2 ppm 
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Dithiocarbonic acid (1-{[(4-bromo-phenyl)-methanesu lfonyl-amino]-
methyl}-5,5-dimethoxy-4-oxo-pentyl) ester ethyl est er 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.35 (t, 3H, J= 7.2 Hz, OCH2CH3), 1.75-1.88 (m, 1H, CHHCH2CO), 
2.28-2.37 (m, 1H, CHHCH2CO), 2.65-2.74 (m, 2H, CH2CO), 2.89 (s, 
3H, SO2CH3), 3.38 (s, 6H, 2OCH3), 3.59-3.66 (m, 1H, CHS), 3.84-3.96 
(m, 2H, NCH2), 4.44 (s, 1H, CH(OCH3)2), 4.56 (q, 2H, J= 7.2 Hz, 
OCH2CH3), 7.31 (d, 2H, J= 8.4 Hz, 2Har), 7.57 (d, 2H, J= 8.8 Hz, 
2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.7 (OCH2CH3), 23.4 (CH2CH2CO), 34.1 (CH2CO), 37.5 (SO2CH3), 
48.5 (CHS), 53.5 (CH2N), 54.8 (2OCH3), 70.3 (OCH2CH3), 103.9 
(CH(OCH3)2), 122.5, 137.7 (2Car), 130.6, 132.7 (4CHar),  204.3 
(C=O), 212.5 (C=S) 
 

MS (m/z) (IC, NH3) 545, 547 [MNH4]
+ 

 
 

  
 

4-[(2-Ethoxythiocarbonylsulfanyl-6,6-dimethoxy-5-ox o-hexyl)-
methanesulfonyl-amino]-benzoic acid methyl ester 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.35 (t, 3H, J= 7.2 Hz, OCH2CH3), 1.75-1.85 (m, 1H, CHHCH2CO), 
2.27-2.36 (m, 1H, CHHCH2CO), 2.62-2.78 (m, 2H, CH2CO), 2.91 (s, 
3H, SO2CH3), 3.37 (s, 6H, 2OCH3), 3.61-3.67 (m, 1H, CHS), 3.94 (s, 
3H, CO2CH3), 3.94-3.99 (m, 2H, NCH2), 4.43 (s, 1H, CH(OCH3)2), 
4.55 (q, 2H, J= 7.2 Hz, OCH2CH3), 7.51 (d, 2H, J= 8.4 Hz, 2Har), 8.11 
(d, 2H, J= 8.8 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.7 (OCH2CH3), 23.4 (CH2CH2CO), 34.2 (CH2CO), 37.7 (SO2CH3), 
48.6 (CHS), 52.4 (CO2CH3), 53.3 (CH2N), 54.8, 54.9 (2OCH3), 70.3 
(OCH2CH3), 104.0 (CH(OCH3)2), 128.4, 130.8 (4CHar), 130.0, 142.8 
(2Car), 166.2 (CO2CH3), 204.4 (C=O), 212.5 (C=S) 
 

IR (o�cm-1) (CCl4) 
 

2952, 2834, 1730, 1606, 1436, 1358, 1278, 1221, 1161, 1111, 1052, 
958 
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3-(4,4-Dimethoxy-3-oxo-butyl)-2,3-dihydro-indole-1- carboxylic acid tert-
butyl ester  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.57 (s, 9H, C(CH3)3), 1.78-1.87 (m, 1H, CHHCH2CO), 2.02-2.11 (m, 
1H, CHHCH2CO), 2.60-2.65 (m, 2H, CH2CO), 3.30-3.35 (m, 1H, 
NCHH), 3.42 (s, 6H, 2OCH3), 3.60-3.65 (m, 1H, NCHH), 4.06 (t, 1H, 
J= 6.0 Hz, CH), 4.44 (s, 1H, CH(OCH3)2), 6.95 (t, 1H, J= 10.4 Hz, 
1Har), 7.15-7.19 (m, 2H, 2Har), 7.45 (m, 0.4H, Har), 7.85 (sé, 0.6H, 
Har)   
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

28.4 (CH2CH2CO), 28.6 (C(CH3)3), 34.2 (CH2CO), 38.4-38.7 (CH), 
53.6 (NCH2), 55.1 (2OCH3), 80.2-81.0 (C(CH3)3) ,104.4 (CH(OCH3)2), 
114.8, 122.3, 124.2, 128.0 (4CHar), 135.0-143.2 (2Car), 153.2 
(NC(O)O), 205.1 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2978, 2932, 2358, 1726, 1709, 1486, 1392, 1367, 1174, 1145, 1072, 
1017, 860 
 

MS (m/z) (IC, NH3) 250 [MH-Boc]+, 350 [MH]+, 367 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

 349.1889 
 349.1894 

Erreur : 1.4 ppm 

 
 

  

4-(5-Bromo-1-methanesulfonyl-2,3-dihydro-1 H-indol-3-yl)-1,1-dimethoxy-
butan-2-one  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.78-1.88 (m, 1H, CHHCH2CO), 2.05-2.14 (m, 1H, CHHCH2CO), 2.65 
(t, 2H, J= 8.0 Hz, CH2CO), 2.88 (s, 3H, SO2CH3), 3.34-3.41 (m, 1H, 
NCHH), 3.44 (s, 6H, 2OCH3), 3.60-3.65 (m, 1H, NCHH), 4.04 (t, 1H, 
J= 9.6 Hz, CH), 4.44 (s, 1H, CH(OCH3)2), 7.27 (d, 1H, J= 7.2 Hz, 
1Har), 7.33 (d, 1H, J= 6.8 Hz, 1Har), 7.34 (s, 1H, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

27.6 (CH2CH2CO), 33.9 (CH2CO), 34.7 (SO2CH3), 39.2 (CH), 55.3 
(2OCH3), 56.1 (NCH2), 104.5 (CH(OCH3)2), 115.0, 128.0, 131.4 
(3CHar), 116.4, 116.7, 141.0 (3Car), 204.5 (C=O) 
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IR (o�cm-1) (CCl4) 
 

1730, 1477, 1466, 1365, 1167, 1071, 955, 908 
 

MS (m/z) (IC, NH3) 424, 426 [MNH4]
+ 

 

 

 

3-(4,4-Dimethoxy-3-oxo-butyl)-1-methanesulfonyl-2,3 -dihydro-1 H-
indole-5-carboxylic acid methyl ester  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.81-1.91 (m, 1H, CHHCH2CO), 2.11-2.20 (m, 1H, CHHCH2CO), 2.67 
(td, 2H, J1= 7.6 Hz, J2= 2.8 Hz, CH2CO), 2.94 (s, 3H, SO2CH3), 3.44 
(s, 6H, 2OCH3), 3.69 (dd, 2H, J1= 10.2 Hz, J2= 6.2 Hz, NCH2), 3.91 (s, 
3H, CO2CH3), 4.11 (t, 1H, J= 9.6 Hz, CH), 4.45 (s, 1H, CH(OCH3)2), 
7.42 (d, 1H, J= 8.4 Hz, 1Har), 7.90 (s, 1H, 1Har), 7.94 (d, 1H, J= 8.8 
Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

27.7 (CH2CH2CO), 33.9 (CH2CO), 35.4, 38.9 (CH et SO2CH3), 52.2 
(CO2CH3), 55.3 (2OCH3), 56.3 (NCH2), 104.5 (CH(OCH3)2), 112.6, 
126.4, 131.0 (3CHar), 125.6, 134.5, 147.8 (3Car), 166.5 (CO2CH3), 
204.6 (C=O) 
 

IR (o�cm-1) (CCl4) 
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MS (m/z) (IC, NH3) 386 [MH]+, 403 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

385.1195 
385.1197  

Erreur : 0.4 ppm 
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4-(1-Methanesulfonyl-5-methoxy-2,3-dihydro-1 H-indol-3-yl)-1,1-
dimethoxy-butan-2-one  

-+22 

 

N

SO2

O

OMe

OMe

MeO

 

 
�

�

*����.%!���

�

�

�

,_�.�2/1���/���
:�
�

�

�<�
-�
�
������������
����p������
q����������J�'�
���
�����@�-+0-5B'�9�/�2�>�2/�������>��/��

�A;�����-:���<�:-:91:��
-��<:�-��<�;:��
-���
��@��������9�/��>�3/�.�����>��/���A;�����>�:

���-�����
-����92��);�U�
�����

����<���@�����������������
������@����������
�
/�&)��9�1��

��>��/.������>��/����A;�U���������� 
�� 
-�� ����
�������
��������<��-.����
��� 
-��������
��

���
���
�����@� 
-��

��
������
�����/��-���&)��9�����>��/1������>��/���A;�U����������
��


-������
�������
��������<��-��/�'@
���
-������
�����@��/3���A��@�&)��9�/1���A�b��/1���A;>�
-��

���
����U�
��������
�������
������
��������������
��
������%

��/�

�-�� ��
��
���� ������ ���
���� U�
� ����@���� �<� @��
-� �-����
�����-<� ��� 
������ ����

9��
/�
-��D'�!�
J�2D.;�<��������4.4����9.3G;��@�-+22��
����������

����/�

�

�-��
���
������
���@�-+22����������
�������UJ�

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.77-1.87 (m, 1H, CHHCH2CO), 2.08-2.16 (m, 1H, CHHCH2CO), 2.66 
(t, 2H, J= 7.6 Hz, CH2CO), 2.83 (s, 3H, SO2CH3), 3.32-3.37 (m, 1H, 
NCHH), 3.43 (s, 6H, 2OCH3), 3.57-3.61 (m, 1H, NCHH), 3.79 (s, 3H, 
OCH3), 4.04 (t, 1H, J= 9.8 Hz, CH), 4.44 (s, 1H, CH(OCH3)2), 6.75 (dd, 
1H, J1=  8.8 Hz, J2= 2.4 Hz, 1Har), 6.78 (d, 1H, J= 2.4 Hz, 1Har), 7.31 
(d, 1H, J= 8.8 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

27.6 (CH2CH2CO), 34.0 (CH2CO), 39.7, 39.9 (CH et SO2CH3), 55.3, 
55.8 (CH(OCH3)2 et OCH3), 56.4 (NCH2), 104.6 (CH(OCH3)2), 111.1, 
113.4, 114.8 (3CHar), 135.3, 136.1, 156.9 (3Car), 204.9 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2940, 2834, 1730, 1488, 1360, 1165, 1071, 1039, 956 
 

MS (m/z) (IC, NH3) 358 [MH]+, 375 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

357.1246 
357.1245 

Erreur : -0.2ppm 
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3.4. Synthèse d’imidazoles et de benzimidazoles 
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3-[2-(1H-Benzoimidazol-2-yl)-ethyl]-2,3-dihydro-indole-1-carb oxylic 
acid tert-butyl ester 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.53 (sé, 9H, C(CH3)3), 2.05-2.10 (m, 1H, CHHCH2C(N)), 2.28-2.35 
(m, 1H, CHHCH2C(N)), 2.90-2.96 (m, 2H, CH2C(N)), 3.35-3.40 (m, 
1H, NCHH), 3.62-3.70 (m, 1H, NCHH), 4.05 (t, 1H, J= 10.4 Hz, CH), 
6.87 (t, 1H, J= 7.4 Hz, 1Har), 7.07 (d, 1H, J= 6.8 Hz, 1Har), 7.15  (t, 
1H, J= 7.8 Hz, 1Har), 7.20-7.23 (m, 2H, 2Har), 7.54 (sé, 2H, 2Har), 
7.84 (sé, 1H, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

26.5 (CH2CH2C(N)), 28.5 (C(CH3)3), 33.6 (CH2C(N)), 38.9 (CH), 53.4 
(CH2N), 80.7 (C(CH3)3), 114.8-128.9 (8CHar et 4Car), 152.4-152.5 
(C=N), 154.3 (NC(O)O) 
 

IR (o�cm-1) (CCl4) 
 

.1�3>��422>��4.�>��2�1>���43>���.2>��13�>��1�1>��.4�>����1>���2�>�

��13�

 

MS (m/z) (IC, NH3) 364 [MH]+ 

 

HRMS (m/z) Calculée 
Trouvée 

 363.1947 
 363.1954 

Erreur : 2.0 ppm 
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3-[2-(1H-Benzoimidazol-2-yl)-ethyl]-1-methanesulfonyl-2,3-dih ydro-1 H-
indole-5-carboxylic acid methyl ester  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.06-2.16 (m, 1H, CHHCH2C(NN), 2.32-2.40 (m, 1H, CHHCH2C(N)), 
2.84 (s, 3H, SO2CH3), 2.96-3.00 (m, 2H, CH2C(N)), 3.40-3.47 (m, 1H, 
NCHH), 3.64-3.72 (m, 1H, NCHH), 3.84 (s, 3H, OCH3), 4.03 (t, 1H, J= 
9.8 Hz, CH), 7.18-7.20 (m, 2H, 2Har), 7.33 (d, 1H, J= 8.4 Hz, 1Har), 
7.51-7.55 (m, 2H, 2Har), 7.77 (d, 1H, J= 8.4 Hz, 1Har) 
    

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

26.4 (CH2CH2C(N)), 32.9 (CH2C(N)), 35.4, 38.9 (CH et SO2CH3), 52.2 
(OCH3), 56.1 (NCH2), 112.5, 114.7, 122.5, 126.3, 131.0 (7CHar), 
125.4, 134.3, 138.3-138.7, 145.7 (5Car), 153.8 (C=N), 166.6 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2949, 2351, 1714, 1607, 1542, 1484, 1440, 1348, 1263, 1164, 1118 

MS (m/z) (IC, NH3) 400 [MH]+ 

 

HRMS (m/z)  Calculée 
Trouvée 

399.1253 
399.1251 

Erreur : -0.5 ppm 
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2-[2-(1-Methanesulfonyl-5-methoxy-2,3-dihydro-1 H-indol-3-yl)-
ethyl]-1 H-benzoimidazole 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.03-2.12 (m, 1H, CHHCH2C(N)), 2.32-2.40 (m, 1H, CHHCH2C(N)), 
2.77 (s, 3H, SO2CH3), 2.95 (td, 2H, J1= 7.8 Hz, J2= 2.2 Hz, CH2C(N)), 
3.36-3.43 (m, 1H, NCHH), 3.61 (dd, 1H, J1= 10.8 Hz, J2= 6.0 Hz, 
NCHH), 3.67 (s, 3H, OCH3), 3.97 (t, 1H, J= 9.0 Hz, CH), 6.68-6.70 (m, 
2H, 2Har), 7.20 (dd, 2H, J1= 6.0 Hz, J2= 3.2 Hz, 2Har), 7.26 (d, 1H, J= 
9.6 Hz, 1Har), 7.54 (dd, 2H, J1= 5.6 Hz, J2= 3.2 Hz, 2Har) 
    

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

26.5 (CH2CH2C(N)), 32.9 (CH2C(N)), 33.9, 39.8 (CH et SO2CH3), 55.8 
(OCH3), 56.2 (NCH2), 111.0, 114.6, 114.6, 122.5 (7CHar), 135.0, 
135.8, 142.1-142.6 (4Car), 153.9, 156.9 (1Car et C=N) 
 

IR (o�cm-1) (CCl4) 
 

3446, 2940, 1535, 1488, 1348, 1161, 1034, 957 

MS (m/z) (IC, NH3) 372 [MH]+ 

 

HRMS (m/z)  Calculée 
Trouvée 

371.1304 
371.1317 

Erreur : 3.6 ppm 
 

   
 

2-[2-(1-Methanesulfonyl-5-methoxy-2,3-dihydro-1 H-indol-3-yl)-
ethyl]-3 H-imidazo[4,5- b]pyridine 

-+6. 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.19-2.28 (m, 1H, CHHCH2C(N)), 2.41-2.52 (m, 1H, CHHCH2C(N)), 
2.84 (s, 3H, SO2CH3), 3.07-3.13 (m, 2H, CH2C(N)), 3.48-3.56 (m, 1H, 
NCHH), 3.74 (s, 3H, OCH3), 3.77-3.81 (m, 1H, NCHH), 4.09 (t, 1H, J= 



� .�.�

9.2 Hz, CH), 6.74 (dd, 1H, J1= 8.8 Hz, J2= 2.4 Hz, 1Har), 6.81 (d, 1H, 
J=  2.4 Hz, 1Har), 7.25 (dd, 1H, J1= 7.8 Hz, J2= 4.6 Hz, 1Har), 7.32 (d, 
2H, J= 8.4 Hz, 1Har), 8.02 (d, 1H, J= 7.6 Hz, 1Har), 8.26 (d, 1H, J= 
4.0 Hz, 1Har) 
    

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

27.0 (CH2CH2C(N)), 32.6 (CH2C(N)), 34.1, 39.8 (CH et SO2CH3), 55.9 
(OCH3), 56.3 (NCH2), 111.3-118.3 (6CHar), 135.3, 135.7, 142.1-142.6 
(4Car), 155.7, 156.9 (1Car et C=N) 
 

IR (o�cm-1) (CCl4) 
 

3434, 1547, 1488, 1349, 1161, 1006 
 

MS (m/z) (IC, NH3) 375 [MH]+ 

 

HRMS (m/z) Calculée 
Trouvée 

372.1256 
372.1241  
 
 

Erreur : -4.1 ppm 
 

2-[2-(1-Methanesulfonyl-5-methoxy-2,3-dihydro-1 H-indol-3-yl)-
ethyl]-1 H-imidazole-4,5-dicarbonitrile 

-+6; 

5-[2-(1-Methanesulfonyl-5-methoxy-2,3-dihydro-1 H-indol-3-yl)-
ethyl]-pyrazine-2,3-dicarbonitrile 

-+68 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.12-2.33 (m, 2H, CH2CH2C(N)), 2.79-2.88 (m, 2H, CH2C(N)), 2.92 (s, 
3H, SO2CH3), 3.41-3.47  (m, 2H, NCH2), 3.78 (s, 3H, OCH3), 3.99 (t, 
1H, J= 9.8 Hz, CH), 6.69 (s, 1H, 1Har), 6.76 (d, 1H, J= 8.8 Hz, 1Har), 
7.23 (d, 1H, J= 8.8  Hz,1Har) 
    

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

24.9 (CH2CH2C(N)), 32.3 (CH2C(N)), 34.4, 39.2 (CH et SO2CH3), 55.8 
(NCH2), 55.9 (OCH3), 113.0, 113.7 (2CN), 111.4, 113.6, 114.3 
(3CHar), 134.8, 135.0, 147.3, 153.4 (4Car), 156.9, 157.0 (1Car et 
C=N) 
 

IR (o�cm-1) (CCl4) 
 

3653, 3382, 2933, 2237, 1488, 1349, 1161, 1034, 958, 812 
 

MS (m/z) (IC, NH3) 372 [MH]+ 

 

HRMS (m/z) Calculée 
Trouvée 

371.1052 
371.1053 

Erreur : 0.3 ppm 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.13-2.22 (m, 1H, CHHCH2C(N)), 2.27-2.36 (m, 1H, CHHCH2C(N)), 
2.86 (s, 3H, SO2CH3), 2.99-3.12 (m, 2H, CH2C=N), 3.48-3.55 (m, 1H, 
NCHH), 3.75-3.80 (m, 1H, NCHH), 3.78 (s, 3H, OCH3), 4.04 (t, 1H, J= 
9.4 Hz, CH), 6.70 (d, 1H, J= 2.4 Hz, 1Har), 6.73 (dd, 1H, J1= 8.8 Hz, 
J2= 2.4 Hz, 1Har), 7.27 (d, 1H, J= 8.8  Hz, 1Har), 8.70 (s, 1H, CH=N) 
    

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

32.1 (CH2CH2C(N)), 32.8 (CH2C(N)), 34.0, 39.4 (CH et SO2CH3), 55.9 
(OCH3), 56.0 (NCH2), 112.97, 113.03 (2CN), 111.4, 113.4, 114.6 
(3CHar), 131.3, 133.0 (2C-CN), 134.9, 135.4 (2Car), 147.3 (CH=N), 
156.8 (1Car), 161.0 (C=N) 
 

IR (o�cm-1) (CCl4) 
 

2359, 1488, 1436, 1350, 1162, 1116, 1034, 957 

MS (m/z) (IC, NH3) 384 [MH]+, 401 [MNH4]
 + 

 

HRMS (m/z) Calculated 
Found 

383.1052  
383.1053 

Error: 0.3 ppm 
 

�
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2-Dimethoxymethyl-2-[2-(1-methanesulfonyl-5-methoxy -2,3-dihydro-1 H-
indol-3-yl)-ethyl]-2,3-dihydro-1 H-perimidine  

-+.< 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.77-1.86 (m, 3H, CHHCH2C-N2 et CH2C-N2), 2.08-2.15 (m, 1H, 
CHHCH2C-N2), 2.79 (s, 3H, SO2CH3), 3.28-3.36 (m, 1H, NCHH), 3.46 
(2s, 2*3H, 2OCH3), 3.61 (dd, 1H, J1= 10.6 Hz, J2= 7.0 Hz, NCHH), 
3.74 (s, 3H, OCH3), 4.08 (td, 1H, J1= 9.8 Hz, J2= 1.2 Hz, CH), 4.31 (s, 
1H, CH(OCH3)2), 4.51 (sé, 2H, 2NH), 6.47 (d, 2H, J= 7.2 Hz, 2Har),  
6.70 (dd, 1H, J1= 8.8 Hz, J2= 2.4 Hz, 1Har), 6.74 (dd, 1H, J= 2.4 Hz, 
1Har), 7.10 (d, 2H, J= 8.0 Hz, 2Har), 7.21 (td, 2H, J1= 7.8 Hz, J2= 1.2 
Hz, 2Har), 7.28 (d, 1H, J= 8.4 Hz, 1Har) 
   

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

27.9, 29.4 (CH2CH2C-N2 et CH2C-N2), 33.9, 40.6 (CH et SO2CH3), 
55.8 (OCH3), 56.6 (NCH2), 59.1, 59.2 (2OCH3), 70.3 (CN2), 105.2, 
110.9, 113.2, 114.8, 116.9, 127.4 (9CHar), 107.0 (CH(OCH3)2), 112.1, 
134.5, 135.1, 137.0, 139.8, 156.8 (7Car) 
 

