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Introduction: Etat de l’art et objectifs du travail. 

 

 

La catalyse homogène à l’aide des complexes des métaux de transition est l’un des domaines 

les plus dynamiques de la chimie organique moderne. Durant ces dernières années la majorité des 

nouvelles réactions en chimie organique est issue de ce domaine de recherche. Par exemple la 

carbonylation, la réaction de Heck, le couplage C—C sont déjà devenues des méthodes classiques 

en synthèse. L’un des objectifs actuels de la catalyse homogène est la recherche de nouvelles voies 

de formation de liaisons carbone-hétèroélément en présence de complexes de métaux de transition. 

Ces réactions ouvrent une nouvelle voie pour la synthèse de différentes familles de composés 

organiques. Certaines de ces réactions ont largement été étudiées et ont trouvé des applications 

pratiques dans les laboratoires académiques et dans l’industrie. Nous pouvons citer par exemple 

l’hydrogénation et l’hydrosilylation catalytique. D’autres, tell la formation des liaisons C(sp2)—O, 

C(sp2)—N, C(sp2)—Se et C(sp2)—S, sont moins développées et nécessitent encore beaucoup de mises 

au point avant de pouvoir être utilisées de façon routinière. L’accroissement des besoins en outils 

permettant de fonctionnaliser facilement, régio- et stéréosélectivement les substrats actuellement à 

notre disposition, explique la progression constante des recherches dans ce domaine. Les objectifs 

de ce travail étaient l’étude de la synthèse de ligands polyazotés par la réaction de formation de 

liaison C(sp2)—N en présence des complexes du palladium. L’intérêt porté depuis de nombreuses 

années aux polyazamacrocycles saturés a pour origine principalement leur grande affinité vis-à-vis 

des cations métalliques qui se manifeste par une stabilité thermodynamique et cinétique 

remarquable de leurs complexes. Les polyazamacrocycles peuvent complexer les atomes 

métalliques en milieu aqueux et être utilisés in vivo. En général, la stabilité des complexes formés 

par les récepteurs macrocycliques est supérieure à celle des complexes formés par les ligands non 

cycliques apparentés en raison de l’effet macrocyclique. De plus, la fonctionnalisation du 

macrocycle par des groupes coordinants disposés à la périphérie du cycle conduit à des récepteurs 

plus sophistiqués. Il en découle que les polyazamacrocycles peuvent être adaptés aux métaux ayant 

un nombre de coordination élevé sans perdre l’avantage de la préorganisation du ligand. Ainsi, 

l’affinité du ligand vis-à-vis d’un ion métallique peut être contrôlée en faisant varier le nombre et la 

nature des bras fonctionnels liés au macrocycle. La chimie organique moderne permet de réaliser la 

synthèse des polyazamacrocycles N-fonctionnalisés selon des schémas simples, efficaces et 

transposables à grande échelle.  

Cependant la synthèse de dérivés contenant le fragment diaminoaryl- ou diaminohétèroaryl- 

incorporé dans l’entité macrocyclique reste délicate. Par ailleurs la présence de tels fragments dans 
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un macrocycle peut influer sur les propriétés coordinantes du ligand et sa solubilité. De plus ces 

macrocycles présentent un intérêt majeur pour le développement de détecteurs optiques car la 

plupart des groupes qui sont capables de visualiser la coordination d’une molécule cible sont de 

nature aromatique ou hétèroaromatique. 

L’amination des halogénures d’aryle catalysée par des complexes du palladium représente 

une alternative douce aux méthodes classiques (la substitution nucléophile et la réaction de 

Ulmann) de formation de la liaison C(sp2)—N. Depuis que Buchwald et Hartwig ont décrit en 1995 

le couplage Csp2—des halogénures d’aryle avec une amine catalysé par un complexe du palladium, 

de nombreuses réactions de couplage ont été développées et utilisées à des fins de synthèse. La 

contribution de nos laboratoires dans ce domaine consiste à synthétiser des polyamines linéaires et 

macrocycliques substituées par un groupement aryle. Lors de cette thèse nous avons poursuivi 

l’étude de cette réaction pour obtenir des ligands originaux et développer des détecteurs sélectifs 

des métaux toxiques. Pour atteindre nos objectifs, nous avons tout d’abord étudié la réaction 

pallado-catalysée de différentes oxadiamines et polyamines avec le 2,7’-dibromonaphthalene, le 

3,3’-dibromobiphenyl et le 6,6’-dibromo-2,2’-bipyridine pour développer les conditions optimales 

de synthèse de ligands macrocycliques incorporant un ou deux fragments aromatiques (Schéma 1).  

 

Hal Hal

Ar

X

NH

Ar

X

NH HN

Ar

HN

X

HN NH

Ar

[1+1]

[2+2]  

Schéma 1 

 

Puis, nous avons étudié la possibilité de synthétiser des ligands macrobicycliques en utilisant 

cette réaction. Nous avons démontré ensuite l’intérêt de cette réaction pour le développement de 

détecteurs optiques en utilisant des dérivés d’aminoanthraquinone. 

Ainsi, ce manuscrit est divisé en quatre chapitres. 

Le premier chapitre constitue une introduction générale. Cette partie qui situe l’intérêt du 

sujet est consacrée à la description des nouvelles méthodes de synthèse de ligands comportant le 

groupe aryle dans le macrocycle. 

Le chapitre II correspond à un état de l’art sur les détecteurs optiques. La diversité 

structurale des détecteurs de métaux toxiques, leurs synthèses ainsi que leurs propriétés et 

applications seront discutées. 
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Le chapitre III est consacré à la description de nos propres résultats. Nous décrivons les 

conditions optimales pour la synthèse de ligands macrocycliques et macrobicycliques comportant le 

fragment 2,7’-diaminonaphthyl ou 3,3’-diaminobiphenyl. Puis la synthèse de macrocycles insérant 

un groupement bipyridyl sera présentée ainsi que leur utilisation pour la reconnaissance d’ions 

métalliques. Enfin une méthodologie de développement des détecteurs colorimétriques possédant 

un récepteur polyaminé sera décrite. Les détecteurs sélectifs d’ions cuivre et plomb en milieu 

aqueux seront présentés. 

Le chapitre IV a trait à la description détaillée du protocole expérimental de synthèse de tous 

les produits décrits dans ce mémoire ainsi que des méthodes de détermination des constantes de 

protonation des composés organiques et des constantes de stabilité de leurs complexes. 

Six manuscrits et deux chapitres de livres ont été publiés à partir des résultats obtenus. Ils 

sont présentés en annexe. 

La thèse est écrite en langue russe mais tous les manuscrits sont en anglais. Ce résumé en 

français a pour objet de décrire l’ensemble des résultats majeurs obtenus. 
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1. La synthèse pallado-catalysée de ligands macrocycliques et macrobicycliques. 

 

1.1. Synthèse de ligands macrocycliques comportant un fragment du 2,7’-diaminonaphthalène. 

 

Des dérivés du naphthalène sont fluorescents et peuvent êtres utilisés en détection. Le 2,7’-

dibromonaphthalène (1) a été choisi comme composé modèle dans le cadre de notre étude. Le 

système 8 mol% Pd(dba)2/9 mol% BINAP est efficace pour le couplage d’un grand nombre 

d’amines avec le dibromure de naphthalène. Le procédé typique consiste à utiliser les réactifs en 

quantité stœchiométrique en présence de 8 mol% du précurseur catalytique et une base forte telle 

que NaOt-Bu dans une solution diluée ( c = 0,02 M).  

Les macrocycles comportant un ou deux fragments aromatiques (3 et 4 respectivement) ont 

été isolés par chromatographie sur silice. Les rendements des réactions figurent dans le Tableau 1. 

 Tableau 1. Cyclisation de polyamines et du 2,7’-dibromonaphthalène en présence de Pd(dba)2/BINAP. 

X

NH2H2N
X

NH

Pd(dba)2/BINAP
    tBuONa, dioxane, !

BrBr
HN X

NHHN

NH
NH

X+
2

1

3

4  

Rdt (%)a 
Entrée Amine 2 

3 4 

1 H2N NH NH2  2b 
3b, 0 4b, 25 

2 
H2N

NH
NH22  2d 

3d, 9 4d, 0 

3 
H2N NH

2
NH2  2e 

3e, 26 4e, 25 

4 
H2N NH

2
NH2  2f 

3f, 28 4f, 0 

5 
H2N

NH
NH23  2g 

3g, 19 4g, 11 

6 
H2N

O
NH22  2h 

3h, 10 4h, 32 

7 
H2N O

2
NH2  2i 

3i, 29 4i, 16 

8 
H2N O

3
NH2  2j 

3j, 36 4j, 0 

9 
H2N

NH2
4  2k 

3k, 28 4k, 8 

a Rendement en produit isolé. 
 

Le rendement en produit 3 dépend de manière critique de la longueur de la chaîne polyamine 

et les meilleurs résultats ont été obtenus en utilisant les amines 2f, 2i et 2j qui correspondent aux 

chaînes les plus longues.  
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Ensuite, nous avons recherché les conditions optimales pour synthétiser les composés 4. 

Parmi toutes les conditions testées, une modification du procédé décrit ci dessus a permis dans 

certains cas d’avoir de meilleurs rendements (Schéma 2). Dans ce cas le dibromure 1 est opposé à 

un excès d’amine 2 pour conduire à un composé  intermédiaire 5. Aussi lors de la réaction 

d’amination catalytique nous avons introduit un deuxième ajout de dibromure 2. En utilisant ces 

conditions nous avons préparé les dimères cycliques 4f et 4j avec des rendements de 22% et de 30% 

respectivement. Il faut noter que de tels intermédiaires  n’avaient pas été obtenus lors de la réaction 

pallado-catalysée en présence d’une quantité équimolaire des réactifs (Tableau 1). Cependant cette 

approche n’est pas générale et le produit 4h a été obtenu dans ces conditions avec un faible 

rendement (10%). 

X

NH2H2N

Pd(dba)2/BINAP
    tBuONa, dioxane, !

BrBr
X

NHHN

NH
NH

X

1

4

X

NHHN

NH2 H2N

X

5

Pd(dba)2/BINAP
    tBuONa, dioxane, !

BrBr

4 equiv 3 equiv

 

Schéma 2 

 

 

1.2. Synthèse de ligands macrocycliques comportant un fragment 3,3’-diaminobiphényle. 

  

Comme attendu, la réaction du 3,3’-dibromobiphenyl avec 1 équivalent de polyamine 2 est 

plus facile et conduit à de meilleurs rendements en produits macrocycliques. En effet, il est bien 

établi que les bromures d’aryle avec un substituant donneur d’électron requièrent un temps plus 

long de réaction et nécessitent d’utiliser une plus grande quantité de catalyseur que dans le cas des 

bromures pauvres en électrons. L’introduction du premier groupe amino dans le noyau 

naphtalènique défavorise le deuxième étape de la réaction du fait de l’effet électronique défavorable 

de ce groupe. Cet effet est moins important dans le cas des 3,3’-dibromobiphenyls dont les deux 

noyaux aromatiques ne sont pas conjugués. Des essais d’amination du composé 6 ont été réalisés 

dans les conditions décrites précédemment (8 mol% Pd(dba)2/9 mol% BINAP, NaOt-Bu) en 

solution diluée ( c = 0,02 M) les résultats sont présentés dans le Tableau 2. Les amines comportant 

une plus longue chaîne ont donné les meilleurs rendements. En augmentant la quantité du catalyseur 

(entrée 9) ou en changeant la nature du ligand (entrée 12) il est possible d’augmenter le rendement 

de la réaction. 
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Tableau 2. Cyclisation de polyamines et 3,3’-dibromobiphényl en présence de Pd(dba)2/BINAP. 

X

NH2H2N
X

NH

Pd(dba)2/BINAP
    tBuONa, dioxane, !

HN

X

NHHN

NH NH

X

+
2

6

7

8

Br Br

 

Rdt (%)a 
Entrée Amine 2 

7 8 

1 
H2N

NH
NH2  2a 

7a, 0 8a, 23 

2 H2N NH NH2 2b 
7b, 25 8b, 21 

3 
H2N

NH
NH22  2c 

7!, 16 c 

4 
H2N

NH
NH22 2d 

7d, 26 8d, 8 

5 
H2N NH

2
NH2  2e 

7e, 44 8e, 25 

6 
H2N NH

2
NH22f 

7f, 41 d 

7 
H2N

NH
NH23  2g 

7g, 19 8g, 3 

8 
H2N

O
NH22  2h 

7h, 19 8h, 12 

9b 

H2N
O

NH22 2h 

7h, 40 8h, 15 

10 
H2N O

2
NH2  2i 

7i, 44 8i, 12 

11 
H2N O

3
NH2  2j 

7j, 38 8j, 12 

12c 

H2N O
3

NH2  2j 

7j, 45 8j, 21 

13 
H2N

NH2
4  2k 

7k, 32 8k, 22 

a Rendement en produit isolé ; b 16 mol% Pd(dba)2/18 mol% BINAP ; 
c 8 mol% Pd(dba)2/9 mol% DavePhos (2-dicyclohexylphosphino-2’-
dimethylaminobiphenyl); d la purification du dimère n’a pas réussi. 

 

 

 

Pour améliorer le rendement en dimère cyclique 8 nous avons testé deux autres schémas de 

synthèse (Schéma 3). Les diaminoaryles 9 et les polyamines diarylées 10 ont été préparés en 

utilisant un excès de 3,3’-dibromobiphenyl 6 ou de polyamine 2. Les diaminoaryles 9 réagissent 

avec le bromure 6 dans les conditions décrites précédemment pour les dérivés de 

diaminonaphthalène. Ce procédé a permis d’améliorer le rendement en dimère 8h (44%). 
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X

NH2H2N

Hal Hal

[Pd]

Ar

X

Hal NH

Ar

X

NH

Ar

X

NH HN

Ar

HN

[2+2]

X

NH2NH

Ar

X

NHH2N

HalHN

Ar0.5 equiv

X

NH2H2N

3 equiv

[Pd]

X

NH2H2N

[Pd]

Hal Hal

Ar

[Pd]

9

10

1 equiv

 

Schéma 3. 

 

L’hétérocouplage palladocatalysé entre une polyamine diarylée 10 et un équivalent de 

polyamine linéaire 2 en présence de 8 mol% Pd(dba)2/9 mol% BINAP et NaOt-Bu a été efficace 

pour la synthèse des macrocycles 8h (27%) et 8j (30%). Cependant, l’optimisation de la synthèse 

d’un produit cible suppose la mise en œuvre de voies différentes car pour toutes les méthodes 

décrites le rendement en produit dépend de la nature du polyamine et n’est pas prévisible.  

 

1.3. Synthèse de ligands macrocycliques comportant un fragment 6,6’-diamino-2,2’-bipyridyle. 

 

Parmi les dérivés du 2,2’-bipyridyle seuls les dérivés 6,6’-diamino substitués possèdent des 

propriétés fluorescentes. Nous avons abordé l’étude de l’amination des dibromures des séries du 

2,2’-bipyridyle en mettant en oeuvre ces composés. La réaction catalytique d’amination du 6,6’-

dibromo-2,2’bipyridyle est particulièrement attrayante car elle conduit à des macrocycles difficiles 

à préparer par une autre voie en une seule étape à partir des composés commerciaux. Mais, 

l’utilisation de 2,2’-bipyridyles comme substrats dans cette réaction n’est toutefois pas aisée car ces 

composés peuvent présenter des propriétés chélatantes. La formation de chélates avec l’atome de 

palladium peut en effet interrompre le cycle catalytique.  

De façon surprenante, le couplage du 6,6’-dibromo-2,2’-bipyridyle avec les polyamines 

procède facilement. Le procédé typique consiste à utiliser les réactifs en quantité stœchiométrique 

en présence de 8 mol% du précurseur catalytique et une base forte telle que NaOt-Bu en solution 

diluée (c = 0,02 M). Même si les rendements en macrocycles 12b, d-f sont plutôt faibles par rapport 
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à ceux observés avec le 3,3’-dibromobiphenyl, la présence du fragment du 2,2’-bipyridyl n’a pas de 

rôle crucial lors de la réaction. Le rendement en produit 12 dépend fortement de la longueur de la 

chaîne polyamine et les meilleurs résultats ont été obtenus en utilisant des amines qui contiennent le 

plus d’atomes dans le chaîne.  

Tableau 3. Cyclisation de polyamines et de 6,6’-dibromo-2,2’-bipyridyle (11) en présence de Pd(dba)2/BINAP. 

X

NH2H2N
X

NH

Pd(dba)2/BINAP
    tBuONa, dioxane, !

HN

X

NHHN

NH NH

X

+
2

11

12

13

N

N

Br Br

NN

N

N

N

N

 

Rdt (%)a Entrée Amine 2 
12 13 

1 H2N NH NH2  2b 
12b, 4 b 

2 

H2N
NH

NH22  2d 

12d, 10 13d, 6 

3 
H2N NH

2
NH2

2e 

12e, 20 13e, 15 

4 
H2N NH

2
NH22f 

12f, 29 – 

5 
2N

O
N 22 2h 

12h, 13 13h, 20 

6 
H2N O

2
NH2  2i 

12i, 47 13i, 17 

7 
H2N O

3
NH2  2j 

12j, 48 13j, 15 

8 
H2N

NH2
4 2k 

12k, 30 13k, 32 

a Rendement en produit isolé; b la purification du dimère n’a pas réussi. 
 
 
 

Nous avons étudié les propriétés de coordination de ces ligands. Le composé 13j peut être 

utilisé pour la reconnaissance des ions zinc par fluorimétrie. Cependant dans le cas du complexe 

Zn(13j) l’analyse de diffraction des rayons X montre que l’atome de zinc est coordiné seulement 

par les atomes d’azote des deux fragments bipyridyl. Ce résultat montre que cette série de ligands a 

une valeur limitée pour la détection de métaux toxiques et nous avons donc abandonné cet axe de 

recherche. 
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1.4. Synthèse de ligands macrobicycliques comportant un fragment 3,3’-diaminobiphenyle et 

2,7’-diaminonaphthalène. 

 

Ensuite, nous avons montré l’intérêt de l’amination catalytique pour la synthèse des ligands 

macrobicycliques. En effet, le schéma de synthèse proposé pour la préparation de dimères cycliques 

[2+2] (Schéma 2) peut conduire à la formation de composés macrocycliques d’architecture 

différente si les intermédiaires 9 et 10 sont des dérivés macrocycliques. Dans ce travail nous avons 

synthétisé une série de composés bicycliques 15 au départ de macrocycles 14 (Tableau 4).  

Tableau 4. Cyclisation de polyamines et du dibromure 14 en présence de Pd(dba)2/BINAP. 

X

NH2H2N

Pd(dba)2/BINAP
    tBuONa, dioxane, !

2

O

NN

O
O

Br Br

O

NN

O
O

X

HNNH

14 1  

! Amine 2 Rdt 15 (%)a   ! Amine 2 Rdt 15 (%)a 
1 

H2N NH NH2 2b 
m-15b, 25   

2 
H2N

NH
NH22 2c 

m-15c, 20   

10 NH2

NH2

2n 

m-15n, 17 

3 
H2N

NH
NH22 2d 

m-15d, 20   

4 
H2N NH

2
NH2

2e 

m-15e, 14   

11 NH2

NH2

2o 

m-15o, 20 

5 

H2N NH
2

NH22f 

m-15f, 19   

6 
H2N

O
NH22 2h 

m-15h, 33   

12 NH2

NH2 2p 

m-15p, 23 

7 
H2N O

3
NH22j 

m-15j, 35   13 
H2N NH NH2 2b 

!-15b, 19 

14 
H2N

O
NH22 2h 

!-15h, 18 8 

O

HN

OO

NH

2l 

m-15l, 16   

15 
H2N O

3
NH22j 

!-15j, 27 

9 

NH

O O

HN

O O

2m 

m-15m, 10   16 
NH2

NH2

2o 

o-15o, 8 

a Rendement en produit isolé : m-15 correspond au meta-isomère, o-15 correspond à l’ ortho-isomère. 
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Les isomères meta-substitués conduisent aux meilleurs rendements en macrobicycles 15. En 

remplaçant les polyamines linéaires par les éthers couronnes azotés nous avons obtenu les ligands 

tricycliques 15.  

Nos essais de synthèse de systèmes bimacrocycliques en une seule étape à partir des polyamines 

linéaires tétraarylées 16 n’ont pas été concluants. Le couplage de polyamines avec les tétrabromures 

16 s’effectue de façon non-regiosélective et donne lieu à des mélanges de produits 17 et 18 avec un 

faible rendement (Schéma 4). 

X

NN
X

NH2H2N
Pd(dba)2/BINAP

    tBuONa, dioxane, !

2

6

X

N

N

X1

N

N

X1

N

N

X

NN

Br Br

Br

BrBr

Br

X1

NH2

NH2

X1

H2N

NH2

+

17

18

16

X1

NH2H2N 2

Pd(dba)2/BINAP
    tBuONa

 

Schéma 4. 
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2. Développement de nouveaux détecteurs colorimétriques de métaux toxiques.
1
 

 

Le développement des détecteurs photoactifs des ions métalliques représente un domaine 

d’intérêt majeur de la chimie supramoléculaire du fait de leur large utilisation, particulièrement, en 

chimie médicale et environnementale. La plupart des détecteurs organiques sont des molécules 

complexes qui contiennent deux unités indépendantes liées par des liaisons covalentes (Figure 1). 

Un fragment, appelé récepteur ou ionophore, est responsable de la séquestration des ions 

métalliques. Le second fragment permet de visualiser cette réaction par le changement des 

propriétés optiques du système. 

 

 

 
Figure 1. Représentation schématique d’un détecteur photoactif. 

 

 

Si la détection de ions métalliques en milieu aqueux a fait l’objet de nombreux travaux, elle est 

aussi plus difficile à mettre en œuvre à cause de la faible solubilité des détecteurs organiques en 

milieu aqueux et de l’hydratation des ions métalliques. Nous avons choisi ce domaine pour 

démontrer l’intérêt de l’amination catalytique pour l’élaboration de détecteurs. Ainsi, nous avons 

synthétisé une série de détecteurs à base de dérivés de l’aminoanthraquinone. Ce fragment 

aromatique a déjà été utilisé pour visualiser la présence d’ions cuivre, d’ions nickel à l’aide de la 

colorimétrie en milieux organique ou mixte. Tous les détecteurs décrits dans la littérature ont été 

obtenus par N-fonctionnalisation de (2-aminoéthyl)aminoantraquinones. Deux dérivés sont 

présentés sur la Figure 2.  

 

                                                
1 L’auteur remercie le Dr. M. Meyer, le Dr. E. Ranyuk et J. Michalak (ICMUB, Université de 
Bourgogne) pour leur aide précieuse lors de l’étude des détecteurs à base de dérivés d’anthraquinone.  
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Figure 2. Détecteurs colorimétriques contenant le fragment  (2-aminoéthyl)aminoanthraquinone. 

 

Pour détecter des ions métalliques ayant un nombre de coordination élevé, il est important de 

modifier le récepteur et d’augmenter le nombre de groupes donneurs. De plus, pour avoir la 

possibilité de travailler en milieu aqueux il faut introduire dans la structure un groupe hydrophile.  

 

 

2.1. Synthèse de ligands comportant un motif aminoanthraquinone pour la détection des ions 

toxiques en milieu aqueux. 

 

La synthèse de diaminoanthraquinones par réaction pallado-catalysée de l’amination des 

chlorures d’anthraquinone a été étudiée au sein de nos laboratoires (Schéma 5). 

 

Pd(dba)2 (4 mol%), 
dppf ou BINAP (8 mol%)

Cs2CO3, dioxane
+   H2NR

ClCl O

O

NHRRHN O

O
R = H, Ar, Alk

55-80%  

Schéma 5. 

 

Cette réaction peut être utilisée pour la synthèse de ligands linéaires et macrocycliques 

d’architecture différente et représente un intérêt majeur pour l’élaboration de détecteurs 

colorimétriques. Cette méthode est particulièrement attrayante car elle ouvre un accès synthétique à 

des composés différents et originaux par des voies courtes, sans utiliser de groupes protecteurs ou 

de réactions templates. Lors de nos recherches nous avons poursuivi nos travaux dans ce domaine 

et obtenu la série de polyamines 19-24 par amination pallado-catalysée du 1-chloro-, 1,8-dichloro-, 

1,5-dichloro- et 2,3-dibromoanthraquinones par les polyamines correspondantes (Figure 3). Les 
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conditions standards (Pd(dba)2/ BINAP, Cs2CO3) ont été optimisées en changeant la quantité de 

catalyseur et de base pour obtenir les composés 21-26 avec un bon rendement. 
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O
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Figure 3. Polyamines à base d’anthraquinone pour le développement de détecteurs de métaux toxiques. 

 

Les polyamines obtenues ont été ensuite transformées en dérivés diethoxyphosphoryl 

substitués en utilisant la réaction d’alkylation par le bromure 27 en présence de carbonate de 

potassium (Schéma 6). Ainsi, nous avons obtenu une série de ligands solubles en milieu aqueux 

pour étudier leurs propriétés de coordination vis-à-vis de différents métaux (Figure 4).  

 

Br
NH P(O)(OEt)2

O

K2CO3, CH3CN

NH2

NH

NH

O

O
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N

N

NH

O

O

n

R''

R'R'

28-32

R R

27

NH

NH

NH

HN

HN

O

O

n

NH

N

N

N

HN

O

O

n

R

R

R

Br
NH P(O)(OEt)2

O

K2CO3, CH3CN

27

25, 26 33, 34  

Schéma 6. 

 

Ce schéma de synthèse peut être adapté facilement à la synthèse d’ionophores des différents 

ions métalliques par simple changement du nombre de sites de coordination et de leur 

positionnement au niveau de l’espèce active. 
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Figure 4. Composés obtenus pour l’élaboration de détecteurs de métaux toxiques à base de polyaminoanthraquinones.  

 

2.2. L’étude de la complexation des ions métalliques par des ligands comportant un fragment 

aminoanthraquinone. 

 

L’étude quantitative préliminaire a démontré que les molécules obtenues sont prometteuses 

pour la détection sélective des ions de métaux toxiques en milieu aqueux. 

Nous avons tout d’abord testé le composé 29 qui est un analogue du détecteur 19 décrit 

dans la littérature. Le composé 19 a été proposé pour détecter des ions cuivre dans un mélange 

méthanol/eau. Des essais préliminaires pour la détection dans l’eau n’ont pas été concluants. Par 

exemple, la réponse optique du dérivé 20 portant des groupes carboxyl et solubles dans l’eau en 

présence d’ions métalliques n’est pas sélective. Le ligand 29 contenant deux groupes 

diéthoxyphosphoryle est en revanche sélectif en milieu aqueux (en tampon HEPES (pH = 7,4)) car 

les propriétés coordinantes de l’ionophore ne sont pas perturbées par la présence de groupes 

diéthoxyphosphoryle (Figure 5).  
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(A) (B) 
 

 

 

 
29 H  Na K  Mg Ca Ba Zn Al Pb Cd Cu Ni Co Ag Hg 

 

 
Figure 5. Détection des ions cuivre à l’aide du composé 29. (A) Changement de la couleur du détecteur 29 en présence 

de 1 équiv du Cu2+ et 100 equiv d’autres cations. (B) Spectres UV du ligand 29 avant et après l’addition du Cu2+ en 

milieu aqueux (tampon HEPES (pH = 7,4)). La concentration du ligand 29 est de 0,11 mM. 

 

La limite de détection des ions cuivre par ce ligand est de 0,4 ppm pour la détermination 

visuelle, et peut atteindre jusqu’à 20 ppb à l’aide d’un spectrophotomètre conventionnel. La 

réponse visuelle du détecteur n’est pas influencée par la présence d’autres sels métalliques même 

s’ils sont ajoutés en excès (jusqu’à 100 fois) par rapport au sel de cuivre à l’exception des ions 

mercure. Ensuite, le déplacement des ions cuivre par addition de 10 equiv de sels métalliques au 

système Cu2+/29 a été suivie par spectroscopie UV-vis. Le changement non significatif du spectre 

UV-vis du système Cu2+/29 a été observé seulement en présence des ions Al3+ et Hg2+. 

En changeant la structure de l’ionophore, il est possible de visualiser les différents ions 

métalliques en solution aqueuse. Par exemple, le composé 28 peut être utilisé pour la 

reconnaissance des ions nickel si ces ions sont en excès en solution par rapport au ligand (tampon 

HEPES (pH = 7,4)) (Figure 6).  

 (A) (C) 
28  H Na  K  Mg Ca Ba Zn Al Pb Cd Cu Ni CoAg Hg 

 
 

 

(B) 
28  H Na  K  Mg Ca Ba Zn Al Pb Cd Cu Ni CoAg Hg 

 

 

 

 

Figure 6. Détection des ions métalliques à l’aide du composé 28. Changement de la couleur du détecteur 28 en 

présence de 1 équiv (A) et de 100 equiv (B) de cations métalliques. (C) Spectres UV du ligand 28 avant et après 

l’addition du Cu2+ et Ni2+ en milieu aqueux (tampon HEPES (pH = 7,4)). La concentration du ligand 28 est de 0,07 

mM. 
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Le composé 30 contenant un nombre de sites de coordination élevé permet la visualisation 

des ions plomb en solution aqueuse (Figure 7).  