IR (o�cm-1) (CCl4) 
 

3403, 2936, 2834, 1741, 1603, 1488, 1360, 1165, 1075, 1038, 956 
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3.5. Synthèse de pyrazines et de quinoxalines 
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2-[2-(1-Methanesulfonyl-5-methoxy-2,3-dihydro-1 H-indol-3-yl)-ethyl]-
quinoxaline  

-+.- 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.10-2.19 (m, 1H, CHHCH2C(N)), 2.34-2.46 (m, 1H, CHHCH2C(N)), 
2.86 (s, 3H, SO2CH3), 3.13 (t, 2H, J= 7.8 Hz, CH2C(N)), 3.46-3.53  (m, 
1H, NCHH), 3.77 (s, 3H, OCH3), 3.77-3.82 (m, 1H, NCHH), 4.15 (t, 
1H, J= 9.6 Hz, CH), 6.75 (dd, 1H, J1= 8.8 Hz, J2= 2.4 Hz, 1Har), 6.83 
(d, 1H, J= 2.4 Hz, 1Har), 7.34 (d, 1H, J= 8.8  Hz,1Har), 7.72-7.79 (m, 
2H, 2Har), 8.04 (d, 1H, J= 7.6 Hz, 1Har), 8.09 (d, 1H, J= 7.6 Hz, 
1Har), 8.75 (s, 1H, CH=N) 
    

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

33.4, 33.8 (CH2CH2C(N) et CH2C(N)), 34.0, 40.0 (CH et SO2CH3), 
55.9 (OCH3), 56.5 (NCH2), 111.3, 113.3, 114.8, 129.0, 129.4, 130.3 
(7CHar), 135.4, 136.1, 141.5, 142.3 (4Car), 146.6 (CH=N), 156.0 
(1Car), 156.9 (C=N) 
 

IR (o�cm-1) (CCl4) 
 

2936, 2360, 1489, 1361, 1165, 1038, 987, 956, 908 

MS (m/z) (IC, NH3) 384 [MH]+ 

 

HRMS (m/z) Calculée 
Trouvée 

383.1304 
383.1304  

Erreur : 0.0 ppm 
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3-[2-(1-Methanesulfonyl-5-methoxy-2,3-dihydro-1 H-indol-3-yl)-ethyl]-
pyrido[2,3- b]pyrazine 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.20-2.30 (m, 1H, CHHCH2C(N)), 2.48-2.57 (m, 1H, CHHCH2C(N)), 
2.87 (s, 3H, SO2CH3), 3.17-3.22 (m, 2H, CH2C(N)), 3.52-3.59  (m, 1H, 
NCHH), 3.76 (s, 3H, OCH3), 3.77-3.81 (m, 1H, NCHH), 4.15 (t, 1H, J= 
9.2 Hz, CH), 6.74 (dd, 1H, J1= 8.4 Hz, J2= 2.6 Hz, 1Har), 6.81 (d, 1H, 
J= 2.0 Hz, 1Har), 7.32 (d, 1H, J= 8.8  Hz, 1Har), 7.71 (dd, 1H, J1= 8.4 
Hz, J2= 4.4 Hz, 1Har), 8.47 (dd, 1H, J1= 8.4 Hz, J2= 1.6 Hz, 1Har), 
8.84 (s, 1H, CH=N),  9.15 (dd, 1H, J1= 4.2 Hz, J2= 1.8 Hz, 1Har) 
    

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

33.0, 33.1 (CH2CH2C(N) et CH2C(N)), 34.0, 39.9 (CH et SO2CH3), 
55.8 (OCH3), 56.4 (CH2N), 111.0, 113.6, 114.7, 124.9, 138.4, 146.9 
(6CHar), 135.3, 135.8, 136.5, 150.8, 156.8 (5Car), 154.2 (CH=N), 
159.8 (C=N) 
 

IR (o�cm-1) (CCl4) 
 

2937, 1738, 1487, 1361, 1165, 1114, 1039, 956, 908 

MS (m/z) (IC, NH3) 385 [MH]+ 
 

HRMS (m/z) Calculée 
Trouvée 

384.1256  
384.1256 

Erreur : -0.1 ppm 
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5-[2-(1-Methanesulfonyl-5-methoxy-2,3-dihydro-1 H-indol-3-yl)-ethyl]-
pyrazine-2,3-dicarbonitrile  

-+68 
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3.6. Synthèse d’une tétrahydro-pyridine 
�
�

Dithiocarbonic acid ethyl ester (6-formyl-1-phenyl- 1,2,3,4-tetrahydro-
pyridin-3-yl) ester  

-+.2 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.22 (t, 3H, J= 7.2 Hz, OCH2CH3), 2.46 (ddd, 1H, J1= 24.0 Hz, J2= 9.0 
Hz, J3= 3.5 Hz, CHHCHS), 2.85 (dé, 1H, J= 19.5 Hz, CHHCHS), 3.52 
(dd, 1H, J1= 12.8 Hz, J2= 9.2 Hz, NCHH), 3.87-3.93 (m, 1H, CHS), 
4.03 (d, 1H, J= 12.8 Hz, NCHH),  4.50-4.55 (m, 2H, OCH2CH3), 6.21 
(sé, 1H, CH=C), 6.90 (d, 2H, J= 8.0 Hz, 2Har), 7.04 (t, 1H, J= 7.4 Hz, 
1Har), 7.27 (t, 2H, J= 7.2 Hz, 2Har), 9.25 (s, 1H, CHO)     
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.5 (OCH2CH3), 29.3 (CH2CHS), 41.4 (CHS), 55.8 (NCH2), 70.1 
(OCH2CH3), 122.1, 123.3, 125.5, 129.3 (5CHar et CH=C), 143.3, 
146.9 (1Car et CH=C), 188.5 (CHO), 212.1 (C=S)  
 

IR (o�cm-1) (CCl4) 
 

2926, 1711, 1620, 1598, 1493, 1224, 1112, 1052 

MS (m/z) (IC, NH3) 308 [MH]+ 

 

HRMS (m/z) Calculée 
Trouvée 
 

307.0701 
307.0698  

Erreur : -0.9 ppm 
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4. Synthèse d’un nouveau support soluble 

4.1. Synthèse de l’attache 1 
�

3-Methoxy-4-(4-nitro-phenoxy)-benzaldehyde  1+-- 
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O
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

3.88 (s, 3H, OCH3), 7.00 (d, 2H, J= 9.6 Hz, 2Har), 7.24 (d,1H, J= 8.4 
Hz, 1Har), 7.53 (dd, 1H, J1= 8.4 Hz, J2= 2.0 Hz, 1Har), 7.58 (d, 1H, J= 
2.0 Hz, 1Har), 8.22 (d, 2H, J= 9.6 Hz, 2Har), 9.99 (s, 1H, CHO) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

56.1 (OCH3), 115.5, 116.7, 122.1, 125.4, 126.0 (7CHar), 134.7, 143.1, 
148.1, 152.1, 162.3 (5Car), 190.9 (CHO) 
 

IR (o�cm-1) (CCl4) 
 

1706, 1603, 1585, 1525, 1502, 1490, 1344, 1276, 1237, 1148, 1112, 
1034, 872 
 

MS (m/z) (IC, NH3) 274 [MH]+, 291 [MNH4]
+ 

 
 

N-[4-(4-Formyl-2-methoxy-phenoxy)-phenyl]-acetamide  1+-1 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.20 (s, 3H, N-C(O)-CH3), 3.97 (s, 3H, OCH3), 6.88 (d, 1H, J= 8.4 Hz, 
1Har), 7.04 (d, 2H, J= 8.4 Hz, 2Har), 7.38 (d, 2H, J= 8.4 Hz, 2Har), 
7.36 (s, 1H, 1Har), 7.52 (d, 2H, J= 8.4 Hz, 2Har), 9.89 (s, 1H, CHO) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

24.5 (N-C(O)-CH3), 56.2 (OCH3), 110.5, 117.2, 120.3, 121.8, 126.0 
(7CHar), 132.1, 134.6, 150.8, 151.8, 152.6 (5Car), 168.6 (N-C(O)-
CH3), 191.1 (CHO) 
 

IR (o�cm-1) (CCl4) 
 

1740, 1703, 1590, 1499, 1464, 1422, 1264, 1229, 1152, 1128, 1036 
 

MS (m/z) (IC, NH3) 286 [MH]+, 303 [MNH4]
+ 

 
 

[4-(4-Ethylamino-phenoxy)-3-methoxy-phenyl]-methano l 1+-6 
 

OMe

O

N
H

OH

 

 
*����4%!.�

�

,_��2./..��/���
:�
�

�

�����
�
���
�����@� ��
-�������������-<������9�/.2��>���/������>�1/���A;� �����<���B�9����

�);�U�
�����������U�
����
���
�����@�1+-1�91/.1��>���/�����>��/���A;������<���B�9.���);>��
�

�5*�������������
�����/��-������
�������
����U�
�����U���
��U�������
�������
������
���>�


-��� ��@������ @��� �-.�� ���� ������� 
�� �5*� �����/� ��� 
-�
����
���� U���� 
����

����<� ������

����U�
���
-<�����
�
��9����);>�����A����
�
�
���
���
���
�����@�%���!1�9����);�����U�
���

9����);/��-����<��
�U����
�����
��/��-���A����
���<���U�
���
���
���
-����
���
�U�
-��
-<��

���
�
�/� �-�� ��������� �������� ��<��
� U���� U�
-��� U�
-� �����>� ������ ����� %���!1� ����

������
��
��� ��� %

��/� �-�� ������ ���
���� U�
� �
��� ��� 
-�� ���
� 

��� U�
-��
� @��
-���

����@���
���/��

�

�-��
���
������
���@�1+-6����������
�������UJ�

 
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.25 (t, 3H, J= 7.0 Hz, NCH2CH3), 2.39 (sé, 1H, NH), 3.12 (q, 2H, J= 
7.0 Hz, NCH2CH3), 3.89 (s, 3H, OCH3), 4.62 (s, 2H, CH2OH), 6.57 (d, 
2H, J= 8.8 Hz, 2Har), 6.74-6.81 (m, 2H, 2Har), 6.86 (d, 2H, J= 8.8 Hz, 
2Har), 7.00 (s, 1H, 1Har) 

  
IR (o�cm-1) (CCl4) 
 

3615, 2934, 2874, 2360, 1505, 1265, 1227, 1152, 1041, 903, 832 
 

MS (m/z) (IC, NH3) 274 [MH]+ 
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{4-[4-( tert-Butyl-dimethyl-silanyloxymethyl)-2-methoxy-phenoxy ]-phenyl}-
ethyl-amine  

1+-. 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.10 (s, 6H, Si(CH3)2), 0.94 (s, 9H, SiC(CH3)3), 1.25 (t, 3H, J= 7.0 Hz, 
NCH2CH3), 3.12 (q, 2H, J= 7.0 Hz, NCH2CH3), 3.88 (s, 3H, OCH3), 
4.70 (s, 2H, CH2O), 6.57 (d, 2H, J= 8.4 Hz, 2Har), 6.76 (s, 2H, 2Har), 
6.86 (d, 2H, J= 8.4 Hz, 2Har), 6.99 (s, 1H, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

-5.2 (Si(CH3)2), 14.9 (NCH2CH3), 18.9 (SiC(CH3)3), 26.0 (SiC(CH3)3), 
39.1 (NCH2CH3), 56.0 (OCH3), 64.7 (CH2O), 110.4, 113.7, 118.0, 
118.2, 120.0 (7CHar), 136.5, 144.7, 146.4, 148.9 (5Car) 
 

IR (o�cm-1) (CCl4) 
 

2955, 2930, 2857, 1597, 1504, 1463, 1373, 1256, 1228, 1155, 1097, 
1041, 989 
 

MS (m/z) (IC, NH3) 388 [MH]+ 
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2-Bromo- N-{4-[4-( tert-butyl-dimethyl-silanyloxymethyl)-2-methoxy-
phenoxy]-phenyl}- N-ethyl-propionamide  

1+-; 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.13 (s, 6H, Si(CH3)2), 0.96 (s, 9H, SiC(CH3)3), 1.25 (t, 3H, J= 6.8 Hz, 
NCH2CH3), 1.56 (d, 0.7H, J= 6.8 Hz, CHCH3’), 1.72 (d, 2.3H J= 6.8 
Hz, CHCH3), 3.71 (m, 2H, NCH2CH3), 3.84 (s, 3H, OCH3), 4.23 (q, 1H, 
J= 6.8 Hz, CHCH3), 4.75 (s, 2H, CH2O),  6.90 (d, 1H, J= 6.8 Hz, 
1Har), 6.94 (d, 2H, J= 8.4 Hz, 2Har), 7.02 (d, 2H, J= 8.4 Hz, 2Har), 
7.06-7.13 (m, 2H, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

-5.1 (Si(CH3)2), 12.7 (NCH2CH3), 18.5 (SiC(CH3)3), 21.9 (CHCH3), 
26.1 (SiC(CH3)3), 39.7 (CHCH3), 45.0 (NCH2CH3), 56.0 (OCH3), 64.7 
(CH2O), 111.0, 117.4, 118.6, 121.9, 129.4 (7CHar), 135.1, 139.6, 
142.6, 151.7, 158.5 (5Car),  169.4 (C=O) 
 

IR (o�cm-1) (CCl4) 
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Dithiocarbonic acid [1-({4-[4-( tert-butyl-dimethyl-silanyloxymethyl)-2-
methoxy-phenoxy]-phenyl}-ethyl-carbamoyl)-ethyl] es ter ethyl ester  

1+-8 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.13 (s, 6H, Si(CH3)2), 0.97 (s, 9H, SiC(CH3)3), 1.11 (t, 3H, J= 7.0 Hz, 
NCH2CH3), 1.33 (t, 3H, J= 7.0 Hz, OCH2CH3), 1.46 (d, 3H, J= 6.8 Hz, 
CHCH3), 3.64-3.69 (m, 1H, NCHH), 3.74-3.79 (m, 1H, NCHH), 3.89 
(s, 3H, OCH3), 4.36 (q, 1H, J= 6.8 Hz, CHCH3), 4.50-4.55 (m, 2H, 
OCH2CH3), 4.75 (s, 2H, CH2O), 6.88 (d, 1H, J= 8.0 Hz, 1Har),  6.93 
(d, 2H, J= 8.4 Hz, 2Har), 6.99 (d, 1H, J= 8.0 Hz, 1Har), 7.06 (s, 1H, 
1Har), 7.14 (d, 2H, J= 8.4 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

-4.9 (Si(CH3)2), 12.9 (NCH2CH3), 13.8 (OCH2CH3), 18.3 (CHCH3), 
18.9 (SiC(CH3)3), 26.0 (SiC(CH3)3), 44.7 (NCH2CH3), 46.9 (CHCH3), 
55.9 (OCH3), 64.6 (CH2O), 69.9 (OCH2CH3), 110.7, 117.6, 119.5, 
121.5, 129.6 (7CHar), 135.3, 139.3, 142.8, 151.5, 158.1 (5Car), 170.2 
(C=O), 213.0 (C=S) 
 

IR (o�cm-1) (CCl4) 
 

2956, 2931, 2857, 1660, 1501, 1463, 1258, 1224, 1156, 1112, 1058, 
837 
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4.2. Synthèse de l’attache 2 
�

2-[3-Methoxy-4-(4-nitro-phenoxy)-phenyl]-5,5-dimeth yl-[1,3]dioxane  1+0< 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.83 (s, 3H, CH3), 1.32 (s, 3H, CH3), 3.68 (d, 2H, JAB= 10.8 Hz, 
OCH2), 3.81 (d, 2H, JAB= 10.8 Hz, OCH2), 3.82 (s, 3H, OCH3), 5.42 (s, 
1H, CHO2), 6.92 (d, 2H, J= 9.4 Hz, 2Har), 7.10 (d, 1H, J= 8.4 Hz, 
1Har), 7.16 (dd, 1H, J1= 8.4 Hz, J2= 1.6 Hz, 1Har), 7.23 (d, 1H, J= 1.6 
Hz, 1Har), 8.16 (d, 2H, J= 9.4 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

21.9 (CH3), 23.2 (CH3), 30.3 (C(CH3)2), 55.8 (OCH3), 77.7 (2OCH2), 
101.1 (CHO2), 110.9, 115.9, 119.4, 122.4, 125.8 (7CHar), 137.5, 
142.4, 142.8, 151.5, 163.5 (5Car) 
 

IR (o�cm-1) (CCl4) 
 

2958, 2847, 1612, 1590, 1524, 1491, 1343, 1281, 1238, 1163, 1106, 
1036, 982, 848 
 

MS (m/z) (IC, NH3) 360 [MH]+ 
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{4-[4-(5,5-Dimethyl-[1,3]dioxan-2-yl)-2-methoxy-phe noxy]-phenyl}-methyl-
amine  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.81 (s, 3H, CH3), 1.31 (s, 3H, CH3), 2.83 (s, 3H, NCH3), 3.66 (d, 2H, 
JAB= 10.8 Hz, OCH2), 3.78 (d, 2H, JAB= 11.2 Hz, OCH2), 3.93 (s, 3H, 
OCH3), 5.37 (s, 1H, CHO2), 6.58 (d, 2H, J= 8.8 Hz, 2Har), 6.79 (d, 1H, 
J= 8.0 Hz, 1Har), 6.88 (d, 2H, J= 8.8 Hz, 2Har), 6.97 (dd, 1H, J1= 8.4 
Hz, J2= 1.6 Hz, 1Har), 7.16 (d, 1H, J= 1.6 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

22.0, 23.2 (2CH3), 30.3 (C(CH3)2), 31.4 (NCH3), 56.1 (OCH3), 77.8 
(2OCH2), 101.6 (CHO2), 110.1, 113.4, 117.8, 118.8, 120.2 (7CHar), 
133.5, 145.6, 148.0, 148.4, 150.3 (5Car) 
 

IR (o�cm-1) (CCl4) 
 

3405, 2956, 2845, 1600, 1506, 1464, 1392, 1277, 1228, 1161, 1105, 
1038, 1025, 982 
 

MS (m/z) (IC, NH3) 344 [MH] + 
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2-Bromo- N-{4-[4-(5,5-dimethyl-[1,3]dioxan-2-yl)-2-methoxy-ph enoxy]-
phenyl}- N-methyl-propionamide  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.82 (s, 3H, CH3), 1.32 (s, 3H, CH3), 1.72 (d, 3H, J= 6.4 Hz, CHCH3), 
3.26 (s, 3H, NCH3), 3.58 (d, 2H, JAB= 10.8 Hz, OCH2), 3.80 (d, 2H, 
JAB= 10.8 Hz, OCH2), 3.87 (s, 3H, OCH3), 4.29 (q, 1H, J= 6.4 Hz, 
CHCH3), 5.41 (s, 1H, CHO2), 6.93 (d, 2H, J= 8.8 Hz, 2Har), 7.06 (d, 
1H, J= 8.0 Hz, 1Har), 7.11 (dd, 1H, J1= 8.4 Hz, J2= 1.6 Hz, 1Har), 7.16 
(d, 2H, J= 8.0 Hz, 2Har), 7.22 (d, 1H, J= 1.6 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

21.88, 21.93, 23.2 (2CH3 et CHCH3), 30.3 (C(CH3)2), 38.3, 39.1 
(NCH3 et CHCH3), 56.0 (OCH3), 77.8 (2OCH2), 101.3 (CHO2), 110.8, 
117.5, 119.2, 121.8, 128.3 (7CHar), 136.4, 136.8, 144.1, 151.6, 158.1 
(5Car), 169.9 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2957, 2847, 1671, 1504, 1464, 1416, 1384, 1278, 1228, 1164, 1105, 
1024, 981, 908 
 

MS (m/z) (IC, NH3) 478, 480 [MH]+ 
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Dithiocarbonic acid [1-({4-[4-(5,5-dimethyl-[1,3]di oxan-2-yl)-2-methoxy-
phenoxy]-phenyl}-methyl-carbamoyl)-ethyl] ester (2, 2,2-trifluoro-ethyl) 
ester  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.83 (s, 3H, CH3), 1.32 (s, 3H, CH3), 1.49 (d, 3H, J= 8.0 Hz, CHCH3), 
3.26 (s, 3H, NCH3), 3.68 (d, 2H, JAB= 10.8 Hz, OCH2), 3.80 (d, 2H, 
JAB= 11.2 Hz, OCH2), 3.87  (s, 3H, OCH3), 4.43 (q, 1H, J= 6.8 Hz, 
CHCH3), 4.79 (m, 2H, OCH2CF3), 5.42 (s, 1H, CHO2), 6.93 (d, 2H, J= 
8.4 Hz, 2Har), 7.03 (d, 1H, J= 8.4 Hz, 1Har), 7.11 (d, 1H, J= 8.0 Hz,  
1Har), 7.16 (d, 2H, J= 8.8 Hz, 2Har), 7.22 (s, 1H, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

18.3 (CHCH3), 21.9, 23.2 (2CH3), 30.3 (C(CH3)2), 38.1 (NCH3), 47.8 
(CHCH3), 56.0 (OCH3), 67.3 (q, J= 36 Hz, CH2CF3), 77.8 (2OCH2), 
101.3 (CHO2), 110.8, 117.8, 119.2, 121.6, 128.5 (7CHar), 122.6 (q, J= 
276 Hz, CF3), 136.3, 137.0, 144.4, 151.6, 158.0 (5Car), 170.2 (C=O), 
211.8 (C=S)   
 

IR (o�cm-1) (CCl4) 
 