 

(A) (C) 
28  H  Na  K  Mg Ca Ba Zn Al Pb Cd Cu Ni CoAg Hg 

 
 

 

(B) 
28   H  Na  K  Mg Ca Ba Zn Al Pb Cd Cu Ni CoAg Hg 

 

 
 

 

Figure 7. Détection des ions métalliques à l’aide du composé 30. Changement de la couleur du détecteur 30 en 

présence de 1 équiv (A)  et de 100 equiv (B) de cations métalliques. (C) Spectres UV du ligand 28 avant et après 

l’addition d’ions Cu2+, Pb2+ et Cd2+en milieu aqueux (tampon HEPES (pH = 7,4)). La concentration du ligand 30 est de 

0,11 mM. 

 

La limite de détection des ions plomb est de 1,3 ppm pour la détermination visuelle, et peut 

atteindre jusqu’à 0,07 ppb à l’aide d’un spectrophotomètre conventionnel. Un changement 

similaire de couleur a été observé en présence des ions cadmium et mercure si ces ions ont été 

ajoutés en excès (100 equiv) par rapport au ligand (Figure 7b). Il faut noter que la différence des 

maximas d’absorption des complexes de plomb et de cuivre est significative et atteint 134 nm. 

Ainsi, ce ligand peut être utilisé pour la détermination quantitative de ces deux métaux présents 

dans la même solution. 

L’étude de la détermination des ions plomb en présence d’autres ions métalliques a montré 

que les ions cuivre ont empêché toute détection même s’ils sont présents en quantité équimolaire 

par rapport aux ions plomb. Le spectre UV-vis du système Pb2+/30 a aussi subi un changement 

significatif en présence de 2 equiv de Zn2+, Cd2+, ou Hg2+, ou 10 equiv de Co2+ ou Ni2+.  Par contre, 

Ag+ and Al3+ n’a pas d’influence sur la mesure s’ils sont ajoutés en excès (jusqu’à 10 equiv). 

Nous avons étudié ensuite le système Cu2+/29 et M2+/30 (M = Cu2+, Pb2+, Cd2+ ) de manière 

détaillée pour comprendre les raisons du changement de couleur et optimiser la sélectivité du 

détecteur des ions plomb. En appliquant la méthode de Job pour traiter les données de 

spectroscopie UV-visible, nous avons déterminé que chaque molécule des détecteurs 28, 29 et 30 

coordine un seul ion métallique. Nous avons déterminé la  constante de stabilité de ces complexes 

en solution. La complexation de l’ion Cu2+ par le ligand 29 et des ions Cu2+, Pb2+et Cd2+ par le 
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détecteur 30 a été étudiée. L’étude potentiométrique et spectrophotométrique  des constantes de 

protonation des amines 29 et 30 a démontré que la basicité de ces composés est réduite si on la 

compare à celle des  trialkylamines du fait de la présence de groupes carbamoyl 

diethoxyphosphoryl substitués (Tableau 5). La basicité du composé 29 est comparable à celle des 

amines aromatiques (la constante d’acidité du sel d’ammonium correspondant est de 4,46) même si 

la protonation des groupes amine comportant un substituant carbamoyl intervient. La basicité de 

l’amine 28 est encore plus faible et la constante d’acidité de son sel d’ammonium est de 2,26. La 

protonation des groupes amine tertiaire est observée pour ce composé. Ainsi, les amines 28 et 29 

sont présentes en milieu aqueux sous forme non protonée si  le pH est supérieur à 5. La valeur des 

constantes et le site de la protonation ont été confirmés par étude 1H RMN.  

Tableau 5. Constantes de protonation (K011) des ligands 29 et 30 et constantes de stabilité (K11-h) de leurs complexes  de 

cuivre, cadmium, et plomb (I = 0.1 M KNO3, T = 298,2(2) K). 

Cation Constante 29 30 

H+ log K011 1.95(2)a 2.11(1)b,c 4.32(3)a 4.39(3)b,c 

    1.92d       

Cu2+ log K110     6.53(9)a 6.09(3)b 
  log K11–1     4.37(3)a 4.28(2)b 
  log !11–1 –2.00(7)a –1.92(5)b 2.16(8)a 1.81(3)b 
  log K11–2 4.98(4)a 5.07(2)b 7.91(6)a 8.14(2)b 

  log K11–3   12.07(2)b   11.43(4)b 

Cd2+ log K110     4.20(8)a 4.24(6)b 
  log K11–1     8.49(2)a 8.44(6)b 

  log K11–2     9.80(4)a 10.11(3)b 

Pb2+ log K110     5.5(1)a 5.56(7)b 
  log K11–1     8.3(1)a 8.56(6)b 

  log K11–2     9.5(2)a 8.76(7)b 
a mesuré par potentiométrie ; b mesuré par spectrophotomètrie UV ; c I = 0.1 M KCl. 
d mesuré par 1H and 13C NMR dans H2O/D2O 9:1 v/v. 

 

Les constantes de stabilité des complexes métalliques de 28 et de 29 sont listées dans le 

Tableau 5 et les diagrammes de distribution des espèces en solution sont représentés sur la Figure 

8. Les diagrammes de distribution montrent qu’en milieu HEPES les ions métalliques sont 

complexés par les ligands à différents degrés. Tandis que 1 equiv d’ions cuivrique sont 

complètement complexés par les ligands 29 et 30 ([L] tot 0,1 "#), les ions plomb et cadmium sont 

présents en solution sous forme de complexes à 80% et 50%, respectivement. Il faut noter que tous 

les complexes étudiés subissent une déprotonation en milieu aqueux. Cette étude a permis de 

déterminer les compositions des complexes responsables du changement de couleur à pH = 7,4. 
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Les ligands des complexes Pb(30) et Cd(30) existent à pH = 7,4 sous forme neutre.  La 

coordination d’un ou de deux groupes coordinants du fragment d’anthraquinone (carbonyl et 

amine) par l’ion métallique conduit à un déplacement hypsochrome de la bande d’absorption. Par 

ailleurs, les complexes Cu(29) et Cu(30) présentent en milieu HEPES une forme déprotonée 

Cu(29)H-2, Cu(30)H-1 et Cu(30)H-2. 

 

 

  
($) (b) 

  

(c) (d) 
 

Figure 8. Diagrammes de distribution des complexes pour le système Cu2+/29 (a), Cu2+/30 (b), Pb2+/30 (c), Cd2+/30 

(d). [L] tot = [M(II)]tot = 0,1 "#. I = 0,1 M KNO3. T = 298,2(2) K 

 

 

 

En se basant sur le déplacement bathochrome de la bande d’absorption de ces complexes 

par rapport aux complexes Cu(29) et Cu(30) nous suggérons que la déprotonation du groupement 

aromatique conduit à la formation de complexes Cu(L)H-2 et Cu(L)H-1 (L = 29, 30) (Figure 9). 
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($) (b) 

 

Figure 9. Spectres UV-vis calculés des complexes formés dans le système Cu2+/29 (a, L = 29) et  Cu2+/30 (b, L=30). I = 

0,1 M KNO3. T = 298,2(2) K 

 

En effet, la complexation de l’ion cuivre par le fragment d’anthraquinone doit stabiliser la 

forme tautomérique imine et faciliter la déprotonation (Figure 10). Ainsi, la formation de chélate 

par l’atome d’oxygène et le groupe amino en position 1 est un facteur décisif de la déprotonation 

qui conduit à un changement de couleur de la solution. 

 
Figure 10. Déprotonation des ligands 28-30 en présence des ions cuivre.  

 

L’évolution des spectres UV des ligands 29 et 30 en présence d’ions métalliques qui se 

manifeste par un changement de couleur des solutions est donc liée à la différence de degré de 

protonation des complexes formés par le cuivre et les autres métaux.  

L’étude du complexe Pb(30) par spectroscopie RMN dans l’acétonitrile et l’eau a démontré 

que l’ion métallique est coordiné à la fois par les atomes d’azote, par un groupe carboxyl du 

fragment d’anthraquinone et par les groupes carbamoyl. De façon surprenante, les groupes 

diéthoxyphosphoryl participent aussi à la coordination des ions métalliques. 

 

Dans notre recherche de détecteurs plus sélectifs nous avons testé deux approches. 

Premièrement nous avons préparé les ligands 31-34 d’architecture différente (Figure 4). 
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Deuxièmement, nous avons modifié la structure du bromure utilisé pour la N-fonctionnalisation 

(Schéma 6) pour diminuer l’influence des groupes diéthoxyphosphoryl sur la complexation. 

Les ligands 31a,b (Figure 4) ont une structure similaire à celle du composé 30, mais le 

récepteur est en position 2 du noyau aromatique. Ces ligands donnent lieu à une réponse visuelle en 

présence des ions plomb (Figure 11). L’ajout des ions cuivre dans la solution de ligand conduit à 

un déplacement hypsochrome du maximum de la bande d’adsorption. En effet, l’acidité du 

groupement amine aromatique de ces composés n’est pas suffisante pour conduire à sa 

déprotonation en présence des ions cuivre. De plus, l’atome d’oxygène du fragment anthraquinone 

ne peut pas participer à la coordination des ions métalliques. Ainsi, la complexation se manifeste 

par le déplacement hypsochrome de la bande d’absorption comme cela a été observé pour les 

autres ions métalliques dans le cas du ligand 30. De façon surprenante, le déplacement du 

maximum d’absorption de ces ligands en présence des ions plomb est similaire à celui du ligand 30 

(hypsochrome, 40 nm). La structure des complexes formés par les ligands 31a,b doit être différente 

de celle du ligand 30 car l’atome d’oxygène du fragment d’anthraquinone ne peut pas coordinner 

les ions métalliques pour une raison stérique. Ainsi, la coordination d’atomes d’azote aromatique 

est suffisante pour conduire à un déplacement hypsochrome de 40 nm des bandes d’absorption des 

ligands. De plus, le spectre d’absorption du complexe de cadmium Cd(31a) est différente de celle 

du complexe de plomb Pb(31a).  Cette différence se manifeste par la diminution de la coloration 

de la solution de ligand en présence d’un excès de Cd2+.. Malheureusement, les constantes de 

stabilité des complexes de métaux toxiques avec les ligands 31a,b sont faibles et la précipitation 

d’hydroxyde de plomb a été observée en présence de 1 equiv de ce cation. Aussi, ces ligands ne 

présentent pas un pas intérêt majeur pour le développement de détecteurs optiques. 

 

(A) (B) 
 

 

31a  K  Mg Ca Ba Zn Al  Cu Ni Co Pb Cd Hg Ag 

 
 

 

 
 

Figure 11. Détection des ions métalliques à l’aide du composé 31a. (A) Changement de couleur du détecteur 31a en 

présence de 1 equiv d’ions métalliques. (B) Spectres UV du ligand 31a avant et après addition d’ions métalliques en 

milieu aqueux ( tampon HEPES (pH = 7,4)) La concentration du ligand 31a est de 0,11 mM, 
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L’augmentation du nombre de groupes donneurs dans le cas du ligand 32 n’a pas permis 

d’améliorer la sélectivité de la détection des ions plomb. 

Nous avons étudié ensuite les composés polyazamacrocycliques. Deux dérivés 33 et 34 

contenant un fragment macrocyclique d’architecture différente ont été synthétisés. Le dérivé 33 qui 

permet une détection éfficace a été décrit au sein de notre laboratoire récemment. La solution du 

ligand change de couleur du bleu au rose (le déplacement hypsochrome de la bande d’absorption 

est de 45 nm) en présence des ions plomb en milieu aqueux (tampon HEPES (pH = 7,4)) (Figure 

12).  

 

(A) (B) 

 

Figure 12. Détection des ions plomb à l’aide du composé 33. (A) Changement de couleur du détecteur 33 en présence 

de 1 équiv du Pb2+ et du Cu2+ et 100 equiv d’autre cations. (B) Spectres UV du ligand 33 avant et après l’addition de 

M2+ en milieu aqueux (le tampon HEPES (pH = 7,4)). La concentration du ligand 33 est de 0,11 mM. 

 

Il faut noter que les valeurs du déplacement de la bande d’absorption des spectres UV sont 

comparables pour les détecteurs possédant une structure linéaire 30 et cyclique 33. Mais le 

changement de couleur du détecteur cyclique est plus facile à détecter à l’oeil nu. Les valeurs 

élevées du coéfficient d'extinction molaire (! = 4.9x103 Lmol-1cm-1) et de la constante de stabilité 

du complexe de plomb sont deux avantages qui permettent la détection des ions plomb en solutions 

diluées. En effet, la limite de détection à l’œil nu a été estimée à 2-3 ppm (10-15 µM). En utilisant 

un spectromètre UV cette limite peut être abaissée jusqu’à 21 ppb.  

Le composé 33 permet de détecter généralement des ions plomb en présence de métaux 

alcalins et alcalino-terreux car ces ions ne donnent pas de complexes stables. À l’inverse, ces 

composés donnent aussi une réponse optique à la présence d’ions cuivre, mais dans ce cas la 

couleur de  la solution devient bleue (déplacement bathochrome de la bande d’absorption) et les 

deux ions peuvent être aisément identifiés. La présence d’ions  aluminium, zinc, nickel et cadmium 

n’induit pas de changement de couleur de la solution du détecteur s’ils sont présents en quantité 

stœchiométrique mais en présence d’un excès d’aluminium ou de zinc la couleur de la solution 

devient violette. Un excès d’ions aluminium et zinc conduit à des solutions roses. 
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Malheureusement, le composé 34 ne change de couleur qu’en présence des ions cuivre en 

milieu aqueux. De plus cette réponse est perturbée même par 2 équiv d’ions mercure. Ainsi, ce 

composé est mois pertinent pour la détection de Cu2+ que le ligand 29. 

Pour améliorer la sélectivité de la détection nous avons synthétisé les ligands 35 et 36 qui 

sont les analogues des composés 30 et 33 mais contiennent des groupes diéthoxyphosphoryl plus 

éloignés des groupes carbamate (Figure 13). Ces composés sont autant solubles dans l’eau que 

leurs analogues 30 et 33. 
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Figure 13. Composés obtenus pour l’élaboration de détecteurs de métaux toxiques à base de 

polyaminoanthraquinones.  

 

 

 

Tandis que la détection des ions plomb en présence des autres métaux toxiques n’est pas 

améliorée de façon significative quand le ligand 35 est utilisé, le ligand 36 est plus sélectif que les 

composés 30 et 33. Le déplacement des ions plomb au cours de l’addition de sels métalliques au 

système Pb2+/36 a été suivi par spectroscopie UV-vis. Le changement significatif du spectre UV-

vis a été observé seulement en présence des ions Cu2+, Cd2+ et Hg2+. En utilisant ce composé, il est 

possible de détecter les ions plomb en présence de 10 equiv de Al3+, Zn2+, Co2+, et Ag+ ainsi que 2 

equiv de Cd2+, Ni2+et Hg2+. La comparaison de la sélectivité des ligands 30 et 36 est représentée 

sous forme d’un histogramme à trois longueurs d’ondes différentes sur la Figure 14. 
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(A) 

 

 

(B) 

 

 
 

Figure 14. Sélectivité de la détermination des ions plomb en présence d’autres ions métalliques pour les ligands 30 (A) 

et 36 (B). 

 

Les valeurs des constantes de protonation des ligands 33 et 36 et des constantes de stabilité 

de leurs complexes de plomb sont résumées dans le Tableau 6.  La constante de stabilité K110 des 

complexes cycliques est légèrement plus élevée que celle des complexes correspondants du ligand 

linéaire 30. Il faut noter que le complexe Pb(36) est légèrement moins stable que le complexe 

Pb(33).  Les diagrammes de distribution des espèces en solution équimolaire du ligand ([L] tot = 

0,1 "#) et du sel de plomb sont représentés sur la Figure 15. Les ions plomb sont complexés à 

plus de 90% par les ligands 33 et 36 dans les conditions étudiées.  
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Tableau 6. Constantes de protonation (K011) des ligands 29 et 30 et constantes de stabilité (K11-h) de leurs 

complexes de plomb (I = 0.1 M KNO3, T = 298,2(2) K). 

Cation Constante 33 36 

H+ log K011 5,67(2)$) 
2,0(1)$) 

5,57(4)b) 

2,5(1)b 
5,83c) 

2,2c) 
5,26(2)b) 

2,1(1)b) 
 

Pb2+ 
  
  

log K110 
log K11–1 
log K11–2 

6,20(9)b) 

8,5(3)b) 

9,0(2)b) 

5,83(2)b) 

8,6(1)b) 

8,7(2)b) 
a mesuré par potentiométrie. b mesuré par spectrophotométrie UV; 
c  mesuré par 1H and 13C NMR dans H2O/D2O 9:1 v/v. 

 

 

  
($) (b) 

 

Figure 15. Diagrammes de distribution des complexes pour le système Pb2+/33 (a), Pb2+/36 (b). [L] tot = [M(II)]tot = 0,1 

"#. I = 0,1 M KNO3. T = 298,2(2) K 

 

Ainsi, la modification structurale apportée à une unité du récepteur a un effet favorable et le 

composé 36 permet la détection des ions plomb en présence d’autre ions métalliques en milieu 

aqueux. 
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   ,       

        

.          

   .     

- ,        

 -  ,       

   ,  ,    N,N-

.         

 .  

 . 2  , -   1a–p,   

       .   

      2,7-

, 3,3'- , 6,6'- -2,2'- , 1,8-  1,5-

.          
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, -  , -     . 

      -  

          

  . 

 
 

. 2. , -  ,    . 
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3.1.     2,7-  . 

   ,   , 

    70   [102].      , 

         

,    - ,     

 .        

  ,     [103],  [104], 

 [105],  [106],       

 [107],      [108]   

    [109].       

     [110],  [111],   

    [112].       

  [113]      [114]. ,  

 ,         

 -  ,       

 -       , 

    :    -  .  

 

3.1.1. ,     

2,7-    . 

    1,8-      

        

 Pd(dba)2/BINAP (dba = , BINAP = 2,2'-

( ) ) [114].       8 . % 

,    ,  1-      

  [101].    ,    

  1,8-    -    ,   

      .    

      2,7- ,    

  .  

    2,7-  (2)  -  

 1b, d–k    8 . %  Pd(dba)2/BINAP,  

   -  ,     

   (C = 0,02 )      

(  1),     6–8 .      
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     (  ,    

  ,    ,   ). 

   3,     4,   5  

  6    1.  

HN NH

X

Br Br
H2N NH2

X

1b, d–k (1 .)

Pd(dba)2/BINAP
(8/9 . %)

NaOtBu
, 100 °C

HN

HNNH

NH

X

X

HN

HNNH

NH

X

X n Br

HNNH

Br

X
2

3d–k

4b, e, g–i

5b, h, i 6d, f

+

++

 
 1.     2,7- . 

 1.     2,7- .  
Pd(dba)2/BINAP 8/9 . %,  = 0,02 . 

   ) 
 

 3, %

) 
 

 4, %

)  
, % 

1 1b H2N NH NH2  3b, 0 4b, 25 5b (n = 2), 10 
5b (n = 2–6), 49 ( ) 

2 
1d  

3d, 9 – 6d, 5 

3 
1e 

H2N NH 2 NH2  

3e, 26 4e, 25 – 

4 
1f  

3f, 28 – 6f, 18 

5 
1g  

3g, 19 4g, 11 5g (n = 2), 8 

6 
1h  

3h, 10 4h, 32 5h (n = 2), 14 

7 
1i  

3i, 29 4i, 16 5i (n = 2), 8 

8 
1j  

3j, 30 – – 

9 
1k  

3k, 28 4k, 8 5k (n = 2, 3), 24 ( ) 

)          . 

 3       ,   

  1b,         4b  

   5b ( . 1).    1d, h    
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  3d, h,     ( . 2, 6) -    . 

 -      3     

 .   (36 %)     

   1j ( . 8).      

 4, 5    6   -  .  

,   3    (   10 )   

,            

.  

  3e (     )  3j (    

)    ( . 3,  1, 2).   

 3e        P212121; 

  : a = 8.0634(11) Å, b = 13.9625(18) Å, c = 15.7887(18) Å,  = 

 =  = 90°.   ,     .  

  3j        P21/n; 

    : a = 8.4560(13) Å, b = 13.2575(18) 

Å, c = 18.621(3) Å, = 90°, = 98.382(3)°,  = 90°.   ,    

 .           

         

  . 

( ) ( ) 
. 3.    3e MeOH ( )  3j HNO3 ( ). 

          
1   13   MALDI-TOF.        

   1  8     3.   3e, h 

(    CDCl3)         (7.47  
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7.26 . .).   3g    7.02 . .,       

   3f, j (6.84  6.88 . .).      

,          

        ,    

   ,   , 3  6,   

      3.    

         (6.4–6.6 . .).  

     ,   1,3-

 [92]  3,5-  [95].  

3.1.2. ,     2,7-    

 (  ). 

   ,    4      

  ,       

.    (  2),    N,N'-

( )   6   2,2 . 2,7-   

1 .     .       

    1  (  = 0,1 )     

 Pd(dba)2/BINAP,         1h, j  

     Xantphos (9,9- -4,5-

( ) )        (  = 

0,05 )      2,7-   N,N-

  .   ,       

  –   7      

 8.  

  6e, h, j      

    1e, h, j (  3),      

     3.     

(28 %)      4j,     3j 

     .   ,    

4e, h  ,      3e, h,    

   .       

   5e, h, j.     

 6j   1h      

 4hj,      13 %.  
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 2.  ( )  6. 

HN

HNNH

NH

X1

X2
Br

HNNH

Br

X1

6e, h, j

+

H2N NH2

X2

1e, h, j (1 .)

Pd(dba)2/BINAP
(8/9 . %)

NaOtBu
, 100 °C

4e, 21 %; 4h, 11 %
4j, 28 %; 4hj, 13 %

HN

HNNH

NH

X

X n

5e (n = 3), 11 %
5j (n = 3, 5),11 %  

 3.    4  ( )  6. 

        4  

  2,7- ( )   9 (  4).  

  4 .  1f, h, j,     = 0,1 ,  

 4 . %   Pd(dba)2/BINAP.   9 

    ,      

  2,7- ,      (30 %) ,   

  ,     4j    

.    22 %    4f,      

      3f.    

 5        .  , 

        9 

   1,      

    3.  
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 4.    4  ( )   9. 

            

 4,     6,    ( )  

9. 
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3.2.     3,3'-  . 

,   ,    

 -     ,    

      -     

  .        

 2,2'-  4,4'-  .     

   2,2'-  [116–118],    

      [119, 120],  -  

[117],    [120, 121],   [123, 124]. 

      2,2'-  

       ,     

[125].     Cu2+, Zn2+  [PdCl4]
2–    , 

 3, 4  8   [126].       

    ,         

[127]. -       

  -  [128].     

   ,  2,2'- ,    

4,4'  [129].     -   [130] 

    [131]     . 

      ;    

     . ,    

     ( )    

 [132–134].        

1,2-     4,4'-  3,4'-  [135].  

     ,  

 ,   3,3'-  [136], -

     4,4'-  , 

       

  [137, 138].      

    4,4'-    ,  

 ;       [139].  

          

-  . ,     

           

 ,   - ,    [140], 
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        4,4'- , 

  [4]  [141]. ,     

        .  ,  

     2,2'-  4,4'-  ,   

    3,3'-   .     

     -   

,   3,3'-  ,   -

 .  

 

3.2.1. ,     

3,3'-    . 

        

  ,         

  .        

     ,   

        .   

    3,3'- ,     

      ,   

 .    3,3'-  (10)  

 1a–k (  5)   ,     

    2,7-   (Pd(dba)2/BINAP (8/9 . %), 

C = 0,02 , -     ,      24–30 

).       2. 

     1  (7   )   

   ,       12   

      13  ( . 1).    2b (9 

  ),   11        

( . 2  ).    11 (  40 %)      

 1 , f ( . 5, 6)    1h–j ( . 9–12),     

1h         ,   

   1j       

  BINAP  DavePhos (2- -2'- ).  
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H2N NH2

X

1a–k (1 .)

Pd(dba)2/BINAP
(8/9 . %)

NaOtBu
, 100 °C

HN NH

X

Br Br

10

11b–k

NH

NH HN

HN

NH

NH HN

HN

X

X

X

X n

12a–k

13a–k

+

+

 
 5.     3,3'- . 

 2.     3,3'- .  
Pd(dba)2/BINAP 8/9 . %,  = 0,02 . 

    
 

 11, %

 
 

 12, % 

  
 13, % 

1 
1a  

11a, 0 12a, 23 13a (n = 2–5), 38 
( ) 

2 1b H2N NH NH2  11b, 25 12b, 21 13b (n = 2–5), 23 
( ) 

3 
1c  

11 , 16 12c + 13c (n = 2), 18 ( ) 

4 
1d  

11d, 26 12d, 8 12d + 13d (n = 2, 3), 
27 ( ) 

5 
1e 

11e, 44 12e, 25 12e + 13e (n = 2), 17 
( ) 

6 
1f  

11f, 41 12f + 13f (n = 2, 3), 19 ( ) 

7 
1g  

11g, 19 12g, 3 12g + 13g (n = 2), 12 
( ) 

8 
1h  

11h, 19 12h, 12 – 

9 ) 

1h  

11h, 40 12h, 15 13h (n = 2), 16 

10 
1i  

11i, 44 12i, 12 12i + 13i (n = 2–4), 
18 ( ) 

11 
1j  

11j, 38 12j, 12 12j + 13j (n = 2–4), 
17 ( ) 

12 ) 

1j  
11j, 45 12j, 21 12j + 13j (n = 2, 3), 9 

( ) 
13 

1k  
11k, 32 12k, 22 13k (n = 2–4), 26 

( ) 
)      
)  DavePhos  BINAP 
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  12         25 %,   

   1h      13h (n = 2)   16 % 

( . 9).      13     . 

 ,      , —  -

  3,3'-      -  

    ,       

          

       . 

        1   13 ,  

   -  MALDI-TOF.    1   11 

       2  2'.   

      11d  11h  11g     

     0.5 . . (  7.39 . .  11d  6.85 .   11g).   

          

  (6.7–6.8 . .).       

    ( )       

   -     ,  

       (   ) 

  ,     -    

.      ,    ( 4  4', 6  6')  

 ,    ,     

.         1,3-  

 [92]  3,5-   [95]. 

3.2.2. ,     3,3’-    

 (  ). 

        

  12.   ,   N,N'-

( )   14  2,2–3 .  10  

 1e, h, j (  6).  

   Pd(dba)2/BINAP (4 . %),     

 1    1j      14 , j  

 21  26 %, .  ,    

 11 , j    15 , j,     

 .    1      

 14   34 %    3 . .   
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      1h, j,     

  ,     BINAP  Xantphos  

  14h   27 %,     14j 

  35 %.  

HN NH

X

Br Br

10 (2,2–3 .)

NH

Br Br

HN

X

14e, 26 % (L = BINAP, 2,2 . 10); 34 % (L = BINAP, 3 . 10)
14h, 27 % (L = Xantphos, 3 . 10)
14j, 21 % (L = BINAP, 2,2 . 10); 35 % (L = Xantphos, 3 . 10)

H2N NH2

X

1e, h, j Pd(dba)2/L
(4/4,5 . %)

NaOtBu
, 100 °C

+

X

NH

Br HN

HN

X

HN

Br

15e, 28 % (L = BINAP, 2,2 . 10); 32 % (L = BINAP, 3 . 10)
15h, 5 % (L = Xantphos, 3 . 10)
15j, 11 % (L = BINAP, 2,2 . 10); 19 % (L = Xantphos, 3 . 10)

11e, 7 % (L = BINAP, 2,2 . 10)
11j, 11 % (L = BINAP, 2,2 . 10)

+

1e

1h

1j

H2N
O

NH22

H2N O 3 NH2

H2N NH 2 NH2

 
 6.  ( )  14. 

 
 7.    12  ( )  14. 

     14e, h, j   

  (  7)          

     :    12 

 25–30 %,          

   .      
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 13h       12h,        

         ,   

    .  

   (  8), 3,3'-  (10)     4 . 

 1e, h, j,     3,3'- ( )  

 16e, h, j     ,     

    MALDI-TOF,         3 . 

 10.        12h, 

   44 %,        11  

  40 %,           

  (  5, . 2).  ,      

      —    

  13,   ,  (n = 2),    

         

 12.  

H2N NH2

X

1e, h, j (4 .)

Pd(dba)2/BINAP
(4/4,5 . %)

NaOtBu
, 100 °C

10 16e, h, j in situ

Pd(dba)2/BINAP (8/9 . %)
NaOtBu, , 100 °C

10 (3 .)

H2N NH2

X

1 : 2

+

1e, h, j

NH

NH HN

HN
NH

NH HN

HN

X

X

X

X n12e, 9 %; 12h, 44 %; 12j, 15 %

13h (n = 2) ( 12h), 24 %,
13h (n = 2, 3) , 32 %
13j (n = 2, 3), 30 %

+

Br Br
HN NHH2N

X

NH2

X

HN NH

X

+

11e, 40 %; 11h, 15 %; 11j, 39 %

1e

1h

1j

H2N
O

NH22

H2N O 3 NH2

H2N NH 2 NH2

 
 8.    12  ( )   16. 

 , ,       

        ,   

     ,     

    .  
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3.3.     6,6'-  2,2'- . 