2958, 2848, 1665, 1505, 1382, 1278, 1228, 1194, 1165, 1104 

MS (m/z) (IC, NH3) 574 [MH]+ 
 

HRMS (m/z) Calculée 
Trouvée 

573.1467 
573.1467 

Erreur : 0.0 ppm 
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{1-[1-({4-[4-(5,5-Dimethyl-[1,3]dioxan-2-yl)-2-meth oxy-phenoxy]-phenyl}-
methyl-carbamoyl)-ethylsulfanylthiocarboxyoxy]-2,2, 2-trifluoro-ethyl}-
phosphonic acid diethyl ester 

1+0. 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.83 (s, 6H, CH3 et CH3’), 1.31-1.39 (m, 18H, 2OCH2CH3, 2OCH2CH3’, 
CH3, CH3’), 1.51 (d, 3H, J= 6.8 Hz, CHCH3), 1.52 (d, 3H, J= 6.8 Hz, 
CHCH3’), 3.26 (s, 3H, NCH3), 3.26 (s, 3H, NCH3’), 3.68 (d, 4H, JAB=  
10.8 Hz, OCH2, OCH2’), 3.80 (d, 4H, JAB=  11.2 Hz, OCH2, OCH2’), 
3.86 (s, 6H, OCH3, OCH3’), 4.15-4.30 (m, 8H, 2OCH2CH3, 
2OCH2CH3’), 4.43-4.51 (m, 2H, CHCH3, CHCH3’), 5.41 (s, 2H, CHO2, 
CHO2’), 6.57-6.66 (m, 2H, CHP, CHP’), 6.92 (d, 2H, J= 8.8 Hz, 2Har’), 
6.93 (d, 2H, J= 8.8 Hz, 2Har), 7.01 (d, 1H, J= 6.4 Hz, 1Har’), 7.03 (d, 
1H, J= 6.0 Hz, 1Har), 7.09-7.12 (m, 2H, 1Har, 1Har’), 7.15 (d, 2H, J= 
8.8 Hz,  2Har), 7.16 (d, 2H, J= 8.8 Hz, 2Har’), 7.21 (s, 2H, 1Har, 
1Har’) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

16.26, 16.30 (2OCH2CH3, 2OCH2CH3’), 18.1, 18.4 (CHCH3, CHCH3’), 
21.9, 23.1 (2CH3, 2CH3’), 30.3 (C(CH3)2, C(CH3)2’), 38.02, 38.06 
(NCH3, NCH3’), 48.3, 48.7 (CHCH3, CHCH3’), 55.9 (OCH3, OCH3’), 
63.9-64.7 (2OCH2CH3, 2OCH2CH3’), 67.7, 71.3 (2qd, J1= 164 Hz, J2= 
32.8 Hz, CHCF3, CHCF3’), 77.7 (2OCH2, 2OCH2’), 101.3 (CHO2, 
CHO2’), 110.8, 117.8, 118.0, 119.2, 121.4, 121.5, 128.3, 128.4 
(7CHar, 7CHar’), 120.8, 123.8 (2q, J= 276 Hz, CF3, CF3’), 136.3, 
136.4, 136.81, 136.84, 144.2, 144.4, 151.46, 151.51, 158.0, 158.1 
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(5Car, 5Car’), 170.1, 170.2 (C=O, C=O’), 212.0 (d, J= 5.6 Hz, C=S’), 
212.5 (d, J=5.6 Hz, C=S)   
 

IR (o�cm-1) (CCl4) 
 

3241, 2958, 1664, 1504, 1464, 1382, 1266, 1229, 1175, 1124, 1040, 
1027, 981 
 

MS (m/z) (IC, NH3) 710 [MH]+ 
 

HRMS (m/z) Calculée 
Trouvée 

709.1756 
709.1726 

Erreur : -4.3 ppm 
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4.3. Synthèse et fonctionnalisation du support  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.18-2.30 (m), 3.00-3.10 (m, 3H, NCH3),  3.67 (d, 2H, JAB= 10.8 Hz, 
OCH2), 3.79 (d, 2H, JAB= 10.0 Hz, OCH2), 3.81 (s, 3H, OCH3), 4.70-
4.77 (m, 2H, OCH2CF3), 4.88-4.92 (m, 1H, CHCH3), 5.39 (s, 1H, 
CHO2), 6.2-7.3 (m, CHar)  

 
 

IR (o�cm-1) (CCl4) 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.18-2.30 (m), 3.00-3.10 (m, 3H, NCH3),  3.67 (d, 2H, JAB= 10.4 Hz, 
OCH2), 3.79 (d, 2H, JAB= 12.8 Hz, OCH2), 3.80 (s, 3H, OCH3), 4.88-
4.91 (m, 1H, CHCH3), 5.39 (s, 1H, CHO2), 6.2-7.3 (m, CHar)  

 
 

IR (o�cm-1) (CCl4) 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.18-2.30 (m), 3.00-3.13 (m, 3H, NCH3), 3.89 (s, 3H, OCH3), 4.88-
4.91 (m, 1H, CHCH3), 6.2-7.54 (m, CHar), 9.92 (s, 1H, CHO) 
 

IR (o�cm-1) (CCl4) 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.18 (m), 3.00-3.13 (m, 3H, NCH3), 3.79 (s, 3H, OCH3), 4.70 (sé, 2H, 
CH2O),  6.20-7.54 (m, CHar) 

IR (o�cm-1) (CCl4) 
 

 
 
 
 

3618, 2961, 2967, 1901, 1783, 1722, 1657, 1509, 1463, 1362, 1267, 
1112, 1018 
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4.4. Techniques d’accrochage sur le support soluble  
�
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.80-2.50 (m), 3.00-3.20 (m, NCH3), 3.40-3.50 (m, OCH3), 3.49 (s, 
OCH3), 3.81 (m), 3.88 (m), 4.05 (m), 4.60 (d, 1H, J= 3.0 Hz, H2), 5.91 
(d,1H, J= 4.0 Hz, H1), 6.20-7.50 (m, CHar) 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.80-2.50 (m), 3.00 (sé, 3H, NCH3), 3.78 (s, 3H, OCH3), 3.85 (s, 3H, 
OCH3), 5.37 (s, 2H, CH2O), 6.20-7.30 (m, CHar), 6.98 (d, J= 8.4Hz, 
2Har), 8.11 (d, 2H, J= 8.4 Hz, 2Har) 
 

IR (o�cm-1) (CCl4) 
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4.5. Techniques de décrochage du support  
�

1-((3aR, 5R, 6S, 6aR)-6-Methoxy-2,2-dimethyl-tetrah ydro-furo[2,3-d][1,3] 
dioxol-5-yl)-ethane-1,2-diol 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.32 (s, 3H, CH3), 1.49 (s, 3H, CH3), 3.15 (s, 3H, OCH3), 3.46 (s, 2H, 
2OH), 3.67-3.74 (m, 5H, H3, H4, H5, 2H6), 4.58 (d, 1H, J= 3.7 Hz, H2), 
5.90 (d, 1H, J= 3.7 Hz, H1) 
 

MS (m/z) (IC, NH3) 
 

235 [MH]+ 
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4-methoxybenzoic acid 1+13 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

3.82 (s, 3H, OCH3), 6.93 (d, 2H, J= 7.6 Hz, 2Har), 7.91 (d, 2H, J= 7.6 
Hz, 2Har) 
 

IR (o�cm-1) (CCl4) 
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5. Synthèse des agents de 1 ère génération 

5.1. Synthèse des noyaux dihydro-pyrazolones et isox azolones 
�
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3-Methyl-4 H-isoxazol-5-one  3+08 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.16 (s, 3H, CH3), 3.40 (s, 2H, CH2) 

 
13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.8 (CH3), 37.1 (CH2), 163.8 (C=N), 175.5 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

3601, 1809, 1732, 1432, 1382, 1195, 1163, 880, 819 
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2-tert-Butyl-5-methyl-2,4-dihydro-pyrazol-3-one  4.30 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.48 (s, 9H, C(CH3)3),  2.04 (s, 3H, CH3), 3.20 (s, 2H, CH2) 

 
13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

17.1 (CH3), 28.4 (C(CH3)3), 43.6 (CH2), 57.4 (C(CH3)3), 154.0 (C=N), 
172.8 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2978, 1703, 1558, 1436, 1346, 1304, 1216, 1112 
 

MS (m/z)(IC, NH3) 155 [MH]+, 172 [MNH4]
+ 

 
 

2-tert-Butyl-5-phenyl-2,4-dihydro-pyrazol-3-one  4.31 
 

N

N
O

 

 
�

�

*�.���%�!�

�

�

�

,_����/�3��/���
:�
�

�

�<�
-�
�
������������
��
-��������������������U�
-�.��)��@��
-<�����?�<����
�
��9�2/.�����>�

�/���A;>�����)��@��
-����>�1/�3����@� ��	�:��
<�-<���?����-<����-������� 9.1/.�����>��/���A;�

�����/3�����@�
���������
�
��9.1/2�����>��/���A;/�

�-������
�������
����U�
���@������@���.-.�/�

./1����94�G;��@�3+1-�U�
���
�������
���U-�
��
�����9��_����5*;/��

�

�-��
���
������
���@�3+1-����������
�������UJ�

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.58 (s, 9H, C(CH3)3), 3.62 (s, 2H, CH2), 7.38-745 (m, 3H, 3Har), 
7.63-7.67 (m, 2H, 2Har) 
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13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

28.4 (C(CH3)3), 40.1 (CH2), 58.1 (C(CH3)3), 125.6, 128.9, 130.0 
(5CHar), 131.7 (1Car), 152.4 (C=N), 172.2 (C=O). 
 

IR (o�cm-1) (CCl4) 
 

3049, 2983, 2684, 2305, 1705, 1445, 1422, 1263, 896 
 

MS (m/z)(IC, NH3) 217 [MH]+, 234 [MNH4]
+ 

 

 

 
5-Methyl-2-phenyl-2,4-dihydro-pyrazol-3-one  4.32 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.21 (s, 3H, CH3), 3.45(s, 2H, CH2), 7.19 (t, 1H, J= 8.0 Hz, 1Har), 7.40 
(t, 2H, J= 8.0 Hz, 2Har), 7.86 (d, 2H, J= 8.0 Hz, 2Har) 

 
13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

17.1(CH3), 43.2 (CH2), 119.0, 125.1, 128.9 (5CHar), 138.1 (1Car), 
156.5 (C=N), 170.7 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

3048, 2984, 2684, 2305, 1719, 1598, 1499, 1422, 1360, 1315, 896 
 

MS (m/z)(IC, NH3) 175 [MH]+, 192 [MNH4]
+, 209 [MH(NH3)2]

+ 
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2,5-Diphenyl-2,4-dihydro-pyrazol-3-one  4.33 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

3.87 (s, 2H, CH2), 7.24 (t, 1H, J= 8.0 Hz, 1Har), 7.45 (t, 2H, J= 8.0 Hz, 
2Har), 7.47-7.50 (m, 3H, 3Har),7.78-7.80 (m, 2H, 2Har), 7.99 (d, 2H, 
J= 8.0 Hz, 2Har) 

 
13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

39.7 (CH2), 119.1, 125.4, 126.1, 129.0, 130.8 (10CHar), 131.9, 138.2 
(2Car), 154.8 (C=N), 170.4 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

3066, 1726, 1598, 1496, 1376, 1329, 1321, 1180, 1166, 1119, 1100, 
1068, 906, 892 
 

MS (m/z)(IC, NH3) 237 [MH]+, 254 [MNH4]
+ 

 
 

5-Methyl-2-(2,4,6-trichloro-phenyl)-2,4-dihydro-pyr azol-3-one  4.34 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.20 (s, 3H, CH3), 3.42 (s, 2H, CH2), 7.45 (s, 2H, 2Har) 

 
13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

17.3 (CH3), 40.9 (CH2), 128.9 (2CHar), 131.4, 136.2 (4Car), 157.6 
(C=N), 171.4 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

1737, 1573, 1552, 1473, 1391, 1376, 1352, 1313, 1192, 1074, 905, 
858 
 

MS (m/z)(IC, NH3) 277, 279, 291, 293 [MH]+, 294, 296, 298, 300 [MNH4]
+ 

 
 
 

5-Phenyl-2-(2,4,6-trichloro-phenyl)-2,4-dihydro-pyr azol-3-one  4.35 
�
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

3.86 (s, 2H, CH2), 7.45-7.48 (m, 3H, 3Har), 7.49 (s, 2H, 2Har), 7.73 
(d, 1H, J= 8.0 Hz, 1Har), 7.74 (d, 1H, J= 8.0 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

37.7 (CH2), 126.1, 128.9, 129.1, 131.0 (7CHar), 130.8, 136.2, 136.3 
(5Car), 156.3 (C=N), 170.9 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

1740, 1553, 1471, 1418, 1373, 1330, 1189, 1148, 1109, 1049, 960, 
909 
 

MS (m/z) (IC, NH3) 
 

339, 341, 343, 345 [MH]+, 356, 358, 360 [MNH4]
+ 
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5.2. Réaction de Knovenagel   
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3-Methyl-4-[1-phenyl-methylidene]-4 H-isoxazol-5-one  4.37 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.32 (s, 3H, CH3), 7.44 (s, 1H, CH), 7.53 (t, 2H, J= 7.6 Hz, 2Har), 7.60 
(t, 1H, J= 7.6 Hz, 1Har), 8.37 (d, 2H, J= 7.6 Hz, 2Har) 

 
13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

11.7 (CH3), 129.1, 133.9, 134.1 (5CHar), 130.6, 132.4 (C-C=O et 
1Car), 150.1 (CH=C-C=O), 161.2 (C=N), 168.0 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2983, 1768, 1625, 1573, 1453, 1407, 1350, 1216, 1124, 885 
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MS (m/z)(IC, NH3) 188 [MH]+, 205 [MNH4]
+ 

�
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3-Phenyl-4-[1- p-tolyl-methylidene]-4 H-isoxazol-5-one  4.38 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.46 (s, 3H, CH3), 7.33 (d, 2H, J= 8.0 Hz, 2Har), 7.55-7.65 (m, 5H, 
5Har), 8.27 (d, 2H, J= 8.0 Hz, 2Har) 

 
13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

22.2 (CH3), 128.9, 129.4, 130.0, 131.0, 134.5 (9CHar), 117.7, 127.7, 
130.2, 132.9 (C-C=O et 3Car), 152.9 (CH=C-C=O), 153.0 (C=N), 
164.3 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

1762, 1620, 1599, 1366, 1188, 1099, 877, 865 
 

MS (m/z)(IC, NH3) 264 [MH]+, 281 [MNH4]
+ 
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2-tert-Butyl-5-methyl-4-[1-phenyl-methylidene]-2,4-dihydr o-pyrazol-3- one   4.39 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.57 (s, 9H, C(CH3)3), 2.22 (s, 3H, CH3), 7.23 (s, 1H, CH), 7.45-7.50 
(m, 3H, 3Har), 8.43 (d, 2H, J= 6.4 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.4 (CH3), 28.5 (C(CH3)3), 57.4 (C(CH3)3), 128.7, 132.5, 133.4 
(5CHar), 130.3, 133.3 (1Car et C-C=O), 145.1 (CH=C-C=O), 147.2 
(C=N), 163.5 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

3049, 2983, 2684, 2305, 1677, 1516, 1443, 1422, 1263, 896 
 

MS (m/z)(IC, NH3) 243 [MH]+, 260 [MNH4]
+ 

 
 

2-tert-Butyl-5-methyl-4-[1- p-tolyl-methylidene]-2,4-dihydro-pyrazol-3- one    4.40 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.64 (s, 9H, C(CH3)3),  2.28 (s, 3H, CH3), 2.49 (s, 3H, CH3), 7.27 (s, 
1H, CH), 7.35 (d, 2H, J= 8.0 Hz, 2Har), 8.44 (d, 2H, J= 8.0 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.3 (CH3), 22.0 (CH3), 28.5 (C(CH3)3), 57.3 (C(CH3)3), 129.5, 133.6 
(4CHar), 128.2, 130.8, 143.6 (2Car et C-C=O), 145.2 (CH=C-C=O),  
147.8 (C=N), 163.5 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2978, 2359, 1677, 1622, 1601, 1556, 1366, 1292, 1216, 1186, 1115, 
990, 921, 862 
 

MS (m/z)(IC, NH3) 257 [MH]+ 
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2-tert-Butyl-5-phenyl-4-[1- p-tolyl-methylidene]-2,4-dihydro-pyrazol-3- one    4.41 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.64 (s, 9H, C(CH3)3), 2.43 (s, 3H, CH3), 7.29 (s, 1H, CH), 7.45-7.55 
(m, 5H, 5Har), 7.57-7.60 (m, 2H, 2Har), 8.33 (d, 2H, J= 8.4 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

22.0 (CH3), 28.5 (C(CH3)3), 57.9 (C(CH3)3), 126.9, 130.8, 131.7, 143.9 
(3Car et C-C=O) ; 128.4-128.9, 129.2, 129.4, 133.8 (9CHar), 148.2 
(CH=C-C=O),  150.2 (C=N), 163.6 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

3049, 2983, 2684, 2035, 1677, 1597, 1444, 1422, 1365, 1263, 1186, 
1107, 896 
 

MS (m/z)(IC, NH3) 319 [MH]+ 
  
 

2-tert-Butyl-4-[1-(4-methoxy-phenyl)-methylidene]-5-pheny l-2,4-dihydro-
pyrazol-3-one  

4.42 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.65 (s, 9H, C(CH3)3), 3.89 (s, 3H, OCH3), 6.98 (d, 2H, J= 7.6 Hz, 
2Har), 7.43 (s, 1H, CH), 7.47-7.52 (m, 3H, 3Har), 7.58 (dd, 2H, J1=  
7.6 Hz, J2= 1.6 Hz, 2Har), 8.50 (d, 2H, J= 8.8 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

28.5 (C(CH3)3), 55.6 (C(CH3)3), 57.8 (OCH3), 125.3, 127.7, 131.9, 
163.5 (3Car et C-C=O), 114.2, 128.85, 128.91, 129.1, 136.5 (9CHar), 
147.9 (CH=C-C=O), 150.3 (C=N), 163.9 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2974, 1674, 1611, 1587, 1562, 1530, 1511, 1460, 1430, 1394, 1366, 
1310, 1290, 1222, 1177, 1106, 1034, 976 
 

MS (m/z)(IC, NH3) 335 [MH]+ 
  
 

5-Methyl-2-phenyl-4-[1-phenyl-methylidene]-2,4-dihy dro-pyrazol-3-one  4.43 
 

N

N
O

 

 
�

�

*�2��1%�!�

�

�

�

,_����/.���/���
:�
�

�

�<�
-�
�
������������
��
-�������������������>�,�
-���'J��/������@�3+10��9�/34�����>��/���A;>�

�.��)��@��:��������>��/2���)��@����?����-<���9�2/.�����>��/���A;�����������
��@������������

9��
;/�

�-������
�������
����U�
�

�������
���5*�@���3-/�

�-�� ��
��
���� ������ ���
���� U�
� ����@���� �<� @��
-� �-����
�����-<� ��� 
������ ����

9��
/�
-��D'�!�
J�4D�;�<���������/�4���9��G;��@�3+31��
�������
�����9��_���1:���5*;/�

�

�-��
���
������
���@�3+31����������
�������U�������������
�����
��
-�
���������
�<���
����������


-����

���
���
���
J�

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.37 (s, 3H, CH3), 7.20 (t, 1H, J= 7.6 Hz, 1Har), 7.41 (s, 1H, CH), 7.43 
(t, 2H, J= 7.6 Hz, 2Har), 7.47-7.65 (m, 3H, 3Har), 7.99 (d, 2H, J= 7.6 
Hz, 2Har), 8.51 (d, 2H, J= 8.0 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.4 (CH3), 119.1, 124.9, 128.7, 128.8, 133.1, 133.7 (10CHar), 127.7 
(C-C=O), 132.9, 138.3 (2Car), 147.1 (CH=C-C=O), 150.9 (C=N), 
161.8 (C=O) 
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IR (o�cm-1) (CCl4) 2923, 1693, 1616, 1566, 1500, 1415, 1365, 1319, 1215, 1144, 996 
 

MS (m/z)(IC, NH3) 263 [MH]+, 280 [MNH4]
+ 

 
 

5-Methyl-2-phenyl-4-[1- p-tolyl-methylidene]-2,4-dihydro-pyrazol-3-one  4.44 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.37 (s, 3H, CH3), 2.45 (s, 3H, CH3), 7.20 (t, 1H, J= 7.6 Hz, 1Har), 
7.33 (d, 2H, J= 8.4 Hz, 2Har), 7.38 (s, 1H, CH), 7.42 (t, 2H, J= 7.6 Hz, 
2Har), 7.97 (d, 2H, J= 7.6 Hz, 2Har), 8.45 (d, 2H, J= 8.4 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.4 (CH3), 22.1 (CH3), 119.2, 124.9, 128.8, 129.6, 134.1 (9CHar), 
126.7, 130.5, 138.5, 144.5 (3Car et C-C=O), 147.2 (CH=C-C=O), 
151.1 (C=N), 162.1 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2983, 1688, 1618, 1558, 1500, 1417, 1364, 1318, 1221, 1143, 996 
 

MS (m/z)(IC, NH3) 277 [MH]+ 
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2,5-Diphenyl-4-[1- p-tolyl-methylidene]-2,4-dihydro-pyrazol-3-one  4.45 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.45 (s, 3H, CH3), 7.23 (t, 1H, J= 7.6 Hz, 1Har), 7.32 (d, 2H, J= 8.4 
Hz, 2Har), 7.45 (t, 2H, J= 7.6 Hz, 2Har), 7.53-7.58 (m, 3H, 3Har), 7.63 
(s, 1H, CH), 7.67-7.70 (m, 2H, 2Har), 8.06 (d, 2H, J= 7.6 Hz, 2Har), 
8.40 (d, 2H, J= 8.4 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

22.1 (CH3), 119.5, 125.2, 128.9, 129.0, 129.6, 129.8, 132.7, 134.2 
(14CHar), 125.5, 130.6, 131.0, 138.5, 144.8 (4Car et C-C=O), 150.4 
(CH=C-C=O), 153.2 (C=N), 162.2 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2983, 2305, 1692, 1596, 1499, 1422, 1316, 896 
 

MS (m/z)(IC, NH3) 339 [MH]+ 
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4-[1-(4-Methoxy-phenyl)-methylidene]-2,5-diphenyl-2 ,4-dihydro-pyrazol-3-
one  

4.46 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

3.90 (s, 3H, OCH3), 7.00 (d, 2H, J= 9.6 Hz, 2Har), 7.23 (t, 1H, J= 7.8 
Hz, 1Har), 7.45 (t, 2H, J= 7.8 Hz, 2Har), 7.54-7.56 (m, 3H, 3Har), 7.58 
(s, 1H, CH), 7.67-7.70 (m, 2H, 2Har), 8.08 (d, 2H, J= 7.8 Hz, 2Har), 
8.56 (d, 2H, J= 9.6 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

56.6 (OCH3), 114.3, 119.5, 119.6, 125.1, 128.8-129.7, 137.1 
(14CHar), 123.7, 126.4, 131.2, 138.6, 162.4 (4Car et  C-C=O), 149.9 
(CH=C-C=O), 153.4 (C=N), 164.1 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

1687, 1586, 1562, 1539, 1512, 1498, 1313, 1179, 1144, 1109, 1033, 
948, 873 
 

MS (m/z)(IC, NH3) 355 [MH]+ 
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5-Methyl-4-[1-phenyl-methylidene]-2-(2,4,6-trichlor o-phenyl)-2,4-dihydro-
pyrazol-3-one  

4.47 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.38 (s, 3H, CH3), 7.48 (s, 2H, 2Har), 7.48 (s, 1H, CH), 7.52 (t, 2H, J= 
7.6 Hz, 2Har), 7.57 (t, 1H, J= 7.6 Hz, 1Har), 8.52 (d, 2H, J= 7.6 Hz, 
2Har)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.6 (CH3), 125.5 (C-C=O), 128.7, 128.8, 128.9, 133.9 (7CHar), 
132.0, 132.9, 135.8, 136.4 (5Car), 148.1 (CH=C-C=O), 152.0  (C=N), 
162.5 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

1699, 1618, 1596, 1554, 1472, 1453, 1374, 1319, 1216, 1191, 1166, 
1071, 994, 898, 854 
 

MS (m/z)(IC, NH3) 365, 367, 369, 371 [MH]+ 
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5-Methyl-4-[1- p-tolyl-methylidene]-2-(2,4,6-trichloro-phenyl)-2,4- dihydro-
pyrazol-3-one  

4.48 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.36 (s, 3H, CH3), 2.44 (s, 3H, CH3), 7.30 (d, 2H, J= 8.0 Hz, 2Har), 
7.44 (s, 1H, CH), 7.47 (s, 2H, 2Har), 8.43 (d, 2H, J= 8.0 Hz, 2Har)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.7 (CH3), 22.1 (CH3), 124.5 (C-C=O), 128.7, 128.8, 129.7, 134.2 
(6CHar), 130.5, 132.2, 135.8, 136.5, 144.9 (6Car), 148.2 (CH=C-
C=O), 152.1  (C=N), 162.6 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

1716, 1700, 1627, 1601, 1554, 1474,1374, 1317, 1169, 1082, 899, 
858 
 

MS (m/z)(IC, NH3) 379, 381, 383 [MH]+, 396, 398 [MNH4]
+ 

 
 

5-Phenyl-4-[1-phenyl-methylidene]-2-(2,4,6-trichlor o-phenyl)-2,4-dihydro-
pyrazol-3-one  

4.49 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

7.46-7.55 (m, 6H, 6Har), 7.48 (s, 2H, 2Har), 7.68 (d, 1H, J= 8.0 Hz, 
1Har), 7.69 (d, 1H, J= 8.0 Hz, 1Har), 7.72 (s, 1H, CH), 8.45 (d, 2H, J= 
8.0 Hz, 2Har)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

128.8-134.1 (12CHar), 124.3 (C-C=O), 130.6, 132.3, 133.0, 136.0, 
136.5 (6Car), 151.2 (CH=C-C=O), 154.4 (C=N), 162.6 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

1702, 1612, 1595, 1573, 1555, 1471, 1453, 1323, 1164, 1068, 946, 
858 
 

MS (m/z)(IC, NH3) 427 , 429, 431, 433 [MH]+ 
 
 

5-Phenyl-4-[1- p-tolyl-methylidene]-2-(2,4,6-trichloro-phenyl)-2,4- dihydro-
pyrazol-3-one  

4.50 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.45 (s, 3H, CH3), 7.30 (d, 2H, J= 8.0 Hz, 2Har), 7.50 (s, 2H, 2Har), 
7.53-7.57 (m, 3H, 3Har), 7.67 (d, 1H, J= 5.6 Hz, 1Har), 7.68 (d, 1H, J= 
7.6 Hz, 1Har), 7.70 (s, 1H, CH), 8.40 (d, 2H, J= 8.0 Hz, 2Har)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

22.2 (CH3), 123.2 (C-C=O), 128.7, 128.8, 129.1,129.7, 130.0, 134.5 
(11CHar), 130.6, 130.8, 132.3, 132.9, 135.9, 136.5, 145.3 (7Car), 
151.3 (CH=C-C=O), 154.5 (C=N), 162.7 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

1697, 1597, 1554, 1471, 1390, 1374, 1325, 1164, 1068, 947, 861 
 

MS (m/z)(IC, NH3) 441 , 443, 445, 447 [MH]+ 
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5.3. Addition radicalaire 
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3-[2-(Cyano-dimethyl-methyl)-3-methyl-5-oxo-2,5-dih ydro-isoxazol-4-yl]-
2,2-dimethyl-3-phenyl-propionitrile  

3+2- 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.46, 1.54, 1.75, 1.76 (4s, 4*3H, 4CH3-C-CN), 2.38 (s, 3H, CH3), 3.80 
(s, 1H, CH), 7.30-7.40 (m, 3H, 3Har), 7.59 (d, 2H, J= 7.2 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.9 (CH3), 25.1, 25.3, 25.8, 27.1 (4CH3-C-CN), 36.3 (NC-C(CH3)2-C), 
49.7 (CH-C-C=O), 57.9 (NC-C(CH3)2-N), 110.1, 118.8, 125.0, 136.7 
(2CN, C-C=O et 1Car), 128.0, 128.8, 129.5 (5CHar), 164.7 (C=C-N), 
169.4 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2984, 1752, 1625, 1454, 1392, 1371, 1222, 1170, 1020, 908 
 

MS (m/z) (IC, NH3) 324 [MH]+, 341 [MNH4]
+ 

 

Microanalyse  Calculée 
Trouvée 

%C 70.57 
%C 70.17 

 
 
 
 
 
 
 
 
 

%H 6.55 
%H 6.67 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.10-2.30 (m, 20H, 10CH2), 2.39 (s, 3H, CH3), 3.80 (s, 1H, CH), 7.30-
7.40 (m, 3H, 3Har), 7.60 (d, 2H, J= 7.2 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.3 (CH3), 22.6, 23.0, 23.1, 24.2, 25.0, 33.4, 34.5, 35.2 (10CH2), 42.7 
(NC-C(CH2)5-C), 49.9 (CH-C-C=O), 64.2 (NC-C(CH2)5-N), 108.9 (C-
C=O), 117.4, 123.3, 136.8 (2CN et 1Car), 127.8, 128.7, 129,7 
(5CHar), 164.3 (C=C-N), 169.7 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2938, 2861, 1746, 1616, 1453, 1172, 1030, 908 
 

MS (m/z) (IC, NH3) 404 [MH]+, 421 [MNH4]
+ 

 

Microanalyse  Calculée 
Trouvée 

%C 74.41 
%C 74.31 

%H 7.24 
%H 7.28 
 

   
3-[2-(Cyano-dimethyl-methyl)-5-oxo-3-phenyl-2,5-dih ydro-isoxazol-4-yl]-
2,2-dimethyl-3- p-tolyl-propionitrile  

3+21 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.39, 1.45, 1.46, 1.54 (4s, 4*3H, 4CH3-C-CN), 2.33 (s, 3H, CH3), 3.49 
(s, 1H, CH-C-C=O), 7.13 (t, 2H, J= 8.0 Hz, 2Har), 7.34 (d, 2H, J= 8.0 
Hz, 2Har), 7.48-7.65 (m, 5H, 5Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

21.2 (CH3), 26.0, 26.1, 26.2, 26.4 (4CH3-C-CN), 36.8 (NC-C(CH3)2-C), 
49.6 (CH-C-C=O), 59.6 (NC-C(CH3)2-N), 112.4 (C-C=O), 117.6, 124.7 
(2CN), 127.7, 134.3, 137.8 (3Car), 129.1, 129.4-129.5, 131.9 (9CHar), 
167.2 (C=C-N), 168.9  (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2984, 2927, 1756, 1619, 1264, 1177, 1066, 908 
 

MS (m/z) (IC, NH3) 400 [MH]+, 417 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

399.1947 
399.1948 

Erreur : 0.3 ppm 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.16-2.10 (m, 20H, 10CH2), 2.33 (s, 3H, CH3), 3.40 (s, 1H, CH), 7.11 
(d, 1H, J= 8.0 Hz, 1Har), 7.15 (d, 1H, J= 7.6 Hz, 1Har), 7.33 (d, 2H, J= 
8.0 Hz, 2Har), 7.47-7.62 (m, 5H, 5Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

21.2 (CH3), 22.1, 22.2, 23.0, 23.4, 24.2, 24.9, 34.1, 34.3, 34.8 
(10CH2), 43.4 (NC-C(CH2)5-C), 50.1 (CH-C-C=O), 65.4 (NC-C(CH2)5-
N), 111.9 (C-C=O), 116.7, 122.6 (2CN), 131.6, 134.4, 137.6 (3Car), 
129.0, 129.21, 129.23, 129.4, 129.6 (9CHar), 166.8 (C=C-N), 169.0 
(C=O) 
 

IR (o�cm-1) (CCl4) 
 

2940, 2862, 2341, 1753, 1618, 1447, 1168, 1050, 908 
 

MS (m/z) (IC, NH3) 480 [MH]+, 497 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

479.2573 
479.2572 

Erreur : -0.2 ppm 
 

   
�

�
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3-[2-tert-Butyl-1-(cyano-dimethyl-methyl)-5-methyl-3-oxo-2,3 -dihydro-1 H-
pyrazol-4-yl]-2,2-dimethyl-3-phenyl-propionitrile 

3+22�
a - b 

 � �
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.79, 1.15, 1.29, 1.30 (4sé, 4*3H, 4CH3-C-CN), 1.59 (s, 9H, C(CH3)3), 
2.42 (s, 3H, CH3), 3.36 (s, 1H, CH), 7.30-7.45 (m, 4H, 4Har), 8.32 (d, 
1H, J= 6.8 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

17.7 (CH3), 20.2, 24.8, 27.4, 29.5 (4CH3-C-CN), 28.3 (C(CH3)3), 36.0 
(NC-C(CH3)2-C), 54.0 (CH-C-C=O), 58.9 (C(CH3)3), 60.3 (NC-
C(CH3)2-N), 122.5, 123.8 (2CN et C-C=O), 128.3-134.1 (5CHar), 
134.7 (1Car), 155.6 (C=N), 170.4 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2983, 2234, 1694, 1461, 1393, 1370, 1316, 1278, 1259, 1206 

MS (m/z) (IC, NH3) 379 [MH]+, 396 [MNH4]
+ 

 

Microanalyse  Calculée 
Trouvée 

%C 72.98 
%C 72.68 

%H 7.99 
%H 7.91 

   
   
3+22@��

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.05, 1.08, 1.30, 1.38 (4sé, 4*3H, 4CH3-C-CN), 1.53 (s, 9H, C(CH3)3), 
2.76 (s, 3H, CH3), 3.25 (s, 1H, CH), 7.30-7.55 (m, 4H, 4Har), 8.14 (d, 
1H, J= 7.6 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

17.8 (CH3), 20.2, 25.0, 27.3, 30.6 (4CH3-C-CN), 28.1 (C(CH3)3), 36.4 
(NC-C(CH3)2-C), 57.4 (CH-C-C=O), 58.9 (C(CH3)3), 62.2 (NC-
C(CH3)2-N), 122.0, 124.4 (2CN et C-C=O), 128.5-134.2 (5CHar), 
134.7 (1Car), 158.0 (C=N), 173.2 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2981, 2933, 2360, 2234, 1697, 1478, 1457, 1393, 1370, 1344, 1324, 
1260, 1208, 1160 
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MS (m/z) (IC, NH3) 379 [MH]+, 396 [MNH4]
+
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.90-1.45 (m, 40H, 10CH2+10CH2’), 1.52 (s, 9H, C(CH3)3’), 1.57 (s, 
9H, C(CH3)3), 2.40 (s, 3H, CH3), 2.74 (s, 3H, CH3’), 3.31 (s, 1H, CH’), 
3.40 (s, 1H, CH), 7.30-7.50 (m, 8H, 4Har+4Har’), 8.18 (d, 1H, J= 8.0 
Hz, 1Har’), 8.37 (d, 1H, J= 7.6 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

18.3 (CH3’), 20.5 (CH3), 22.2-24.7, 30.8, 31.0, 35.0, 36.0, 37.4 (10CH2 
et 10CH2’), 28.1 (C(CH3)3’), 28.4 (C(CH3)3),  43.37 (NC-C(CH2)5-C), 
43.42 (NC-C(CH2)5-C’), 55.2, 58.0 (CH-C-C=O et CH-C-C=O’), 58.5 
(C(CH3)3’), 58.6 (C(CH3)3), 61.6, 63.2 (NC-C(CH2)5-N et NC-C(CH2)5-
N’), 119.2 (C-C=O et C-C=O’), 121.4, 122.5 (2CN et 2CN’), 128.0, 
128.1, 128.4, 128.6, 128.9, 129.1, 134.1, 134.4 (5CHar et 5CHar’), 
134.3, 135.5 (1Car et 1Car’), 153.5 (C=C-N’), 158.2 (C=C-N), 170.7 
(C=O’), 173.7 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2361, 1693, 1454, 1390, 1342, 1129, 1048 
 

MS (m/z) (IC, NH3) 350 [MH-(CH2)5-C-CN].+, 459 [MH]+, 476 [MNH4]
+ 

 

Microanalyse  Calculée 
Trouvée 

%C 75.94 
%C 75.68 

%H 8.35 
%H 8.28 
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3-[2-tert-Butyl-1-(cyano-dimethyl-methyl)-5-methyl-3-oxo-2,3 -dihydro-1 H-
pyrazol-4-yl]-2,2-dimethyl-3- p-tolyl-propionitrile 
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a - b 

 � �
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�

3+2.���

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.80, 1.13, 1.26, 1.28 (4sé, 4*3H, 4CH3-C-CN), 1.57 (s, 9H, C(CH3)3), 
2.35 (s, 3H, CH3), 2.40 (s, 3H, CH3), 3.32 (s, 1H, CH), 7.12-7.28 (m, 
3H, 3Har), 8.17 (d, 1H, J= 7.6 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

17.7, 21.3 (2CH3), 24.9, 27.2, 29.6 (4CH3-C-CN), 28.4 (C(CH3)3), 36.1 
(NC-C(CH3)2-C), 53.7 (CH-C-C=O), 58.5 (C(CH3)3), 60.4 (NC-
C(CH3)2-N), 122.6, 124.0 (2CN et C-C=O), 128.9, 129.1, 134.2 
(4CHar), 131.6, 138.7 (2Car), 158.1 (C=C-N), 170.6 (C=O)  
 

IR (o�cm-1) (CCl4) 
 

2334, 1696, 1515, 1459, 1393, 1370, 1324, 1277, 1260, 1208, 1165, 
1126 
 

MS (m/z) (IC, NH3) 393 [MH]+, 410 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

392.2576 
392.2576  

Erreur : -0.1 ppm 
 

   
�

3+2.@��

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.03, 1.06, 1.35, 1.50 (4sé, 4*3H, 4CH3-C-CN), 1.51 (s, 9H, C(CH3)3), 
2.38 (s, 3H, CH3), 2.75 (s, 3H, CH3), 3.20 (s, 1H, CH), 7.12-7.28 (m, 
3H, 3Har), 7.99 (d, 1H, J= 7.6 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

20.3, 22.3 (2CH3), 25.1, 27.5, 30.6 (4CH3-C-CN), 28.2 (C(CH3)3), 36.4 
(NC-C(CH3)2-C), 57.1 (CH-C-C=O), 58.6 (C(CH3)3), 62.4 (NC-
C(CH3)2-N), 122.3, 124.5 (2CN et C-C=O), 129.1, 129.7, 134.2 
(4CHar), 130.6, 139.2 (2Car), 155.7 (C=C-N), 173.5 (C=O)  
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IR (o�cm-1) (CCl4) 
 

2334, 1696, 1515, 1459, 1393, 1370, 1324, 1277, 1260, 1208, 1165, 
1126 
 

MS (m/z) (IC, NH3) 393 [MH]+, 410 [MNH4]
+ 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.70-2.30 (m, 40H, 10CH2+10CH2’), 1.51, 1.56 (s, 18H, C(CH3)3+ 
C(CH3)3’), 2.35 (s, 3H, CH3), 2.38 (s, 3H, CH3’), 2.39 (s, 3H, CH3), 
2.75 (s, 3H, CH3’), 3.27 (s, 1H, CH’), 3.37 (s, 1H, CH), 7.12-7.31 (m, 
6H, 3Har+3Har’), 8.04 (d, 1H, J= 7.6 Hz, 1Har), 8.23 (d, 1H, J= 7.6 
Hz, 1Har’)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

18.3, 20.5, 21.2 (2CH3 et 2CH3’),  22.3-24.9, 30.9, 31.0, 34.9, 36.1, 
37.4 (10CH2 et 10CH2’), 28.1 (C(CH3)3), 28.4 (C(CH3)3’), 43.46 (NC-
C(CH2)5-C), 43.52 (NC-C(CH2)5-C’), 54.8 (CH-C-C=O), 57.6 (CH-C-
C=O’), 58.4 (C(CH3)3), 59.5 (C(CH3)3’), 61.6 (NC-C(CH2)5-N), 63.3 
(NC-C(CH2)5-N’), 119.3, 120.5, 121.5, 122.5 (2CN, 2CN’, C-C=O, C-
C=O’), 128.6, 128.7, 129.2, 129.6, 131.2, 134.1, 134.4 (4CHar et 
4CHar’), 131.6, 132.3, 138.4 , 138.9 (2Car et 2Car’), 155.8 (C=C-N), 
158.2 (C=C-N’), 170.9 (C=O’), 173.8 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2360, 2305, 2229, 1694, 1453, 1422, 1364, 1338, 1305, 1211, 1156, 
1130, 1038, 896 
 

MS (m/z) (IC, NH3) 364 [MH-(CH2)5-C-CN].+ , 473 [MH]+, 490 [MNH4]
+ 

 

Microanalyse  Calculée 
Trouvée 

%C 76.23 
%C 76.25 

%H 8.53 
%H 8.52 

�

�
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3-[2-tert-Butyl-1-(cyano-dimethyl-methyl)-3-oxo-5-phenyl-2,3 -dihydro-1 H-
pyrazol-4-yl]-2,2-dimethyl-3- p-tolyl-propionitrile  
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.96, 1.11, 1.23, 1.38 (4sé, 4*3H, 4CH3-C-CN), 1.69 (s, 9H, C(CH3)3), 
2.38 (s, 3H, CH3), 3.90 (s, 1H, CH), 7.15 (d, 1H, J= 8.0 Hz, 1Har), 
7.25 (d, 1H J= 8.0 Hz, 1Har), 7.30-7.40 (m, 1H, 1Har), 7.45-7.55 (m, 
3H, 3Har), 8.07 (sé, 2H, 2Har), 8.47 (d, 1H, J= 8.0 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

21.3 (CH3), 24.2, 25.2, 29.7, 37.5 (4CH3-C-CN), 28.5 (C(CH3)3), 37.2 
(NC-C(CH3)2-C), 54.2 (CH-C-C=O), 59.3 (C(CH3)3), 62.0 (NC-
C(CH3)2-N), 122.9, 123.8 (2CN et C-C=O), 128.5, 128.7, 128.9, 129.3, 
130.3, 134.7 (9CHar), 132.4-133.1, 138.9 (3Car), 156.6 (C=C-N),  
170.5 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2986, 1708, 1464, 1390, 1389, 1282, 1264, 1146, 908 
 

MS (m/z) (IC, NH3) 386 [MH-(CH3)2-C-CN].+, 455 [MH]+, 472 [MNH4]
+ 

 

Microanalyse  Calculée 
Trouvée 

%C 76.62 
%C 76.36 

%H 7.54 
%H 7.58 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.75-2.40 (m, 20H, 10CH2), 1.68 (s, 9H, C(CH3)3), 2.37 (s, 3H, CH3), 
4.01 (s, 1H, CH), 7.12 (d, 1H, J= 8.0 Hz, 1Har), 7.24 (d, 1H J= 8.0 Hz, 
1Har), 7.33 (sé, 1H, 1Har), 7.45-7.55 (m, 3H, 3Har), 8.12 (sé, 2H, 
2Har), 8.55 (d, 1H, J= 8.0 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

21.3 (CH3), 22.8, 23.0, 24.6, 24.7, 24.9, 30.3, 31.0, 35.1 (10CH2), 28.6 
(C(CH3)3), 44.2 (NC-C(CH2)5-C), 57.0 (CH-C-C=O), 59.2 (C(CH3)3),  
63.2 (NC-C(CH2)5-N), 120.5, 121.3 (2CN, C-C=O), 128.1, 128.7, 
128.8, 129.3, 130.2 (9CHar), 129.0, 135.2, 138.6 (3Car), 155.0 (C=C-
N), 170.7 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2408, 2305, 1708, 1444, 1422, 1154, 896 
 