2,2'-  (bipy)        

        . , 

   bipy       

    [142, 143].   2,2'-  

           

  [144–150].    6,6'- -2,2'-  

           

       .    

    ,     

 6       [151].   

, 6,6'-     -  -bipy   

  [152–154],         

 -bipy .  

6,6'- -2,2'-          

  [155–157],        [158, 159],  

 [160, 161]     [162, 163]. ,  , 

    6,6'- -2,2'- ,  . 

     [152, 159, 164], 

        

 [151]. ,        

         . 

,   -    ( ) 

 ( ) ,   6,6’-  

[165, 166].        Cu(I)-

  [161]. 

     -     

-      6,6'- -2,2'- . 

  17   1b, d–f, h–k (  9)   

  (Pd(dba)2/BINAP (8/9 . %), 15–20       = 

0,02 M, -     ).  
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 9.     6,6'- -2,2'- . 

        3.   ,  

   18         1. , 

  1b   4 %    18b 

( . 1),  1d–f        18d–f   

 10  29 % ( . 2–4),      1h    

   18h (13 %, . 5),    , - 

  1i–k     48 % ( . 6–8).  

   16 . %       18, 

   Pd(dba)2/DavePhos  .    

   ,       

  19,         20. 

 3.     6,6'- -2,2'- . 
Pd(dba)2/BINAP 8/9 . %,  = 0,02 . 

    
 

 18, %

 
 

 19, % 

 
 

 20, % 
1 1b H2N NH NH2  18b, 4 19b + 20b (n = 2, 3), 45 ( ) 

2 ) 

1d  
18d, 10 19d, 6 20d (n = 2, 3), 18 ) 

( ) 
3 

1e  

18e, 20 19e, 15 – 

4 
1f  

18f, 29 – – 

5 
1h  

18h, 13 19h, 20 20h (n = 2–5), 26 ) 
( ) 

6 
1i  

18i, 47 19i, 17 20i (n = 2–5), 22 ) 
( ) 

7 
1j  

18j, 48 19j, 15 – 

8 
1k  

18k, 30 19k, 32 20k (n = 2, 3), 15 
( ) 

)            
)     
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 18         19  20  

   1 .    H3,3'    

 19    7.0–7.1 . .,          20 

     (7.4–7.5 . .).     

      :   ,     

  .     ,    19  2,2'-

    s-cis,         

   s-trans.        

       H3,3'   ,    

           [162].  

 18j     ( . 4,  3). 

   18j      

  P212121;     

: a = 8.9534(3) Å, b = 23.2743(8) Å, c = 38.0042(13) Å, = = =90°.  2,2'-

   s-cis .  

 

. 4.   18j. 

     19    

 . ,  ,    

N,N'- ( )  ,         

    .   , 
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 1 . 17  3 .  1b, h–j   6,6'-

( )  2,2'-  21,      

,        MALDI-TOF,    

    50 % (  10).      

,        19,   

  ,       17  

 (  3). 

H2N NH2

X

1b, h– j (3 .)

Pd(dba)2/BINAP
(4/4,5 . %)

NaOtBu
, 100 °C

21b, h– j in situ

Pd(dba)2/BINAP (8/9 . %)
NaOtBu, , 100 °C

17 (2 .)

H2N NH2

X

1 : 1

+

1b, h– j

17

N

N

Br

Br
N

N

HN

NH3

H2N

X

X

NH

N N

HN NH

X19b, 19 %
19h, 8 %
19i, 9 %
19j, 12 %

+

+

N

N

NH

HN

N

N

NH

HN

X

X

20b (n = 2, 3), 31 %
20h (n = 2), 4 %
20i (n = 2, 3), 8 %
20j (n = 2, 3), 11 %

n

N

N

NH

HN

N

N

NH

HN

X

X

18b, 23 %; 18h, 44 %
18i,43 %; 18j, 39 %

1h

1j

H2N
O

NH22

H2N O 3 NH2

H2N O 2 NH2

1i

H2N NH NH2

1b

 

 10.    19  ( )   21. 

           20,  

  18b, h–j        

  .   18b, h      23  

44 %.           

    . ,    

   17   1b    0,05  

  0,02 ,    18b   4  10 %.  
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3.4.    

     . 

3.4.1. N,N'-     2,7-  

 3,3'- . 

     -   

   2,7-    3,3'-  ,  

         

        

       .  

,    N,N-   -   

          Pd-  

  [90, 101],      ,  

       [92].   3i  11i, 

       ,    

 ,        .  

    2,7-   3,3'- , 

     2,7-     

Pd(dba)2/Xantphos,        3,3'-   

  Pd(dba)2/BINAP (  11).    , ,   

        , 2,7-

        

BINAP        

,            Xantphos.  

 2  10     ,    

          , 

 , ,        

      .     

, , , 1,3-   2,6- ,   

,      N,N-   [92, 96]. 

 ,   2,7-   3i  

 22  35 %   ,    

 11i    23  32 %. ,   

   3i   3,3'-   

,         1H  -

 MALDI-TOF     



61 

. ,       

   3,3'-  . 

 
 11.  N,N'- ( )  . 

      22, 23   

    ,     

     ,    

  . ,       

        .  

3.4.2.   2,7- . 

    ,      

  ,   ( )  . 

       1h–k 2,7-

 (  12).     4–8  

 ,     Pd(dba)2/Xantphos  

Pd(dba)2/BINAP, -     ,    

  0,1   .     7  24 . 

       1     

  ,        

    .      

  4. 

 ,        

BINAP     ,     1 

.  1h–k    2    

         N,N-

    2,7- .  BINAP  Xantphos 

  ,     24h–k    

 42–51 % (  4). - ,    

        ( . 3  
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4),         ,  

       ,  Rf     

 . - , ,     24  

     2,7-  ( . 1  2, 5  6, 7  8). 

Pd(dba)2/Xantphos
(4/4,5 . %)

NaOtBu
, 100 °C

Br Br

2 (4–8 .)
H2N NH2

X

1h–k

X

N BrBr

NBr Br

24h–k

+
N

Br

N

Br

N N

BrBr 25h–k

BrBr

XX

 
 12.  N,N,N',N'- ( )  . 

 4.  , -  2,7-  2. 
Pd(dba)2/Xantphos 4/4,5 . %,  = 0,1 . 

   -  . 2  24, %  25, %
1 

1h  

4 24h, 17 25h, 4 

2 

1h  

6 24h, 42 25h, 15 

3 
1i 

6 24i, 43 25i, 17 

4 
1i 

6 24i, 50 – 

5 
1j 

6 24j, 32 – 

6 
1j 

8 24j, 48 – 

7 
1k  

4 24k, 43 ) – 

8 
1k  

6 24k, 51 )
 – 

9 
1k  

8 24k, 42 )
 25k, 12 

)     25k 

    24     

     25,      

    ,      

Rf   23  ,      
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 ,       24i, k.    

 1h–k        

25h, i, k (  7 :2 ),        

  MALDI-TOF        

 10 :3 , 13 :4     3000 . 

3.4.3.     

N,N,N',N'- (7- -2- )  . 

     24h–k  

        

 (  13,  5).      1 .,   2 

. .          

  ,      

   ,        

  (  ),      (  ). 

 

Pd(dba)2/DavePhos
NaOtBu

, 100 °C

H2N NH2

X2

1h–j (1–2 .)
X1

N

Br

Br

N

Br

Br

24h–k

26hh–kj

27hh–kj

+

+

X1

N

Br

HN

N

NH

Br

X1

N

Br

Br

A

B

X2

N

HN

HN

X2

+

X1

N

HN

HN

N

NH

NH

X2

X1

N

NH

NH

X2

A

B

X2

N

HN

HN

X2

 
 13.      . 
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 5.   26  27   24. 
Pd(dba)2/DavePhos 16/18 . %,  = 0,02 . 

  
24 

, .  26, % 
( . A:B) 

 27, %
( . A:B) 

1 ) 
24h 

1h  1 . 
26hh, – ) 

27hh, 3 
(1:0) 

2 
24h 

1h  2 . 
– 27hh, 9 

(1:0) 
3 24h 

1i  1 .
– 27hi, 14 

(1:1,3) 
4 24h 

1j  2 .
– 27hj, – ) 

5 24i 
1h  2 . 

– 27ih, 4 
(1:0) 

6 ) 
24i 

1i  1 .
26ii, 5 
(1:2,5) 

27ii, 14 
(1:2,3) 

7 24i 
1i  2 .

– 27ii, 13 
(1:2,3) 

8 24j 
1i  2 .

– 27ji, 17 
(1:2) 

9 ) 
24j 

1j  1 .
26jj, – )

 – 

10 ) 
24j 

1j  1 .
26jj, 14 
(1:2,3) 

– 

11 24j 
1j  2 .

– 27jj, 8 
(1:1) 

12 ) 
24k 

1i  1 .
26ki, – )

 – 

13 ) 
24k 

1j  1 .
26kj, 6 
(0:1) 

27kj, 3 
(1:2) 

14 24k 
1j  1 .

26kj, – ) 27kj, 10 
(1:2) 

15 24k 
1j  2 .

– 27kj, 15 
(1:2) 

)  8/9 . % Pd(dba)2/DavePhos 
)    ,      
)  BINAP  DavePhos 

    ,      

,   .   ,   

 24k   1j    1:1 ,  

  .     26kj    

 6 %     B ( . 13)     

 1 ,          

  CH2NAr2   3.9–4.0 . .,      26B. , 

  —        —    

    B,       — 

   A,      ,  
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     , ,  ,      

 27,          . 

    226kjB    ,     

    26,     27,  :   

         B    

 A,         0.2 

. .           , 

     13 . 

       

 24.        , 

     1:1   27   

 26 ( . 1, 3, 6, 13, 14).     13–17% ( . 3, 

6–8, 15),         

Pd(dba)2/DavePhos,   16 . %     

27 .  ,       

  ,     . 

       27B 

(  :   1:1,3  1:2,3),     27jj  

    ,        

   1h      27hhA 

 27ihA.    ,        

           

   ,          

           

      . ,    

     ,      

      ,      

       MALDI-TOF. 

 ,        

    .     

  —   ,      —  

   . ,     

    .  

 ,         

        

 —    . 
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3.5.      . 

       

     ,     

    ,         

,        

   .      

        

 ( )   -    

 . 

3.5.1. ,   2,7- . 

           

 2,7-   3j,      ,  

 ,  ,       ,  

     .    N,N'- (3-

)  -29;      ,   

 ,         

  2 ,      ;   

         

(  14).   29    .  

,    -     

3j,     -29,      

 .     13    

         

  (      30 ). ,    -

,       -29.  

 
 14. N,N'-   3j  . 

  -29      -

     -   1b–f, h, j, l–p,  
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   -  1l, m,    1n–p (  15). 

     ,    

(C = 0,02 ),   -     .   

    Pd(dba)2/BINAP (8 . %),     

 1,3- ( )  1n  -  1l, m — Pd(dba)2/DavePhos 

(16 . %) (DavePhos = 2- -2'-( ) ). 

 
 15.  -    

N,N'- ( )  29. 

       6.    

  -30     -  , 

 33–35 % ( , . 6, 7),    -   

       ,  

   ,        

   –N        . 

        

  1n–p,      

      ( . 10–12).    

    -30l, m     

  ( . 8, 9),   ,   

    Pd-    ,  

. 

        

 -31,           

     ( -31h, . 11);    
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.  ,  -      

 ,   ,      

  , ,         

  ,  ,     ,  

      ,      

  ,       

.     -30    -31  

 ,  ,   ,    

    .  

 6.  -     
N,N’- ( )  29. Pd(dba)2/BINAP 8/9 . %,  = 0,02 . 

    30 
 31, % 

    
30  31, 

% 
1 1b H2N NH NH2  -30b, 25 

-31b, – ) 
11 

1o  

-30o, 20 
-31o, 8 

2 
1c  

-30c, 20 
-31c, – ) 

3 
1d  

-30d, 20 

4 
1e  

-30e, 14 
-31e, – ) 

12 

1p  

-30p, 23

5 

1f  
-30f, 19 

6 
1h  

-30h, 33 

7 
1j  

-30j, 35 13 1b H2N NH NH2 -30b, 19 

8 ) 

1l  

-30l, 16 14 
1h  

-30h, 18 
-31h, – ) 

15 
1j 

-30j, 27 
-31j, – ) 

9 ) 

1m 

NH

O O

HN

O O
 

-30m, 10 16 )

1m

NH

O O

HN

O O
 

 
 

 
32, 46 % 

10 ) 

1n  

-30n, 17 17 

1o  

-30o, 8 
-31o, – ) 

)    ,      
)  16/18 . % Pd(dba)2/DavePhos 
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    1      

    PhCH2N       . 

          

   (  -30b, c, h, l–p).  , ,  

    .  ,    

          

  ,        ,  

     . 

 ,       -29  

  .        

 ,  ,      MALDI,  

  -29,   ,    

        ,  

     .  

  , -  -29      

,  -  (  15),  ,   - 

,   .        6.   

 -        -30  

 18–27 % ( . 13–15),       1o  

   ( . 17),         

 -  1m         

     32 ( . 5).    

         

  ,     , -

  ,   -       

  - ,     -    

  32.     -31,    

       ( . 14  15),   

   ( . 17).     -30   

      ,     

  -30. 

,         

    ,   ,    

           3d, 

e.     ,    
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,       .  

,   ,   3-   

 3e      ,    

-   ,      

        

 (1,7 .)   3e      H2O-

CH2Cl2,        

, ,        . 

    3d       

   ,           

   . 

3.5.2. ,   3,3’- . 

         

   3,3'-  .     

 3-    11j,   .  

    ,      ,   

      33 (  16). 

 
 16. N,N'-   11j - . 

 33    Pd-   (  17)   

-  ,        

 -29.   ,  ,   

,   .     

 6.  

      34  ,   

    -29:      

  1b    30 % ( . 1),    

 1h,       ,    12 %  

 ( . 4).     ,     

  8 % ( . 2  3).   ,   34o,   
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  ,  23 %, ( . 8)      

  35o     27 %. 

 
 17.  -    

N,N'- ( )  33. 

 7.  -     
N,N’- ( )  33. Pd(dba)2/BINAP 8/9 . %,  = 0,02 . 

    34 
 35, % 

   34 
 35, % 

1 1b H2N NH NH2  34b, 30 7 )

1n  

34n, 16 

2 
1d  

34d, 8 

3 
1e  

34e, 8 

4 
1h  

34h, 12 
35h, 9 

8 

1o  

34o, 23 
35o, 27 

5 ) 

1l  

34l, 11 

6 ) 

1m 

NH

O O

HN

O O
 

 
 

 
36, 10 ) 

9 

1p  

34p, 16 

)  16/18 . % Pd(dba)2/DavePhos 
)    
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     1n     

    1p  16 %  

  ( . 7  9). ,    - , 

  ,   -15- -5  11 %   

34l ( . 5),        -18- -6   ,     

     36 ( . 6).     

 ,     ,  

  ,       .  

      (10  9 ),   34b, h   

       PhCH2N,  

        

       -29   .   

  34n      (7 )   

  34l   .  

        11h   

  .    

    ,      

        3-  

    ,   2 .      

       -37  

  (  18).        2 ., 

     ,    

 .    -37     48 %. 

 18. N,N'-   11h  . 

,   11h 4-   

    (  18).      -
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29,    13   -37        

,      (   15–20 ).  

 ,       -37 

 ,        -29.   , 

  38        -37  

-   (  19).      

 1j     9 % ,      

 1h     16 %. 

 
 19.    N,N'- ( )  -37. 

     ,   , 

 ,  11d, e,  ,     ,   N2,N3-

(3- ) .    11e  3-  

  39         

 24 % (  20),       -  

  (  60 %).     11d   

N
2,N3- (3- )  40    (12 %),  -  

         (  

20). 

       39  40,   

     1j   1h (  21). ,  

 -        

,     41  42  20 %.     

 ,        

 39  40     ,   

       ,   

   34.  ,      

       

.  
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 20. N2,N3

-   11d, e - . 

 

 21.    N2,N3- ( )  39  40. 

 

 ,        

     

,     .    

    - .  
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3.6.      

  . 

       6,6'- -2,2'-  — 

           -  

 . ,  [167] ,  6,6'- -2,2'-  

     Cu2+, Co2+, Ni2+,      Zn2+  

   pH 9,3    .   

          

,     6  6'      . 

  ,          

.     

         18j  19j. 

 

    18     

6,6'- ,          

 340–350 ,  - *  [168].   17  

    295  308 .  ,   ,   

       .  

       

   18j ( . 6).   logK011 = 7,8(1)   

 ,    6,6'- -2,2'-  (logK011 = 6,7 [167]). 

         ,   

         .   

 6,6'- -2,2'-        

 s-trans    s-cis .   18j  

2,2'-     s-cis , ,  ,   

 . ,    s-cis 

         , 

      . 
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. 6.     pH   18j. 

[18j] = 0,07 . I = 0,1  KNO3. 

  18j     -     

   340 ,     410    

   70 .    Zn2+, Pb2+, Cd2+, Cu2+, Co2+, Ni2+, Ag+, Hg2+ 

         

 ( . 7 ),          

 40–50 .        Cd2+  Ag+  5- 

 10-    , .     

       ,  

 40   Zn2+ (    2-    

)   90    ,    Cu2+, Co2+, Ni2+, Ag+, 

Hg2+       ( . 7 ).  ,  

  18j       

. 

( ) ( ) 
. 7.   ( )   (   355 ) ( )  18j 

       MeCN. [18j] = 0,01 . 

         Zn2+/18j  

       1   13 .    
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0,5 . Zn2+   18j      

 ( )     355 ,     

     ,      

405 ,         .    

        (  

 ) ( . 8 ). 

( ) ( ) 
. 8. ( )    18j       

Zn2+  MeCN. [18j] = 0,07 . ( )         
 380  (  ). ([Zn(II)]  + [18j] ) = 0,07 . 

   1   18j  CD3CN      

,   s-cis   6,6'- -2,2'- :  

  6.43  7.02 . .     7.44 . .,    

 5,5', 3,3'  4,4', .   Zn2+   18j  CD3CN 

     1  —    

,    , - ,    

 ( . 10 ).           

    ,       

 .  ,   Zn2+/18j    

-   ,        

 2,2'- . 

  19j, ,        

 1:1,         .  

 Zn2+   19j      (  

   345  385 ),        

   360  ( . 9 ),         

.       1 :  ,  

 s-trans   6,6'- -2,2'-  (    6.36  7.52 

. .     7.41 . .),   1 . Zn2+     
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s-cis   , ,  ,     0.4–0.6 . . ( . 

10 ).  , - ,     ,      

 ,    1     

  . 

  [Zn19j]2+     ( . 9 ,  

4).         

  Fd2d;     : a 

= 14.2712(11) Å, b = 15.2756(13) Å, c = 41.199(3) Å, = = =90°.   2,2'-  

    19j     . 

( ) ( ) 
. 9. ( )    19j       

Zn2+  MeCN. [19j] = 0,04 . 
( )   [Zn19j]2+.      . 
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( ) 

 
( ) 

. 10. 1H   18j ( )    19j ( ) 
      Zn2+  CD3CN. 

18j 

 
 
 
0,5 . Zn2+ 
 
 
1 . Zn2+ 

 x 0,25 

19j 

 
 
0,5 . Zn2+ 
 
 
 
 

1 . Zn2+ 



80 

3.7.    , 

  .  

          

  -  .     

   LIMSAG  ,     -  

,   1,8-  1,5- ,   

         

  Pd(dba)2/BINAP [97–99]. 

       9,10-   

  .   . ,    

  N-(2- )      , 

   [169],        

    [46].      

,    [83, 170–172]     , 

   .  

        

,         

 ,    [68]. 1-    

   [173],      

    [174–180].  

     -   

    46   1,8-  [181].    

   44    , 

    (  22).   

    46    

     .   1 . Pb2+    46 

            

   47 ,    Cu2+    

      97  ( . 11).    

46       ,   .  ,  

   ,        

 . 

                                                 
          
. .   . ,        
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43

O

O

ClCl
ONH HN

NH HN

N
H

O

Br

H
N

O

P(O)(OEt)2

K2CO3, CH3CN, 90 °CPd(dba)2/BINAP (16/18 . %)
Cs2CO3, , 100 °C

1g·5HCl (1 .)

44, 41 %

45 (3,5 .)

46, 72 %

ONH HN

N N

N

O

H
N

O

P(O)(OEt)2

O
H
N(EtO)2(O)P O

HN P(O)(OEt)2

H2N
NH

NH23 ·5HCl

1) 2)

1)
2)

 

 22.   46 [181]. 

46 H  Na K Mg Ca Ba Zn Al  Pb Cd Cu Ni  Co Ag Hg 

( ) ( ) 
. 11.    46   1 .   ( )  

    ( ) [181]. 

    -    

         

 ,  ,    .   

        

.        . 

          

    —   ,     

 .       

  -  ,    -   

     ,    100 %  

  .         

,     .    

        , 
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  , , ,  ,   

    [46, 182].    ,   

           

,           

      .   , 

 , , ,  ,     

  44   [181].    

       ,  

  . 

3.7.1.   . 

     1,8-  1,5-   -  

     Pd(dba)2/BINAP [97–99].   

  Cs2CO3,  -      . 

  ,     ,     

        [181]. 

        

         

,           

.        

 . 

 [183]  ,     , 

      -   

,     . ,   

—  ,       -

   .     

          

     . ,  

 5 . Cs2CO3  1,5 . (       ) 

       .   

     . 

    1,8-  1,5   , 

   [97–99].    ,  

       .  

 1,8-  47     43  

   1a     53 %: 
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  49       

1,8-  43   1f    1,8-

( )   48.  ,    

 49   N,N'- ( )   

  ,      ,  

 , ,      N,N'-

( )   [184]. 

Pd(dba)2/BINAP
Cs2CO3

, 100 °C

1f (4 .)
43

48, in situ

49, 7%

O

O

NHHN

O

O

H
N

H
N

HN

HN

N
H

NH

NH

N
H

O

O

2 NH

NH2H2N

NH

NH2

2 NH

H2N

2

Pd(dba)2/BINAP
Cs2CO3

, 100 °C

43

 

 52    10 %  1,5-  50  

 51.    ,    , 

  [99]  ,  ,   1,5-

        

 ,      1g   

  . 

 

   1-  53      

 55  56,         

. ,   55       [185], 

  -     . 
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O

O

Cl

O

O

HN NH2

O

O

HN N
H

NH2

53

54 (4 .)

55, 40 %

56, 65 %

1a (4 .)

Pd(dba)2/BINAP
Cs2CO3, , 100 °C

H2N
NH

NH2

H2N
NH2

 

2-    ,     

 2,3-  57.     -  

 .      

  Pd(dba)2/dppf,    

  [186].     57  

.     1    Pd(dba)2/BINAP   

 59     23 %.   ,   

      60,   

   C–Br   58.    

 1,3-  61   2,3-   62  

 35 %.  ,     57    1  

 ( )    ,       

  1,2- . 

 

 ,   -    

     ,   

         . 

      ,    
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,        ,   

    . 

 

N-      

    45  63 [187].    

 ,      .  

      ,   

,     45  63   

      (  23–25).  

64–75      63 %. 

  ,   , 

    ,   64,      

  .    64–75     

    .    1- -, 1,5-

    ,  2-  —  

, 2,3-  —   ,  1,8-  —   

,     (log  3,5–4,0)       

,     (ICT). 

 

66 (n=1), 63 %
67 (n=2), 34 %

68 (R = H), 53 %
69 (R = Br), 55 %

Br

H
N

O

P(O)(OEt)2

45 (n=1)
63 (n=2)

n

55, 56, 58, 59

34, 63

K2CO3

CH3CN, 90 °C

64–69

64, 59 % 65, 64 %

O

O

HN NH NH2x

O

O

HN N Nx

R1

R2

R1

R R

O

O

HN

H
N

O

N
H

(EtO)2(O)P

HN

N

O

N
H

(EtO)2(O)P

N

O

O

HN

N

O

N
H

(EtO)2(O)P

H
N O(EtO)2(O)P O

N
H

(EtO)2(O)P

H
N O(EtO)2(O)P

O

O

HN

N

O

N
H

(EtO)2(O)P

N

O

N
H

(EtO)2(O)P

H
N O(EtO)2(O)P

n

n

n

O

O

R

 

 23. N-     .  
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47

72, 35 %

O

O

NHHN

N

N

O
H
N

O

N
H

O

N
H

P(O)(OEt)2

P(O)(OEt)2
N

N

O

O

N
H

H
N P(O)(OEt)2(EtO)2(O)P

(EtO)2(O)P

N
H

O

(EtO)2(O)P

70, 35 %
71, 30 %

O

O

NH

NH

N

N

H
N

O

P(O)(OEt)2

O N
H

P(O)(OEt)2

O

N
H

P(O)(OEt)2

H
NO P(O)(OEt)2

N

N

O

N
H

(EtO)2(O)P

O
H
N(EtO)2(O)P

45 (2,1 .)

K2CO3

CH3CN, 90 °C

60
45 (4,5 .)

K2CO3

CH3CN, 90 °C

62

45 (6,6 .)

K2CO3

CH3CN, 90 °C

N
H

O

O

 
 24. N-     .  

45 (4,5 .)

K2CO3

CH3CN, 90 °C

49

75, 39%

52

74, 43 %

45 (4,2 .)

K2CO3

CH3CN, 90 °C

K2CO3

CH3CN, 90 °C

44

73, 51 %

63 (3,5 .)

O

O

H
N

H
N

N

N

N
H

N

N

N
H

O

O

ONH HN

N N

N

O

H
N

O

O
H
N O

HN

(EtO)2(O)P

P(O)(OEt)2

P(O)(OEt)2

H
N

O

P(O)(OEt)2

N
HO

P(O)(OEt)2N
H O

(EtO)2(O)P

H
N

O

(EtO)2(O)P

O

O

NH

HN

N

N

N

N

HN

O HN

O

N
H

O

O
H
N P(O)(OEt)2

P(O)(OEt)2

P(O)(OEt)2

P(O)(OEt)2

 

 25. N-    . 
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3.8.     

 .  

3.8.1.   . 

     64–73    

  7,4 (35  HEPES  (HEPES — (4-(2- )-1-  

))       .    

  ,        

     .    

14  : Na+, K+, Mg2+, Ca2+, Ba2+, Zn2+, Al3+, Pb2+, Cd2+, Cu2+, Co2+, Ni2+, Ag+, 

Hg2+. 

  1 .     64    Cu2+  

        ( . 12 )  

     518  605  ( . 12 ).    

100 . Ni2+        ( . 12 ),   

       20 .    

           395, 449  691 

 ( . 12 ).  100 . Al3+, Co2+, Ag+  Hg2+     , 

     ( . 12 ), ,      

   19 .         

  .   ,    

,   Na+, K+, Mg2+, Ca2+, Ba2+,      

,      100-       

 ( . 12).  ,    64    

        L1  80 %   [83], 

 . 

 

                                                 
          
. .   . ,       . 
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      ,    

       100-    

   ,     10-   Zn2+, 

Al3+, Pb2+, Cd2+, Co2+, Ag+  Hg2+,   10 . Ni2+     ( . 13). 100 

. Al3+       ( . 13 ).  

64 H  Na  K Mg Ca Ba Zn Al Pb Cd Cu Ni Co Ag Hg 

( )  

64 H  Na  K Mg Ca Ba Zn Al Pb Cd Cu Ni Co Ag Hg 

( ) ( ) 
. 12.    64   1 ( )  100 ( ) .   

 ( )    . [64] = 0,07 . 

 

( ) ( ) ( ) 

. 13. -      64    
 .   64      : 

( )  SL1 –   64 ([64] = 0,11 ). 
 SCu1 – 1 . Cu2+. 
 SCu2 – 1 . Cu2+  100 . Na+, K+, Mg2+, Ca2+, Ba2+. 
 SL3 – 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+. 
 SCu3 – 1 . Cu2+, 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+. 
 SL4 – 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+, Zn2+, Co2+. 
 SCu4 – 1 . Cu2+, 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+, Zn2+, Co2+. 
 SL5 – 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+, Zn2+, Co2+, Ni2+. 
 SCu5 – 1 . Cu2+, 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+, Zn2+, Co2+, Ni2+. 
( ) SL1 –   64 ([64] = 0,11 ). 
 SCu1 – 1 . Cu2+; SL6 – 10 . Cd2+; SL7 – 10 . Cd2+, Ag+. 
 SL8 – 10 . Cd2+, Ag+, Hg2+; SCu8 – 1 . Cu2+  10 . Cd2+, Ag+, Hg2+. 
( ) SL1* –   64 ([64] = 0,07 ). 
 SCu1* – 1 . Cu2+; SL9 – 100 . Al3+; SCu9 – 1 . Cu2+  100 . Al3+. 
 SL10 – 100 . Ni2+; SCu10 – 1 . Cu2+  100 . Ni2+. 

 ,      65 1 . Cu2+   

     ( . 14 , ).       
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    100 .        

(  5),   Hg2+,       

-  ( . 14 ).    ,      

    ,  10-   Al3+  Hg2+  

      Cu2+/65 ( . 15).   

 L2 [46]        Cu2+,   

  50 %         . 

 65    ,      

   .   Cu2+    0,4 . .,   

        

     0,02 . . (    615 ) (  6)  

 

65 H  Na  K Mg Ca Ba Zn Al Pb Cd Cu Ni Co Ag Hg 

( ) 

65 H  Na  K Mg Ca Ba Zn Al Pb Cd Cu Ni Co Ag Hg 

( ) ( ) 
. 14.    65   1 ( )  100 ( ) .   

 ( )      . [65] = 0,11 . 

  

. 15. -      65    
 .   65      : 

SL1 –   65 ([65] = 0,11 M). 
SCu1 – 1 . Cu2+. 
SCu2 – 1 . Cu2+  100 . Na+, K+, Mg2+, Ca2+, Ba2+. 
SL3 – 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+. 
SCu3 – 1 . Cu2+, 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+. 
SL4 – 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+, Zn2+, Cd2+, Co2+, Ni2+, Ag+. 
SCu4 – 1 . Cu2+, 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+, Zn2+, Cd2+, Co2+, Ni2+, Ag+. 
SL5 – 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+, Zn2+, Cd2+, Co2+, Ni2+, Ag+, Hg2+. 
SCu5 – 1 . Cu2+, 100 . Na+, K+, Mg2+, Ca2+, Ba2+, 10 . Al3+, Zn2+, Cd2+, Co2+, Ni2+, Ag+, Hg2+. 
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    ,   Cd2+, Hg2+, Pb2+.    

  ,   Cu2+,       ,    

     64  65,      

   .         

          66  67. 

  1 . Cu2+     66  

       ( . 16 ), 

      93     ( . 16 ).  

   65,    Pb2+   

     -     

     42 .   Cd2+  Hg2+ 

     ,     

     10 .  ( . 16 , 

 7).  ,       

   Co2+,      

 4     100 .  .  

 

 66  H  Na  K Mg Ca Ba Zn Al Pb Cd Cu Ni Co Ag Hg 

 ( ) 
 

66  H  Na  K Mg Ca  Ba  Zn Al Pb Cd Cu Ni Co Ag Hg 

 ( ) ( ) 
. 16.    66   1 ( )  100 ( ) .   

 ( )    . [66] = 0,11 .  

         

.        0,4  1,3 . ., ,  

  .      0,02 . . (615 )  0,07 

. . (480 )    (  8, 9).    ,  

           135 , 

     . ,  650  

    66  ,     512   

      .        

,    650 ,     512   

66

O

O

HN

N

O

RP1HN

N

O

RP1HN

RP1HN O
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          . 

       0,35    66 

      (II)  (II) 0,005–0,25 . 

   66           

  68  69   2-   ( . 18).   

        

     -   

   .     

   NH···O      

 ,           

 1- .    68  69    

,     478  465 , . 

  ,     

 68  69        .  

,         

       

.  Cu2+     

   (18   68  8   69).  

,    1-   64–67 

 ,   -    

,   ,    

      . 

         

 1 . Pb2+ (   40 ),     

    ,    7,4    

    . ,    -   

   1 . Cd2+.     69    

 ,    68      478  

   ,      

( . 17 , ).  10 .    (Na+, K+, Ca2+, Mg2+, Ba2+, Zn2+, Al3+, 

Co2+, Ni2+, Ag+, Hg2+)        (  5 ). 

68 (R = H), 69 (R = Br)

HN

N

O

RP1HN

N

O

RP1HN

RP1HN O

O

O

R
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68  K  Mg Ca Ba Zn Al  Cu Ni Co Pb Cd Hg Ag 

( ) 

69  K  Mg Ca Ba Zn Al  Cu Ni Co Pb Cd Hg Ag 

 

( ) ( ) 
. 17.    68 ( )  69 ( )   1 .   

 ( )    68. [68] = 0,11 . 

  ,    ,  -    

,          

   (  Cd2+),          

  ,        

 9.          

   68, 69           

,      66  67,       

            

. 

   70  71,    2,3-

,    ,   565  535 , 

,         600–800 . 

             

   ,       ,   

    .      

71     66–69, - ,   ,   

      . 
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     Pb2+    

  72.     ,     

    .       

            

 .      66  67  

  72       ,  

  .           Pb2+  

Cd2+,    Cu2+    

 .    (565  

  )    

 30    Pb2+  Cd2+,    

    2  . 

  1  2 . Cu2+   

 10  15 , ,    

   650–800 .     15 

       , 

      10 . 

 ,        

         . 

  ,        . 

  73       46 

[181].        1 . Pb2+ 

 30  (  47   46),    Cu2+     

 650–800    ,       46 ( . 

. 18  11).   ,         

  73,    46,     .  

73

ONH HN

N N

N

O

O

NHRP2

NHRP2
O O

NHRP2

 ( ) ( ) 
. 18.    73. [73] = 0,08 . 

72

O

O

NHHN

N

N

O NHRP1

O

NHRP1

O

NHRP1

N

N

O

O

RP1HN

RP1HN

RP1HN

O
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  74   1,5-    

  :       

    46  73,         .  

        . 

 74     540 ,      

   .  1 . Cu2+      

 (      620 ),      

 100 .      

    .  ,  

       

  Cu2+ 65, ,    65,  

 2-   Hg2+   

    74. - , 

      

    ,   

    . 

 

      -    

.          

   .    

        

        .   

          -  

 . ,       

.          

,      .    

       ,   

   .    -

      . 

  66       Cu2+  

Pb2+     .    ,  66  1 . Cu2+ 

 Pb2+          

(  10). ,   Cu2+      

 10 . Hg2+,      100 .    

  10 .        

  .         

74

O

O

NH

HN

N

N

N

N

NHRP1

O NHRP1

O

NHRP1

O

O NHRP1
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.  100 .      10 . Al3+  

Ag+    Pb2+,   10 . Zn2+, Co2+, Ni2+, 2 . Hg2+, Cd2+  1 

. Cu2+       66  . 

     ,  :  . 19 

    ,   1:1  66  Pb2+, 

          (  —  

,         ).  

 
. 19. -      66    

 . 

     66/Pb2+     

( . )  ,       

  .        Pb2+,  

  67,     66    

    .   67   66 

      .  ,   -

         , 

  66. 

    Pb2+   

46  73    .     46  73, 

 1 . Pb2+,      .   

  46  73       Pb2+  

   66  67,   10 . Zn2+, Co2+   

     .       

 Hg2+  Cu2+      .  ,  73  

  ,  46,       

    10 . Al3+, Zn2+, Co2+, Ag+  2 . Ni2+.  . 20  

   ,   1:1  73  Pb2+,  

        .  , 
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       Pb2+/73,  2  10 .  

Ni2+,   ( . 20).      10 . 

        

 73   .  . 18  ,  2 . Ni2+  

    73,      10 .   

  25     ,   , 

 1 . Pb2+. 

 
. 20. -      73    

 . 

 

         

        

      . 

 

 

 

3.8.2.   . 

-    65, 66, 46    

 —  1,2-  76      

 .  76      

   ,    .  
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        .    

      7,    , 

 ,    ,      

       8.     

,       pH  8.   

   65   8–12  .    

           

,    .     

       11,5,      

   .       

       ,  

     8  11     

 .       .  

       1,8  7,5 

     Hyperquad [188].      65, 

66  76     ,    

 46   .   ,   

       65, 66  76, 

   46     (  1  2).  

 8    . 

L + H+  LH+   
]][[

][
011

HL

LH
K   (1) 

LH+ + H+  [LH2]
2+  

2

2

2
012

]][[

]][[

HL

LH
K   (2) 

 , ,    ,    

  ,    ,    

 .     -    

,           

 .          

     . ,  1-  

  N-    log 011 0.44  0.56 (I = 0,2 ,  = 298,2 ) 

[189].    65, 66  46     , 

 ,      .    

    ,     

  ,    76. ,  

       65  66.  
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   76     -   

   (pK'a = 3,27, . 8). ,    

          

          

 .        

 011   76      (   1,2-

 log K011 = 4,48, I = 0,1 M KCl, T = 298,2 K [190]). 

 8.    65, 66, 46, 73  76. 
I = 0,1 M KNO3. T = 298,2(2) K. 

 65 66 46 73 76 

log K011 1,95(2) ) 
1,92 ) 
2,11(1) ), ) 

4,32(3) )

 
4,39(3) ), ) 

5,67(2) )

5,83 ) 

5,57(4) )

 
 
5,26(2) ) 

3,27(3) ), ) 

3,35 ) 

 
log K012 – – 2,0(1) ) 

2,2 ) 

2,5(1) ) 

 
 
2,14(6) ) 

– 

)   
) 1   13     H2O/D2O 9:1 . 
)   
) I = 0,1 M KCl  KNO3. 

 ,   011      

  65  76  66  46,      

 .   46    . 012,   

,   3   011    

 .  

      65, 66, 46  73  

    (  20   65  66   40   46  72) 

       .   

   65  66      300–700 

        . 

       Specfit [191, 192],   

     ,    

,   ,        

  2,5 -    . 

    Specfit    

     : 
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65

O

O

HN

R2N

66

O

O

HN

RN

R2N

[65H]+

O

O

HN

R2HN

[66H]+

O

O

HN

RHN

R2N

H+
H+

 

      65  66  

    .  ,  

          

       [193],   

-         

 .       

        ,    

       [193].  ,  

    20      . 

      

 46  73  ,   ,     

    .     

      40 .    ,  

       ,  —

  : 

L
46, 73

ONH HN

NR NR

NR

O

H+

[LH]+

ONH HN

NR NR

NHR

O

H+

[LH]2+

ONH HN

NR NHR

NHR

O

 

    65, 46  76     

   (1   13 ),   298,2(2)    H2O/D2O (9:1 .), 

 0,1     ( . 21).    

   D2O         

 pH  pD.      2    , 

,     H2O/D2O (9:1 .),     ' . 

       ,   



100 

  ,    .  , 

  ,        

 1   13    ,      , 

      . ( . 8). 

 

( ) 

ONH HN

N N

N

O

NHRP1

O

ORP1HN O

NHRP1

1 2

3

4

5

6

46

 

( ) 
. 21. 

1H    65 ( )  46 ( )  H2O/D2O 9:1 . 
I = 0,1 KNO3, T = 298,2(2) K, 500 MHz.  

 

    ,     

  45, 65, 66  73      

. 
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3.8.3.    ,    

  65, 66, 46  73. 

   ,  65  66,   , 

          

        pH.       

        

    .    46  73  

        . 

        

          4  1 

, .         

         . 

     ( . .  1:1)  

      (   )  

 Cu2+/65, Cu2+/66, Cd2+/66, Pb2+/66
 ( . 22)  Pb2+/46 [181]. 

 

( ) ( ) 

  

( ) ( ) 

. 22. ( )    615    Cu2+/65, [65]  + [Cu(II)]  = 0,16 . 
 ( )    615    Cu2+/66, [66]  + [Cu(II)]  = 0,12 . 
 ( )    520    Cd2+/66, [66]  + [Cd(II)]  = 0,12 . 
 ( )    520    Pb2+/66, [66]  + [Pb(II)]  = 0,12 . 

      Hyperquad  Specfit   

  .      
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       MLH–h (h = 0–3).  

  ( 110)      (K11–h) 

(  3  4)    9.  

M2+ + L  [ML]2+    
]][[

]][[
2

2

110
LM

ML
K    (3) 

[MLH–(h–1)]
(3–h)+  [MLH–h]

(2–h)+ + H+ 
]][MLH[

]][][MLH[
+h)-(3

1)-(h-

+h)-(2

h-
–11

H
K h   (4) 

 

 9.   ( 110)    (K11–h)  
 65, 66, 46, 73  ,   . I = 0,1 M KNO3. T = 298,2(2) K. 

  65 66 46 73 

Cu2+ log K110 

log K11–1 

log 11–1 

log K11–2 

log K11–3 

 
 
–2,00(7) ) 

4,98(4) ) 

 
 
–1,92(5) ) 

5,07(2) )

12,07(2) ) 

6,53(9) )

4,37(3) ) 

2,16(8) ) 

7,91(6) ) 

6,09(3) ) 

4,28(2) ) 

1,81(3) ) 

8,14(2) ) 

11,43(4) ) 

  

Cd2+ log K110 

log K11–1 

log K11–2 

  4,20(8) )

8,49(2) ) 

9,80(4) ) 

4,24(6) ) 

8,44(6) ) 

10,11(3) ) 

  

Pb2+ log K110 

log K11–1 

log K11–2 

  5,5(1) )

8,3(1) ) 

9,5(2) ) 

5,56(7) ) 

8,56(6) ) 

8,76(3) ) 

6,20(9) ) 

8,5(3) ) 

9,0(2) ) 

5,83(2) )

8,6(1) ) 

8,7(2) ) 
)  ; 
)  . 

    65  66. 

    65,      

 1 .       ,    1 

.       ( . 23 ).  ,  

          .  

     4–6    ,  

 3 . .     8    

.   , ,    ,    

  , [Cu65H–1]
+  Cu65H–2.    [Cu65]2+  

    .   ,  

  65     .    

        [Cu65H–1]
+,  

      .  
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( ) ( ) 

. 23.     65 ( )  66 ( )   
  .    ,    

  1        .  

  [Cu65H–1]
+      

 11–1,    (5): 

Cu2+ + L  [CuLH–1]
+ + H+  

]][[

]][][[
2

1
111

LCu

HCuLH
  (5) 

    66   1 .   

       ,    

 ,     [Cu66]2+, [Cu66H–1]
+  

Cu66H–2,        10    

    [Cu66H–3]
–.   

        

  Hyperquad,       

,    9.  

         

     ( . 24).    

 65  66         .  

  1,8–4        , 

   4  7        

,          500–800  

   max = 615 .        100  

      .   ,     

,        

600–800  ,        

  508  (65)  518  (66),     

 .  
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( ) ( ) 

( ) ( ) 
. 24.     Cu2+   65 ( , 

)  66 ( , )    p[H].  
[65]  = 0,12 , [Cu(II)]  = 0,11 . ( ) p[H] = 1,79–8,28. ( ) p[H] = 8,28–12,11. 
[66]  = 0,15 , [Cu(II)]  = 0,15 . ( ) p[H] = 1,95–6,55. ( ) p[H] = 6,55–12,14. 
I = 0,1 M KNO3, T = 298,2(2) K, l = 1 cm,      . 

         

 ,      ,   

        [Cu65H–3]
–  

[Cu66H–3]
–.         10.   

 ,     30  ,   

 ,          

   .   ,   

  ,      , 

 .      

  [Cu65H–1]
+  [Cu66]2+.      

   ,    

,      ,   . 

        . 25   

     ,    

   . 
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( ) ( ) 

. 25.       65 ( )  66 ( ). 

      66    

 65            

.  ,    65,       ( . 26).  

 [Cu66]2+ ( max = 505 )      66H+ 

( max = 500 ).     ,       

   .  

 
( ) ( ) 

. 26.      65 ( )  66 ( ). 
[L]  = [Cu(II)]  = 0,1 . I = 0,1 M KNO3, T = 298,2(2) K. 

,          

    pH 7,4 (  HEPES)   -  

  Cu65H–2  [Cu66H–1]
+, . 

    ,      , 

       [193, 194],  

      [CuLH–1]
+    

  .      

 ,       

 ,  1-      

(pKa ~ 20–22  ) [195],   , ,    
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 ,     ,  5-  6-    [196–198]. 

   ,         

   ,      

1-  65  66   68  69,    

 2- ,    .     

      65  66,    , 

      ,    

   1.       

   . - ,   ,   

    66,    68  69.  ,   

      ,  

      [CuLH–1]
+ (  28).  , 

          

     65  66.      

N3O,   66,  ,  N2O   65 -    

 ,   .    ,    

[Cu66H–1]
+   4  ,    [Cu65H–1]

+.  

O

NO

H
N

R'

R

Cu2+

O

NO

H
N

R'

R

Cu2+

O

NO

N

Cu2+

R'

R

O

NO

N

Cu2+

R'

R

-H+

[CuLH–1]+  
 26.    [CuL]2+. 

   K11–2   1000      

 66,   65.       , 

       .    

   ,     [196, 198].  , 

          L1  L2 [46, 83],  

   -  ,     

       .  

  66    .  

      Cd2+
/66  Pb2+/66 ( . 23 ) 

        1 .    

   [66H]+,       

  8.   2 .    9–10   . 
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,     ,  ,   2 ( . 27 ),  

    66,       

500 .     7,5       

   .   8,5  9,5    

      ,         

 450–530 .      350–450 .   

         515 .  

         Cd2+
/66   

         . 

  Pb2+/L3 ( . 27 )      ( max = 

500 )    2  ,      

  [66H]+.    ,        

   ,  18    5,5   

  .   6    ,  

      ,      

. 

 
( ) ( ) 

 
( ) ( ) 

. 27.     Cd2+  Pb2+  66  
  p[H].  

[66]  = 0,09 , [Cd(II)]  = 0,09 . ( ) p[H] = 1,93–9,56. ( ) p[H] = 9,56–12,08. 
[66]  = 0,08 , [Pb(II)]  = 0,08 . ( ) p[H] = 1,94–5,51. ( ) p[H] = 5,51–11,84. 
I = 0,1 M KNO3, T = 298,2(2) K, l = 1 cm,      . 
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     Hyperquad  Specfit   

 ,    9.     

     ,   Cu2+
/65  Cu2+/66.  

   [M66H–3]
–      

.           

       .  ,  , 

   ,      

,    ,    

  (0,1 ). ,  K11–2    

  [ML
3H–2] ( . 28)  ,      

    . 

   [Cu66]2+,      1  2   , 

.  ,  85%   45%      

  4–7,       ,  

      0,1  ( . 29). ,      

  [Pb66]2+  [Cd66]2+   4  ,     

 [Cu66]2+,   ,    K11–1     10000  , 

  .  

 

( ) ( ) 
. 28.      ( )   ( ) c 66. 
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( ) ( ) 

. 29.     ( )   ( ) c 66. 
[66]  = [M(II)]  = 0,1 . I = 0,1 M KNO3, T = 298,2(2) K. 

    [M66]2+   . 26 (  )  

. 28 (    ).      ,   

    Li+, Mg2+, Tl3+, Ag+,  - , 

 1-   [199].      

       .    

      /   

   6-  ,    NH···O. 

,    [Pb66H–1]
+  [Cd66H–1]

+     

   ,       

  .         

   [ 66H–1]
+,       .  

          

,      —   .  

  46  73  . 

   46  73     

    .     

   ,     66. 

     Pb2+/L       

  46  73.       2 (550 )   

  ,           

  , [LH]+  [LH2]
2+.      

    ,    

   ( . 30 , , ).      2  3   

    (  max  560 ),     

  ( . 30 ).       
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 ,          

 ( max = 546 ) ( . 30 ).   7    ,  

       —    

 ( . 30 ).  ,       8–9  

 ,       . 

( ) ( ) 

( ) ( ) 
. 30.     Pb2+  73    

p[H]. [73]  = 0,05 , [Pb(II)]  = 0,05 . ( ) p[H] = 1,96–3,02. ( ) p[H] = 3,02–6,58. 
( ) p[H] = 6,58–11,01. I = 0,1 M KNO3, T = 298,2(2) K, l = 1 cm,    
  . 

( )      c 73. 

      Specfit   

  ( . 9)      ( . 30 ). 

  11–1  11–2      [PbLH–1]
+  

PbLH–2    ,     

   ,      .  

  110   46  73    66     

      5–8 ( . 31).     

Pb2+  0,1  ,       46  73   1:1, 

    —  10 %      . 
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( ) ( ) 

. 31.     c 46 ( )  73 ( ). 
[L]  = [Pb(II)]  = 0,1 . I = 0,1 M KNO3, T = 298,2(2) K. 

 

 ,     46  73  

          

   66  67,       . 

3.8.4.    66     

   . 

      

   ,    ,     

    .      

    ,  ,      

      . 

     66  Pb(ClO4)2.   1H, 13C–

{1H}  31P–{1H}   66       

     .    1H  

  11,    13  —   12.  . 32   

 1          1  2 .  

,       13.    

,    .    1  2 .  

     ,      ,    

   ,       

.  ,     66     

 1 . ,       . ( . 33). 
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. 32. 600 M  1     66  298   CD3CN  ( )    1 
( )  2 . ( )  . 

 

. 33.   66       Pb2+  CH3CN. 
[66] = 0,12 . 

  2 .         

   ,       

 1.        

  1H–1H 2D COSY  13C–1H 2D HMQC (  14, 15).  

    66   . 34.  

( ) ( ) 
. 34. ( )      66; ( )    

      (   
  5– 6).  
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      ,    

 .   ,   

 ,   8.75 . .  ,     

66     9.4 . .,  ,       

     .    

       ,       

       (O  N),      

.  

     , ,    

     ,       

        .  

  (1.18–1.32 . .)  5   (   

  ),      

 ,   5  ( . .    

  3JHH  3JPH)     3.97–4.20 . .   

     ,      .  

     31 ,    3   

.        

,     .   2.85–4.20 . .  4   

 ,       

 .            

  .       

 .      3.30–4.30 . . ,  

           

   1H–1H 2D COSY  13C–1H 2D HMQC,     

     CH2NHAr.   

      ,       

    .    ,    

     .  13C–1H 2D HMQC 

   ,      

CH2C(O)NH  CH2P(O),   ,   ,  

 35 . . ( )  55 . . ( ).   CH2P(O)     

     3.24–4.06 . .,         

 CH2C(O)NH    .     

        .  , 
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. 

 ,     ,    2 .  

             

  ,        

 .    13     (  16). 

           3–4 . .  

   ,        

 2 . .   ,          

  .  

  1 .    Pb2+/66    

.          

.   ,     1H–1H 2D COSY  13C–1H 

2D H QC  25–45°      (  17, 18).  

,            

  ,    2 .  .   

        

CH2C(O)NH     ,    ,    

 1 .        ,   

     .       

      ,   

 ,         ,  

     ,    2 . .     

        1:1.    

CH2P(O)  .    13  ,      

    3–4 . .        ,  

     2 . ,        

    2 . .   ,      

 .         CH2P(O),  

          Pb2+/66. 

       [Pb66]2+  

   1 .  ,   ,  ,   

        ,   

   (     )  

,          . 

      ,      
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  ,  -   .  ,  

        ,     

   ,       

.  

 ,    Pb2+/66  ,  . 

 1         19.   ,  

     ,   , 

   Pb···O  Pb···N  ,  

    ,       

        .   

         ,  

,        .   31  

    (  20),  50°     

  ,        

   .   13   ,    

      .       

   3 . .     ,      

  2:1.       

.         25  90°  (  

21).   ,  90°          

    .  

  1     D2O     

   ,      

 ,    .     

 CH2P(O)   ,      CH2C(O)NH 

     .  . 35     1  

  66    0.25, 0.5, 1, 1.5  2 .    298 

.    ,        1   

 0.4–0.6 .  ,        

    .   1 .      

         -   

  . 
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. 35. 600 M  1     66  298   D2   ( )    
0,25 ( ), 0,5 ( ), 1 ( ), 1,5 ( )  2 . ( )  . 

  1 .      . 

  1   31       5  90°  (  22, 

23).    ,          

.    ,    

,        

  (  24).   

  ,     ,    

  ,       

.     :    

          

,         

,   ,           

 .       .  

  ,        -

       ,       

.    ,     , 

    ,          

   .  

        CH2P(O)  

CH2C(O)NH,     ,      -

  .    ,    

  5  90° . ,  5°      CH2C(O)NH  

    CH2P(O)        (  

25),     CH2P(O)    ,   

           

 ,          

.  
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    ,      

,  ,          

 .  90°          

.    ,          

        .  

     ,  ,   

           

    .  

    ,      

   31    .     

   ,      

  90° ,         ,  

    ,      

.    13   ,      

    ,    

  3 . .   .  

 ,     Pb2+/66     

.      [Pb66]2+     

,           

,      ,      , 

 ,      .    

           

, . .    ,        

       .   

,            

  .  
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4.  . 

 

 ,     ,   

  ,    .  

          

 ,      ,  

,     .   

  — -   1a–k, -  1l, m, 1-  (53), 

1,8-  (43), 1,5-  (50),   BINAP, DavePhos, 

Xantphos, -  ,  ,     

,   Aldrich  Acros, —   

 .   1n–p   

   .  . .,  . .   . . 2,7-

 2 [200], 3,3'-  10 [201], 6,6'- -2,2'-  17 [202], 

2,3-  57 [203]  Pd(dba)2 [204]    . 

 44–46, 63, 67, 73  76    LIMRES 

 .      

   Merck  Fluka    40–60    

   Merck    80–100 . 

  1   13     Bruker Avance-400, Bruker Avance-

500  Bruker Avance-600 (   400/500/600    1H, 100/125/150   

 13   162/202.5/244    31P, ).     

  . -  MALDI-TOF   

   Bruker Daltonics Ultrafex   1,8,9-   

    -400, 600, 1000, 1500    

. -  ESI-TOF      Bruker 

MicroTOF-Q.    ( )    

Varian Cary 50  Perkin-Elmer Lambda 40,    (Hellma)  

  1 .      Fluorolog 3 (Jobin 

Yvon Horiba). 
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4.1.     2,7-  . 

 1.   3, 4, 5. 

  ,  ,  2,7-  2 (143 , 0,5 

), Pd(dba)2 (23 , 8 . %), BINAP (28 , 9 . %)  25   (  = 0,02 ), 

    2–3 ,   -   1 (0,5 

), -   (144 , 1,5 )       6–8 

.         CH2Cl2  2–3 

,  ,         

      : 

 /CH2Cl2 (1:2–1:4), CH2Cl2, CH2Cl2/MeOH (500:1–3:1), CH2Cl2/MeOH/NH3aq 

(100:20:1–10:4:1).  

  4b. 

   1,   66   1b.   

 CH2Cl2/MeOH/NH3aq (100:20:3)   -    (32 

, 25 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.83  (8 , 3
J 6.3), 2.75  

(8 , 3
J 6.3), 3.27  (8 , 3

J 6.8), 6.54–6.64  (8 ), 7.40  (4 , 3
J 8.5), NH    

.   13C–{1H} (100 , CDCl3, C, . .): 29.3 (4 ), 42.7 (4 ), 48.2 (4 ), 103.3 

(4 ), 113.7 (4 ), 121.3 (2 ), 128.6 (4 ), 137.0 (2 ), 146.5 (4 ). -  (MALDI-TOF), m/z: 

 510.24,   C32H42N6 [M
+] 510.35. 

  CH2Cl2/MeOH/NH3aq (100:20:3)    5b (n = 2)  

 -    (13 , 10 %).   1H (400 , CDCl3, 

H, . ., (JHH, )): 1.79  (12 , 3J 6.6), 2.70  (12 , 3J 6.4), 3.25  (12 , 3J 6.9), 6.54–6.64  

(12 ), 7.40  (6 , 3
J 8.5), NH    .   13C–{1H} (100 

, CDCl3, C, . .): 29.4 (6 ), 42.8 (6 ), 48.2 (6 ), 103.0 (6 ), 113.8 (6 ), 121.3 (3 ), 128.6 

(6 ), 137.0 (3 ), 146.6 (6 ). -  (MALDI-TOF), m/z:  765.51,   

C48H63N9 [M
+] 765.52. 

  CH2Cl2/MeOH/NH3aq (100:20:3)     5b 

(n = 2–5)   -     (63 , 49 %).   
1H (400 , CDCl3, H, . ., (JHH, )): 1.77  (4(n+1) , 3

J 6.6), 2.70  (4(n+1) , 3
J 7.1), 

3.23  (4(n+1) , 3
J 6.8), 6.53–6.63  (4(n+1) ), 7.39  (2(n+1) , 3

J 8.2). NH   

 .   13C–{1H} (100 , CDCl3, C, . .): 29.4 (2(n+1) ), 42.9 (2(n+1) ), 

48.4 (2(n+1) ), 103.1 (2(n+1) ), 113.8 (2(n+1) ), 121.3 ((n+1) ), 128.6 (2(n+1) ), 137.1 ((n+1) ), 

146.7 (2(n+1) ). -  (MALDI-TOF), m/z:  510.24, 765.51, 1020.69, 1275.79, 

1530.67,  1020.69  [M+] 5b (n = 3), 1275.87  [M+] 5b (n = 4), 1531.04  [M+] 5b 

(n = 5). 
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2,7-( )  3d. 

 3d    1,   80   1d. 

   CH2Cl2/MeOH/NH3aq (100:20:3)   -   

 (13 , 9 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.68 .  (2 ), 2.73 

.  (4 ), 2.82  (4 , 3
J 5.9), 3.46  (4 , 3

J 5.3), 3.85 .  (2 ), 6.54  (2 , 3
J 8.6), 6.93 .  

(2 ), 7.40  (2 , 3J 8.6), NH     .   
13C–{1H} (100 , CDCl3, C, . .): 30.7 (1 ), 40.7 (2 ), 45.5 (2 ), 49.5 (2 ), 102.8 (2 ), 114.2 

(2 ), 128.5 (2 ), 146.3 (2 ), 2     . -  

(MALDI-TOF), m/z:  284.16,   C17H24N4 [M
+] 284.20. 

  CH2Cl2/MeOH/NH3aq (100:20:3)  N,N'- [2-[(7- -2-

) ] ]- -1,3-  6d   -    

 (7 , 5 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.77 .  (2 ), 2.84 

 (4 , 3J 6.2), 2.95  (4 , 3J 5.0), 3.31 .  (4 ), 6.59 .  (2 ), 6.84  (2 , 3J 8.6), 7.22  (2 , 3J 

8.6), 7.46  (2 , 3J 8.0), 7.47  (2 , 3J 8.3), 7.69 .  (2 ), NH    . 