MS (m/z) (IC, NH3) 426 [MH-(CH2)5-C-CN].+, 535 [MH]+, 552 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

534.3359 
534.3359  

Erreur : 0.2 ppm 
 

   
 
3-[2-tert-Butyl-1-(cyano-dimethyl-methyl)-3-oxo-5-phenyl-2,3 -dihydro-1 H-
pyrazol-4-yl]-3-(4-methoxy-phenyl)-2,2-dimethyl-prop ionitrile  
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.99, 1.11, 1.24, 1.38 (4sé, 4*3H, 4CH3-C-CN), 1.69 (s, 9H, C(CH3)3), 
3.85 (s, 3H, OCH3), 3.97 (s, 1H, CH), 6.87 (dd, 1H, J1= 8.6 Hz, J2= 2.6 
Hz, 1Har), 7.00 (dd, 1H J1= 8.6 Hz, J2= 2.6 Hz, 1Har), 7.35-7.45 (m, 
1H, 1Har), 7.50-7.60 (m, 3H, 3Har), 8.07 (sé, 2H, 2Har), 8.52 (d, 1H, 
J= 8.4 Hz, 1Har) 
 

13C RMN (E�ppm) 24.2, 24.9-25.0, 29.7 (4CH3-C-CN), 28.4 (C(CH3)3), 37.2 (NC-



� .�.�

(CDCl3, 100 MHz) 
 

C(CH3)2-C), 53.7, 55.2 (OCH3 et CH-C-C=O), 59.3 (C(CH3)3), 62.0 
(NC-C(CH3)2-N), 122.8, 123.7, 126.4 (2CN et C-C=O), 112.8, 114.0, 
128.6, 128.8, 130.2, 135.9 (9CHar), 132.9-133.5, 156.5 (3Car), 160.0 
(C=C-N), 170.5 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2982, 2934, 2306, 2234, 1707, 1310, 1514, 1458, 1442, 1394, 1370, 
1308, 1282, 1188, 1150, 1039, 908 
 

MS (m/z) (IC, NH3) 402 [MH-(CH3)2-C-CN].+, 471 [MH]+ 
 

HRMS (m/z) Calculée 
Trouvée 

470.2682 
470.2680 

Erreur : -0.4 ppm 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.75-2.30 (m, 20H, 10CH2), 1.68 (s, 9H, C(CH3)3), 3.84 (s, 3H, OCH3), 
4.01 (s, 1H, CH), 6.83 (dd, 1H, J1= 8.6 Hz, J2= 2.8 Hz, 1Har), 6.98 
(dd, 1H, J1= 8.6 Hz, J2= 2.8 Hz, 1Har), 7.38 (sé, 1H, 1Har), 7.48-7.55 
(m, 3H, 3Har), 8.12 (sé, 2H, 2Har), 8.60 (d, 1H, J= 8.0 Hz, 1Har)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

22.7, 22.9, 23.1, 24.5, 24.6, 30.3, 30.9, 35.0 (10CH2), 28.5 (C(CH3)3), 
44.3 (NC-C(CH2)5-C), 54.8, 55.2 (OCH3 et CH-C-C=O), 59.1 
(C(CH3)3), 63.2 (NC-C(CH2)5-N), 119.8, 121.2 (2CN et C-C=O), 112.5, 
113.8, 128.6, 128.8, 130.1 (9CHar), 133.5-133.7, 136.3, 156.7, 159.8 
(3Car et C=C-N),  168.0 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2936, 2222, 1707, 1610, 1514, 1452, 1265, 1188, 1038, 908 
 

MS (m/z) (IC, NH3) 442 [MH-(CH2)5-C-CN].+, 551 [MH]+ 
 

HRMS (m/z) Calculée 
Trouvée 

550.3308 
550.3312  

Erreur : 0.8 ppm 
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3-[1-(Cyano-dimethyl-methyl)-5-methyl-3-oxo-2-pheny l-2,3-dihydro-1 H-
pyrazol-4-yl]-2,2-dimethyl-3-phenyl-propionitrile  

3+61 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.51 (s, 6H, 2CH3-C-CN), 1.53, 1.55 (2s, 2*3H, 2CH3-C-CN), 2.50 (s, 
3H, CH3), 3.94 (s, 1H, CH), 7.26-7.35 (m, 4H, 4Har), 7.39-7.44 (m, 
4H, 4Har), 7.58 (d, 2H, J= 7.2 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

15.5 (CH3), 26.1, 26.3, 26.7, 27.4 (4CH3-C-CN), 44.2 (NC-C(CH3)2-C), 
49.8 (CH-C-C=O), 58.0 (NC-C(CH3)2-N), 117.7, 120.6, 125.4 (2CN et 
C-C=O), 123.7, 127.0, 127.6, 128.6, 129.1, 129.6 (10CHar), 137.5, 
141.1 (2Car), 162.1 (C=C-N), 170.8 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2332, 1697, 1630, 1593, 1494, 1456, 1392, 1356, 1266, 1168, 1024, 
912 
 

MS (m/z) (IC, NH3) 330 [MH-(CH3)2-C-CN].+, 399 [MH]+  
 

Microanalyse  Calculée 
Trouvée 

%C 75.35 
%C 75.12 

%H 6.58 
%H 6.54 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.80-1.97 (m, 20H, 10CH2), 2.53 (s, 3H, CH3), 3.93 (s, 1H, CH), 7.23-
7.33 (m, 4H, 4Har), 7.39-7.42 (m, 4H, 4Har), 7.53 (d, 2H, J= 7.2 Hz, 
2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

15.9 (CH3), 23.0, 23.1, 23.4, 24.2, 25.0, 34.0, 34.7, 34.8, 35.4 
(10CH2), 42.3 (NC-C(CH2)5-C), 50.1 (CH-C-C=O), 65.1 (NC-C(CH2)5-
N), 117.0, 119.1, 123.7 (2CN et C-C=O), 123.4, 126.6, 127.4, 128.5, 
129.0, 129.8 (10CHar), 137.5, 142.1 (2Car), 162.2 (C=C-N), 171.2 
(C=O) 
 

IR (o�cm-1) (CCl4) 
 

2222, 1691, 1628, 1595, 1494, 1451, 1399, 1342, 1167, 1070, 908 
 

MS (m/z) (IC, NH3) 370 [MH-(CH2)5-C-CN].+, 479 [MH]+  
 

HRMS (m/z) Calculée 
Trouvée 

478.2733 
478.2733 

Erreur : 0.0 ppm 
 

   
   
3-[1-(Cyano-dimethyl-methyl)-5-methyl-3-oxo-2-pheny l-2,3-dihydro-1 H-
pyrazol-4-yl]-2,2-dimethyl-3- p-tolyl-propionitrile  
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.49, 1.50, 1.52, 1.54 (4s, 4*3H, 4CH3-C-CN), 2.32 (s, 3H, CH3), 2.50 
(s, 3H, CH3), 3.90 (s, 1H, CH), 7.12 (d, 2H, J= 8.0 Hz, 2Har), 7.25-
7.30 (m, 1H, 1Har), 7.38-7.42 (m, 4H, 4Har), 7.46 (d, 2H, J= 8.0 Hz, 
2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 

15.4, 21.1 (2CH3), 26.1, 26.3, 26.6, 27.3 (4CH3-C-CN), 44.2 (NC-
C(CH3)2-C), 49.4 (CH-C-C=O), 58.0 (NC-C(CH3)2-N), 117.8, 120.6, 
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 125.5 (2CN et C-C=O), 123.7, 126.9, 129.0, 129.2, 129.4 (9CHar), 
134.4, 137.2, 141.4 (3Car), 162.0 (C=C-N), 170.8 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2236, 1695, 1623, 1594, 1494, 1456, 1392, 1362, 1274, 1168 
 

MS (m/z) (IC, NH3) 344 [MH-(CH3)2-C-CN].+, 413 [MH]+  
 

Microanalyse  Calculée 
Trouvée 

%C 75.70 
%C 75.44 

%H 6.84 
%H 6.81 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.98-1.96 (m, 20H, 10CH2), 2.32 (s, 3H, CH3), 2.50 (s, 3H, CH3), 3.89 
(s, 1H, CH), 7.11 (d, 2H, J= 8.0 Hz, 2Har), 7.23-7.27 (m, 1H, 1Har), 
7.38-7.41 (m, 4H, 4Har), 7.44 (d, 2H, J= 8.0 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

15.8 (CH3), 21.1 (CH3), 23.0, 23.3, 24.1, 25.0, 33.9, 34.6, 34.7, 35.4 
(10CH2), 42.4 (NC-C(CH2)5-C), 49.7 (CH-C-C=O), 65.0 (NC-C(CH2)5-
N), 117.0, 119.1, 123.7 (2CN et C-C=O), 123.4, 126.6, 128.9, 129.2, 
129.6 (9CHar), 134.3, 137.1, 142.0 (3Car), 162.1 (C=C-N), 171.2 
(C=O) 
 

IR (o�cm-1) (CCl4) 
 

2231, 1701, 1614, 1595, 1492, 1456, 1394, 1347, 1164, 1070, 909 
 

MS (m/z) (IC, NH3) 384 [MH-(CH2)5-C-CN].+, 493 [MH]+, 510 [MNH4]
+ 

 

Microanalyse  Calculée 
Trouvée 

%C 78.01 
%C 77.91 

%H 7.37 
%H 7.28 
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3-[1-(Cyano-dimethyl-methyl)-3-oxo-2,5-diphenyl-2,3 -dihydro-1 H-pyrazol-
4-yl]-2,2-dimethyl-3- p-tolyl-propionitrile  

3+6. 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.30, 1.33, 1.34, 1.39 (4s, 4*3H, 4CH3-C-CN), 2.32 (s, 3H, CH3), 3.65 
(s, 1H, CH), 7.11 (d, 2H, J= 8.0Hz, 2Har), 7.24-7.29 (m, 1H, 1Har), 
7.32 (t, 1H, J= 7.8 Hz,  1Har), 7.41 (d, 2H, J= 8.0Hz, 2Har), 7.47 (t, 
2H, J= 7.8 Hz, 2Har), 7.51-7.55 (m, 3H, 3Har), 7.55-7.65 (m, 2H, 
2Har),  7.70-7.74 (m, 1H, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

20.0 (CH3), 26.2, 26.4, 26.6, 27.6 (4CH3-C-CN), 44.2 (NC-C(CH3)2-C), 
50.2 (CH-C-C=O), 59.9 (NC-C(CH3)2-N), 118.9, 119.4, 125.0 (2CN et 
C-C=O), 124.0, 127.2, 129.1-130.6 (14CHar), 129.6, 135.0, 137.3, 
141.0 (4Car), 164.0 (C=C-N), 170.0 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2333, 1741, 1697, 1617, 1593, 1494, 1456, 1371, 1240, 1170, 1048 
 

MS (m/z) (IC, NH3) 406 [MH-(CH3)2-C-CN].+, 475 [MH]+  
 

Microanalyse  Calculée 
Trouvée 

%C 78.45 
%C 78.71 

%H 6.37 
%H 6.48 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.85-2.20 (m, 20H, 10CH2), 2.31 (s, 3H, CH3), 3.57 (s, 1H, CH), 7.09 
(d, 2H, J= 8.0 Hz, 2Har), 7.30 (t, 2H, J= 8.0 Hz, 2Har), 7.38 (d, 2H, J= 
8.0 Hz, 2Har), 7.45 (t, 2H, J= 8.0 Hz, 2Har), 7.50-7.55 (m, 3H, 3Har), 
7.56-7.65 (m, 2H, 2Har), 7.68-7.76 (m, 1H, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

21.2 (CH3), 23.0, 23.5, 24.0, 34.4, 34.6, 35.0, 35.7 (10CH2), 42.2 (NC-
C(CH2)5-C), 50.9 (CH-C-C=O), 67.1 (NC-C(CH2)5-N), 117.2, 119.2, 
122.8 (2CN et C-C=O), 123.7, 126.8, 129.0-131.1 (14CHar), 129.0, 
135.0, 137.2, 142.0  (4Car), 164.3 (C=C-N), 170.4 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2861, 2229, 1695, 1617, 1591, 1514, 1494, 1454, 1374, 1136, 909 
 

MS (m/z) (IC, NH3) 446 [MH-(CH2)5-C-CN].+ , 555 [MH]+  
 

Microanalyse  Calculée 
Trouvée 

%C 80.11 
%C 80.16 

%H 6.90 
%H 6.82 
 
 

3-[1-(Cyano-dimethyl-methyl)-3-oxo-2,5-diphenyl-2,3 -dihydro-1 H-pyrazol-
4-yl]-3-(4-methoxy-phenyl)-2,2-dimethyl-propionitri le 

3+68 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.31, 1.34, 1.35, 1.40 (4s, 4*3H, 4CH3-C-CN), 3.65 (s, 1H, CH), 3.80 
(s, 3H, OCH3), 6.84 (d, 2H, J= 8.8 Hz, 2Har), 7.26-7.29 (m, 1H, 1Har), 
7.33 (t, 1H, J= 7.6 Hz,  1Har), 7.45 (d, 2H, J= 8.8 Hz, 2Har), 7.48 (t, 
2H, J= 7.6 Hz, 2Har), 7.51-7.55 (m, 3H, 3Har), 7.60-7.66 (m, 2H, 
2Har),  7.71-7.75 (m, 1H, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

26.2, 26.3, 26.7, 27.6 (4CH3-C-CN), 44.2 (NC-C(CH3)2-C), 49.8 (CH-
C-C=O), 55.3 (OCH3), 59.9 (NC-C(CH3)2-N), 118.9, 119.4, 125.1 (2CN 
et C-C=O), 113.9, 114.0, 124.1, 127.2, 129.2-131.5 (14CHar), 130.0, 
130.1, 141.0 , 159.1 (4Car), 163.9 (C=C-N), 170.0 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2230, 1697, 1611, 1513, 1494, 1370, 1252, 1170, 1027, 909 
 

MS (m/z) (IC, NH3) 422 [MH-(CH3)2-C-CN].+ 
, 491 [MH]+ 

 

Microanalyse  Calculée 
Trouvée 

%C 75.89 
%C 75.67 

%H 6.16 
%H 6.35 

 
 
 3+.< 
 

N

N
O

OMe

NC

CN

 

 
�

�

*.2�.3%1!��

�

�

�

,_��2�/2���/���
:�
�

�

�<�
-�
�
������������
��
-��������������������U�
-�22������@�3+36�9�/�2�����>��/���A;>�2��)�

�@���

������
������������/.2����@�'**%�9�[���A�b��[�/���A;/�

�-�� ��
��
���� ������ ���
���� U�
� ����@���� �<� @��
-� �-����
�����-<� ��� 
������ ����

9��
/�
-��D'�!�
J�4D�;�<���������/�����934G;��@�3+.<��
���U-�
��
����/�

�

�-��
���
������
���@�3+.<����������
�������UJ�

 
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.87-2.20 (m, 20H, 10CH2), 3.56 (s, 1H, CH), 3.79 (s, 3H, OCH3), 6.82 
(d, 2H, J= 8.8 Hz, 2Har), 7.31 (t, 2H, J= 7.6 Hz, 2Har), 7.42 (d, 2H, J= 
8.8 Hz, 2Har), 7.46 (t, 2H, J= 7.6 Hz, 2Har), 7.53 (d, 2H, J= 7.6 Hz, 
2Har), 7.52-7.54 (m, 1H, 1Har),  7.57-7.63 (m, 2H, 2Har), 7.67-7.75 
(m, 1H, 1Har) 
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13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

23.0, 23.4, 24.0, 34.3, 34.6, 35.0, 35.7 (10CH2), 43.3 (NC-C(CH2)5-C), 
50.4 (CH-C-C=O), 55.2 (OCH3), 67.1 (NC-C(CH2)5-N), 117.2, 119.3, 
122.8 (2CN et C-C=O), 113.8, 113.9, 123.8-131.2 (14CHar), 129.8, 
130.0, 142.0, 158.9 (4Car), 164.3 (C=C-N), 170.4 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2940, 2863, 2230, 1693, 1611, 1592, 1513, 1494, 1377, 1252, 1182, 
1040, 965, 909 
 

MS (m/z) (IC, NH3) 462 [MH-(CH2)5-C-CN].+, 571 [MH]+  
 

HRMS (m/z) Calculée 
Trouvée 

570.2995 
570.2973  

Erreur : -3.8 ppm 
 

   
 
3-[1-(Cyano-dimethyl-methyl)-5-methyl-3-oxo-2-(2,4, 6-trichloro-phenyl)-
2,3-dihydro-1 H-pyrazol-4-yl]-2,2-dimethyl-3-phenyl-propionitrile  

3+.-� 

3-[5-(Cyano-dimethyl-methoxy)-3-methyl-1-(2,4,6-tri chloro-phenyl)-1 H-
pyrazol-4-yl]-2,2-dimethyl-3-phenyl-propionitrile  

3+.-@ 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.55, 1.56, 1.58, 1.60 (4s, 4*3H, 4CH3-C-CN), 2.45 (s, 3H, CH3), 3.98 
(s, 1H, CH), 7.30 (t, 1H, J= 7.6 Hz, 1Har), 7.34 (t, 2H, J= 7.6 Hz, 
2Har), 7.44 (m, 2H, 2Har), 7.58 (d, 2H, J= 7.6 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

15.4 (CH3), 25.2, 25.5, 26.1, 27.1 (4CH3-C-CN), 44.2 (NC-C(CH3)2-C), 
49.7 (CH-C-C=O), 57.9 (NC-C(CH3)2-N), 118.0, 120.4, 125.3 (2CN et 
C-C=O), 127.6, 128.6, 129.4-129.6 (7CHar), 134.9, 135.9, 135.7, 
137.6 (5Car), 161.3 (C=C-N), 169.1 (C=O) 
 



� .2��

IR (o�cm-1) (CCl4) 
 

2234, 1698, 1552, 1449, 1390, 1171, 860 

MS (m/z) (IC, NH3) 432, 434, 436 [MH-(CH3)2-C-CN].+, 501, 503, 505, 507 [MH]+ 
 

HRMS (m/z) Trouvée 500.0937 
500.0935  

Erreur : -0.7 ppm 
 

 
 

  

3+.-@��

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.49 (s, 6H, (CH3)2-C-CN), 1.46, 1.52 (2s, 2*3H, 2CH3-C-CN), 2.38 (s, 
3H, CH3), 3.99 (s, 1H, CH), 7.32 (t, 1H, J= 7.6 Hz, 1Har), 7.41 (t, 2H, 
J= 7.6 Hz, 2Har), 7.48 (s, 2H, 2Har), 7.67 (d, 2H, J= 7.6 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

16.7 (CH3), 26.9, 27.2, 27.7, 27.9 (4CH3-C-CN), 36.1 (NC-C(CH3)2-C), 
49.9 (CH-C=C-O), 75.3 (NC-C(CH3)2-O), 108.9 (C=C-O), 120.1, 125.3 
(2CN), 127.5, 128.7-129.5 (7CHar), 132.6, 135.6, 136.5, 138.2 (5Car), 
148.4, 149.8 (C=N et C=C-O)  
 

IR (o�cm-1) (CCl4) 
 

2224, 1568, 1553, 1491, 1453, 1390, 1142, 1090, 947, 894, 860 
 

MS (IC, NH3) 501, 503, 505 [MH]+, 518, 520 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

500.0937 
500.0933 

Erreur : -1.0 ppm 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.09-2.38 (m, 20H, 10CH2), 2.49 (s, 3H, CH3), 3.96 (s, 1H, CH), 7.27 
(t, 1H, J= 7.6 Hz, 1Har), 7.33 (t, 2H, J= 7.6 Hz, 2Har), 7.41-7.43 (m, 
2H, 2Har), 7.57 (d, 2H, J= 7.6 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

15.8 (CH3), 23.0, 23.2, 23.3, 25.1, 25.7, 32.6, 32.7, 34.8, 35.2, 35.4 
(10CH2), 42.4 (NC-C(CH2)5-C), 50.1 (CH-C-C=O), 65.0 (NC-C(CH2)5-
N), 117.1, 118.6, 123.5 (2CN et C-C=O), 127.4, 128.5, 129.4, 129.7 
(7CHar), 135.3, 135.6, 135.7, 137.6 (5Car), 161.5 (C=C-N), 169.3 
(C=O) 
 

IR (o�cm-1) (CCl4) 
 

2352, 2231, 1696, 1622, 1569, 1553, 1419, 1399, 1375, 1170, 1084, 
908, 860 
 

MS (m/z) (IC, NH3) 472, 474, 476 [MH-(CH2)5-C-CN].+, 581, 583, 585 [MH]+ 
 

HRMS (m/z) Calculée 
Trouvée 

580.1563 
580.1562  

Erreur : -0.3 ppm 
 

   
�

3+.0@��

 
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.92-2.15 (m, 20H, 10CH2), 2.49 (s, 3H, CH3), 4.01 (s, 1H, CH), 7.31 
(t, 1H, J= 7.6 Hz, 1Har), 7.40 (t, 2H, J= 7.6 Hz, 2Har), 7.46-7.49 (m, 
2H, 2Har), 7.67 (d, 2H, J= 7.6 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

17.2 (CH3), 22.8, 22.9, 23.2, 24.1, 25.1, 35.2, 35.8, 36.4 (10CH2), 42.4 
(NC-C(CH2)5-C), 50.2 (CH-C=C-O), 80.9 (NC-C(CH2)5-O), 108.3 
(C=C-O), 118.9, 123.6 (2CN), 127.5, 128.6, 129.0, 129.2, 129.8 
(7CHar), 132.8, 135.6, 135.7, 136.4, 138.1 (5Car), 148.5, 149.7 (C=N 
et C=C-O) 
 

IR (o�cm-1) (CCl4) 
 

2940, 2862, 1565, 1553, 1490, 1453, 1418, 1376, 1156, 1092, 1037, 
1021, 934, 908, 860 
 