-  (MALDI-TOF), m/z:  568.15,   C27H30Br2N4 [M
+] 568.08. 

2,7-( )  3e. 

 3e    1,   87   1e. 

   CH2Cl2/MeOH/NH3aq (100:20:3)   -   

 (39 , 26 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.82  (4 , 
3
J 5.9), 2.73  (4 , 3

J 5.1), 2.88  (4 ), 3.41  (4 , 3
J 7.0), 3.99 .  (2 ), 6.53  (2 , 3

J 8.7), 7.26 

.  (2 ), 7.40  (2 , 3J 8.7), NH     .  

 13C–{1H} (100 , CDCl3, C, . .): 29.2 (2 ), 42.2 (2 ), 47.4 (2 ), 50.7 (2 ), 103.9 (2 ), 

114.1 (2 ), 120.8 (1 ), 127.9 (2 ), 137.0 (1 ), 146.4 (2 ). -  (MALDI-TOF), m/z: 

 298.19,   C18H26N4 [M
+] 298.22. 

  CH2Cl2/MeOH/NH3aq (10:4:1)    4e   

-     (38 , 25 %).   1H (400 , 

CDCl3, H, . ., (JHH, )): 1.73  (8 , 3
J 6.2), 2.69  (8 , 3

J 6.4), 2.71  (8 ), 3.19  (8 , 3
J 

6.4), 6.52–6.58  (8 ), 7.38  (4 , 3
J 9.0), NH    .   

13C–{1H} (100 , CDCl3, C, . .): 29.3 (4C), 42.7 (4C), 47.8 (4C), 48.9 (4C), 103.3 (4C), 113.5 

(4C), 121.3 (2C), 128.6 (4C), 137.0 (2C), 146.7 (4C). -  (MALDI-TOF), m/z:  

596.4221,   C36H52N8 [M
+] 596.4314. 

2,7-( )  3f. 

 3f    1,   94   1f. 

   CH2Cl2/MeOH/NH3aq (10:4:1)   -   

 (44 , 28 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.73  (4 , 
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3
J 6.6), 1.87  (2 , 3J 7.4), 2.71  (4 , 3J 7.7), 2.72  (4 , 3J 5.8), 3.41  (4 , 3J 7.4), 3.95 . 

 (2 ), 6.51  (2 , 3
J 8.5, 4

J 2.2), 6.84 .  (2 ), 7.39  (2 , 3
J 8.6), NH  

   .   13C–{1H} (100 , CDCl3, C, . .): 

28.1 (2 ), 31.7 (2 ), 40.8 (2 ), 46.4 (2 ), 47.2 (2 ), 102.4 (2 ), 114.4 (2 ), 120.9 (1 ), 128.5 (2 ), 

137.2 (1 ), 146.0 (2 ). -  (MALDI-TOF), m/z:  312.2338,   

C19H28N4 [M
+] 312.2314. 

  CH2Cl2/MeOH/NH3aq (100:20:3)  N,N'- [3-[(7- -2-

) ] ]- -1,3-  6f   -   

  (28 , 18 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

1.80 .  (6 ), 2.75  (4 , 3J 6.8), 2.80 .  (4 ), 3.11  (4 , 5.7), 6.51 .  (2 ), 6.82  (2 , 3J 

8.5), 7.18  (2 , 3
J 8.6), 7.43  (2 , 3

J 8.4), 7.46  (2 , 3
J 9.1), 7.68 .  (2 ), NH  

  .   13C–{1H} (100 , CDCl3, C, . .): 27.6 (2 ), 29.7 (2 ), 

41.7 (2 ), 47.3 (2 ), 48.7 (2 ), 102.4 (2 ), 118.6 (2 ), 120.4 (2 ), 124.8 (2 ), 125.5 (2 ), 127.7 

(2 ), 128.8 (2 ), 129.3 (2 ), 136.5 (2 ), 146.9 (2 ). -  (MALDI-TOF), m/z:  

596.28,   C29H34Br2N4 [M
+] 596.12. 

2,7-( )  3g. 

 3g    1,   95   1g. 

   CH2Cl2/MeOH/NH3aq (10:4:1)   -   

 (29 , 19 %).   1H (400 , CDCl3, H, . ., (JHH, )): 2.60  (4 , 3
J 5.6), 

2.80–2.84  (8 ), 3.45 .  (4 ), 4.04 .  (2 ), 6.51  (2 , 3J 8.8, 4J 2.2), 7.02 .  (2 ), 7.39 

 (2 , 3
J 8.6), NH     .   13C–{1H} 

(100 , CDCl3, C, . .): 43.5 (2 ), 49.4 (2 ), 50.1 (2 ), 50.8 (2 ), 103.1 (2 ), 114.1 (2 ), 121.8 

(1 ), 128.2 (2 ), 136.7 (1 ), 146.6 (2 ). -  (MALDI-TOF), m/z:  313.16, 

  C18H27N5 [M
+] 313.23. 

       8 ,   1144  (4 

) 2,7-  2, 92  Pd(dba)2 (4 . %), 112  BINAP (4,5 . %), 757 

 (4 )  1g, 1152  (12 ) -    100   (  = 

0,04 ).  3g    CH2Cl2/MeOH/NH3aq (100:20:3)   -

   (230 , 18 %). 

  CH2Cl2/MeOH/NH3aq (100:25:5)    4g   

-    (137 , 11 %).   1H (400 , CDCl3 + 

CD3OD, H, . ., (JHH, )): 2.40–2.65  (24 ), 3.04 .  (8 ), 6.40–6.50  (8 ), 7.20  (4 ), NH 

   .   13C–{1H} (100 , CDCl3 + CD3OD, C, . .): 

42.6 (4 ), 47.5 (4 ), 47.7 (4 ), 47.9 (4 ), 102.8 (4 ), 113.6 (4 ), 121.2 (2 ), 128.3 (4 ), 136.5 (2 ), 

146.3 (4 ). -  (MALDI-TOF), m/z:  626.41,   C36H54N10 [M+] 

626.45. 
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  CH2Cl2/MeOH/NH3aq (100:25:5)    5g (n = 2)  

 -    (94 , 8 %).   1H (400 , CDCl3 

+ CD3OD, H, . ., (JHH, )): 2.40–2.75  (36 ), 3.11 .  (12 ), 6.45–6.55  (8 ), 7.25  (4 ), 

NH    .   13C–{1H} (100 , CDCl3 + CD3OD, C, 

. .): 42.8 (6 ), 47.7 (6 ), 47.9 (6 ), 48.0 (6 ), 102.9 (6 ), 113.7 (6 ), 121.3 (3 ), 128.4 (6 ), 

136.7 (3 ), 146.4 (6 ). -  (MALDI-TOF), m/z:  939.72,   

C54H81N15 [M
+] 939.68. 

2,7-( )  3h. 

 3h    1,   74   1h. 

   CH2Cl2/MeOH (100:1)   -    

(14 , 10 %).   1H (400 , CDCl3, H, . ., (JHH, )): 3.42  (4 ), 3.43  (4 , 3
J 

4.3), 3.64  (4 , 3
J 4.2), 3.76 .  (2 ), 6.58  (2 , 3

J 8.6, 4
J 2.4), 7.42  (2 , 3

J 8.5), 7.47  (2 , 
4
J 2.4).   13C–{1H} (100 , CDCl3, C, . .): 45.1 (2 ), 70.1 (2 ), 72.4 (2 ), 109.4 

(2 ), 114.8 (2 ), 122.0 (1 ), 127.4 (2 ), 136.6 (1 ), 146.4 (2 ). -  (MALDI-TOF), m/z: 

 272.1472,   C16H20N2O2 [M
+] 272.1525. 

  CH2Cl2/MeOH (50:1)    4h   -

   (43 , 32 %).   1H (400 , CDCl3, H, . ., 

(JHH, )): 3.28  (8 , 3
J 5.2), 3.66  (8 ), 3.70  (8 , 3

J 5.1), 4.15 .  (4 ), 6.44  (4 , 4
J 2.1), 

6.64  (4 , 3
J 8.8, 4

J 2.1), 7.41  (4 , 3
J 8.7).   13C–{1H} (100 , CDCl3, C, . .): 

43.6 (4 ), 69.5 (4 ), 70.2 (4 ), 104.5 (4 ), 113.3 (4 ), 121.7 (2 ), 128.7 (4 ), 136.8 (2 ), 146.3 

(4 ). -  (MALDI-TOF), m/z:  544.3018,   C32H40N4O4 [M+] 

544.3050. 

  CH2Cl2/MeOH (50:1)    5h (n = 2)   

-    (19 , 14 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 3.35  (12 , 3J 5.4), 3.66  (12 ), 3.70  (12 , 3J 5.3), 4.10 .  (6 ), 6.57  (6 , 
3
J 8.9, 4

J 2.0), 6.62 .  (6 ), 7.35  (6 , 3
J 8.6).   13C–{1H} (100 , CDCl3, C, 

. .): 43.6 (6 ), 69.5 (6 ), 70.2 (6 ), 103.7 (6 ), 114.0 (6 ), 121.8 (3 ), 128.7 (6 ), 136.7 (3 ), 

146.3 (6 ). -  (MALDI-TOF), m/z:  816.62,   C48H60N6O6 [M+] 

816.46. 

2,7-( )  3i. 

 3i    1,   102   1i. 

   CH2Cl2/MeOH (200:1)   -    

(48 , 29 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.83 (4 , 3J 5.8), 1.86 

 (4 , 3J 2.6), 3.45  (4 , 3J 7.0), 3.49 .  (4 ), 3.50  (4 , 3J 5.1), 3.86 .  (2 ), 6.49  

(2 , 3J 8.6, 4J 2.2), 6.91  (2 , 4J 2.2), 7.39  (2 , 3J 8.7).   13C–{1H} (100 , CDCl3, 
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C, . .): 27.3 (2 ), 31.0 (2 ), 40.3 (2 ), 67.7 (2 ), 70.8 (2 ), 102.1 (2 ), 114.2 (2 ), 120.9 (1 ), 

128.3 (2 ), 137.4 (1 ), 146.6 (2 ). -  (MALDI-TOF), m/z:  328.2120,  

 C20H28N2O2 [M
+] 328.2151. 

  CH2Cl2/MeOH (50:1)    4i   -  

  (26 , 16 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

1.70 .  (8 ), 1.88  (8 , 3
J 6.1), 3.28  (8 , 3

J 6.5), 3.46 .  (8 ), 3.53  (8 , 3
J 5.7), 

4.07 .  (4 ), 6.56  (4 , 3
J 8.6, 4

J 2.1), 6.61 .  (4 ), 7.37  (4 , 3
J 8.7).   13C–

{1H} (100 , CDCl3, C, . .): 26.6 (4 ), 29.4 (4 ), 42.1 (4 ), 69.3 (4 ), 70.8 (4 ), 103.1 (4 ), 

113.6 (4 ), 121.7 (2 ), 128.6 (4 ), 137.0 (2 ), 146.7 (4 ). -  (MALDI-TOF), m/z: 

 656.35,   C40H56N4O4 [M
+] 656.43. 

  CH2Cl2/MeOH (50:1)    5i (n = 2)   -

   (14 , 8 %).   1H (400 , CDCl3, H, . ., (JHH, 

)): 1.69 .  (12 ), 1.89  (12 , 3
J 6.1), 3.27  (12 , 3

J 6.2), 3.45 .  (12 ), 3.54  

(12 , 3
J 6.7), 4.08 .  (6 ), 6.55  (6 , 3

J 8.7, 4
J 2.2), 6.61 .  (6 ), 7.39  (6 , 3

J 8.7). 

  13C–{1H} (100 , CDCl3, C, . .): 26.6 (6 ), 29.3 (6 ), 42.1 (6 ), 69.5 (6 ), 70.8 

(6 ), 102.9 (6 ), 113.7 (6 ), 121.3 (3 ), 128.6 (6 ), 137.0 (3 ), 146.7 (6 ). -  (MALDI-

TOF), m/z:  984.49,   C60H84N6O6 [M
+] 984.65. 

2,7-( )  3j. 

 3j    1,   110   

1j.    CH2Cl2/MeOH (100:1)   -    

(52 , 30 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.85  (4 , 3
J 6.1), 

3.44  (4 , 3J 6.9), 3.54  (4 , 3J 5.3), 3.63  (4 , 3J 4.9), 3.85  (4 , 3J 4.8), 4.05 .  (2 ), 6.52  

(2 , 3
J 8.6), 4

J 2.2), 6.88  (2 , 4
J 2.2), 7.40  (2 , 3

J 8.6).   13C–{1H} (100 , 

CDCl3, C, . .): 30.2 (2 ), 41.0 (2 ), 68.7 (2 ), 70.4 (2 ), 71.2 (2 ), 102.8 (2 ), 113.8 (2 ), 121.4 

(1 ), 128.3 (2 ), 137.2 (1 ), 146.6 (2 ). -  (MALDI-TOF), m/z:  344.2180, 

  C20H28N2O3 [M
+] 344.2100. 

2,7-( )  3k. 

 3k    1,   72  (0,25 ) 2,7-

 2, 11,5  Pd(dba)2 (8 . %), 14  BINAP (9 . %), 43  (0,25 

)  1k, 72  (0,75 ) -    12,5   (  = 

0,02 ).     /CH2Cl2 (1:2)   -  

  (21 , 28 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

1.42–1.52  (8 ), 1.55–1.60  (4 ), 1.73–1.80  (4 ), 3.25–3.29  (4 ), 4.00 .  (2 ), 6.54  

(2 , 3J 8.7, 4J 2.3), 6.73  (2 , 4J 2.0), 7.41  (2 , 3J 8.6).   13C–{1H} (100 , CDCl3, 

C, . .): 25.8 (2 ), 26.2 (2 ), 27.7 (2 ), 29.7 (2 ), 43.8 (2 ), 103.4 (2 ), 114.5 (2 ), 120.9 (1 ), 
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128.2 (2 ), 136.7 (1 ), 146.5 (2 ). -  (MALDI-TOF), m/z:  296.2217,  

 C20H28N2 [M
+] 296.2252. 

  CH2Cl2    4k   -  

  (6 , 8 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.33 

.  (16 ), 1.38–1.44  (8 ), 1.66  (8 , 3
J 7.1), 3.19  (8 , 3

J 7.4), 6.57  (4 , 3
J 8.7, 4

J 

2.2), 6.65 .  (4 ), 7.42  (4 , 3J 8.6). NH    .   13C–

{1H} (100 , CDCl3, C, . .): 27.1 (4 ), 29.1 (4 ), 29.2 (4 ), 29.4 (4 ), 44.1 (4 ), 103.1 (4 ), 

114.0 (4 ), 128.6 (4 ), 146.4 (4 ). 4     . -  

(MALDI-TOF), m/z:  592.4537,   C40H56N4 [M
+] 592.4505. 

  CH2Cl2/MeOH (200:1)       5k 

(n = 2, 3)   -    (18 , 24 %).   1H (400 

, CDCl3, H, . ., (JHH, )): 1.30–1.46  (12(n+1) ), 1.62–1.70  (4(n+1) ), 3.18  (3
J 7.3) + 

3.19  (3
J 7.6) (4(n+1) ), 3.70 .  (2(n+1) ), 6.57  (2(n+1) , 3

J 8.7, 4
J 2.0), 6.62 .  + 6.63  

(4
J 1.9) (2(n+1) ), 7.42  (2(n+1) , 3J 8.6).   13C–{1H} (100 , CDCl3, C, . .): 27.1 

(2(n+1) ), 29.1–29.5  (6(n+1) ), 44.0 (2(n+1) ), 102.8 + 103.0 (2(n+1) ), 113.8 + 113.9 (2(n+1) ), 

121.3 ((n+1) ), 128.6 (2(n+1) ), 137.0 ((n+1) ), 146.6 (2(n+1) ). -  (MALDI-TOF), m/z: 

 888.63, 1184.95,  888.68  [M+] 5k (n = 2), 1184.90  [M+] 5k (n = 3). 
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4.2.      2,7-  . 

 2.  N ,N - (7- -2- )  -   6. 

  ,  ,  2,7-  2 (629 , 2,2 

), Pd(dba)2 (11,5  0,9 . %), Xantphos (15 , 1,14 . %)  20   (  = 

0,05 ),     2–3 ,    -  

 1 (1 ), -   (288 , 3 )      

 5–8 .         

CH2Cl2  2–3 ,  ,       

        

 CH2Cl2, CH2Cl2/MeOH (500:1–3:1), CH2Cl2/MeOH/NH3aq (100:20:1–10:4:1). 

N
1
,N

1'
-( -1,2- ) (N

3
-(7- -2- ) -1,3- ) 6e. 

 6e    2   ,  

 23  Pd(dba)2 (1,8 . %), 28  BINAP (2,05 . %), 174   

1e  10   (  = 0,1 ).    CH2Cl2/MeOH/NH3aq (100:20:1)   

-    (158 , 27 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.79  (4 , 3
J 6.5), 1.89 .  (2 ), 2.72  (4 ), 2.73  (4 , 3

J 6.6), 3.21  

(4 , 3
J 6.5), 4.50 .  (2 ), 6.60  (2 , 4

J 1.5), 6.80  (2 , 3
J 8.7, 4

J 2.2), 7.22  (2 , 3
J 8.6, 4

J 

1.8), 7.46  (2 , 3
J 8.6), 7.51  (2 , 3

J 8.8), 7.73 .  (2 ).   13C–{1H} (100 , 

CDCl3, C, . .): 29.0 (2 ), 42.4 (2 ), 48.0 (2 ), 49.3 (2 ), 102.6 (2 ), 118.2 (2 ), 120.3 (2 ), 124.7 

(2 ), 125.5 (2 ), 127.6 (2 ), 128.6 (2 ), 129.2 (2 ), 136.5 (2 ), 146.8 (2 ). -  (MALDI-

TOF), m/z:  583.1025,   C28H33Br2N4 [M+ ]+ 583.1072. 

  CH2Cl2/MeOH/NH3aq (100:20:2)   8e   -

   (166 , 37 %).   1H (400 , CDCl3, H, . ., 

(JHH, )): 1.76  (4 , 3
J 6.3), 1.77  (4 , 3

J 6.0), 2.64–2.73  (16 ), 3.15  (4 , 3
J 

6.5), 3.19  (4 , 3
J 6.3), 4.48 .  (4 ), 6.54–6.60  (6 ), 6.76–6.81  (2 ), 7.18–7.22  (2 ), 

7.37–7,50  (4 ), 7.72 .  (2 ), NH     . 

  13C–{1H} (100 , CDCl3, C, . .): 28.8 (2 ), 28.9 (2 ), 42.3 (2 ), 42.4 (2 ), 47.8 

(2 ), 47.9 (2 ), 49.0 (4 ), 102.5 (2 ), 102.8 (2 ), 113.7 (2 ), 118.3 (2 ), 120.2 (2 ), 121.2 (1 ), 

124.6 (2 ), 125.4 (2 ), 127.5 (2 ), 128.5 (2 ), 128.6 (2 ), 129.2 (2 ), 136.5 (2 ), 136.9 (1 ), 146.6 

(2 ), 146.8 (2 ). -  (MALDI-TOF), m/z:  881.3156,   C46H59Br2N8 

[M+ ]+ 881.3229. 

N,N'-(2,2'-( -1,2- ( )) ( -2,1- )) (7- -2- ) 6h. 

 6h    2,   148   

1h.    CH2Cl2/MeOH (500:1–200:1)   -   

 (150 , 27 %).   1H (400 , CDCl3, H, . ., (JHH, )): 3.38  (4 , 3J 5.1), 
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3.69  (4 ), 3.77  (4 , 3
J 5.1), 4.35 .  (2 ), 6.66  (2 , 4

J 2.0), 6.83  (2 , 3
J 8.8, 4

J 2.2), 7.23 

 (2 , 3
J 8.7, 4

J 1.9), 7.47–7.57  (4 ), 7.72 .  (2 ).   13C–{1H} (100 , CDCl3, 

C, . .): 43.3 (2 ), 69.4 (2 ), 70.3 (2 ), 103.4 (2 ), 118.4 (2 ), 120.5 (2 ), 125.2 (2 ), 126.0 (2 ), 

127.8 (2 ), 128.9 (2 ), 129.3 (2 ), 136.4 (2 ), 146.6 (2 ). -  (MALDI-TOF), m/z: 

 557.0391,   C26H27Br2N2O2 [M
+] 557.0439. 

  CH2Cl2  ( )  7h   -  

  (50 , 10 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

3.30  (2 , 3
J 5.2), 3.63  (4 ), 3.70  (4 , 3

J 5.2), 3.79  (4 , 3
J 5.9), 4.15  (2 , 3

J 5.8), 4.26 .  

(1 ), 6.61  (2 , 4
J 1.6), 6.74  (1 , 3

J 8.7, 4
J 2.3), 7.26  (1 , 3

J 9.0, 4
J 1.9), 7.27  (2 , 3

J 9.0, 
4
J 2.1), 7.36  (2 , 4

J 1.8), 7.39  (2 , 3
J 8.7, 4

J 1.9), 7.48  (2 , 3
J 8.9), 7.57  (2 , 3

J 8.7), 7.64  

(2 , 3
J 9.0), 7.72 .  (1 ), 7.82 .  (2 ).   13C–{1H} (100 , CDCl3, C, . .): 

43.2 (1 ), 52.1 (1 ), 68.2 (1 ), 69.4 (1 ), 70.4 (1 ), 70.8 (1 ), 103.3 (1 ), 115.5 (2 ), 118.4 (1 ), 

120.4 (1 ), 120.6 (2 ), 122.8 (2 ), 125.1 (1 ), 125.8 (1 ), 127.4 (2 ), 127.8 (1 ), 128.4 (2 ), 128.7 

(2 ), 128.8 (1 ), 128.9 (2 ), 129.1 (2 ), 129.2 (1 ), 135.7 (2 ), 136.4 (1 ), 145.8 (2 ), 146.5 (1 ). 

-  (MALDI-TOF), m/z:  761.0087,   C36H32Br3N2O2 [M+] 

761.0014. 

  CH2Cl2/MeOH (100:1)   8h   -  

  (55 , 13 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

3.37  (8 , 3
J 5.0), 3.67  (8 ), 3.75  (4 , 3

J 4.6), 3.76  (4 , 3
J 4.9), 4.11 .  (2 ), 4.37 .  

(2 ), 6.60  (2 , 3
J 8.0), 6.65  (2 , 4

J 1.9), 6.83  (2 , 3
J 8.6, 4

J 2.0), 7.23  (2 , 3
J 8.2, 4

J 1.4), 

7.40  (2 , 3
J 9.1), 7.47  (2 , 3

J 8.3), 7.50  (2 , 3
J 8.7), 7.72 .  (2 ).   13C–{1H} 

(100 , CDCl3, C, . .): 43.3 (2 ), 43.5 (2 ), 69.3 (2 ), 69.6 (2 ), 70.2 (2 ), 70.3 (2 ), 103.3 

(2 ), 103.6 (2 ), 114.2 (2 ), 118.5 (2 ), 120.4 (2 ), 125.1 (2 ), 125.8 (2 ), 127.8 (2 ), 128.8 (2 ), 

128.9 (2 ), 129.2 (2 ), 136.4 (2 ), 146.3 (2 ), 146.6 (2 ), 2     

. -  (MALDI-TOF), m/z:  829.1922,   C42H47Br2N4O4 

[M+] 829.1964. 

N,N'-(3,3'-(2,2'- ( -2,1- ) ( )) ( -3,1- )) (7- -

2- ) 6j. 

 6j    2,   220   

1j.    CH2Cl2/MeOH (200:1)   -   

 (235 , 37 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.92  (4 , 
3
J 5.9), 3.29  (4 , 3

J 6.2), 3.62  (4 , 3
J 5.5), 3.61–3.65  (4 ), 3.67–3.72  (4 ), 4.37 .  (2 ), 

6.62 .  (2 ), 6.81  (2 , 3
J 8.8), 7.21  (2 , 3

J 8.6), 7.47  (2 , 3
J 8.6), 7.51  (2 , 3

J 8.9), 7.72 

.  (2 ).   13C–{1H} (100 , CDCl3, C, . .): 28.8 (2 ), 41.8 (2 ), 69.9 (2 ), 70.3 

(2 ), 70.7 (2 ), 102.7 (2 ), 118.5 (2 ), 120.4 (2 ), 124.8 (2 ), 125.6 (2 ), 127.7 (2 ), 128.7 (2 ), 
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129.3 (2 ), 136.6 (2 ), 147.0 (2 ). -  (MALDI-TOF), m/z:  628.21,  

 C30H34Br2N2O3 [M
+] 628.09. 

  CH2Cl2/MeOH (200:1)  ( )  7j   

-    (67 , 10 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.91  (2 , 3
J 6.0), 1.99  (2 , 3

J 6.3), 3.28  (2 , 3
J 6.3), 3.55  (2 , 

3
J 5.7), 3.63  (2 , 3

J 5.6), 3.63–3.66  (4 ), 3.71–3.75  (4 ), 4.05  (2 , 3
J 6.9), 4.39 .  (1 ), 

6.61  (1 , 4J 1.9), 6.81  (1 , 3J 8.8, 4J 2.1), 7.21  (1 , 3J 8.7, 4J 2.0), 7.24  (2 , 3J 8.7, 4J 2.1), 

7.31  (2 , 4
J 1.9), 7.39  (2 , 3

J 8.7, 4
J 1.8), 7.46  (1 , 3

J 8.6), 7.50  (1 , 3
J 8.8), 7.58  (2 , 3

J 

8.5), 7.64  (2 , 3
J 9.0), 7.72  (1 , 4

J 1.5), 7.83 .  (2 ).   13C–{1H} (100 , 

CDCl3, C, . .): 27.5 (1 ), 28.8 (1 ), 41.7 (1 ), 49.1 (1 ), 68.2 (1 ), 69.8 (1 ), 70.3 (2 ), 70.7 

(2 ), 102.6 (1 ), 115.3 (2 ), 118.4 (1 ), 120.4 (3 ), 122.8 (2 ), 124.7 (1 ), 125.5 (1 ), 127.2 (2 ), 

127.6 (1 ), 127.7 (2 ), 128.6 (1 ), 128.7 (2 ), 128.8 (2 ), 129.1 (2 ), 129.2 (1 ), 135.8 (2 ), 136.5 

(1 ), 146.0 (2 ), 146.9 (1 ). -  (MALDI-TOF), m/z:  832.13,   

C40H39Br3N2O3 [M
+] 832.05. 

  CH2Cl2/MeOH (100:1)   8j   -   

  (29 , 6 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

1.91  (4 , 3
J 5.7), 1.92  (4 , 3

J 5.8), 3.27  (4 , 3
J 5.8), 3.28  (4 , 3

J 6.2), 3.61  

(8 , 3
J 5.7), 3.61–3.65  (8 ), 3.66–3.71  (8 ), 4.33 .  (4 ), 6.57  (2 , 3

J 8.7, 4
J 2.0), 6.58 

.  (2 ), 6.61 .  (2 ), 6.81  (2 , 3
J 8.7, 4

J 2.1), 7.20  (2 , 3
J 8.4, 4

J 1,8), 7.40  (2 , 3
J 

8.6), 7.46  (2 , 3
J 8.6), 7.51  (2 , 3

J 8.9), 7.72 .  (2 ).   13C–{1H} (100 , 

CDCl3, C, . .): 28.8 (2 ), 29.0 (2 ), 41.7 (4 ), 69.8 (4 ), 70.2 (4 ), 70.6 (4 ), 102.6 (2 ), 102.9 

(2 ), 113.8 (2 ), 118.4 (2 ), 120.3 (2 ), 121.2 (1 ), 124.7 (2 ), 125.5 (2 ), 127.6 (2 ), 128.6 (2 ), 

128.7 (2 ), 129.2 (2 ), 136.6 (2 ), 137.0 (1 ), 146.7 (2 ), 147.0 (2 ). -  (MALDI-TOF), 

m/z:  972.44,   C50H62Br2N4O6 [M
+] 972.30. 

 

 2.    4   6. 

  ,  ,   6, Pd(dba)2 (8 . 

%), BINAP (9 . %)     (  = 0,02 ),   

  2–3 ,   1 .  -   1, 3 . -

        6–10 .    

     CH2Cl2  2–3 ,  

,          

      CH2Cl2, CH2Cl2/MeOH (500:1–

3:1), CH2Cl2/MeOH/NH3aq (100:20:1–10:4:1). 



128 

  4e. 

   2,   158  (0,3 )  6e, 14  

Pd(dba)2, 17  BINAP, 86  (0,3 ) -  , 52  (0,3 )  

1e  15  .    CH2Cl2/MeOH/NH3aq (100:20:3)   -

   (37 , 21 %).     4.1. 

  CH2Cl2/MeOH/NH3aq (10:4:1)    5e (n = 3)  

 -    (19 , 11 %).   1H (400 , 

DMSO-d6, H, . ., (JHH, )): 1.74 .  (16 ), 2.69 .  (32 ), 3.08 .  (16 ), 5.59 .  