MS (m/z) (IC, NH3) 472, 474, 476 [MH-(CH2)5-C-CN].+, 581, 583, 585 [MH]+ 
 

Microanalyse  Calculée 
Trouvée 

%C 63.98 
%C 64.08 

%H 5.37 
%H 5.41 
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3-[1-(Cyano-dimethyl-methyl)-5-methyl-3-oxo-2-(2,4, 6-trichloro-phenyl)-
2,3-dihydro-1 H-pyrazol-4-yl]-2,2-dimethyl-3- p-tolyl-propionitrile  

3+.1� 

3-[5-(Cyano-dimethyl-methoxy)-3-methyl-1-(2,4,6-tri chloro-phenyl)-1 H-
pyrazol-4-yl]-2,2-dimethyl-3- p-tolyl-propionitrile  

3+.1@ 

 

N

N
O

Cl

Cl

Cl

NC

CN

N

N
O

Cl

Cl

Cl

CN

CN  

 
�

�

*�����*�.%1!�

�

�

�

,_����/3��

�/���
:�
�

� ����

�3+.1�� � � � 3+.1@�
�

�<�
-�
�
������������
��
-��������������������U�
-��4������@�3+3;�9�/3������>��/���A;>�./3�

�)��@��>�:���-�����
-���������/.�����@�'$ %�9.[���A�b�.[�/���A;/�

�-�� ��
��
���� ������ ���
���� U�
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-� �-����
�����-<� ��� 
������ ����

9��
/�
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J�@����4D��
��3�D��;�<���������.�����9�1G;��@�3+.1@��
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�3�5*;������������9��G;��@�3+.1���
���U-�
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�
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������
���@�3+.1������3+.1@����������
�������UJ�

�

3+.1���

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.49, 1.54, 1.57, 1.59 (4s, 4*3H, 4CH3-C-CN), 2.33 (s, 3H, CH3), 2.44 
(s, 3H, CH3), 3.93 (s, 1H, CH), 7.13 (d, 2H, J= 8.0 Hz, 2Har), 7.42-
7.43 (m, 2H, 2Har), 7.45 (d, 2H, J= 8.0 Hz, 2Har)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

15.4 (CH3), 21.1 (CH3), 25.2, 25.5, 26.1, 27.2 (4CH3-C-CN), 36.1 (NC-
C(CH3)2-C), 49.4 (CH-C-C=O), 57.9 (NC-C(CH3)2-N), 118.2, 120.4, 
125.4 (2CN et C-C=O), 129.2-129.5 (6CHar), 134.5, 135.0, 135.6, 
135.7, 135.8, 137.2 (6Car), 161.2 (C=C-N), 169.1 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2232, 1698, 1625, 1571, 1552, 1515, 1448, 1390, 1370, 1170, 1148, 
1088, 1021, 908, 860 
 

MS (m/z) (IC, NH3) 446, 448, 450 [MH-(CH3)2-C-CN].+, 515, 517, 519, 521 [MH]+ 

 

Microanalyse  Calculée 
Trouvée 

%C 60.54 
%C 60.71 

%H 4.88 
%H 4.91 

 
 
3+.1@��

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.45, 1.48, 1.50, 1.51 (4s, 4*3H, 4CH3-C-CN), 2.36 (s, 3H, CH3), 2.40 
(s, 3H, CH3), 3.93 (s, 1H, CH), 7.21 (d, 2H, J= 7.8 Hz, 2Har), 7.48 (s, 
2H, 2Har), 7.54 (d, 2H, J= 7.8 Hz, 2Har) 
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13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

16.8 (CH3), 21.1 (CH3), 27.0, 27.2, 27.6, 28.0 (4CH3-C-CN), 36.2 (NC-
C(CH3)2-C), 49.6 (CH-C=C-O), 75.3 (NC-C(CH3)2-O), 109.1 (C=C-O), 
120.1, 125.4 (2CN), 128.9-129.5 (6CHar), 132.6, 135.1, 135.6, 136.5, 
137.2 (6Car), 148.3, 149.8 (C=N et C=C-O)  
 

IR (o�cm-1) (CCl4) 
 

2334, 1568, 1552, 1491, 1461, 1418, 1390, 1372, 1220, 1142, 1090, 
947, 895, 860 
 

MS (m/z) (IC, NH3) 446, 448, 450 [MH-(CH3)2-C-CN].+, 515, 517, 519, 521 [MH]+ 

  
Microanalyse  Calculée 

Trouvée 
 

%C 60.54 
%C 60.69 
 

%H 4.88 
%H 4.82 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.10-2.30 (m, 20H, 10CH2), 2.33 (s, 3H, CH3), 2.48 (s, 3H, CH3), 3.91 
(s, 1H, CH), 7.12 (d, 2H, J= 8.0 Hz, 2Har), 7.40-7.42 (m, 2H, 2Har), 
7.44 (d, 2H, J= 8.0 Hz, 2Har)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

15.9 (CH3), 21.1 (CH3), 23.1, 23.2, 23.4, 24.0, 25.1, 32.7, 33.6, 34.7, 
35.2 (10CH2), 42.4 (NC-C(CH2)5-C), 49.7 (CH-C-C=O), 64.9 (NC-
C(CH2)5-N), 117.3, 118.6, 123.6 (2CN et C-C=O), 129.2, 129.4-129.6 
(6CHar), 134.5, 135.3, 135.6, 135.8, 137.1 (6Car), 161.5 (C=C-N), 
169.4 (C=O) 



� .2��

 

IR (o�cm-1) (CCl4) 
 

2940, 2862, 2229, 1695, 1620, 1552, 1515, 1449, 1399, 1374, 1239, 
1169, 1048, 860 
 

MS (m/z) (IC, NH3) 486, 488, 490 [MH-(CH2)5-C-CN].+, 595, 597, 599 [MH]+  
 

Microanalyse  Calculée 
Trouvée 

%C 64.49 
%C 64.21 

%H 5.58 
%H 5.73 

 
 
3+.3@��

 
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.08-2.19 (m, 20H, 10CH2), 2.35 (s, 3H, CH3), 2.49 (s, 3H, CH3), 3.95 
(s, 1H, CH), 7.20 (d, 2H, J= 8.2 Hz, 2Har), 7.46-7.48 (m, 2H, 2Har), 
7.55 (d, 2H, J= 8.2 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.3 (CH3), 21.1 (CH3), 22.9, 23.1, 23.3 , 24.0, 25.0, 32.6, 33.5, 34.7, 
35.1, 36.4 (10CH2), 42.4 (NC-C(CH2)5-C), 49.9 (CH-C=C-O), 80.8 
(NC-C(CH2)5-O), 108.5 (C=C-O), 118.9, 120.4 (2CN), 128.9-129.9 
(6CHar), 134.5, 135.0, 135.7, 136.4, 137.0 (6Car), 148.4, 149.7 (C=N 
et C=C-O) 
 

 
3-[1-(Cyano-dimethyl-methyl)-3-oxo-5-phenyl-2-(2,4, 6-trichloro-phenyl)-
2,3-dihydro-1 H-pyrazol-4-yl]-2,2-dimethyl-3-phenyl-propionitrile  

3+.2� 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.30, 1.38, 1.40, 1.42 (4s, 4*3H, 4CH3-C-CN), 3.65 (s, 1H, CH), 7.15 
(d, 2H, J= 7.6 Hz, 2Har), 7.28-7.35(m, 3H, 3Har), 7.48 (s, 2H, 2Har), 
7.48-7.52 (m, 2H, 2Har), 7.59-7.65 (m, 3H, 3Har) 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

25.9, 26.0, 26.1, 26.4 (4CH3-C-CN), 44.2 (NC-C(CH3)2-C), 50.7 (CH-
C-C=O), 59.7 (NC-C(CH3)2-N), 118.7, 119.3, 125.0 (2CN et C-C=O), 
127.8, 128.8-131.7 (12CHar), 134.2, 135.7, 136.1, 136.9, 138.3 
(6Car), 163.2 (C=C-N), 168.4 (C=O) 
 



� .2��

IR (o�cm-1) (CCl4) 
 

2986, 2940, 2234, 1697, 1571, 1553, 1454, 1389, 1377, 1167, 908, 
858 
 

MS (m/z) (IC, NH3) 494, 496, 498 [MH- (CH3)2-C-CN].+, 563, 565, 567, 569 [MH]+  
 

HRMS (m/z) Calculée 
Trouvée 

562.1094 
562.1087  

Erreur : -1.3 ppm 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.90-2.21 (m, 20H, 10CH2), 3.57 (s, 1H, CH), 7.16 (d, 2H, J= 7.6 Hz, 
2Har), 7.28-7.34 (m, 3H, 3Har), 7.47 (s, 2H, 2Har), 7.47-7.51 (m, 2H, 
2Har), 7.57-7.63 (m, 3H, 3Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

22.9, 23.4, 23.9, 33.2, 34.0, 35.2 (10CH2), 43.2 (NC-C(CH2)5-C), 51.3 
(CH-C-C=O), 66.9 (NC-C(CH2)5-N), 116.5, 119.0, 122.7 (2CN et C-
C=O), 127.6, 128.6, 129.4-131.4 (12CHar), 130.1, 135.2, 135.3, 
135.7, 136.5, 138.3 (6Car), 163.5 (C=C-N), 168.7 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2940, 2863, 2229, 1694, 1573, 1553, 1497, 1453, 1378, 1146, 1136, 
1073, 1030, 968, 908, 859 
 

MS (m/z) (IC, NH3) 534, 536 [MH-(CH2)5-C-CN].+, 643, 645, 647 [MH]+ 
 

HRMS (m/z) 
fragment  
(- (CH2)5CCN) 

Calculée 
Trouvée 

 534.0907 
 534.0910 

Erreur :  0.6 ppm 
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3-[1-(Cyano-dimethyl-methyl)-3-oxo-5-phenyl-2-(2,4, 6-trichloro-phenyl)-
2,3-dihydro-1 H-pyrazol-4-yl]-2,2-dimethyl-3- p-tolyl-propionitrile � 

3+..� 

3-[5-(Cyano-dimethyl-methoxy)-3-phenyl-1-(2,4,6-tri chloro-phenyl)-1 H-
pyrazol-4-yl]-2,2-dimethyl-3- p-tolyl-propionitrile  

3+..@ 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.36 (s, 6H, (CH3)2-C-CN), 1.39, 1.42 (2s, 2*3H, 2CH3-C-CN), 2.34 (s, 
3H, CH3), 3.63 (s, 1H, CH), 7.13 (d, 2H, J= 8.0 Hz, 2Har), 7.16 (d, 1H, 
J= 7.8 Hz, 1Har), 7.39 (d, 2H, J= 8.0 Hz, 2Har), 7.48 (s, 2H, 2Har), 
7.50 (t, 1H, J= 7.8 Hz, 1Har), 7.57-7.63 (m, 3H, 3Har)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

21.2 (CH3), 25.9, 26.0, 26.1, 26.4 (4CH3-C-CN), 36.9 (NC-C(CH3)2-C), 
50.4 (CH-C-C=O), 59.7 (NC-C(CH3)2-N), 118.7, 119.5, 125.1 (2CN et 
C-C=O), 129.0-131.6 (11CHar), 134.3, 135.2, 135.6, 136.0, 136.8, 
137.4 (7Car), 163.0 (C=C-N), 168.4 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2232, 1697, 1570, 1552, 1452, 1378, 1167, 1150, 1062, 1029, 858 
 

MS (m/z) (IC, NH3) 508, 510, 512 [MH-(CH3)2-C-CN].+, 577, 579, 581, 583 [MH]+  
 

Microanalyse  Calculée 
Trouvée 

%C 64.42 
%C 62.46 

%H 4.71 
%H 4.72 

   
�

3+..@��

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.28, 1.29 (2s, 2*3H, 2CH3-C-CN), 1.53 (s, 6H, (CH3)2-C-CN), 2.36 (s, 
3H, CH3), 4.10 (s, 1H, CH), 7.17 (d, 2H, J= 8.0 Hz, 2Har), 7.42 (m, 
3H, 3Har), 7.47-7.52 (m, 4H, 4Har), 7.52-7.57 (m, 2H, 2Har)  
 

13C RMN (E�ppm) 23.5 (CH3), 25.0, 27.3, 27.9, 28.6 (4CH3-C-CN), 36.0 (NC-C(CH3)2-C), 
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(CDCl3, 100 MHz) 
 

48.0 (CH-C=C-O), 75.7 (NC-C(CH3)2-O), 108.9 (C=C-O), 119.8, 121.5 
(2CN), 128.6-129.8 (11CHar), 125.0, 133.2, 133.5, 135.8, 135.9, 
137.0, 137.1 (7Car), 148.5 (C=C-O), 154.8 (C=N) 
 

IR (o�cm-1) (CCl4) 
 

2989, 2943, 2240, 2020, 1741, 1694, 1555, 1482, 1465, 1390, 1145, 
882, 858 
 

MS (m/z) (IC, NH3) 508, 510, 512 [MH-(CH3)2-C-CN].+, 577, 579, 581, 583 [MH]+ 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.90-2.07 (m, 20H, 10CH2), 2.33 (s, 3H, CH3), 3.54 (s, 1H, CH), 7.12 
(d, 2H, J= 7.8 Hz, 2Har), 7.17 (d, 1H, J= 7.6 Hz, 1Har), 7.37 (d, 2H, J= 
7.8 Hz, 2Har), 7.47 (m, 2H, 2Har), 7.49 (t, 1H, J= 7.6 Hz, 1Har), 7.56 
(m, 1H, 1Har), 7.61 (t, 2H, J= 7.6 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

21.1 (CH3), 22.9, 23.1, 23.3, 23.9, 24.8, 33.1, 34.0, 35.2 (10CH2), 43.1 
(NC-C(CH2)5-C), 50.9 (CH-C-C=O), 66.8 (NC-C(CH2)5-N), 116.5, 
119.2, 122.7 (2CN et C-C=O), 128.8-131.3 (11CHar), 130.1, 135.2, 
135.3, 135.5, 136.5, 137.2 (7Car), 163.3 (C=N), 168.6 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2229, 1694, 1615, 1572, 1553, 1514, 1452, 1378, 1147, 1136, 906, 
858 
 

MS (m/z) (IC, NH3) 548, 550, 552 [MH-(CH2)5-C-CN].+, 657, 659, 661 [MH]+ 
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HRMS (m/z) 
 fragment 
(-(CH2)5CCN) 

Calculée 
Trouvée 

548.1063 
548.1062  

Erreur : -0.4 ppm 
 

   
�

3+.;@��

 
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.70-2.30 (m, 20H, 10CH2), 2.35 (s, 3H, CH3), 4.12 (s, 1H, CH), 7.16 
(d, 2H, J= 7.6 Hz, 2Har), 7.41-7.45 (m, 3H, 3Har), 7.48 (s, 2H, 2Har), 
7.50-7.55 (m, 4H, 4Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

21.1 (CH3), 22.9, 23.1, 23.2, 23.7, 25.2, 35.2, 36.0, 36.7 (10CH2), 42.5 
(NC-C(CH2)5-C), 48.5 (CH-C=C-O), 81.4 (NC-C(CH2)5-O), 108.5 
(C=C-O), 118.2, 122.9 (2CN), 128.6-130.1 (11CHar), 133.8, 135.8, 
135.9, 136.9, 137.0 (7Car), 148.6, 154.9 (C=C-O et C=N) 
 

IR (o�cm-1) (CCl4) 
 

2358, 2331, 1552, 1515, 1481, 1450, 1416, 1390, 1387, 1257, 1158, 
1021, 934, 909, 858 
 

MS (m/z) (IC, NH3) 548, 550, 552 [MH-(CH2)5-C-CN].+, 657, 659, 661 [MH]+  
 

HRMS (m/z) Calculée 
Trouvée 

656.1876 
656.1900  

Erreur : 3.5 ppm 
 

   
�
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6. Synthèse des agents de 2 ème génération 

6.1. Composés portant 2 groupements nitro 
 
 
4-(2,4-Dinitro-phenyl)-5-methyl-2-phenyl-1,2-dihydr o-pyrazol-3-one  3+;8� 
1-(2,4-Dinitro-phenyl)-5-methyl-2-phenyl-1,2-dihydr o-pyrazol-3-one  3+;8@ 
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1H RMN (E�ppm) 
(DMSO-d6, 400 MHz) 
 

2.34 (s, 3H, CH3), 7.27 (t, 1H, J= 8.0 Hz, 1Har), 7.49 (t, 2H, J= 8.0 Hz, 
2Har), 7.71 (d, 2H, J= 8.0 Hz, 2Har), 7.86 (d, 1H, J= 8.8 Hz, 1Har), 
8.49 (dd, 1H, J1= 8.8 Hz, J2= 2.4 Hz, 1Har), 8.70 (d, 1H, J= 2.4 Hz, 
1Har), 12.0 (sé, 1H, NH) 
 

13C RMN (E�ppm) 
(DMSO-d6, 100 MHz) 
 

13.3 (CH3), 118.7, 120.7, 124.1, 126.1, 128.6, 131.5 (8CHar), 99.8, 
134.4, 138.1, 142.8 (C-C=O et 4 Car), 146.1 (C-N), 171.9 (C=O)  

IR (o�cm-1) (CCl4) 
 

2926, 2854, 1610, 1537, 1459, 1374, 1347, 832, 745 

�������������������������������������������������
���
��]

��>�(/S�(�
���>�,/S�T�����>�&/��,�����D�	�>�-8.1>����>��2�2:�23�/�



� .3��

MS (m/z) (IC, NH3) 341 [MH]+, 358 [MNH4]
+ 

 

 

 
 

3+;8@��

 
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.37 (s, 3H, CH3), 5.92 (s, 1H, CH), 7.24 (t, 1H, J= 9.2 Hz, 1Har), 7.28 
(t, 1H, J= 7.6 Hz, 1Har), 7.41 (t, 2H, J= 7.6 Hz, 2Har), 7.63 (d, 2H, J= 
7.6 Hz, 2Har), 8.33 (dd, 1H, J1= 9.2 Hz, J2= 2.8 Hz, 1Har), 8.82 (d, 
1H, J= 2.8 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.7 (CH3), 94.8 (CH-C=O), 118.2, 122.3-122.4, 127.7, 129.2, 129.4 
(8CHar), 137.2, 139.0, 142.7, 146.4 (4Car), 149.6 (C=C-N), 153.7 
(C=O)  
 

IR (o�cm-1) (CCl4) 
 

1612, 1598, 1556, 1544, 1504, 1344, 1257, 1237, 1146, 1066, 1017, 
923 
 

MS (m/z) (IC, NH3) 341 [MH]+ 
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6.2. Composés portant un seul groupement nitro 
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2-(4-Nitro-phenyl)-3-oxo-butyric acid ethyl ester � 3+81 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.19 (t, 3H, J= 7.2 Hz, OCH2CH3), 1.89 (s, 3H, CH3CO), 4.20 (q, 2H, 
J= 7.2 Hz, OCH2CH3), 7.35 (d, 2H, J= 8.6 Hz, 2Har), 8.20 (d, 2H, J= 
8.6 Hz, 2Har), 13.2 (s, 1H, CH) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.1 (OCH2CH3), 20.0 (CH3CO), 61.1 (OCH2CH3), 65.0 (CH), 123.2, 
132.3 (4CHar), 142.5, 148.8 (2Car), 171.6, 174.7 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2984, 1731, 1646, 1608, 1526, 1349, 1335, 1270, 1222, 1164, 1140, 
1110, 1096, 1018, 962, 858 
 

MS (m/z) (IC, NH3) 252 [MH]+, 269 [MNH4]
+ 
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5-Methyl-4-(4-nitro-phenyl)-2-phenyl-1,2-dihydro-py razol-3-one � 3+83 
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1H RMN (E�ppm) 
(DMSO-d6, 400 MHz) 
 

2.46 (s, 3H,CH3), 3.37 (sé, 1H, NH), 7.27 (t, 1H, J= 8.0 Hz, 1Har), 
7.51 (t, 2H, J= 8.0 Hz, 2Har), 7.78 (d, 2H, J= 8.0 Hz, 2Har), 7.96 (d, 
2H, J= 8.0 Hz, 2Har), 8.26 (d, 2H, J= 8.0 Hz, 2Har) 
 

13C RMN (E�ppm) 
(DMSO-d6, 100 MHz) 
 

17.5 (CH3), 118.3, 124.1, 125.4, 127.6, 129.5, 131.1, 133.0 (9CHar), 
106.5, 140.8, 144.6, 148.2 (3Car et C-C=O), 149.7 (C=C-N), 150.9 
(C=O) 
 

IR (o�cm-1) (nujol) 
 

3218, 1594, 1556, 1503, 1418, 1330, 1233, 1154, 1110 

MS (m/z) (IC, NH3) 296 [MH]+, 313 [MNH4]
+ 
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6.3. Addition radicalaire  
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2-[4-(2,4-Dinitro-phenyl)-5-methyl-3-oxo-2-phenyl-2 ,3-dihydro-pyrazol-1-
yl]-2,4-dimethyl-pentanenitrile  

3+8<� 

2-[4-(2,4-Dinitro-phenyl)-5-methyl-2-phenyl-2 H-pyrazol-3-yloxy]-2,4-
dimethyl-pentanenitrile 
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3+8<����

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.03 (d, 3H, J= 8.4 Hz, CH3CH), 1.08 (sé, 3H, CH3CH), 1.61 (s, 3H, 
CH3C(CN)), 1.75-1.88 (m, 3H, 2CHH et CH(CH3)2), 2.60 (s, 3H, CH3), 
7.28-7.32 (m, 1H, 1Har), 7.40-7.45 (m, 4H, 4Har), 7.63 (d, 1H, J= 8.4 
Hz, 1Har), 8.50 (dd, 1H, J1= 8.4 Hz, J2= 2.4 Hz, 1Har), 8.93 (d, 1H, J= 
2.4 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

16.0 (CH3), 23.0, 24.3, 25.2, 26.6 (CH(CH3)2, CH(CH3)2, CH3C(CN)), 
43.5-45.0 (CH2), 62.4 (C(CN)), 114.7, 120.2  (CN et C-C=O), 120.8, 
123.9, 124.0, 127.3, 127.5, 129.2 (8CHar), 131.2, 141.0, 147.5, 149.2 
(4Car), 160.5 (C=C-N), 168.0 (C=O) 
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IR (o�cm-1) (CCl4) 
 

2964, 2873, 1708, 1688, 1634, 1600, 1535, 1494, 1457, 1346, 1270, 
1148, 1005, 915 
 

MS (m/z) (IC, NH3) 339 [MH-(CH3)2-CH-CH2-C(CH3)-CN].+, 450 [MH]+, 467 [MNH4]
+ 

 

Microanalyse  Calculée 
Trouvée 

%C 61.46 
%C 61.43 

%H 5.16 
%H 5.18 
 

�

3+8<@���

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.89 (d, 3H, J= 6.8 Hz, CH3CH), 0.99 (sé, 3H, CH3-CH), 1.23 (sé, 3H, 
CH3C(CN)), 1.61-1.66 (m, 1H, CH(CH3)2), 1.70-1.85 (m, 2H, 2CHH), 
2.19, 2.31 (2sé, 3H, CH3), 7.40 (t, 1H, J= 7.6 Hz, 1Har), 7.50 (t, 2H, 
J= 7.6 Hz, 2Har), 7.60 (sé, 2H, 2Har), 7.78 (d, 1H, J= 8.0 Hz, 1Har), 
8.51 (d, 1H, J= 8.0 Hz, 1Har), 8.83 (sé, 1H, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.4 (CH3), 23.6, 24.6, 26.0 (CH(CH3)2, CH(CH3)2, CH3C(CN)), 48.5 
(CH2), 80.2 (NC-C-O), 105.0-107.0 (C=C-O), 118.6 (CN), 120.9, 
124.0, 127.0, 127.2, 128.1, 129.3, 134.3 (8CHar), 133.1, 133.3, 137.9, 
145.7 (4Car), 147.0, 149.1 (C=N et C=C-O) 
 

IR (o�cm-1) (CCl4) 
 

2963, 1612, 1600, 1575, 1534, 1506, 1432, 1386, 1239, 1138, 1055, 
912 
 

MS (m/z) (IC, NH3) 450 [MH]+, 467 [MNH4]
+ 
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2-[4-(2,4-Dinitro-phenyl)-5-methyl-3-oxo-2-phenyl-2 ,3-dihydro-pyrazol-1-
yl]-2-methyl-propionitrile  

3+8-� 

2-[4-(2,4-Dinitro-phenyl)-5-methyl-2-phenyl-2 H-pyrazol-3-yloxy]-2-methyl-
propionitrile  

3+8-@ 
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3+8-���

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.66 (s, 6H, (CH3)2-C-CN), 2.61 (s, 3H, CH3), 7.28-7.32 (m, 1H, 1Har), 
7.42-7.44 (m, 4H, 4Har), 7.63 (d, 1H, J= 8.4 Hz, 1Har), 8.50 (dd, 1H, 
J1= 8.4 Hz, J2= 2.4 Hz, 1Har), 8.93 (d, 1H, J= 2.4 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

15.7 (CH3), 24.9-25.1, 28.2-28.4 (2CH3-C-CN), 58.6 (NC-C(CH3)2-N), 
115.1, 120.4 (CN et C-C=O), 120.8, 123.7, 127.3, 127.4, 129.3, 134.1 
(8CHar), 131.1, 140.9, 147.5, 149.4 (4Car), 160.1 (C=C-N), 167.7 
(C=O) 
 

IR (o�cm-1) (CCl4) 
 

2360, 1699, 1635, 1601, 1542, 1532, 1488, 1422, 1348, 1219, 1171 
 

MS (m/z) (IC, NH3) 339 [MH-(CH3)2-C-CN].+, 408 [MH]+ 
 

Microanalyse  Calculée 
Trouvée 

%C 58.97 
%C 58.97 

%H 4.21 
%H 4.22 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.37 (s, 6H, (CH3)2-C-CN), 2.27 (s, 3H, CH3), 7.39 (t, 1H, J= 8.0 Hz, 
1Har), 7.50 (t, 2H, J= 8.0 Hz, 2Har), 7.62 (d, 2H, J= 8.0 Hz, 2Har), 
7.79 (d, 1H, J= 8.6 Hz, 1Har), 8.51 (dd, 1H, J1= 8.6 Hz, J2= 2.4 Hz, 
1Har), 8.85 (d, 1H, J= 2.4 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.5 (CH3), 26.6, 27.2 (2CH3-C-CN), 77.3 (NC-C(CH3)2-O), 106.5 
(C=C-O), 118.7 (CN), 120.9, 123.8, 127.1, 128.1, 129.5, 133.0 
(8CHar), 134.2, 138.0, 145.8, 146.9 (4Car), 147.0, 149.1 (C=N et 
C=C-O) 
 

IR (o�cm-1) (CCl4) 
 

1600, 1574, 1540, 1531, 1506, 1435, 1388, 1348, 1138, 1074, 1010, 
943 
 

MS (m/z) (IC, NH3) 339 [MH-(CH3)2-C-CN].+, 408 [MH]+ 
 

Microanalyse  Calculée 
Trouvée 

%C 58.97 
%C 58.86 

%H 4.21 
%H 4.29 
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1-[4-(2,4-Dinitro-phenyl)-5-methyl-3-oxo-2-phenyl-2 ,3-dihydro-pyrazol-1-
yl]-cyclohexanecarbonitrile  

3+80� 

1-[4-(2,4-Dinitro-phenyl)-5-methyl-2-phenyl-2 H-pyrazol-3-yloxy]-
cyclohexanecarbonitrile 

3+80@ 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.82-2.60 (m, 10H, 5CH2), 2.62 (s, 3H, CH3), 7.25-7.32 (m, 1H, 1Har), 
7.40-7.45 (m, 4H, 4Har), 7.62 (d, 1H, J= 8.2 Hz, 1Har), 8.49 (dd, 1H, 
J1= 8.2 Hz, J2= 2.4 Hz, 1Har), 8.92 (d, 1H, J= 2.4 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

16.0 (CH3), 23.5, 24.1, 33.0-37.0 (5CH2), 65.9 (NC-C(CH2)5-N), 114.6, 
118.9  (CN et C-C=O), 120.8, 123.4, 127.1, 127.2, 129.2, 134.1 
(8CHar), 131.1, 141.5, 147.6, 149.4 (4Car), 160.5 (C=C-N), 168.0 
(C=O) 
 

IR (o�cm-1) (CCl4) 
 

2943, 2865, 1708, 1598, 1534, 1494, 1455, 1394, 1346, 1260, 1178, 
1054, 995, 909 
 

MS (m/z) (IC, NH3) 339 [MH-(CH3)2-C-CN].+, 448 [MH]+ 
 

Microanalyse  Calculée 
Trouvée 

%C 61.74 
%C 61.87 

%H 4.73 
%H 4.88 
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2-Methyl-2-[5-methyl-4-(4-nitro-phenyl)-3-oxo-2-phe nyl-2,3-dihydro-
pyrazol-1-yl]-propionitrile  

3+86� 

2-Methyl-2-[5-methyl-4-(4-nitro-phenyl)-2-phenyl-2 H-pyrazol-3-yloxy]-
propionitrile � 

3+86@ 

2-Methyl-2-[3-methyl-4-(4-nitro-phenyl)-5-oxo-1-phe nyl-4,5-dihydro-1 H-
pyrazol-4-yl]-propionitrile  

3+86� 
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�������UJ�

�

3+86����

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.64 (s, 6H, (CH3)2-C-CN), 2.71 (s, 3H, CH3), 7.30-7.32 (m, 1H,  
1Har), 7.43-7.45 (m, 4H, 4Har), 7.67 (d, 2H, J= 8.8 Hz, 2Har), 8.28 (d, 
2H, J= 8.8 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

15.9 (CH3), 27.0 ( (CH3)2-C-CN), 58.3 (NC-C(CH3)2-N),  116.3, 120.2 
(CN et C-C=O), 123.6, 123.7, 127.1, 129.2, 130.2 (9CHar), 136.7, 
141.2, 147.1 (3Car), 160.0 (C=C-N), 169.0 (C=O)  
 

IR (o�cm-1) (CCl4) 
 

2929, 1708, 1597, 1526, 1495, 1347, 1171, 1007, 850 
 

MS (m/z) (IC, NH3) 294 [MH-(CH3)2-C-CN].+,  363 [MH]+, 380 [MNH4]
+ 

 

Microanalyse  Calculée 
Trouvée 

%C 66.29 
%C 66.38 

%H 5.01 
%H 4.97 
 

 

  
 

3+86@���

�
1H RMN (E�ppm) 1.37 (s, 6H, (CH3)2-C-CN), 2.43 (s, 3H, CH3), 7.39 (t, 1H, J= 7.6 Hz, 
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(CDCl3, 400 MHz) 
 

1Har), 7.51 (t, 2H, J= 7.6 Hz, 2Har), 7.66 (d, 2H, J= 7.6 Hz, 2Har), 
7.68 (d, 2H, J= 8.8 Hz, 2Har), 8.31 (d, 2H, J= 8.8 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.1 (CH3), 27.4 ((CH3)2-C-CN), 77.2 (NC-C(CH3)2-O), 110.1 (C=C-O), 
118.6 (CN), 123.7, 124.1, 127.8, 129.3, 129.4 (9CHar), 138.3, 139.3, 
145.8 (3Car), 146.5 et 147.1 (C=N et C=C-O) 
 

IR (o�cm-1) (CCl4) 
 

2995, 1600, 1571, 1506, 1432, 1386, 1370, 1341, 1138, 1055, 945, 
860 
 

MS (m/z) (IC, NH3) 363 [MH]+ 
 

HRMS (m/z) Calculée 
Trouvée 

362.1379 
362.1387 

Erreur : 2.3 ppm 
 

   
   
3+86����

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.49, 1.62 (2s, 2*3H, (CH3)2-C-CN), 2.49 (s, 3H, CH3), 7.28 (t, 1H, J= 
7.6 Hz, 1Har), 7.64 (t, 2H, J= 7.6 Hz, 2Har), 7.93 (d, 2H, J= 7.6 Hz, 
2Har), 7.99 (d, 2H, J= 9.0 Hz, 2Har), 8.31 (d, 2H, J= 9.0 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

16.7 (CH3), 23.3, 24.1 (2CH3-C-CN), 36.2 (NC-C(CH3)2-C), 64.4 (C-
C=O), 123.1 (CN), 119.2, 124.2, 126.2, 129.0, 129.1 (9CHar), 136.8, 
139.1, 147.8 (3Car), 158.2 (C=C-N), 170.1 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2240, 2020, 1710, 1598, 1530, 1499, 1464, 1390, 1366, 1349, 1271, 
1146, 854 
  

MS (m/z) (IC, NH3) 294 [MH-(CH3)2-C-CN].+,  363 [MH]+, 380 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

 362.1379 
 362.1380 
 
 

Erreur : 0.3 ppm 

1-[5-Methyl-4-(4-nitro-phenyl)-3-oxo-2-phenyl-2,3-d ihydro-pyrazol-
1-yl]-cyclohexanecarbonitrile  

3+8.� 

1-[5-Methyl-4-(4-nitro-phenyl)-2-phenyl-2 H-pyrazol-3-yloxy]-cyclohexane 
carbonitrile � 

3+8.@ 

1-[3-Methyl-4-(4-nitro-phenyl)-5-oxo-1-phenyl-4,5-d ihydro-1 H-pyrazol-4-
yl]-cyclohexanecarbonitrile  

3+8.� 
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�������UJ�

�

3+8.����

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.00-2.30 (m, 10H, 5CH2), 2.73 (s, 3H, CH3), 7.26-7.45 (m, 5H,  
5Har), 7.66 (d, 2H, J= 8.8 Hz, 2Har), 8.27 (d, 2H, J= 8.8 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

16.2 (CH3), 23.4, 24.1, 35.0 (5CH2), 65.5 (NC-C(CH2)5-N), 118.7, 
119.0 (CN et C-C=O), 123.4, 123.7, 127.0, 129.1, 130.2 (9CHar), 
136.8, 141.7, 147.0 (3Car), 160.3 (C-N), 169.4 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

2940, 2862, 1709, 1596, 1530, 1498, 1452, 1349, 1262, 908, 852 

MS (m/z) (IC, NH3) 294 [MH-(CH2)5-C-CN].+,  403 [MH]+, 420 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

 402.1692 
 402.1698 
 

Erreur : 1.5 ppm 

3+8.@���

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.45-2.00 (m, 10H, 5CH2), 2.41 (s, 3H, CH3), 7.39 (t, 1H, J= 7.4 Hz, 
1Har), 7.50 (t, 2H, J= 7.4 Hz, 2Har), 7.67 (d, 2H, J= 7.4 Hz, 2Har), 
7.68 (d, 2H, J= 8.8 Hz, 2Har), 8.31 (d, 2H, J= 8.8 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.1 (CH3), 23.0, 23.9, 36.3 (5CH2), 83.0 (NC-C(CH2)5-O), 110.1 
(C=C-O), 117.3 (CN), 123.9, 124.1, 127.8, 129.3, 129.3 (9CHar), 
138.3, 139.4, 145.8 (3Car), 146.3, 147.0 (C=N et C=C-O) 
 

MS (m/z) (IC, NH3) 
 

403 [MH]+ 

3+8.����

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.30-2.50 (m, 10H, 5CH2), 2.52 (s, 3H, CH3), 7.28 (t, 1H, J= 8.0 Hz, 
1Har), 7.46 (t, 2H, J= 8.0 Hz, 2Har), 7.94 (d, 2H, J= 8.0 Hz, 2Har), 
8.03 (d, 2H, J= 8.8 Hz, 2Har), 8.29 (d, 2H, J= 8.8 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

17.2 (CH3), 22.3, 22.6, 24.4, 27.1, 31.6 (5CH2), 44.0 (NC-C(CH2)5-C), 
65.1 (C-C=O), 121.1 (CN), 119.3, 124.2, 126.2, 129.1, 129.3 (9CHar), 
136.9, 138.8, 147.7 (3Car), 158.1 (C=C-N), 170.5 (C=O) 
 

IR (o�cm-1) (CCl4) 
 

�422>��4.�>��3��>��2�3>���43>���.�>�����>��1��>��.��>��.14>����4>�

���4>�3���

  

MS (m/z) (IC, NH3) 294 [MH-(CH2)5-C-CN].+,  403 [MH]+, 420 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

 402.1692 
 402.1693 

Erreur : 0.3 ppm 
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7. Synthèse des agents de 3 ème génération 

7.1. Synthèse des -cétoamides 
�
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3-p-Tolylamino-but-2-enoic acid ethyl ester 
3-Oxo-N-p-tolyl-butyramide  

6+;�

6+2 
 
 

HN

O

O

 

�

*�.��2%!��

�

,_���4/�3��/���
:�
�

   6+;�
 

O

N
H

O

 

�

*����.%!��

�

,_��4�/�.��/���
:�
�

� � � 6+2�
�

�<�
-�
�
�� ���������� 
�� 
-�� �������� ���������>� ,�
-��� '� U�
-� �� �)� �@� �
-<����
����
�
��

92/3������>��/���A;�����/���)��@��<����������2�.�����@���:
���������9�/�������>��/���A;����

�/���)��@��<����/���

�-�����
����U�
���@������@����-/�

�-�� ��
��
���� ������ ���
���� U�
� ����@���� �<� @��
-� �-����
�����-<� ��� 
������ ����

9��
/�
-��D'�!�
J�2D.;�<���������/����93�G;��@�6+2��
���U-�
��
�����9��_�33:4�5*;������1��

���9��G;��@�6+;��
����������

����/�

�

�<�
-�
�
�� ���������� 
�� 
-���������� ���������>�,�
-��� �U�
-�3�������@��:
��������� 92/4��

����>��/���A;�������)��@��
-<����
����
�
��92/3������>��/���A;/�

�-�� ��
��
���� ������ ���
���� U�
� ����@���� �<� @��
-� �-����
�����-<� ��� 
������ ����

9��
/�
-��D'�!�
J� 2D.;� <�������� �4����� 9.4G;� �@�6+2>� �4����� 9.��G;� �@�6+;� ���� �.�G� �@�



��
������
�����
��
-<����
����
�
�������:
��������/�

�

�������������������������������������������������
��.
��-�
���
-���U�
��������
�<��
����<�+����������+������>�B/<��%��,�����9
�
>�-80;>���>�23�/�

��1
��-�
���
-���U�
��������
�<��
����<�*-����
����
���������
��>�*/>�(�<����
>�0/�J��9���,�����"�
/>�-83;>�&�>�

�1���



� .4��

�-�� 
���
���� ��
�� �@� 6+2� ���� 6+;� ���� �����
��� ����U� ���� ���� ����
����� 
�� 
-�
�� �������
�<�

��
����������
-����

���
���
���
J�

�

6+;��
�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.29 (t, 3H, J= 7.2 Hz, OCH2CH3), 1.95 (s, 3H, CH3-C-N), 2.33 (s, 3H, 
CH3), 4.14 (q, 2H , J= 7.2 Hz, OCH2CH3), 4.62 (s, 1H, CH), 6.98 (d, 
2H, J= 8.4 Hz, 2Har), 7.12 (d, 2H, J= 8.0 Hz, 2Har), 10.23 (sé, 1H 
NH) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.6 (OCH2CH3), 20.2, 20.9 (2CH3), 58.7 (OCH2CH3), 85.4 (CH), 
124.7, 129.6 (4CHar), 134.8, 136.7 (2Car), 159.4 (C-N), 170.5 (C=O) 

IR (o�cm-1) (CCl4) 
 

.��.>�.�34>��43�>����1>����.>����4>��134>��11�>��.3�>��.�3>����3>�

���1>�����>����3�

 

MS (m/z) (IC, NH3) 220 [MH]+ 
 
 
 

6+2��
�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.31 (s, 3H, CH3), 2.32 (s, 3H, CH3), 3.58 (s, 2H, CH2), 7.12 (d, 2H, J= 
8.4 Hz, 2Har), 7.42 (d, 2H, J= 8.4 Hz, 2Har), 9.01 (sé, 1H NH) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

20.9 (CH3), 31.1 (CH3CO), 50.2 (CH2), 120.3, 129.5 (4CHar), 134.2, 
135.0 (2Car), 163.8 (C(O)N), 205.0 (C=O) 

IR (o�cm-1) (CCl4) 
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MS (m/z) (IC, NH3) 192 [MH]+, 209 [MNH4]
+ 

 

 
 
N-(4-Nitro-phenyl)-3-oxo-butyramide 6+6 
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�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.36 (s, 3H, CH3), 3.66 (s, 2H, CH2), 7.75 (d, 2H, J= 9.2 Hz, 2Har), 
8.22 (d, 2H, J= 9.2 Hz, 2Har), 9.76 (sé, 1H, NH) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

31.5 (CH3), 49.1 (CH2), 119.7, 125.1 (4CHar), 143.4, 144.5 (2Car), 
164.0 (C(O)N), 205.5 (C=O) 

IR (o�cm-1) (CCl4) 
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MS (m/z) (IC, NH3) 223 [MH]+, 240 [MNH4]
+ 

 

 
 
3-Oxo-N-(2,4,6-trichloro-phenyl)-butyramide 6+. 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.36 (s, 3H, CH3), 3.67 (s, 2H, CH2), 7.39 (s, 2H, 2Har), 8.96 (sé, 1H, 
NH)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

31.2 (CH3), 48.9 (CH2), 128.4 (2CHar), 130.9, 133.9, 134.1(4Car), 
164.0 (C(O)N), 204.7 (C=O) 

IR (o�cm-1) (CCl4) 
 

.�3�>��2�1>����3>��1�4>��.2�>����3>���3>�3���

 

MS (m/z) (IC, NH3) 280, 282, 284, 286 [MH]+, 297, 299, 301 [MNH4]
+ 
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7.2. Synthèse des noyaux aminopyrazoles 
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(5-Methyl-2-phenyl-2 H-pyrazol-3-yl)- p-tolyl-amine 6+-- 
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N H
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.29 (s, 3H, CH3), 2.31 (s, 3H, CH3), 5.43 (sé, 1H, NH), 5.94 (s, 1H, 
CH), 6.87 (d, 2H, J= 8.4 Hz, 2Har), 7.07 (d, 2H, J= 8.4 Hz, 2Har), 7.33 
(t, 1H, J= 7.6 Hz, 1Har), 7.44 (d, 2H, J= 7.6 Hz, 2Har), 7.54 (d, 2H, J= 
7.2 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.2 (CH3), 20.6 (CH3), 95.3 (CH), 116.3, 124.2, 127.3, 129.4, 129.9 
(9CHar), 130.4, 138.6, 140.5, 142.2 (3Car et C=N), 149.3 (C=CN2) 

IR (o�cm-1) (CCl4) 
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MS (m/z) (IC, NH3) 264 [MH]+ 
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(5-Methyl-2-phenyl-2 H-pyrazol-3-yl)-(4-nitro-phenyl)-amine 6+-0 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.35 (s, 3H, CH3), 6.09 (sé, 1H, NH), 6.14 (s, 1H, CH), 6.86 (d, 2H, J= 
9.2 Hz, 2Har), 7.34 (t, 1H, J= 6.8 Hz, 1Har), 7.36-7.46 (m, 4H, 4Har), 
8.12 (d, 2H, J= 8.8 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.3 (CH3), 100.3 (CH), 113.8, 124.2, 126.3, 128.0, 129.6 (9CHar), 
138.08, 138.12, 149.5 (3Car), 140.8 (C=N), 149.7 (C=CN2) 

IR (o�cm-1) (CCl4) 
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MS (m/z) (IC, NH3) 295 [MH]+ 

 
 

(5-Methyl-2-phenyl-2 H-pyrazol-3-yl)-(2,4,6-trichloro-phenyl)-amine 6+-1 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.27 (s, 3H, CH3), 5.44 (s, 1H, CH), 5.59 (sé, 1H, NH), 7.30-7.37 (m, 
3H, 3Har), 7.47 (t, 2H, J= 7.8 Hz, 2Har), 7.70 (d, 2H, J= 7.2 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

14.2 (CH3), 96.1 (CH), 124.2, 127.4, 128.8, 129.3 (7CHar), 129.4, 
136.1, 138.7 (5Car), 142.0 (C=N), 149.1 (C=CN2)  

IR (o�cm-1) (CCl4) 
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MS (m/z) (IC, NH3) 352, 354, 356, 358 [MH]+ 
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7.3. Addition sur le p-tolualdéhyde 
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3,6-Dimethyl-1-phenyl-4- p-tolyl-1 H-pyrazolo[3,4- b]quinoline 6+-; 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.14 (s, 3H, CH3), 2.44 (s, 3H, CH3), 2.54 (s, 3H, CH3), 7.28 (t, 1H, J= 
7.2 Hz, 1Har), 7.34 (d, 2H, JAB= 7.8 Hz, 2Har), 7.41 (d, 2H, JAB= 7.6 
Hz, 2Har), 7.47 (s, 1H, 1Har), 7.55 (t, 2H, J= 8.0 Hz, 2Har), 7.59 (dd, 
1H, J1= 8.8 Hz, J2= 2.0 Hz, 1Har), 8.15 (d, 1H, J= 8.8 Hz, 1Har), 8.47 
(d, 2H, J= 8.0 Hz, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

15.1 (CH3), 21.6 (CH3), 21.8 (CH3), 120.3, 124.8, 125.4, 128.7, 129.0, 
129.1, 129.7, 132.9 (12CHar), 116.5, 123.8, 132.2, 133.5, 138.5, 
140.1, 143.8, 143.9 (7Car et C-C=N), 147.2 (C=N), 150.0 (C=N) 
 

IR (o�cm-1) (CCl4) 
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MS (m/z) (IC, NH3) 364 [MH]+ 
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HRMS (m/z) Calculée 
Trouvée 

363.1735 
363.1734 
 
  

Erreur : -0.4 ppm 
 
 

3-Methyl-6-nitro-1-phenyl-4- p-tolyl-1 H-pyrazolo[3,4- b]quinoline 
Nom 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.20 (s, 3H, CH3), 2.56 (s, 3H, CH3), 7.34 (t, 1H, J= 7.6 Hz, 1Har), 
7.36 (d, 2H, JAB= 8.0 Hz, 2Har), 7.45 (d, 2H, JAB= 7.6 Hz, 2Har), 7.58 
(t, 2H, J= 8.0 Hz, 2Har), 8.27 (d, 1H, J= 9.2 Hz, 1Har), 8.45 (d, 2H, J= 
8.0 Hz, 2Har), 8.49 (dd, 1H, J1= 9.4 Hz, J2= 2.4 Hz, 1Har), 8.75 (d, 
1H, J= 2.4 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 

15.2 (CH3), 21.6 (CH3), 120.9, 123.6, 125.1, 125.9, 129.3, 129.57, 
129.65, 130.6 (12CHar), 117.8, 122.4, 130.3, 139.4, 139.9, 143.8, 
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 144.8 (7Car), 148.2, 150.4, 151.3 (1Car et 2C=N). 
 