(8 ), 6.41 .  (8 ), 6.53  (8 , 3
J 8.1), 7.26  (8 , 3

J 8.1), NH-   

  .   13C–{1H} (100 , CDCl3, C, . .): 28.0 (8 ), 41.0 (8 ), 

46.7 (8 ), 47.5 (8 ), 101.1 (8 ), 113.1 (8 ), 119.7 (4 ), 127.9 (8 ), 137.1 (4 ), 146.9 (8 ). -

 (MALDI-TOF), m/z:  1192.83,   C72H104N16 [M
+] 1192.86. 

  4h. 

   2,   70  (0,13 )  6h, 6  

Pd(dba)2, 7,3  BINAP, 37  (0,39 ) -  , 19  (0,13 ) 

 1h  6,5  .    CH2Cl2/MeOH (75:1)   -

   (8 , 11 %).     4.1. 

  4j. 

   2,   148  (0,24 )  6j, 11 

 Pd(dba)2, 13  BINAP, 70  (0,72 ) -  , 52  (0,24 ) 

 1j  12  .    CH2Cl2/MeOH (100:1–50:1)   

-    (45 , 28 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.88  (8 , 3
J 6.0), 3.27  (8 , 3

J 6.4), 3.59  (8 , 3
J 5.8), 3.59–3.62  (8 ), 

3.66–3.70  (8 ), 4.12 .  (4 ), 6.51  (4 , 4J 1.9), 6.57  (4 , 3J 8.6, 4J 2.0), 7.39  (4 , 3J 8.7). 

  13C–{1H} (100 , CDCl3, C, . .): 29.1 (4 ), 41.7 (4 ), 69.6 (4 ), 70.3 (4 ), 70.7 

(4 ), 103.3 (4 ), 113.6 (4 ), 121.3 (2 ), 128.5 (4 ), 137.0 (2 ), 146.7 (4 ). -  (MALDI-

TOF), m/z:  688.41,   C40H56N4O6 [M
+] 688.42. 

  CH2Cl2/MeOH (10:1)       5j 

(n = 3, 5)   -    (18 , 11 %).   1H (400 

, CDCl3, H, . ., (JHH, )): 1.89 .  (4(n+1) ), 3.26  (4(n+1) , 3
J 5.7), 3.59 .  

(8(n+1) ), 3.66 .  (4(n+1) ), 6.54  (2(n+1) , 3
J 9.3), 6.57 .  (2(n+1) ), 7.38  (2(n+1) , 3

J 

9.3), NH-    .   13C–{1H} (100 , CDCl3, C, . .): 

29.1 (2(n+1) ), 41.7 (2(n+1) ), 69.8 (2(n+1) ), 70.2 (2(n+1) ), 70.6 (2(n+1) ), 102.9 (2(n+1) ), 

113.8 (2(n+1) ), 118.1 ((n+1) ), 128.5 (2(n+1) ), 137.0 ((n+1) ), 146.7 (2(n+1) ). -  
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(MALDI-TOF), m/z:  1376.75, 2065.09,  1376.84  [M+] 5j (n = 3), 2065.26 

 [M+] 5j (n = 5). 

  4hj. 

   2,   105  (0,17 )  6j, 8  

Pd(dba)2, 9  BINAP, 49  (0,51 ) -  , 25  (0,17 ) 

 1h  8  .    CH2Cl2/MeOH (50:1)   -

   (14 , 13 %).   1H (400 , CDCl3, H, . ., 

(JHH, )): 1.91  (4 , 3
J 6.0), 3.26–3.40  (8 ), 3.57–3.75  (20 ), 4.13 .  (4 ), 6.59–

6.65  (8 ), 7.40  (2 , 3
J 8.4), 7.42  (2 , 3

J 8.7).   13C–{1H} (100 , CDCl3, C, 

. .): 29.0 (2 ), 41.7 (2 ), 43.7 (2 ), 69.5 (2 ), 69.8 (2 ), 70.2 (4 ), 70.6 (2 ), 102.9 (2 ), 103.5 

(2 ), 113.9 (2 ), 114.0 (2 ), 121.5 (1 ), 121.6 (1 ), 128.5 (2 ), 128.6 (2 ), 136.9 (2 ), 146.4 (2 ), 

146.7 (2 ). -  (MALDI-TOF), m/z:  616.50,   C36H48N4O5 [M+] 

616.36. 

 

 2.    4  2,7- ( )  9. 

  ,  ,  2,7-  2 (143 , 0,5 

), Pd(dba)2 (11,5 , 4 . %),   (4,5 . % — 15  Xantphos 

 14  BINAP)  5   (  = 0,1 ),     2–3 ,  

  -   1 (2 ), -   (144 , 1,5 

)       4–6 .     

     (10 %)     

   -  MALDI-TOF.  2,7-  2 (386 

, 1,35 ), Pd(dba)2 (62 , 8 . %), BINAP (76 , 9 . %)  20   (  = 

0,02 ),     2–3 ,   -   (390 , 

4 )       6–15 .     

    CH2Cl2  2–3 ,  ,  

           

   CH2Cl2, CH2Cl2/MeOH (500:1–3:1), 

CH2Cl2/MeOH/NH3aq (100:20:1–10:4:1). 

N
1
,N

1'
-( -2,7- ) (N

3
-(3-(3- ) ) -1,3- ) 9f. 

 9f  in situ   2,      

 BINAP  376   1f.     .  

 1H (400 , CDCl3, H, . ., (JHH, )): 1.52–1.63  (8 ), 1.77  (4 , 3
J 6.6), 2.55–

2.70  (20 ), 3.19  (4 , 3
J 6.4), 6.49–6.55  (4 ), 7.35  (2 , 3

J 8.6),   13C–{1H} (100 

, CDCl3, C, . .): 29.2 (2 ), 30.2 (2 ), 33.6 (2 ), 40.2 (2 ), 42.7 (2 ), 47.7 (4 ), 48.4 (4 ), 



130 

102.8 (2 ), 113.6 (2 ), 121.1 (1 ), 128.4 (2 ), 136.9 (1 ), 146.6 (2 ). -  (MALDI-TOF), 

m/z:  501.41,   C28H53N8 [M
+] 501.44. 

  4f. 

   2,       BINAP  376 

  1f.    CH2Cl2/MeOH/NH3aq (100:25:5)   -  

  (75 , 22 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

1.67  (4 , 3J 5.7), 1.74  (8 , 3J 6.3), 2.64–2.72  (16 ), 3.15  (8 , 3
J 6.3), 4.14 . 

 (4 ), 6.52–6.56  (8 ), 7.38  (4 , 3
J 9.1),   13C–{1H} (100 , CDCl3, C, . .): 

29.0 (6 ), 42.7 (4 ), 48.1 (4 ), 48.9 (4 ), 103.1 (4 ), 113.6 (4 ), 121.2 (2 ), 128.5 (4 ), 137.0 (2 ), 

146.7 (4 ). -  (MALDI-TOF), m/z:  625.4662,   C38H57N8 [M+] 

625.4706. 

  CH2Cl2/MeOH/NH3aq (100:25:5)   3f   -

   (65 , 19 %).     4.1. 

  CH2Cl2/MeOH/NH3aq (10:4:1)    5f (n = 2)  

 -    (80 , 24 %).   1H (400 , CDCl3, 

H, . ., (JHH, )): 1.55–1.82  (18 ), 2.56–2.74  (24 ), 3.18  (12 , 3J 6.1), 4.24 .  (6 ), 6.52 

 (6 , 3
J 8.5), 6.57 .  (6 ), 7.38  (6 , 3

J 8.5),   13C–{1H} (100 , CDCl3, C, 

. .): 29.2 (6 ), 30.1 (2 ), 42.7 (6 ), 48.4 (12 ), 102.9 (6 ), 113.7 (6 ), 128.5 (6 ), 137.0 (3 ), 

146.7 (6 ), 3     . -  (MALDI-TOF), m/z: 

 937.68,   C57H85N12 [M
+] 937.70. 

N
2
,N

7
- (2-(2-(2- ) ) ) -2,7-  9h. 

 9h  in situ   2,      

 Xantphos  296   1h.     . 

  1H (400 , CDCl3, H, . ., (JHH, )): 2.83  (4 , 3J 5.2), 3.35  (4 , 3J 4.9), 3.47  

(4 , 3
J 5.2), 3.59–3.63  (8 ), 3.72  (4 , 3

J 5.3), 4.23 .  (2 ), 6.58–6.61  (4 ), 7.41  (2 , 3
J 

9.3),   13C–{1H} (100 , CDCl3, C, . .): 41.7 (2 ), 43.4 (2 ), 69.5 (2 ), 70.2 (4 ), 

73.3 (2 ), 103.3 (2 ), 114.1 (2 ), 121.6 (1 ), 128.6 (2 ), 136.7 (1 ), 146.3 (2 ). -  

(MALDI-TOF), m/z:  421.32,   C22H37N4O4 [M
+] 421.28. 

  4h. 

   2,       Xantphos  

296   1h.    CH2Cl2/MeOH (75:1)   -  

  (26 , 10 %).     4.1. 

  CH2Cl2/MeOH (50:1–20:1)       

5h (n = 2, 3)   -     (58 , 21 %).  

 1H (400 , CDCl3, H, . ., (JHH, )): 3.30–3.40  (4(n+1) ), 3.60–3.75  (8(n+1) ), 6.56–
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6.64  (4(n+1) ), 7.32–7.46  (2(n+1) ),   13C–{1H} (100 , CDCl3, C, . .): 43.4 

(2(n+1) ), 69.4 + 69.5 (2(n+1) ), 70.1 (2(n+1) ), 103.4 (2(n+1) ), 114.0 (2(n+1) ), 128.7 

(2(n+1) ), 146.3 (2(n+1) ), 2(n+1)     . -  

(MALDI-TOF), m/z:  816.41, 1088.67,   816.46  [M+] 5h (n = 2), 1088.60 

 [M+] 5h (n = 3). 

N
2
,N

7
- (3-(2-(2-(3- ) ) ) ) -2,7-  9j. 

 9j  in situ   2,      

 Xantphos  440   1j.     . 

  1H (400 , CDCl3, H, . ., (JHH, )): 1.63  (4 , 3J 6.5), 1.86  (4 , 
3
J 6.1), 2.68  (4 , 3

J 6.8), 3.22  (4 , 3
J 6.5), 3.46  (4 , 3

J 6.2), 3.47–3.58  (20 ), 6.48–6.52  

(4 ), 7.32  (2 , 3
J 8.3),   13C–{1H} (100 , CDCl3, C, . .): 28.8 (2 ), 33.1 (2 ), 

39.2 (2 ), 41.5 (2 ), 69.3 (2 ), 69.6 (4 ), 70.0 (2 ), 70.1 (2 ), 70.4 (2 ), 102.7 (2 ), 113.6 (2 ), 

121.0 (1 ), 128.3 (2 ), 136.8 (1 ), 146.5 (2 ). -  (MALDI-TOF), m/z:  565.44, 

  C30H53N4O6 [M
+] 565.40. 

  4j. 

   2,      B Xantphos  440  

 1j.    CH2Cl2/MeOH (50:1)   -  

  (104 , 30 %).   . 

  CH2Cl2/MeOH (200:1)   3j   -  

  (100 , 24 %).     4.1. 

  CH2Cl2/MeOH (20:1)    ,   

 5j (n = 2–4)   -     (90 , 25 %). 

  1H (400 , CDCl3, H, . ., (JHH, )): 1.91  (4(n+1) , 3
J 6.1), 3.27  (4 , 

3
J 5.9) + 3.28  (4 , 3

J 6.2) (4(n+1) ), 3.56–3.62  (8(n+1) ), 3.66–3.69  (4(n+1) ), 4.00 .  

(2(n+1) ), 6.53–6.61  (4(n+1) ), 7.40  (3
J 8.0)+ 7.41  (3

J 8.5) (2(n+1) )   13C–{1H} 

(100 , CDCl3, C, . .): 29.0 (2(n+1) ), 41.6 (2(n+1) ), 69.7 (2(n+1) ), 70.1 (2(n+1) ), 70.5 

(2(n+1) ), 102.8 (2(n+1) ), 113.7 (2(n+1) ), 121.2 ((n+1) ), 128.4 (2(n+1) ), 137.0 ((n+1) ), 146.6 

(2(n+1) ). -  (MALDI-TOF), m/z:  1032.55, 1376.95, 1721.12,   

1032.63  [M+] 5j (n = 2), 1376.84  [M+] 5j (n = 3), 1721.05  [M+] 5j (n = 3). 
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4.3.     3,3'-  . 

 3.   11, 12, 13. 

  ,  ,  3,3'-  10 (156 , 

0,5 ), Pd(dba)2 (23 , 8 . %), BINAP (28 , 9 . %)  25   (  = 0,02 

),     2–3 ,   -   1 

(0,5 ), -   (144 , 1,5 )       

24–30 .         CH2Cl2  

2–3 ,  ,        

       : 

 /CH2Cl2 (1:2–1:4), CH2Cl2, CH2Cl2/MeOH (500:1–3:1), CH2Cl2/MeOH/NH3aq 

(100:20:1–10:4:1). 

  12a. 

   3,   52   1a.   

 CH2Cl2/MeOH/NH3aq (100:20:1)   -    (29 

, 23 %).       13a (n = 2, 3).   1H 

(400 , CDCl3, H, . ., (JHH, )): 2.91 .  (8H), 3.12–3.30  (8H), 6.50–6.58  (4H), 6.82–

6.94  (8H), 7.11–7.21  (4H), NH-    .   13C–{1H} (100 

, CDCl3, C, . .): 43.0 (4C), 48.0 (4C), 111.7 (4C), 111.8 (4C), 116.4 (4C), 129.4 (4C), 142.3 

(4C), 148.4 (4C). -  (MALDI-TOF), m/z:  507.39,   C32H39N6 

[M+ ]+ 507.32. 

  CH2Cl2/MeOH/NH3aq (100:20:3)    , 

,    13a (n = 2–5)   -    

 (48 , 38 %).   1H (400 , CDCl3, H, . ., (JHH, )): 2.86 .  

(4(n+1)H), 3.23 .  (4(n+1)H), 3.94 .  ((n+1)H), 4.10 .  (2(n+1)H), 6.57 .  (2(n+1)H), 

6.89 .  (4(n+1)H), 7.18 .  (2(n+1)H).   13C–{1H} (100 , CDCl3, C, . .): 

43.6 (2(n+1)C), 48.4 (2(n+1)C), 111.8 (4(n+1)C), 116.6 (2(n+1)C), 129.4 (2(n+1)C), 142.8 (2(n+1)C), 

148.6 (2(n+1)C). 43.6 (2(n+1)C), 48.4 (2(n+1)C), 111.8 (4(n+1)C), 116.6 (2(n+1)C), 129.4 (2(n+1)C), 

142.8 (2(n+1)C), 148.6 (2(n+1)C). -  (MALDI-TOF), m/z:  760.44, 1012.72, 

1266.2, 1521.7,  760.48  13a (n = 2) [M+ ]+, 1012.63  13a (n = 3) [M+], 1265.8 

 13a (n = 4) [M+], 1521.0  13a (n = 5) [M+ ]+. 

7,11,15- [14.3.1.1
2,6

] -1(20),2(21),3,5,16,18-  11b. 

 11b    3,   66   1b. 

   CH2Cl2/MeOH (3:1)   -    (35 

, 25 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.82  (4 , 3
J 6.7), 2.71  
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(4 , 3
J 6.0), 3.37  (4 , 3

J 7.3), 4.06 .  (2 ), 6.54  (2 , 3
J 8.0, 4

J 0.8), 7.03  (2 , 3
J 7.5), 7.17 

 (2 , 3
J 7.8), 7.29 .  (2 ), NH-     .  

 13C–{1H} (100 , CDCl3, C, . .): 29.7 (2C), 41.3 (2C), 47.0 (2C), 109.6 (2C),114.0 (2C), 

114.8 (2C), 129.3 (2C),142.1 (2C), 147.9 (2C). -  (MALDI-TOF), m/z:  281.1930, 

  18H23N3 [M
+] 281.1892. 

  CH2Cl2/MeOH/NH3aq (100:20:1)    12b   

-    (30 , 21 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.80  (8 , 3
J 6.7), 2.68  (8 , 3

J 5.9), 3.29  (8 , 3
J 5.1), 3.90 .  (4 ), 

6.53  (4 , 3
J 8.0), 7.02  (4 , 3

J 7.4), 7.16  (4 , 3
J 7.7), 7.17 .  (4 ), NH-  

   .   13C–{1H} (100 , CDCl3, C, . .): 

28.4 (4 ), 41.1 (4 ), 48.0 (4 ), 109.8 (4 ), 114.0 (4 ), 114.8 (4 ), 129.3 (4 ), 142.3 (4 ),147.7 

(4 ). -  (MALDI-TOF), m/z:  562.3701,   36H46N6 [M+] 

562.3784. 

  CH2Cl2/MeOH/NH3aq (100:20:2)    , 

,    13b (n = 2–5)   -    

 (32 , 23 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.70–1.85  

(4(n+1) ), 2.62–2.78  (4(n+1) ), 3.10–3.25  (4(n+1) ), 4.00 .  (2(n+1) ), 6.53  (2(n+1) , 3
J 

7.5), 6.79 .  (2(n+1) ), 6.88  (2(n+1) , 3
J 7.5), 7.16 +7.17  (2(n+1) , 3J 7.7), NH-  

   .   13C–{1H} (100 , CDCl3, C, . .): 

29.0 (2(n+1)C), 42.7 (2(n+1)C), 48.1 (2(n+1)C), 111.1 + 111.4 + 111.6 + 112.0 (4(n+1)C), 116.2 

(2(n+1)C), 129.4 (2(n+1)C), 142.8 (2(n+1)C), 148.6 (2(n+1)C). -  (MALDI-TOF), m/z: 

 843.77, 1124.85, 1405.73,  843.57  13b (n = 2) [M+ ]+, 1012.63  13b (n 

= 3) [M+], 1124.76  13b (n = 4) [M+]. 

7,10,13,16- [15.3.1.1
2,6

] -1(21),2(22),3,5,17,19-  11c. 

 11c    3,   73   1c. 

   CH2Cl2/MeOH/NH3aq (100:20:3)   -   

 (23 , 16 %).   1H (400 , CDCl3, H, . ., (JHH, )): 2.82  (4 ), 2.87  

(4 , 3
J 6.6), 3.29  (4 , 3J 6.6), 6.54  (2 , 3

J 8.0, 4
J 2.0), 7.02  (2 , 3

J 7.7), 7.06 .  (2 ), 7.16 

 (2 , 3J 7.7), NH-    .   13C–{1H} (100 , CDCl3, C, 

. .): 44.2 (2 ), 48.5 (2 ), 49.3 (2 ), 108.9 (2 ), 114.2 (2 ), 115.7 (2 ), 129.3 (2 ), 142.2 (2 ), 

148.9(2 ). -  (MALDI-TOF), m/z:  296.1959,   C18H24N4 [M+] 

296.2001. 

  CH2Cl2/MeOH/NH3aq (100:25:5)    12c   

-     (27 , 18 %).   

  13c (n = 2).   1H (400 , CDCl3, H, . ., (JHH, )): 2.74  
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(8H), 2.85  (8H, 3
J 5.8), 3.21  (8H, 3

J 5.2), 6.56  (4 , 3
J 7.8, 4

J 1.9), 6.80  (4 ), 6.89  (4 , 3
J 

7.2), 7.15  (4 , 3
J 7.8), NH-    .   13C–{1H} (100 , 

CDCl3, C, . .): 43.5 (4C), 48.4 (4C), 48.8 (4C), 111.7 (4C), 111.8 (4C), 116.6 (4C), 129.5 (4C), 

142.8 (4C), 148.6 (4C). -  (MALDI-TOF), m/z:  592.33, 888.38,  

592.40  12  [M+], 888.60  13c (n = 2) [M+]. 

7,10,14,17- [16.3.1.1
2,6

] -1(22),2(23),3,5,18,20-  11d. 

 11d    3,   80   1d. 

   CH2Cl2/MeOH/NH3aq (100:20:2)   -   

 (41 , 26 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.67  (2 , 
3
J 6.4), 2.80  (4 , 3J 6.4), 2.83  (4 , 3J 6.9) 3.36  (4 , 3J 6.9), 4.10 .  (2 ), 6.57  (2 , 3J 8.0, 

4
J 1.4), 6.96–7.00  (4 ), 7.17  (2 , 3

J 7.7), NH-     

.   13C–{1H} (100 , CDCl3, C, . .): 29.5 (1 ), 44.3 (2 ), 48.0 (2 ), 49.2 

(2 ), 110.1 (2 ), 114.2 (2 ), 116.1 (2 ), 129.3 (2 ), 142.7 (2 ), 148.7 (2 ). -  (MALDI-

TOF), m/z:  310.2190,   C19H26N4 [M
+] 310.2157. 

  CH2Cl2/MeOH/NH3aq (100:20:3)    12d   

-    (12 , 8 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.69  (4 , 3
J 5.6), 2.77  (8 , 3

J 4.6), 2.83  (8 , 3
J 6.4), 3.24 .  (8 ), 

6.57  (4 , 3J 7.8), 6.72 .  (4 ), 6.85  (4 , 3J 7.6), 7.14  (4 , 3J 7.7), NH-   

 .   13C–{1H} (100 , CDCl3, C, . .): 28.9–29.7  (2 ), 42.6–43.0  

(4 ), 47.8–49.3  (8 ), 111.2–111.8  (8 ), 116.3 + 116.4 (4 ), 129.5 .  (4 ), 142.6 (4 ), 148.4 

+ 148.5 (4 ). -  (MALDI-TOF), m/z:  620.4307,   C38H52N8 [M
+] 

620.4314. 

  CH2Cl2/MeOH/NH3aq (10:4:1)     12d  

    13d (n = 2, 3)   -    

 (41 , 27 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.63 .  

(2(n+1)H), 2.66 .  (4(n+1)H), 2.80 .  (4(n+1)H), 3.19 .  (4(n+1)H), 4.30 .  (2(n+1)H), 

6.55 .  (2(n+1)H), 6.79 .  (2(n+1)H), 6.87 .  (2(n+1)H), 7.16  (2(n+1)H, 3
J 7.7), NH-

    .   13C–{1H} (100 , CDCl3, 

C, . .): 28.9–29.8  ((n+1)C), 43.2 + 43.3 (2(n+1)C), 48.0 (2(n+1)C), 48.4 + 48.5 (2(n+1)C), 111.7 

(4(n+1)C), 116.3 (2(n+1)C), 129.4 (2(n+1)C), 142.7 (2(n+1)C), 148.6 (2(n+1)C). -  

(MALDI-TOF), m/z:  930.47, 1241.31,  930.65  13d (n = 2) [M+], 1240.86 

 13d (n = 3) [M+]. 

7,11,14,18- [17.3.1.1
2,6

] -1(23),2(24),3,5,19,21-  11e. 

 11e    3,   87   1e. 

   CH2Cl2/MeOH (3:1) – CH2Cl2/MeOH/NH3aq (100:20:2)    
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 (71 , 44 %). . . 115–117° .   1H (400 , CDCl3, H, . ., (JHH, )): 

1.92  (4 , 3J 6.6), 2.82  (4 , 3J 6.0), 2.88  (4 ), 3.32  (4 , 3J 7.2), 3.72 .  (2 ), 6.53  

(2 , 3
J 7.6), 6.93  (2 ), 6.94  (2 , 3

J 7.8), 7.15  (2 , 3
J 7.7), NH-   

  .   13C–{1H} (100 , CDCl3, C, . .): 28.1 (2 ), 42.4 (2 ), 

47.5 (4 ), 110.9 (2 ), 113.3 (2 ), 115.7 (2 ), 129.5 (2 ), 142.5 (2 ), 148.3 (2 ). -  

(MALDI-TOF), m/z:  324.2264,   C20H28N4 [M
+] 324.2314. 

  CH2Cl2/MeOH/NH3aq (100:20:3)    12e   

-    (41 , 25 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.73  (8 , 3J 6.3), 2.71  (8 , 3J 6.3), 2.72  (8 ), 3.15  (4 , 3J 6.3), 6.53  

(4 , 3
J 7.8, 4

J 1.7), 6.76  (4 , 4
J 1.7), 6.87  (4 , 3

J 7.5), 7.17  (4 , 3
J 7.7), NH-  

  .   13C–{1H} (100 , CDCl3, C, . .): 29.1 (4 ), 42.9 (4 ), 

48.1 (4 ), 48.9 (4 ), 111.3 (4 ), 111.9 (4 ), 116.2 (4 ), 129.3 (4 ), 142.9 (4 ), 148.8 (4 ). -

 (MALDI-TOF), m/z:  648.4612,   C40H56N8 [M
+] 648.4628. 

  CH2Cl2/MeOH/NH3aq (10:4:1)     12e  

  13e (n = 2)   -     (28 

, 17 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.75 .  (4(n+1) ), 2.70 .  

(8(n+1) ), 3.16 .  (4(n+1) ), 6.53 .  (2(n+1) ), 6.76 .  (2(n+1) ), 6.86 .  

(2(n+1) ),7.15 .  (2(n+1) ), NH-    .   13C–{1H} 

(100 , CDCl3, C, . .): 29.4 (2(n+1) ), 42.7 (2(n+1) ), 48.1(2(n+1) ), 49.2 (2(n+1) ), 11.5 

(2(n+1) ), 11.6 (2(n+1) ), 116.2 (2(n+1) ), 129.4 (2(n+1) ), 142.9 (2(n+1) ), 148.8 (2(n+1) ). 

-  (MALDI-TOF), m/z:  972.64,   13e (n = 2) [M+] 972.69. 

7,11,15,19- [18.3.1.1
2,6

] -1(24),2(25),3,5,20,22-  11f. 

 11f    3,   94   1f. 

   CH2Cl2/MeOH/NH3aq (100:20:1)   -   

 (69 , 41 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.70  (2 , 
3
J 6.2), 1.83  (4 , 3

J 6.6), 2.74  (8 , 3
J 6.4), 3.22  (4 , 3

J 6.9), 6.53  (2 , 3
J 8.0), 6.85 

.  (2 ), 6.94  (2 , 3
J 7.6), 7.19  (2 , 3

J 7.8), NH    .  

 13C–{1H} (100 , CDCl3, C, . .): 28.5 (2 ), 29.8 (2 ), 43.1 (2 ), 48.4 (2 ), 48.5 (2 ), 

110.7 (2 ), 112.2 (2 ), 115.4 (2 ), 129.2 (2 ), 142.5 (2 ), 148.6 (2 ). -  (MALDI-TOF), 

m/z:  338.2410,   C21H30N4 [M
+] 338.2470. 

  CH2Cl2/MeOH/NH3aq (10:4:1)     12f  

    13f (n = 2, 3)   -    

 (32 , 19 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.72 .  

(6(n+1)H), 2.67 .  (8(n+1)H), 3.11 .  (4(n+1)H), 6.51  (2(n+1)H, 3J 5.4), 6.76 .  (2(n+1)H), 

6.86  (2(n+1)H, 3
J 6.9), 7.15  (2(n+1)H, 3

J 6.5), NH-    .  
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 13C–{1H} (100 , CDCl3, C, . .): 28.8 (2(n+1)C), 29.1 ((n+1)C), 42.7 (2(n+1)C), 48.0–48.6 

 (4(n+1)C), 111.3–111.7  (4(n+1)C), 116.0 (2(n+1)C), 129.3 (2(n+1)C), 142.7 (2(n+1)C), 148.7 

(2(n+1)C). -  (MALDI-TOF), m/z:  676.48, 1014.57, 1352.40,  676.49 

 12f [M]+, 1014.74  13f (n = 2) [M+], 1352.99  13f (n = 3) [M]+. 

7,10,13,16,19- [18.3.1.1
2,6

] -1(24),2(25),3,5,20,22-  11g. 

 11g    3,   94   1g. 

   CH2Cl2/MeOH/NH3aq (100:20:3)   -   

 (32 , 19 %).   1H (400 , CDCl3, H, . ., (JHH, )): 2.74  (4 , 3
J 4.7), 

2.83  (4 , 3J 4.8), 2.90  (4 , 3J 6.1), 3.34  (4 , 3J 6.1), 6.60  (2 , 3J 7.3), 6.98  (2 ), 6.99  (2 , 
3
J 6.7), 7.22  (2 , 3

J 8.0), NH    .   13C–{1H} (100 

, CDCl3, C, . .): 43.7 (2 ), 48.6 (2 ), 49.1 (2 ), 49.5 (2 ), 111.6 (2 ), 112.8 (2 ), 116.2 (2 ), 

129.5 (2 ), 142.6 (2 ), 148.8 (2 ). -  (MALDI-TOF), m/z:  339.2373,  

 20H29N5 [M
+] 339.2423. 

  CH2Cl2/MeOH/NH3aq (100:25:5)    12g   

-    (5 , 3 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 2.73 .  (16H), 2.86 .  (8H), 3.22 .  (8H), 6.59  (4H, 3
J 7.7), 6.82 .  

(4H), 6.90  (4H, 3
J 6.7), 7.20  (4 , 3

J 7.7), NH    .   
13C–{1H} (100 , CDCl3, C, . .): 43.5 (4C), 48.6 (4C), 49.0 (4C), 49.2 (4C), 111.9 (8C), 116.5 

(4C), 129.5 (4C), 142.8 (4C), 148.7 (4C). -  (MALDI-TOF), m/z:  678.58, 

  [M+] 678.48. 