IR (o�cm-1) (CCl4) 
 

2925, 1590, 1501, 1441, 1338, 1254, 1219, 1127, 1064, 838  

MS (m/z) (IC, NH3) 395 [MH]+ 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.10 (s, 6H, 2CH3), 2.27 (s, 3H, CH3), 5.25 (s, 1H, CH), 5.44 (sé, 2H, 
2NH), 6.30 (d, 4H, J= 8.8 Hz, 4Har), 6.96-7.00 (m, 4H, 4Har), 7.24-
7.39 (m, 10H, 10Har), 7.90 (d, 4H, J= 8.8 Hz, 4Har)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.7 (2CH3), 21.0 (CH3), 36.6 (CH), 112.8, 123.0, 125.8, 127.7, 128.0, 
129.3, 129.6 (22CHar), 115.9, 135.0, 136.4, 137.0, 138.2, 140.5 (8Car 
et 2C=C-N), 148.4, 150.1 (2C=N et 2C=C-N) 
 

IR (o�cm-1) (CCl4) 
 

3470, 2925, 1597, 1503, 1331, 1303, 1257, 1109, 832   

MS (m/z) (IC, NH3) 691 [MH]+ 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.82 (s, 6H, 2CH3), 2.29 (s, 3H, CH3), 4.98 (s, 1H, CH), 5.51 (sé, 2H, 
2NH), 6.93 (s, 4H, 4Har), 6.96-7.01 (m, 4H, 4Har), 7.19-7.26 (m, 2H, 
2Har), 7.30 (t, 4H, J= 7.6 Hz, 4Har), 7.47 (d, 4H, J= 7.6 Hz, 4Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

13.7 (2CH3), 21.1 (CH3), 36.4 (CH), 124.0, 127.1, 128.2, 128.4, 128.7, 
129.0, 129.1 (18CHar), 113.8, 124.0, 124.4, 125.9, 135.7, 136.1, 
136.5, 137.2, 138.8, 148.3 (18Cq) 
 

IR (o�cm-1) (CCl4) 
 

3372, 3049, 2925, 1594, 1504, 1468, 1370, 1241, 1139, 908, 857   

MS (m/z) (IC, NH3) 805, 807, 809, 811, 813, 815, 817 [MH]+ 
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8. Synthèse d’aryle sulfones 
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(2,4,6-Tri- tert-butyl-phenylsulfanyl)-acetonitrile  6+1- 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.30 (s, 9H, C(CH3)3), 1.59 (s, 18H, 2C(CH3)3), 3.22 (s, 2H, CH2), 7.41 
(s, 2H, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

26.5 (CH2), 31.3 (C(CH3)3), 32.8 (2C(CH3)3), 35.3 (C(CH3)3), 38.6 
(2C(CH3)3), 115.9 (CN), 123.5 (2CHar), 128.9, 151.8, 155.8 (4Car) 
 

IR (o�cm-1) (CCl4) 
 

2964, 2870, 2248, 1590, 1478, 1407, 1391, 1362, 1240, 1215, 880 
 

MS (m/z) (IC, NH3) 335 [MNH4]
+ 
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(2,4,6-Tri-tert-butyl-benzenesulfonyl)-acetonitrile  6+10 
(2,4,6-Tri- tert-butyl-benzenesulfinyl)-acetonitrile  6+16 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.32 (s, 9H, C(CH3)3), 1.56 (s, 18H, 2C(CH3)3), 4.32 (s, 2H, CH2), 7.47 
(s, 2H, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

30.9 (C(CH3)3), 33.6 (2C(CH3)3), 35.2 (C(CH3)3), 40.4 (2C(CH3)3), 48.9 
(CH2), 110.4 (CN), 126.2 (2CHar), 136.1, 155.3, 156.4 (4Car)  
 

IR (o�cm-1) (CCl4) 
 

2966, 1581, 1396, 1366, 1338, 1232, 1167, 1140, 1123, 879 

MS (m/z) (IC, NH3) 367 [MNH4]
 + 
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6+16��

 
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.32 (s, 9H, C(CH3)3), 1.58 (s, 18H, 2C(CH3)3), 3.45 (d, 1H, J= 15.8 
Hz, CHH), 3.98 (d, 1H, J= 15.8 Hz, CHH), 7.44 (d, 1H, J= 2.0 Hz, 
1Har), 7.56  (d, 1H, J= 2.0 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

31.2, 33.4, 34.2 (3C(CH3)3), 35.5, 38.6, 38.9 (3C(CH3)3), 42.4 (CH2), 
112.7 (CN), 123.5, 125.4 (2CHar), 138.8, 152.0, 153.6, 154.5 (4Car) 
 

IR (o�cm-1) (CCl4) 
 

2966, 2871, 2248, 1587, 1478, 1376, 1364, 1214, 1084, 908, 880 
 

MS (m/z) (IC, NH3) 334 [MH]+, 351 [MNH4]
+
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2-Methyl-2-(2,4,6-tri- tert-butyl-benzenesulfonyl)-propionitrile  6+11 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.33 (s, 9H, C(CH3)3), 1.36 (s, 6H, 2CH3), 1.55 (s, 18H, 2C(CH3)3), 
7.52 (s, 2H, 2Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

23.2 (2CH3), 29.8 (C(CH3)3), 34.1 (2C(CH3)3), 35.2 (C(CH3)3), 40.8 
(2C(CH3)3), 62.1 (C-CN),  118.7 (CN), 126.0 (2CHar), 127.0, 155.4, 
158.3 (4Car) 
 

IR (o�cm-1) (CCl4) 
 

2965, 1576, 1463, 1394, 1364, 1328, 1168, 1128 

MS (m/z) (IC, NH3) 395 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

377.2388 
377.2385  

Erreur : -1.0 ppm 
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9. Synthèse de benzofuran-2-ones 
�

�
3-Phenyl-3 H-benzofuran-2-one 6+32 
 

O

O

 

 
*�1���!��

�

,_����/�.��/���
:�
�

�

�-��
<�
-�
�
�U�
������
�������������
��
-�����������������������<�'����
����U�
�2.
J�

������ ���:����������
�����@��-����� 9�/�3��>��2/1�����>��/1��A;�������������������9./����>�

�4/2�����>��/���A;�U�
�����������U�
����2�G�
���-����������
���
����92/3��);/���-�����
����

U�
�

�������
����5*���������
������ @����->�������� 
�� �����
������
��������������� ��
�����

�)� �@� ������� U�
��/� �-�� �A����
� ��<��� U�
� ��
���
��� 
U���� U�
-� ���-������
-���/� �-��

�������������������<��
�U����U�
-���U�
-�����A����
�
�
���
���
���
�����@�%��*!.>�������

�����%���!1�����������
�������%

��/��

�-�� ��
��
���� ������ ���
���� U�
� ����@���� �<� @��
-� �-����
�����-<� ��� 
������ ����

9��
/�
-��D'�!�
J�4�D�;�<���������/�3����@�6+32�9�3G;��
���U-�
��
�����9��_��.:��15*;/��

�

�-��
���
������
���@�6+32����������
�������U�������������
�����
��
-�
���������
�<���
����������


-����

���
���
�2.
J�

�
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

4.90 (s, 1H, CHCO), 7.16-7.25 (m, 4H, 4Har), 7.33-7.39 (m, 5H, 5Har)  

MS (m/z) (IC, NH3) 211 [MH]+, 228 [MNH4]
+ 

 
  

 
 

3,3'-Diphenyl-3 H,3'H-[3,3']bibenzofuranyl-2,2'-dione 6+3- 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

7.05 (t, 2H, J= 7.4 Hz, 2Har), 7.10 (d, 2H, J= 8.0 Hz, 2Har), 7.29 (d, 
4H, J= 7.6 Hz, 4Har), 7.35-7.40 (m, 10H, 10Har)  

MS (m/z) (IC, NH3) 419 [MH]+, 436 [MNH4]
+ 

 
 

  

2-Methyl-2-(2-oxo-3-phenyl-2,3-dihydro-benzofuran-3- yl)-propionitrile 6+36 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.33 (s, 3H, CH3), 1.57 (s, 3H, CH3), 7.15 (d, 1H, J= 8.0 Hz, 1Har),  
7.26-7.39 (m, 3H, 3Har), 7.41 (t, 2H, J= 7.8 Hz, 2Har), 7.88 (d, 2H, J= 
8.0 Hz, 2Har), 8.09 (d, 1H, J= 7.6 Hz, 1Har) 
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

22.6, 24.3 (2CH3), 40.6 (C-CN), 58.4 (C-C=O), 111.2, 124.9, 126.6, 
128.1, 128.8, 128.9, 130.1 (9CHar), 122.9 (CN), 127.5, 133.2, 153.0 
(3Car), 173.7 (C=O)  
 

IR (o�cm-1) (CCl4) 
 

2356, 1803, 1619, 1478, 1463, 1392, 1290, 1137, 1070, 964 

MS (m/z) (IC, NH3) 278 [MH]+, 295 [MNH4]
+ 

 
 

HRMS (m/z) Calculée 
Trouvée 

277.1103 
277.1101  

Erreur : -0.7 ppm 
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2,4-Dimethyl-2-(2-oxo-3-phenyl-2,3-dihydro-benzofura n-3-yl)-
pentanenitrile 

6+3. 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

0.91 (d, 3H, J= 6.8 Hz, CH3CH), 0.92 (d, 3H, J= 6.8 Hz, CH3CH), 0.96 
(d, 6H, J= 6.8 Hz, (CH3)2CH’), 1.33 (s, 3H, CH3’), 1.47 (dd, 2H, J1= 
14.2 Hz, J2= 7.0 Hz, CHH et CHH’), 1.57 (s, 3H, CH3), 1.68-1.72 (m, 
2H, CHH et CHH’), 1.79-1.88 (m, 1H, CH(CH3)2), 1.93-2.02 (m, 1H, 
CH(CH3)2’), 7.15 (d, 1H, J= 8.0 Hz, 1Har), 7.29-7.38 (m, 9H, 3Har et 
6Har’), 7.41 (t, 2H, J= 7.6 Hz, 2Har), 7.86 (d, 2H, J= 7.6 Hz, 2Har’), 
7.88 (d, 2H, J= 7.6 Hz, 2Har), 8.07 (d, 1H, J= 7.6 Hz, 1Har’), 8.16 (d, 
1H, J= 7.6 Hz, 1Har)   
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

19.7 (CH3), 21.2 (CH3’), 23.4, 24.7 (CH(CH3)2’), 23.5, 24.6 (CH(CH3)2), 
25.5 (CH(CH3)2), 25.8 (CH(CH3)2’), 43.87 (C-CN’), 43.94 (C-CN), 44.4 
(CH2), 49.2 (CH2’), 59.2 (C-C=O), 59.6 (C-C=O’), 111.14, 124.8, 
126.7, 128.1, 128.6, 128.7, 128.9 (9CHar), 111.06, 124.8, 126.7, 
128.5, 128.8, 130.0 (9CHar’), 122.1 (CN), 122.4 (CN’), 127.6, 132.8, 
153.0 (3Car), 127.6, 134.5, 152.9 (3Car’), 173.7 (C=O), 173.8 (C=O’) 
 

IR (�  cm-1) (CCl4) 
 

2961, 2017, 1801, 1618, 1590, 1465, 1383, 1295, 1237, 1137, 1070, 
974, 910 

 
MS (m/z) (IC, NH3) 209 [M-NC-C(CH3)2CH2CH(CH3)2]

.+, 320 [MH]+, 337 [MNH4]
+ 

 

HRMS (m/z) Calculée 
Trouvée 

319.1572 
319.1578 

Erreur : 1.6 ppm 
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10. Synthèse des isobenzofuran-3-ones 

10.1. Synthèse des acides benzoïques  
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2-(2,4-Dimethyl-benzoyl)-benzoic acid 6+21 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.34 (s, 3H, CH3), 2.62 (s, 3H, CH3), 6.90 (d, 1H, J= 8.0 Hz, 1Har),  
7.08 (d, 1H, J= 7.6 Hz, 1Har), 7.10 (s, 1H, 1Har), 7.41 (d, 1H, J= 7.2 
Hz, 1Har), 7.56 (t, 1H, J= 7.6 Hz, 1Har), 7.65 (t, 1H, J= 7.6 Hz, 1Har), 
8.04 (d, 1H, J= 7.6 Hz, 1Har) 

  

IR (o�cm-1) (CCl4) 
 

2984, 1777, 1699, 1675, 1258, 1105, 905 
 

MS (m/z) (IC, NH3) 255 [MH]+, 272 [MNH4]
+ 
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2-(2,4,6-Trimethyl-benzoyl)-benzoic acid 6+23 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.16 (s, 6H, 2CH3), 2.33 (s, 3H, CH3), 6.90 (s, 2H, 2Har),  7.40 (d, 1H, 
J= 7.6 Hz, 1Har), 7.48 (t, 1H, J= 7.4 Hz, 1Har), 7.62 (t, 1H, J= 7.6 Hz, 
1Har), 7.88 (d, 1H, J= 7.6 Hz, 1Har) 

  
IR (o�cm-1) (CCl4) 
 

3529, 2920, 1753, 1708, 1678, 1608, 1580, 1429, 1411, 1263, 1182, 
913 
 

MS (m/z) (IC, NH3) 270 [MH]+, 287 [MNH4]
+ 
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10.2. Synthèse des chloro-isobenzofuranones  
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3-Chloro-3-phenyl-3 H-isobenzofuran-1-one 6+22 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

7.35-8.00 (m, 9H, 9Har) 

IR (o�cm-1) (CCl4) 
 

1801, 1679, 1604, 1284, 1258, 1223, 1070, 993.  
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3-Chloro-3-(2,4-dimethyl-phenyl)-3 H-isobenzofuran-1-one 6+26 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.32 (s, 3H, CH3), 2.63 (s, 3H, CH3), 6.92 (d, 1H, J= 8.8 Hz, 1Har), 
7.13 (s, 1H, 1Har), 7.31 (d, 1H, J= 8.0 Hz, 1Har), 7.67 (t, 1H, J= 7.6 
Hz, 1Har), 7.77 (d, 1H, J= 8.0 Hz,1Har), 7.85 (t, 1H, J= 7.6 Hz, 1Har), 
7.95 (d, 1H, J= 7.6 Hz, 1Har)  

  
IR (o�cm-1) (CCl4) 
 

1796, 1686, 1614, 1468, 1284, 1258, 1221, 1074, 975, 906  
 
 
 

3-Chloro-3-(2,4,6-trimethyl-phenyl)-3 H-isobenzofuran-1-one 6+2. 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

2.14 (s, 6H, 2CH3), 2.34 (s, 3H, CH3), 6.91 (s, 2H, 2Har), 7.40 (d, 1H, 
J= 7.6 Hz, 1Har), 7.48-7.52 (m, 1H, 1Har), 7.63-7.66 (m, 2H, 2Har)  

IR (o�cm-1) (CCl4) 2923, 1794, 1677, 1611, 1443, 1266, 1195 , 913, 886, 861  
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10.3. Synthèse des dimères biisobenzofuranyl-3,3’-di ones  
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1,1'-Diphenyl-1 H,1'H-[1,1']biisobenzofuranyl-3,3'-dione 6+2; 
 

O

O

�
 

 
*�3��3!1�

�

,_�1�3/1���/���
:�
�

 
�<�
-�
�
������������
��
-��������������������U�
-���������@�6+22�9�/3������>��/���A;�����/��

�)��@����
���������34�����@�
�������������9�/�������>��/���A;�����/.��)��@����
���/�

�������@�6+2;��
������
�����@������

�����
����
�U�
���
�����>��
���U-�
��
����/�

 
�-��
���
������
���@�6+2;����������
�������U�������������
�����
��
-�
���������
�<���
����������


-����

���
���
�3�
J�

 
1H RMN (E�ppm) 
(CDCl3, 400 MHz) 

7.11-8.36 (m, 18H, 18Har)  

  
IR (o�cm-1) (CCl4) 
 

2363, 1783, 1550, 1466, 1286, 1248, 1067, 1008, 974  
 

MS (m/z) (IC, NH3) 419 [MH]+, 436 [MNH4]
+ 
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1,1'-Bis-(2,4-dimethyl-phenyl)-1 H,1'H-[1,1']biisobenzofuranyl-3,3'-dione 6+28 
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1,1'-Bis-(2,4,6-trimethyl-phenyl)-1 H,1'H-[1,1']biisobenzofuranyl-3,3'-dione 6+18 
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1H RMN (0°C, E�ppm) 
(CDCl3, 400 MHz) 
 

2.10 (s, 6H, 2CH3), 2.17 (s, 6H, 2CH3), 2.40 (s, 6H, 2CH3), 6.70 (d, 
4H, J= 12 Hz, 4Har), 7.44 (d, 2H, JAB= 8.0 Hz, 2Har), 7.50 (d, 2H, JAB= 
8.0 Hz, 2Har), 7.67 (td, 2H, J1= 8.0 Hz, J2= 1.2 Hz, 2Har), 7.89 (d, 2H, 
J= 8.0 Hz, 2Har) 

  

MS (m/z) (IC, NH3) 251 [M/2]+., 268 [M/2 NH3]
+. 
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10.4. Addition radicalaire 
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2-[1-(2,4-Dimethyl-phenyl)-3-oxo-1,3-dihydro-isoben zofuran-1-yl]-2-
methyl-propionitrile 

6+6< 
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1H RMN (E�ppm) 
(CDCl3, 400 MHz) 
 

1.16 (s, 3H, C(CH3)2), 1.56 (s, 3H, C(CH3)2), 2.29 (s, 3H, CH3), 2.53 
(s, 3H, CH3), 7.00 (s, 1H, 1Har), 7.09 (d, 1H, J= 7.6 Hz, 1Har), 7.60 (t, 
1H, J= 7.6 Hz, 1Har), 7.78 (t, 1H, J= 7.6 Hz, 1Har), 7.91 (d, 1H, J= 7.6 
Hz, 1Har), 8.02 (d, 1H, J= 8.0 Hz, 1Har), 8.23 (d, 1H, J= 8.0 Hz, 1Har)  
 

13C RMN (E�ppm) 
(CDCl3, 100 MHz) 
 

20.7, 22.6, 23.0, 24.3 (4CH3), 42.3 (C-CN), 91.0 (C-O), 123.2 (CN),  
124.4, 125.9, 126.4, 128.1, 130.0, 134.80, 134.84 (7CHar), 126.1, 
131.2, 137.1, 138.4, 150.2 (5Car), 168.9 (C=O)  
 

IR (o�cm-1) (CCl4) 
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MS (m/z) (IC, NH3) 237 [M-NC-C(CH3)2]
.+, 306 [MH]+ 

 

HRMS (m/z) Calculée 
Trouvée 

305.1416 
305.1414 

Erreur : -0.5 ppm 
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