  CH2Cl2/MeOH/NH3aq (10:4:1)     12g  

  13g (n = 2)   -     (20 

, 12 %).   1H (400 , CDCl3, H, . ., (JHH, )): 2.73 .  (8(n+1)H), 2.86 .  

(4(n+1)H), 3.22 .  (4(n+1)H), 6.59  (2(n+1)H, 3
J 7.7), 6.82 .  (2(n+1)H), 6.90  (2(n+1)H, 3

J 

6.7), 7.20  (2(n+1) , 3
J 7.7), NH-    .   13C–{1H} (100 

, CDCl3, C, . .): 43.5 (2(n+1)C), 48.6 (2(n+1)C), 49.0 (2(n+1)C), 49.2 (2(n+1)C), 111.9 

(4(n+1)C), 116.5 (2(n+1)C), 129.5 (2(n+1)C), 142.8 (2(n+1)C), 148.7 (2(n+1)C). -  

(MALDI-TOF), m/z:  1017.74,   13g (n = 2) [M]+ 1017.73. 

10,13- -7,16- [15.3.1.1
2,6

] -1(21),2(22),3,5,17,19-  11h. 

 1:  11h    3,   74  

 1h.    CH2Cl2/MeOH (200:1)   -   

(28 , 19 %). . . 210–212° .   1H (400 , CDCl3, H, . ., (JHH, )): 3.49  (4 , 
3
J 55), 3.70  (4 ), 3.71  (4 , 3

J 5.6), 4.09 .  (2 ), 6.59  (2 , 3
J 8.0, 4

J 1.5, 4
J 0.8), 7.06  

(2 , 3
J 7.7), 7.19  (2 , 3

J 7.7), 7.39  (2 , 4
J 1.9).   13C–{1H} (100 , CDCl3, C, 

. .): 45.2 (2 ), 70.9 (2 ), 72.6 (2 ), 110.9 (2 ), 114.2 (2 ), 116.3 (2 ), 128.9 (2 ), 142.7 (2 ), 
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148.9 (2 ). -  (MALDI-TOF), m/z:  298.1681,   18 22N2 2 [M
+] 

298.1706. 

  CH2Cl2/MeOH (50:1)    12h   -

   (18 , 12 %).   1H (400 , CDCl3, H, . ., 

(JHH, )): 3.34  (8 , 3
J 4.7), 3.68  (8 ), 3.73  (8 , 3

J 4.8), 4.23 .  (4 ), 6.60  (4 , 3
J 7.7), 

6.79 .  (4 ), 6.91  (4 , 3J 7.1), 7.18  (4 , 3J 7.5).   13C–{1H} (100 , CDCl3, C, 

. .): 43.7 (4 ), 69.6 (4 ), 70.3 (4 ), 111.8 (4 ), 112.5 (4 ), 116.8 (4 ), 129.5 (4 ), 142.9 (4 ), 

148.5 (4 ). -  (MALDI-TOF), m/z:  596.3409,   36 44N4 4 [M
+] 

596.3362. 

 2:  11h    3    

 ,   46  Pd(dba)2 (16 . %), 56  BINAP (18 . %) 

 74   1h.    CH2Cl2/MeOH (100:1)   -  

 (60 , 40 %). 

  CH2Cl2/MeOH (75:1)    12h (22 , 15 %). 

  CH2Cl2/MeOH (20:1)    13h (n = 2)   

-    (24 , 16 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 3.36 .  (12 ), 3.67  (12 ), 3.72 .  (12 ), 4.06 .  (6 ), 6.62  (6 , 3
J 7.5), 

6.84 .  (6 ), 6.94  (6 , 3J 6.8), 7.22  (6 , 3J 7.4).   13C–{1H} (100 , CDCl3, C, 

. .): 43.6 (6 ), 69.7 (6 ), 70.3 (6 ), 112.0 (6 ), 112.1 (6 ), 116.8 (6 ), 129.5 (6 ), 142.9 (6 ), 

148.5 (6 ). -  (MALDI-TOF), m/z:  894.56,   54 66N6 6 [M+] 

894.50. 

11,16- -7,20- [19.3.1.1
2,6

] -1(25),2(26),3,5,21,23-  11i. 

 11i    3,   102   

1i.    CH2Cl2/MeOH (200:1)   -   (78 , 44 %). . 

. 111–112° .   1H (400 , CDCl3, H, . ., (JHH, )): 1.76  (4 , 3
J 2.8), 

1.90  (4 , 3
J 5.8), 3.36  (4 , 3

J 6.5), 3.47 .  (4 ), 3.61  (4 , 3
J 5.3), 6.57  (2 , 3

J 

8.0, 4
J 2.2, 4

J 0.7), 6.99  (2 , 4
J 2.1), 7.01  (2 , 3

J 7.7), 7.24  (2 , 3
J 7.8).   13C–{1H} 

(100 , CDCl3, C, . .): 27.2 (2 ), 29.3 (2 ), 43.2 (2 ), 70.3 (2 ), 71.2 (2 ), 111.5 (4 ), 115.8 

(2 ), 129.3 (2 ), 142.2 (2 ), 149.1 (2 ). -  (MALDI-TOF), m/z:  354.2279, 

  C22H30N2O2 [M
+] 354.2307. 

  CH2Cl2/MeOH (75:1)    12i   -

   (20 , 12 %).   1H (400 , CDCl3, H, . ., 

(JHH, )): 1.66  (8 , 3J 2.1), 1.85  (8 , 3J 6.1), 3.23  (8 , 3J 6.4), 3.43  (8 , 
3
J 2.1), 3.52  (8 , 3J 5.7), 4.13 .  (4 ), 6.54  (4 , 3J 7.9, 4J 1.5), 6.77  (4 , 4J 1.8), 6.87  (4 , 

3
J 7.6), 7.18  (4 , 3

J 7.8).   13C–{1H} (100 , CDCl3, C, . .): 26.6 (4 ), 29.3 (4 ), 
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42.2 (4 ), 69.5 (4 ), 70.8 (4 ), 111.4 (4 ), 111.7 (4 ), 116.3 (4 ), 129.3 (4 ), 143.0 (4 ), 148.8 

(4 ). -  (MALDI-TOF), m/z:  708.42,   C44H60N4O4 [M
+] 708.46. 

  CH2Cl2/MeOH (50:1)     12i  

 ,    13i (n = 2–4)   -   

  (30 , 18 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

1.65  (4(n+1)H, 3
J 2.6), 1.85  (4(n+1) , 3

J 6.1), 3.22  (4(n+1) , 3
J 6.4), 3.42 

 (4(n+1) , 3J 2.5), 3.51  (4(n+1) , 3J 5.8), 4.07 .  (2(n+1) ), 6.55  (2(n+1) , 3J 8.0, 4J 

1.6), 6.75  (2(n+1) , 4
J 1.6), 6.86  (2(n+1) , 3

J 7.6), 7.17  (2(n+1) , 3
J 7.8).   13C–

{1H} (100 , CDCl3, C, . .): 26.6 (2(n+1)C), 29.4 (2(n+1)C), 42.1 (2(n+1)C), 69.4 (2(n+1)C), 

70.8 (2(n+1)C), 111.5 (2(n+1)C), 111.6 (2(n+1)C), 116.3 (2(n+1)C), 129.4 (2(n+1)C), 143.0 

(2(n+1)C), 148.8 (2(n+1)C). -  (MALDI-TOF), m/z:  1062.72, 1416.98, 1771.25, 

 1062.69  13i (n = 2) [M+], 1416.92  13i (n = 3) [M+], 1771.15  13i (n = 4) [M+]. 

11,14,17- -7,21- [20.3.1.1
2,6

] -1(26),2(27),3,5,22,24-  11j. 

 1:  11j    3,   110  

 1j.    CH2Cl2/MeOH (100:1)   -   

(71 , 38 %). . . 73–75° .   1H (400 , CDCl3, H, . ., (JHH, )): 1.91  

(4 , 3
J 5.9), 3.35  (4 , 3

J 6.5), 3.60–3.66  (8 ), 3.73–3.77  (4 ), 4.26 .  (2 ), 6.57  (2 , 3
J 

7.9), 6.94 .  (2 ), 6.97  (2 , 3
J 7.7), 7.21  (2 , 3

J 7.8).   13C–{1H} (100 , 

CDCl3, C, . .): 29.3 (2 ), 42.5 (2 ), 70.1 (2 ), 70.7 (2 ), 71.0 (2 ), 111.1 (2 ), 111.9 (2 ), 115.9 

(2 ), 129.2 (2 ), 142.5 (2 ), 149.0 (2 ). -  (MALDI-TOF), m/z:  370.2240, 

  C22H30N2O3 [M
+] 370.2256. 

  CH2Cl2/MeOH (50:1)    12j   -

   (22 , 12 %).   1H (400 , CDCl3, H, . ., 

(JHH, )): 1.84  (8 , 3
J 6.0), 3.23  (8 , 3

J 6.4), 3.55  (8 , 3
J 5.8), 3.55–3.60  (8 ), 3.63–

3.67  (8 ), 4.18 .  (4 ), 6.54  (4 , 3
J 7.7, 4

J 1.9), 6.73 .  (4 ), 6.85  (4 , 3
J 7.4), 7.17  

(4 , 3
J 8.0).   13C–{1H} (100 , CDCl3, C, . .): 29.0 (4 ), 41.7 (4 ), 69.7 (4 ), 

70.2 (4 ), 70.6 (4 ), 111.3 (4 ), 111.8 (4 ), 116.1 (4 ), 129.3 (4 ), 143.0 (4 ), 148.8 (4 ). -

 (MALDI-TOF), m/z:  740.4473,   C44H60N4O6 [M
+] 740.4512. 

  CH2Cl2/MeOH (50:1)     12j  

 ,    13j (n = 2–4)   -   

  (31 , 17 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

1.85  (3
J 5.8)+1.86  (3

J 5.1) (4(n+1) ), 3.22  (3
J 6.3)+3.23  (3

J 6.3) (4(n+1) ), 3.55 

 (4(n+1) , 3
J 6.4), 3.56–3.60  (4(n+1) ), 3.62–3.67  (4(n+1) ), 4.08 .  (2(n+1) ), 6.54  

(2(n+1) , 3
J 7.7), 6.75 .  (2(n+1) ), 6.85  (2(n+1) , 3

J 7.3), 7.17  (2(n+1) , 3
J 7.7).  

 13C–{1H} (100 , CDCl3, C, . .): 29.1 (2(n+1) ), 41.7 (2(n+1) ), 69.7 (2(n+1) ), 70.2 
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(2(n+1) ), 70.6 (2(n+1) ), 111.4–111.7  (4(n+1) ), 116.1 (2(n+1) ), 129.3 (2(n+1) ), 142.9 

(2(n+1) ), 148.8 (2(n+1) ). -  (MALDI-TOF), m/z:  1110.75, 1481.01, 1851.28, 

 1110.68  13j (n = 2) [M+], 1480.90  13j (n = 3) [M+], 1851.13  13j (n = 4) 

[M+]. 

 2:  11j    3,    

 23  Pd(dba)2 (8 . %), 20  DavePhos (10 . %)  110  

 1j.    CH2Cl2/MeOH (100:1)   -   

(84 , 45 %).  

  CH2Cl2/MeOH (50:1)    12j (39 , 21 %). 

  CH2Cl2/MeOH (50:1)     12j  

    13j (n = 2, 3) (17 , 9 %). 

7,18- [17.3.1.1
2,6

] -1(23),2(24),3,5,19,21-  11k. 

 11k    3,   78  (0,25 ) 3,3'-

 10, 11,5  Pd(dba)2 (8 . %), 14  BINAP (9 . %), 43  (0,25 

)  1k, 72  (0,75 ) -    12,5   (  = 

0,02 ).     /CH2Cl2 (1:2)   -  

  (26 , 32 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

1.38 .  (4 ), 1.44 .  (8 ), 1.65–1.71  (4 ), 3.22–3.26  (4 ), 3.81 .  (2 ), 6.56  (2 , 
3
J 7.7, 4

J 2.4), 6.86 .  (2 ), 6.92  (2 , 3
J 7.5), 7.17  (2 , 3

J 7.8).   13C–{1H} (100 

, CDCl3, C, . .): 25.8 (2 ), 27.5 (2 ), 27.8 (2 ), 28.8 (2 ), 43.6 (2 ), 109.4 (2 ), 113.8 (2 ), 

116.1 (2 ), 129.2 (2 ), 143.3 (2 ), 148.6 (2 ). -  (MALDI-TOF), m/z:  322.2387, 

  C22H30N2 [M
+] 322.2409. 

  CH2Cl2    12k   -  

  (18 , 22 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

1.31 .  (16 ), 1.36–1.42 .  (8 ), 1.63  (8 , 3
J 7.0), 3.15  (4 , 3

J 7.0), 3.74 .  

(4 ), 6.57  (4 , 3
J 7.8), 6.78 .  (4 ), 6.89  (4 , 3

J 7.7), 7.19  (2 , 3
J 7.8).   13C–

{1H} (100 , CDCl3, C, . .): 27.0 (4 ), 29.2 (4 ), 29.3 (4 ), 29.5 (4 ), 43.9 (4 ), 111.3 (4 ), 

112.0 (4 ), 116.4 (4 ), 129.3 (4 ), 143.1 (4 ), 148.7 (4 ). -  (MALDI-TOF), m/z: 

 644.4863,   C44H60N4 [M
+] 644.4818. 

  CH2Cl2/MeOH (200:1)    ,   

 13k (n = 2–4)   -    (21 , 26 %).  

 1H (400 , CDCl3, H, . ., (JHH, )): 1.31 .  (8(n+1) ), 1.40 .  (4(n+1) ), 1.62 . 

 (4(n+1) ), 3.14  (4(n+1) , 3
J 6.6), 3.67 .  ((n+1) ), 6.57  (2(n+1) , 3

J 8.0), 6.79 .  

(2(n+1) ), 6.89  (2(n+1) , 3
J 7.6), 7.20  (2(n+1) , 3

J 7.6).   13C–{1H} (100 , 

CDCl3, C, . .): 27.0 + 27.2 (2(n+1) ), 29.3–29.6  (6(n+1) ), 44.0 (2(n+1) ), 111.6 (4(n+1) ), 
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116.3 (2(n+1) ), 129.4 (2(n+1) ), 143.0 (2(n+1) ), 148.7 (2(n+1) ). -  (MALDI-TOF), 

m/z:  966.59, 1289.07, 1611.08,  966.72  13k (n = 2) [M+], 1288.96  13k 

(n = 3) [M+], 1611.20  13k (n = 4) [M+]. 
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4.4.      3,3'-  . 

 4.  N ,N - (3'- -3- )  -   14. 

  ,  ,  3,3'-  10, Pd(dba)2, 

  (BINAP  Xantphos)  ,     2–3 

,    -   1 (0,33–0,45 .), -  

       20–30 .     

    CH2Cl2  2–3 ,  ,  

           

   CH2Cl2, CH2Cl2/MeOH (500:1–3:1), 

CH2Cl2/MeOH/NH3aq (100:20:1–10:4:1). 

N
1
,N

1'
-( -1,2- ) (N

3
-(3'- -3- ) -1,3- ) 14e. 

 1:  14e    4,   343  (1,1 

) 3,3'-  10, 11,5  Pd(dba)2 (1,8 . %), 14  BINAP (2 . %), 87 

 (0,5 )  1e, 144  (1,5 ) -    5  . 

   CH2Cl2/MeOH/NH3aq (100:20:1)   -   

 (82 , 26 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.81  (4 , 
3
J 6.5), 2.76  (4 ), 2.78  (4 , 3

J 6.6), 3.23  (4 , 3
J 6.5), 6.61  (2 , 3

J 8.1, 4
J 1.5), 6.75 .  

(2 ), 6.87  (2 , 3
J 7.6), 7.23  (2 , 3

J 7.8), 7.27  (2 , 3
J 7.8), 7.40  (2 , 3

J 8.1), 7.49  (2 , 3
J 

7.7), 7.72 .  (2 ), NH-    .   13C–{1H} (100 , 

CDCl3, C, . .): 29.4 (2C), 42.7 (2C), 48.1 (2C), 49.3 (2C), 111.2 (2C), 112.2 (2C), 116.0 (2C), 122.6 

(2C), 125.7 (2C), 129.6 (2C), 129.9 (2C), 130.0 (4C), 140.7 (2C), 143.9 (2C), 148.9 (2C). -

 (MALDI-TOF), m/z:  635.1370,   C32H37Br2N4 [M+H]+ 635.1385. 

  CH2Cl2/MeOH/NH3aq (100:20:1)   11e    

  (11 , 7 %).     4.3. 

  CH2Cl2/MeOH/NH3aq (100:20:2)   15e    

  (68 , 28 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

1.79  (8 , 3J 5.8), 2.74  (8 ), 2.75  (8 , 3J 6.4), 3.21  (8 , 3J 5.7), 6.57  (2 , 3J 7.8), 6.59 

 (2 , 3
J 8.2), 6.73 .  (2 ), 6.79 .  (2 ), 6.85  (2 , 3

J 7.2), 6.89  (2 , 3
J 6.8), 7.17–7.29  

(6 ), 7.43  (2 , 3
J 6.9), 7.47  (2 , 3

J 7.7), 7.71 .  (2 ), NH-    

.   13C–{1H} (100 , CDCl3, C, . .): 29.4 (2C), 29.5 (2C), 42.7 (4C), 48.1 

(4C), 49.4 (4C), 111.5 (2C), 111.6 (4C), 112.2 (2C), 116.0 (2C), 116.3 (2C), 122.6 (2C), 125.7 (2C), 

129.3 (2C), 129.6 (2C), 129.9 (2C), 130.1 (4C), 140.7 (2C), 142.9 (2C), 143.9 (2C), 148.7 (2C), 148.9 

(2C). -  (MALDI-TOF), m/z:  959.3662,   C52H65Br2N8 [M+H]+ 

959.3699. 
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 2:  14e    4,   234  (0,75 

) 3,3'-  10, 6  Pd(dba)2 (1,3 . %), 7  BINAP (1,5 . %), 44  

(0,25 )  1e, 72  (0,75 ) -    2,5  . 

   CH2Cl2/MeOH/NH3aq (100:20:1) (54 , 34 %). 

  CH2Cl2/MeOH/NH3aq (100:20:2)   15e (38 , 32 %). 

N,N'-(2,2'-( -1,2- ( )) ( -2,1- )) (3'- -3- ) 14h. 

 14h    4,   234  (0,75 ) 

3,3'-  10, 6  Pd(dba)2 (1,3 . %), 6,5  Xantphos (1,5 . %), 37  

(0,25 )  1h, 72  (0,75 ) -    2,5  . 

   CH2Cl2/MeOH (500:1–200:1)   -   

 (41 , 27 %).   1H (400 , CDCl3, H, . ., (JHH, )): 3.36  (4 , 3
J 5.2), 

3.68  (4 ), 3.74  (4 , 3
J 5.2), 4.19 .  (2 ), 6.62  (2 , 3

J 8.0, 4
J 2.2), 6.77  (2 , 4

J 1.6), 6.88 

 (2 , 3
J 7.6), 7.22  (2 , 3

J 7.8), 7.25  (2 , 3
J 7.7), 7.41–7.46  (4 ), 7.69  (2 , 4

J 1.6).  

 13C–{1H} (100 , CDCl3, C, . .): 43.5 (2C), 69.6 (2C), 70.2 (2C), 111.6 (2C), 112.6 (2C), 

116.6 (2C), 122.7 (2C), 125.7 (2C), 129.7 (2C), 129.9 (2C), 130.0 (2C), 130.1 (2C), 140.8 (2C), 143.8 

(2C), 148.6 (2C). -  (MALDI-TOF), m/z:  609.0739,   

C30H31Br2N2O2 [M+H]+ 609.0752. 

  CH2Cl2/MeOH (100:1)   15h    

  (6 , 5 %).   1H (400 , CDCl3, H, . ., (JHH, )): 3.34 

 (4 , 3
J 5.0), 3.35  (4 , 3

J 5.0), 3.66  (8 ), 3.72  (4 , 3
J 5.0), 3.73  (4 , 3

J 5.0), 6.58  (2 , 3
J 

8.0, 4
J 1.8), 6.61  (2 , 3

J 8.2, 4
J 1.5), 6.76 .  (2 ), 6.79 .  (2 ), 6.87  (2 , 3

J 7.2), 6.89  

(2 , 3
J 7.7), 7.13–7.29  (6 ), 7.40–7.46  (4 ), 7.68  (2 , 4

J 1.8), NH-    

.   13C–{1H} (100 , CDCl3, C, . .): 43.5 (4C), 69.6 (4C), 70.3 (4C), 111.7 

(2C), 112.0 (4C), 112.7 (2C), 116.6 (2C), 116.8 (2C), 122.7 (2C), 125.8 (2C), 129.4 (2C), 129.7 (2C), 

130.0 (2C), 130.1 (2C), 130.2 (2C), 140.8 (2C), 142.9 (2C), 143.9 (2C), 148.4 (2C), 148.6 (2C). -

 (MALDI-TOF), m/z:  907.2479,   C48H53Br2N4O4 [M+H]+ 907.2434. 

N,N'-(3,3'-(2,2'- ( -2,1- ) ( )) ( -3,1- )) (3'- -

3- ) 14j. 

 1:  14j    4,   234  (0,75 

) 3,3'-  10, 6  Pd(dba)2 (1,3 . %), 6,5  Xantphos (1,5 . %), 55 

 (0,25 )  1j, 72  (0,75 ) -    2,5  

.    CH2Cl2/MeOH (200:1)   -   

 (59 , 35 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.90  (4 , 
3
J 6.1), 3.28  (4 , 3

J 6.4), 3.61  (4 , 3
J 5.8), 3.62–3.65  (4 ), 3.67–3.71  (4 ), 4.22 .  (2 ), 

6.62  (2 , 3
J 8.1, 4

J 2.3), 6.75 .  (2 ), 6.86  (2 , 3
J 7.4), 7.23  (2 , 3

J 7.8), 7.27  (2 , 3
J 
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7.8), 7.45  (2 , 3
J 7.9), 7.49  (2 , 3

J 7.8), 7.73 .  (2 ).   13C–{1H} (100 , 

CDCl3, C, . .): 29.0 (2 ), 41.8 (2 ), 69.7 (2 ), 70.2 (2 ), 70.6 (2 ), 111.2 (2 ), 112.2 (2 ), 115.9 

(2 ), 122.6 (2 ), 125.7 (2 ), 129.6 (2 ), 129.9 (2 ), 130.0 (2 ), 130.1 (2 ), 140.7 (2 ), 144.0 (2 ), 

148.9 (2 ). -  (MALDI-TOF), m/z:  680.1283,   C34H38Br2N2O3 

[M+] 680.1249. 

  CH2Cl2/MeOH (75:1–50:1)   15j    

  (25 , 19 %).   1H (400 , CDCl3, H, . ., (JHH, )): 

1.89  (8 , 3
J 5.9), 3.26  (4 , 3

J 6.3), 3.27  (4 , 3
J 6.1), 3.56–3.62  (16 ), 3.65–3.69  

(8 ), 4.16 .  (4 ), 6.56  (2 , 3J 8.2), 6.58  (2 , 3J 8.2), 6.74 .  (2 ), 6.78 .  (2 ), 6.84  

(2 , 3J 7.5), 6.88  (2 , 3J 7.2), 7.19  (2 , 3J 7.8), 7.21  (2 , 3J 8.2), 7.25  (2 , 3J 8.1), 7.44  (2 , 
3
J 7.1), 7.48  (2 , 3J 6.8), 7.71 .  (2 ).   13C–{1H} (100 , CDCl3, C, . .): 29.0 

(2 ), 29.1 (2 ), 41.8 (4 ), 69.7 (4 ), 70.2 (4 ), 70.6 (4 ), 111.2 (2 ), 111.5 (2 ), 111.6 (2 ), 112.2 

(2 ), 115.9 (2 ), 116.2 (2 ), 122.6 (2 ), 125.7 (2 ), 129.3 (2 ), 129.6 (2 ), 129.9 (2 ), 130.0 (2 ), 

130.1 (2 ), 140.7 (2 ), 143.0 (2 ), 144.0 (2 ), 148.7 (2 ), 149.0 (2 ). -  (MALDI-TOF), 

m/z:  1050.3516,   C56H68Br2N4O6 [M
+] 1050.3506. 

 2:  14j    4,   312  (1 

) 3,3'-  10, 11,5  Pd(dba)2 (2 . %), 14  BINAP (2,3 . %), 110 

 (0,5 )  1j, 144  (1,5 ) -    5  . 

   CH2Cl2/MeOH (100:1) (70 , 21 %).   CH2Cl2/MeOH (200:1) 

  11j      (20 , 11 %).  

   4.3.   CH2Cl2/MeOH (75:1)   15j (30 , 11 %). 

 

 4.    12   14. 

  ,  ,   14, Pd(dba)2 (8 . 

%), BINAP (9 . %)     (  = 0,02 ),   

  2–3 ,   1 .  -   1, 3 . -

        30–40 .    

     CH2Cl2  2–3 ,  

,          

      CH2Cl2, CH2Cl2/MeOH (500:1–

3:1), CH2Cl2/MeOH/NH3aq (100:20:1–10:4:1). 

  12e. 

   4,   120  (0,19 )  14e, 9 

 Pd(dba)2, 11  BINAP, 33  (0,19 )  1e, 55  (0,57 ) -  
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  10  .    CH2Cl2/MeOH/NH3aq (100:20:3)   -

   (31 , 25 %).    4.3. 

  CH2Cl2/MeOH/NH3aq (100:25:5)     12   

  13  (n = 3)   -    (34 , 28 

%). -  (MALDI-TOF), m/z:  1297.84,   [M+ ]+ 13  (n = 3) 

1297.93. 

  12h. 

   4,   60  (0,1 )  14h, 4,5 

 Pd(dba)2, 5,5  BINAP, 15  (0,1 )  1h, 29  (0,3 ) -

   5  .    CH2Cl2/MeOH (100:1–75:1)   

-    (16 , 27 %).    4.3. 

  CH2Cl2/MeOH (50:1)    13h (n = 3)   

-    (8 , 13 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 3.31  (16 , 3J 5.2), 3.62  (16 ), 3.68  (16 , 3J 5.2), 6.56  (8 , 3J 7.5), 6.79 .  

(8 ), 6.88  (8 , 3
J 7.3), 7.15  (8 , 3

J 7.8), NH-    .   
13C–{1H} (100 , CDCl3, C, . .): 43.5 (8C), 69.6 (8C), 70.2 (8C), 111.9 (8C), 112.1 (8C), 116.7 

(8C), 129.4 (8C), 142.8 (8C), 148.4 (8C). -  (MALDI-TOF), m/z:  1193.6758, 

  C72H89N8O8 [M+ ]+ 1193.6803. 

  CH2Cl2/MeOH (20:1)       

13h (n = 3, 5)   -    (11 , 18 %). -  

(MALDI-TOF), m/z:  1790.14,   [M+ ]+ 13h (n = 5) 1790.02. 

  12j. 

   4,   58  (0,09 )  14j, 4  

Pd(dba)2, 5  BINAP, 19  (0,09 )  1j, 26  (0,27 ) -  

  4  .    CH2Cl2/MeOH (75:1–50:1)   -  

  (19 , 30 %).    4.3. 

  CH2Cl2/MeOH (50:1–10:1)     12j  

    13j (n = 3, 5)   -   

 (30 , 48 %). -  (MALDI-TOF), m/z:  1481.85, 2222.24,  

1481.91  [M+ ]+ 13j (n = 3), 2222.36  [M+ ]+ 13j (n = 5). 

 

 4.    12  3,3'- ( )  16. 

  ,  ,  3,3'-  10 (78 , 

0,25 ), Pd(dba)2 (6 , 4 . %), BINAP (7 , 4,5 . %)  2,5   (  = 0,1 

),     2–3 ,    -  
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 1 (1 ), -   (72 , 0,75 )     

  5–10 .        

  (20 %)        -

 MALDI-TOF.  3,3'-  10 (187 , 0,6 ), Pd(dba)2 (28 

, 8 . %), BINAP (34 , 9 . %)  10   (  = 0,02 ),   

  2–3 ,   -   (170 , 1,8 )   

    30–40 .       

  CH2Cl2  2–3 ,  ,      

        

  CH2Cl2, CH2Cl2/MeOH (500:1–3:1), CH2Cl2/MeOH/NH3aq 

(100:20:1–10:4:1). 

N
1
,N

1'
-( -3,3'- ) (N

3
-(2-(3- ) ) -1,3- ) 16e. 

 16e  in situ   4,     

 174   1e.     .   1H (400 

, CDCl3, H, . ., (JHH, )): 1.58  (4 , 3
J 7.0), 1.77  (4 , 3

J 5.9), 2.62  (4 , 3
J 

7.0), 2.67  (8 ), 2.68–2.73  (8 ), 3.18  (4 , 3J 6.7), 6.53  (2 , 3J 7.3), 6.74  (2 ), 6.83  (2 , 3J 

7.3), 7.15  (2 , 3J 7.6), NH-    .   13C–{1H} (100 , 

CDCl3, C, . .): 29.5 (2C), 33.8(2C), 40.3 (2C), 42.7 (2C), 47.7 (2C), 48.1 (2C), 49.5 (4C), 111.4 

(2C), 111.5 (2C), 116.2 (2C), 129.3 (2C), 142.9 (2C), 148.7 (2C). -  (MALDI-TOF), m/z: 

 499.40,   C28H51N8 [M+H]+ 499.42. 

  12e. 

   4,      174   1e. 

   CH2Cl2/MeOH/NH3aq (100:20:3)   -   

 (14 , 9 %).    4.3.   CH2Cl2/MeOH/NH3aq 

(100:20:2)   11  (65 , 40 %). 

N
3
,N

3'
- (2-(2-(2- ) ) ) -3,3'-  16h. 

 16h  in situ   4,     

 148   1h.     .   1H 

(400 , CDCl3, H, . ., (JHH, )): 2.83  (4 , 3
J 5.2), 3.32  (4 , 3

J 5.2), 3.49  (4 , 3
J 5.2), 

3.61–3.65  (8 ), 3.71  (4 , 3
J 5.2), 6.58  (2 , 3

J 8.0, 4
J 2.3), 6.80  (2 , 4

J 1.9), 6.89  (2 , 3
J 

7.6), 7.19  (2 , 3
J 7.8), NH-    .   13C–{1H} (100 , 

CDCl3, C, . .): 41.5 (2C), 43.4 (2C), 69.6 (2C), 70.2 (4C), 73.4 (2C), 112.0 (4C), 116.7 (2C), 129.3 

(2C), 142.8 (2C), 148.4 (2C). -  (MALDI-TOF), m/z:  447.27,   

C24H39N4O4 [M+H]+ 447.30. 
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  12h. 

   4,      148  

 1h.    CH2Cl2/MeOH (100:1)   -  

  (66 , 44 %).    4.3. 

  CH2Cl2/MeOH (200:1)   11h (24 , 15 %),   

CH2Cl2/MeOH (50:1)     12h    13h (n 

= 2) (46 , 24 %)       13h (n = 2, 3) (56 , 32 %). 

N
3
,N

3'
- (3-(2-(2-(3- ) ) ) ) -3,3'-  16j. 

 16j  in situ   4,     

 220   1j.     .   1H 

(400 , CDCl3, H, . ., (JHH, )): 1.64  (4 , 3
J 6.5), 1.85  (4 , 3

J 5.6), 2.70  

(4 , 3
J 6.8), 3.21  (4 , 3

J 5.5), 3.45–3.60  (24 ), 6.51  (2 , 3
J 8.0), 6.72  (2 ), 6.81  (2 , 3

J 

7.4), 7.12  (2 , 3
J 7.7), NH-    .   13C–{1H} (100 , 

CDCl3, C, . .): 29.0 (2C), 33.2 (2C), 39.4 (2C), 41.6 (2C), 69.3 (2C), 69.6 (2C), 70.0 (2C), 70.1 

(2C), 70.5 (4C), 111.4 (4C), 116.0 (2C), 129.2 (2C), 142.8 (2C), 148.6 (2C). -  (MALDI-

TOF), m/z:  591.39,   C32H55N4O6 [M+H]+ 591.41. 

  12j. 

   4,      220  

 1j.    CH2Cl2/MeOH (75:1–50:1)   -  

  (28 , 15 %).    4.3.   

CH2Cl2/MeOH (100:1)   11j (72 , 39 %),   CH2Cl2/MeOH (20:1) 

       13j (n = 2, 3) (56 , 30 %). 
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4.5.     6,6'-  2,2'- . 

 5.   18, 19, 20. 

  ,  ,  6,6'- -2,2'-  17 (79 

, 0,25 ), Pd(dba)2 (11,5 , 8 . %), BINAP (14 , 9 . %)  12,5   (  

= 0,02 ),     2–3 ,   -  

 1 (0,25 ), -   (72 , 0,75 )    

   15–20 .        

 CH2Cl2  2–3 ,  ,      

        

 : CH2Cl2, CH2Cl2/MeOH (500:1–3:1), CH2Cl2/MeOH/NH3aq 

(100:20:1–10:4:1). 

7,11,15,20,21- [14.3.1.1
2,6

] -1(20),2(21),3,5,16,18-  18b. 

 18b    5    ,  

 33   1b  5   (  = 0,05 ).    

CH2Cl2/MeOH/NH3aq (100:20:3)   -    (7 , 10 %). . . 

135–137° . -  ( H2Cl2): max 351  (log  3,82).   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.95–2.00  (4 ), 3.03  (4 , 3
J 5.6), 3.49  (4 , 3

J 5.3), 6.38  (2 , 3
J 8.2), 7.05  

(2 , 3J 7.6), 7.33  (2 , 3J 7.9), NH-    .   13C–{1H} (100 

, CDCl3, C, . .): 29.2 (2C), 36.5 (2C), 46.2 (2C), 109.6 (2C), 110.8 (2C), 137.8 (2C), 153.8 

(2C), 159.2 (2C). -  (MALDI-TOF), m/z:  283.1819,   C16H21N5 

[M+] 283.1797. 

  CH2Cl2/MeOH/NH3aq (100:25:5)     19b  

    20b (n = 2, 3)   -    

 (32 , 45 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.45–1.60  

(4(n+1)H), 2.36–2.52  (4(n+1)H), 3.15–3.24  (4(n+1)H), 6.23  (4 , 3
J 8.2, ), 6.28  

(6 , 3J 8.2, ), 6.34  (8 , 3J 5.2, ), 7.27–7.43  (4(n+1)H), NH-  

  .   13C–{1H} (100 , CDCl3, C, . .): 28.1–29.3  

(2(n+1)C), 38.7–39.7  (2(n+1)C), 46.3–47.3  (2(n+1)C), 107.0 (2(n+1)C), 109.9 (2(n+1)C), 138.0 

(2(n+1)C), 154.5 (2(n+1)C), 158.4 + 158.5 (2(n+1)C). -  (MALDI-TOF), m/z:  

566.36, 849.38, 1132.41,  566.37  19b [M+], 849.54  20b (n = 2) [M+], 1132.72  

20b (n = 3) [M+]. 

7,10,14,17,22,23- [16.3.1.1
2,6

] -1(22),2(23),3,5,18,20-  18d. 

 18d    5,   40   1d. 

   CH2Cl2/MeOH/NH3aq (100:25:5)   -   

 (8 , 10 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.51  (2 , 3J 
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6.0), 2.79  (4 , 3
J 5.8), 2.90  (4 , 3

J 5.9), 3.56  (4 , 3
J 5.9), 5.13 .  (2 ), 6.40  (2 , 3

J 8.4), 

7.00  (2 , 3J 7.4), 7.40  (2 , 3J 7.9), NH-     . 

  13C–{1H} (100 , CDCl3, C, . .): 28.7 (1C), 41.9 (2C), 48.2 (2C), 49.2 (2C), 108.2 

(2C), 111.1 (2C), 137.6 (2C), 155.3 (2C), 158.4 (2C). -  (MALDI-TOF), m/z:  

312.2093,   C17H24N6 [M
+] 312.2062. 

  CH2Cl2/MeOH/NH3aq (100:25:5)    19d   

-    (5 , 6 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.58  (4 , 3
J 5.7), 2.64  (8 , 3

J 7.0), 2.85  (8 , 3
J 5.7), 3.49  (8 , 3

J 5.0), 

6.28  (4 , 3
J 8.2), 7.14  (4 , 3

J 7.6), 7.47  (4 , 3
J 7.6), NH-    . 

  13C–{1H} (100 , CDCl3, C, . .): 29.3 (2C), 41.6 (4C), 47.9 (4C), 48.2 (4C), 107.2 

(4C), 110.1 (4C), 137.8 (4C), 155.3 (4C), 159.0 (4C). -  (MALDI-TOF), m/z:  

624.4103,   C34H48N12 [M
+] 624.4125. 

  CH2Cl2/MeOH/NH3aq (100:25:5)      

 20d (n = 2, 3)   -     (14 , 18 %). 

   .   1H (400 , CDCl3, H, . ., (JHH, )): 

1.61–1.66  (2(n+1)H), 2.58–2.74  (8(n+1)H), 3.38–3.47  (4(n+1)H), 6.31–6.45  (2(n+1)H), 7.27–

7.43  (4(n+1)H), NH-    .   13C–{1H} (100 , 

CDCl3, C, . .): 28.1 ((n+1)C), 41.6 (2(n+1)C), 48.1 (2(n+1)C), 48.9 (2(n+1)C), 109.9–110.2  

(4(n+1)C), 137.8–138.0  (2(n+1)C), 155.3 (2(n+1)C), 158.3 + 158.4 (2(n+1)C). -  

(MALDI-TOF), m/z:  1248.64, 1561.27,  1248.82  20d (n = 2) [M+], 1561.03 

 20d (n = 3) [M+]. 

7,11,14,18,23,24- [17.3.1.1
2,6

] -1(23),2(24),3,5,19,21-  18e. 

 18e    5,   44   1e. 

   CH2Cl2/MeOH/NH3aq (100:25:5)   -    

(16 , 20 %). . . 108–110° . -  (CH2Cl2): max 348  (log  3,96).   1H 

(400 , CDCl3, H, . ., (JHH, )): 1.83  (4 , 3J 5.5), 2.56  (4 ), 2.72  (4 , 3J 5.3), 3.61 

 (4 , 3
J 6.4), 5.21 .  (2 ), 6.36  (2 , 3

J 8.2), 7.06  (2 , 3
J 7.4), 7.41  (2 , 3

J 7.8), NH-

    .   13C–{1H} (100 , CDCl3, 

C, . .): 29.3 (2C), 40.0 (2C), 47.5 (2C), 49.1 (2C), 107.3 (2C), 110.7 (2C), 137.6 (2C), 155.2 (2C), 

159.1 (2C). -  (MALDI-TOF), m/z:  326.2262,   C18H26N6 [M+] 

326.2219. 

  CH2Cl2/MeOH/NH3aq (100:25:5)    19e   

-    (12 , 15 %). -  (CH2Cl2): max 348  (log  

4,32).   1H (400 , CDCl3, H, . ., (JHH, )): 1.69  (8 , 3J 6.3), 2.58  (8 ), 

2.61  (8 , 3J 6.3), 3.37  (8 , 3J 6.0), 5.06 .  (4 ), 6.29  (4 , 3J 8.2), 7.44  (4 , 3J 7.8), 7.52  

(4 , 3
J 7.4), NH-     .   13C–{1H} 
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(100 , CDCl3, C, . .): 29.7 (4C), 40.1 (4C), 47.2 (4C), 49.0 (4C), 106.7 (4C), 110.0 (4C), 138.0 

(4C), 154.9 (4C), 158.5 (4C). -  (MALDI-TOF), m/z:  652.4417,   

C36H52N12 [M
+] 652.4438. 

7,11,15,19,24,25- [18.3.1.1
2,6

] -1(24),2(25),3,5,20,22-  18f. 

 18f    5,   47   1f. 

   CH2Cl2/MeOH/NH3aq (100:20:3–100:25:5)   -   

 (25 , 29 %). . . 112–113° . -  (CH2Cl2): max 347  (log  3,93).  

 1H (400 , CDCl3, H, . ., (JHH, )): 1.39  (2 , 3
J 5.7), 1.85 .  (4 ), 2.52  

(4 , 3
J 5.9), 2.68  (4 , 3

J 4.8), 3.58 .  (4 ), 5.20 .  (2 ), 6.36  (2 , 3
J 8.1), 7.11  (2 , 3

J 

7.4), 7.43  (2 , 3
J 7.8), NH-     .   

13C–{1H} (100 , CDCl3, C, . .): 28.7 (1C), 29.4 (2C), 39.7 (2C), 46.6 (2C), 47.3 (2C), 107.9 

(2C), 110.7 (2C), 137.9 (2C), 155.5 (2C), 159.0 (2C). -  (MALDI-TOF), m/z:  

340.2395,   C19H28N6 [M
+] 340.2375. 

10,13- -7,16,21,22- [15.3.1.1
2,6

] -1(21),2(22),3,5,17,19-  

18h. 

 18h    5,   37   

1h.    CH2Cl2/MeOH/NH3aq (100:20:1)   -   

 (10 , 13 %). . . 114–115° .   1H (400 , CDCl3, H, . ., (JHH, )): 

3.46–3.51  (4 ), 3.74  (4 ), 3.85  (4 , 3
J 7.2), 5.00 .  (2 ), 6.37  (2 , 3

J 8.2), 7.01  (2 , 3
J 

7.4), 7.38  (2 , 3
J 7.8).   13C–{1H} (100 , CDCl3, C, . .): 41.5 (2C), 69.2 (2C), 

69.7 (2C), 108.7 (2C), 111.2 (2C), 137.2 (2C), 154.7 (2C), 158.3 (2C). -  (MALDI-TOF), 

m/z:  300.1528,   C16H20N4O2 [M
+] 300.1586. 

  CH2Cl2/MeOH/NH3aq (100:25:5)    19h   

-    (15 , 20 %). . . 91–93° . -  (CH2Cl2): max 342 

 (log  4,30).   1H (400 , CDCl3, H, . ., (JHH, )): 3.53  (8 , 3
J 5.2), 3.64  

(8 ), 3.69  (8 , 3
J 5.5), 5.00 .  (4 ), 6.26  (4 , 3

J 8.1), 7.29  (4 , 3
J 7.8), 7.44  (4 , 3

J 7.9). 

  13C–{1H} (100 , CDCl3, C, . .): 41.8 (4C), 69.9 (4C), 70.3 (4C), 107.5 (4C), 

110.3 (4C), 137.8 (4C), 154.6 (4C), 157.9 (4C). -  (MALDI-TOF), m/z:  600.3153, 

  C32H40N8O4 [M
+] 600.3173. 

  CH2Cl2/MeOH/NH3aq (100:25:5)    , 

,    20h (n = 2–5)   -   

 (20 , 26 %).    .   1H (400 , 

CDCl3, H, . ., (JHH, )): 3.57–3.62  (4(n+1)H), 3.64  (4(n+1)H), 3.68–3.73  (4(n+1)H), 6.35  

(2(n+1)H, 3
J 8.2), 7.42  (2(n+1)H, 3

J 7.6), 7.59  (2(n+1)H, 3
J 7.2), NH-    

.   13C–{1H} (100 , CDCl3, C, . .): 41.6 (2(n+1)C), 70.0 (2(n+1)C), 70.2 
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(2(n+1)C), 107.5 (2(n+1)C), 110.1 (2(n+1)C), 137.8 (2(n+1)C), 154.7 (2(n+1)C), 158.0 (2(n+1)C). 

-  (MALDI-TOF), m/z:  900.48, 1200.55, 1500.72, 1800.78,  900.48 

  20h (n = 2) [M+], 1200.63  20h (n = 3) [M+], 1500.76   20h (n = 4) [M+], 1800.96 

 20h (n = 5) [M+]. 

11,16- -7,20,25,26- [19.3.1.1
2,6

] -1,2,3,5,21,23-  18i. 

 18i    5,   51   1i. 

   CH2Cl2/MeOH (10:1)   -    (42 , 47 

%). . . 93–95° . -  (CH2Cl2): max 345  (log  3,85).   1H (400 , 

CDCl3, H, . ., (JHH, )): 1.71–1.73  (4 ), 1.97  (4 , 3
J 5.4), 3.40–3.45  (8 ), 3.59  

(4 , 3
J 5.2), 6.61 .  (2 ), 7.06  (2 , 3

J 7.4), 7.51  (2 , 3
J 7.8), NH-    

.   13C–{1H} (100 , CDCl3, C, . .): 27.0 (2C), 28.7 (2C), 42.0 (2C), 70.5 

(2C), 71.4 (2C), 107.2 (2C,  70 ), 109.8 (2C), 138.7 (2C), 157.9 (2C), 2  

   . -  (MALDI-TOF), m/z:  356.2222,  

 C20H28N4O2 [M
+] 356.2212. 

  CH2Cl2/MeOH (20:1)    19i   -

   (15 , 17 %). . . 78–80° . -  (CH2Cl2): max 345  (log  

4,34).   1H (400 , CDCl3, H, . ., (JHH, )): 1.65–1.68  (8 ), 1.87  (8 , 
3
J 6.0), 3.41  (8 , 3

J 6.5), 3.42–3.45  (8 ), 3.52  (4 , 3
J 5.2), 6.34  (4 , 3

J 7.6), 7.44  (4 , 3
J 

7.4), 7.47  (4 , 3
J 7.8), NH-    .   13C–{1H} (100 , 

CDCl3, C, . .): 26.5 (4C), 29.5 (4C), 40.0 (4C), 68.9 (4C), 70.7 (4C), 106.7 (4C), 109.6 (4C), 138.2 

(4C), 153.0 (4C), 158.0 (4C). -  (MALDI-TOF), m/z:  712.4471,   

C40H56N8O4 [M
+] 712.4425. 

  CH2Cl2/MeOH/NH3aq (100:20:1)    , 

,    20i (n = 2–5)   -   

 (20 , 22 %).    .   1H (400 , 

CDCl3, H, . ., (JHH, )): 1.65–1.68  (4(n+1)H), 1.87–1.92  (4(n+1)H), 3.41–3.45  (8(n+1)H), 

3.51–3.55  (4(n+1)H), 4.85 .  (2(n+1)H), 6.35  (2(n+1)H, 3
J 8.1), 7.47  (2(n+1)H, 3

J 7.7), 7.57 

 (2(n+1)H, 3
J 7.3).   13C–{1H} (100 , CDCl3, C, . .): 26.5 (2(n+1)C), 29.5 

(2(n+1)C), 40.0 (2(n+1)C), 69.1 (2(n+1)C), 70.8 (2(n+1)C), 106.4 (2(n+1)C), 109.9 (2(n+1)C), 137.9 

(2(n+1)C), 154.9 (2(n+1)C), 158.3 (2(n+1)C). -  (MALDI-TOF), m/z:  1068.57, 

1424.80, 1781.27, 2137.33,  1068.66   20i (n = 2) [M+], 1424.89  20i (n = 3) 

[M+], 1781.11   20i (n = 4) [M+], 2137.43  20i (n = 5) [M+]. 
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11,14,17- -7,21,26,27- [20.3.1.1
2,6

] -1,2,3,5,22,24-  

18j. 

 18j    5,   55   

1j.    CH2Cl2/MeOH (10:1–3:1)   -    (45 

, 48 %). -  (CH2Cl2): max 345  (log  4,00).   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.99  (4 , 3
J 5.8), 3.53  (4 , 3

J 6.2), 3.56–3.60  (4 ), 3.63–3.68  (8 ), 

6.80 .  (2 ), 7.10  (2 , 3
J 7.4), 7.54  (2 , 3

J 7.9), NH-    . 

  13C–{1H} (100 , CDCl3, C, . .): 28.6 (2C), 39.3 (2C), 68.9 (2C), 70.5 (4C), 108.6 

(2C), 110.7 (2C,  50 ), 139.7 (2C), 156.1 (2C), 2     

. -  (MALDI-TOF), m/z:  372.2185,   C20H28N4O3 

[M+] 372.2161. 

  CH2Cl2/MeOH (20:1–10:1)    19j   -

   (14 , 15 %). . . 78–80° . -  (CH2Cl2): max 345  (log  

4,28).   1H (400 , CDCl3, H, . ., (JHH, )): 1.87  (8 , 3
J 6.1), 3.41  (8 , 

3
J 6.2), 3.53–3.58  (16 ), 3.61–3.66  (8 ), 6.36  (4 , 3

J 8.0), 7.39–7.45  (8 ), NH-  

  .   13C–{1H} (100 , CDCl3, C, . .): 29.3 (4C), 39.7 (4C), 

69.2 (4C), 70.2 (4C), 70.6 (4C), 107.0 (4C), 109.5 (4C), 138.2 (4C), 151.6 (4C), 158.0 (4C). -

 (MALDI-TOF), m/z:  744.4302,   C40H56N8O6 [M
+] 744.4323. 

7,18,23,24- [17.3.1.1
2,6

] -1(23),2(24),3,5,19,21-  18k. 

 18k    5,   43   1k. 

   CH2Cl2/MeOH (20:1–10:1)   -    (24 

, 30 %). . . 123–124° . -  (CH2Cl2): max 344  (log  3,99).   1H (400 

, CDCl3, H, . ., (JHH, )): 1.30–1.34  (4 ), 1.38–1.42  (8 ), 1.70–1.75  (4 ), 3.52  (4 , 
3
J 7.6), 6.59 .  (2 ), 7.05  (2 , 3

J 7.4), 7.45  (2 , 3
J 7.9), NH-    

.   13C–{1H} (100 , CDCl3, C, . .): 26.1 (2C), 26.4 (2C), 27.3 (2C), 28.4 

(2C), 41.6 (2C), 109.9 (4C), 138.1 (2C), 156.3 (2C), 158.2 (2C). -  (MALDI-TOF), m/z: 

 324.2343,   C20H28N4 [M
+] 324.2314. 

  CH2Cl2/MeOH (3:1)    19k   -

   (26 , 32 %). . . 109–111° . -  (CH2Cl2): max 345  

(log  4,15).   1H (400 , CDCl3, H, . ., (JHH, )): 1.26–1.31  (16 ), 1.34–1.39  

(8 ), 1.59–1.63  (8 ), 3.31  (8 , 3
J 6.6), 6.39  (4 , 3

J 7.7), 7.43 .  (4 ), 7.51  (4 , 3
J 7.5), 

NH-    .   13C–{1H} (100 , CDCl3, C, . .): 27.0 

(4C), 28.7 (4C), 29.3 (4C), 29.6 (4C), 42.3 (4C), 106.5 (4C), 112.9 (4C), 138.7 (4C), 152.4 (4C), 158.0 

(4C). -  (MALDI-TOF), m/z:  648.4620,   C40H56N8 [M+] 

648.4628. 
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  CH2Cl2/MeOH/NH3aq (100:20:1)      

 20k (n = 2, 3)   -    (12 , 15 %).  

 1H (400 , CDCl3, H, . ., (JHH, )): 1.26–1.40  (12(n+1)H), 1.61  (4(n+1) , 3
J 7.5), 

3.29  (4(n+1) , 3
J 5.8), 4.57 .  (2(n+1)H), 6.35  (2(n+1)H, 3

J 6.0), 7.47–7.53  (4(n+1)H). 

  13C–{1H} (100 , CDCl3, C, . .): 27.1 (2(n+1)C), 28.7-29.6 (m, 6(n+1)C), 42.4 

(2(n+1)C), 106.1 (2(n+1)C), 110.0 (2(n+1)C), 138.0 (2(n+1)C), 155.1 (2(n+1)C), 158.4 (2(n+1)C). 

-  (MALDI-TOF), m/z:  972.34, 1296.78,  972.69   20k (n = 2) 

[M+], 1296.93  20k (n = 3) [M+]. 

 

 

 



153 

4.6.      6,6'-  2,2'- . 

 6.    19  6,6'- ( )  21. 

  ,  ,  6,6'- -2,2'-  17 (63 

, 0,2 ), Pd(dba)2 (4,6 , 4 . %), BINAP (5,6 , 4,5 . %)  2   (  = 

0,1 ),     2–3 ,    -  

 1 (0,6 ), -   (58 , 0,6 )    

   8–10 .        

  (25 %)        -

.  6,6'- -2,2'-  17 (94 , 0,3 ), Pd(dba)2 (14 , 8 

. %), BINAP (17 , 9 . %)  8   (  = 0,02 ),    

 2–3 ,   -   (87 , 0,9 )    

   15–20 .        

 CH2Cl2  2–3 ,  ,      

        

  CH2Cl2, CH2Cl2/MeOH (500:1–3:1), CH2Cl2/MeOH/NH3aq 

(100:20:1–10:4:1).  

N
1
,N

1'
-(2,2'- -6,6'- ) (N

3
-(3- ) -1,3- ) 21b. 

 21b  in situ   6,     

 79   1b.     .   1H (400 

, CDCl3, H, . ., (JHH, )): 1.57  (4 , 3
J 6.9), 1.75  (4 , 3

J 6.7), 2.60  (4 , 3
J 

7.0), 2.69  (8 , 3J 6.6), 3.38  (4 , 3J 6.3), 6.32  (2 , 3J 8.1), 7.45  (2 , 3J 7.9), 7.54  (2 , 3J 7.1), 

NH-    .   13C–{1H} (100 , CDCl3, C, . .): 29.6 

(2C), 33.7 (2C), 40.2 (2C), 40.3 (2C), 47.7 (2C), 47.8 (2C), 106.5 (2C), 109.8 (2C), 137.8 (2C), 154.8 

(2C), 158.2 (2C). -  (MALDI-TOF), m/z:  414.38,   C22H38N8 [M
+] 

414.32. 

  19b. 

   4,   79   1b.   

 CH2Cl2/MeOH/NH3aq (100:25:5–10:4:1)      (16 , 19 

%). . . 118–120° . -  (CH2Cl2): max 347  (log  4,30).   1H (400 , 

CDCl3, H, . ., (JHH, )): 1.45  (8 , 3
J 6.4), 2.36  (8 , 3

J 6.4), 3.15–3.20  (8 ), 6.23  

(4 , 3
J 8.2), 7.27  (4 , 3

J 7.4), 7.37  (4 , 3
J 7.8), NH-    .  

 13C–{1H} (100 , CDCl3, C, . .): 29.3 (4C), 38.7 (4C), 46.4 (4C), 107.0 (4C), 110.0 (4C), 

137.9 (4C), 154.9 (4C), 158.4 (4C). -  (MALDI-TOF), m/z:  566.3651,  

 C32H42N10 [M
+] 566.3594. 

  CH2Cl2/MeOH/NH3aq (100:20:3)   18b (10 , 23 %). 
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  CH2Cl2/MeOH/NH3aq (100:25:5)      

 20b (n = 2, 3)   -     (26 , 31 %). 

N
6
,N

6'
- (2-(2-(2- ) ) )-2,2'- -6,6'-  21h. 

 21h  in situ   6,     

 89   1h.     .   1H 

(400 , CDCl3, H, . ., (JHH, )): 2.80  (4 , 3
J 4.4), 3.46  (4 , 3

J 4.5), 3.58 c (8 ), 3.59–3.62 

 (4 ), 3.66–3.69  (4 ), 6.36  (2 , 3
J 8.1), 7.44  (2 , 3

J 7.7), 7.57  (2 , 3
J 7.3), NH-  

  .   13C–{1H} (100 , CDCl3, C, . .): 41.4 (4C), 69.9 (2C), 

70.2 (4C), 73.3 (2C), 107.4 (2C), 110.0 (2C), 137.7 (2C), 154.7 (2C), 157.9 (2C). -  

(MALDI-TOF), m/z:  448.24,   C22H36N6O4 [M
+] 448.28. 

  19h. 

   4,   89   1h.   

 CH2Cl2/MeOH (20:1)   -    (7 , 8 %). 

   4.5. 

  CH2Cl2/MeOH (10:1–3:1)   18h (20 , 44 %). 

  CH2Cl2/MeOH (20:1)    20h (n = 2)   

-    (4 , 4 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 3.57  (12 , 3
J 5.0), 3.65  (12 ), 3.72  (12 , 3

J 5.1), 4.57 .  (6 ), 6.31  (6 , 
3
J 8.2), 7.37  (6 , 3

J 7.8), 7.56  (6 , 3
J 7.4).   13C–{1H} (100 , CDCl3, C, . .): 

41.8 (6C), 69.9 (6C), 70.3 (6C), 107.4 (6C), 110.1 (6C), 137.9 (6C), 154.7 (6C), 158.0 (6C). -

 (MALDI-TOF), m/z:  900.4819,   C48H60N12O6 [M
+] 900.4759. 

N
6
,N

6'
- (3-(4-(3- ) ) )-2,2'- -6,6'-  21i. 

 21i  in situ   6,     

 121   1i.     .   1H 

(400 , CDCl3, H, . ., (JHH, )): 1.58–1.60  (4 ), 1.61–1.63  (4 ), 1.67  (4 , 3
J 

6.5), 1.88  (4 , 3J 6.2), 2.73  (4 , 3J 6.5), 3.36–3.42  (12 ), 3.45  (4 , 3J 4.5), 3.52  (4 , 
3
J 5.9), 6.33  (2 , 3

J 8.1), 7.46  (2 , 3
J 7.7), 7.56  (2 , 3

J 7.3), NH-    

.   13C–{1H} (100 , CDCl3, C, . .): 26.4 (4C), 29.5 (2C), 33.4 (2C), 39.4 

(2C), 39.9 (2C), 68.9 (2C), 69.0 (2C), 70.6 (2C), 70.7 (2C), 106.4 (2C), 109.8 (2C), 137.8 (2C), 154.9 

(2C), 158.2 (2C). -  (MALDI-TOF), m/z:  560.39,   C30H52N6O4 

[M+] 560.41. 

  19i. 

   4,      121  

 1i.    CH2Cl2/MeOH (20:1)   -   

 (10 , 9 %).    4.5. 
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  CH2Cl2/MeOH (20:1–10:1)   18i (23 , 43 %). 

  CH2Cl2/MeOH (20:1)       20i 

(n = 2, 3)   -     (9 , 8 %). 

N
6
,N

6'
- (3-(2-(2-(3- ) ) ) )-2,2'- -6,6'-  21j. 

 21j  in situ   6,     

 132   1j.     .   1H 

(400 , CDCl3, H, . ., (JHH, )): 1.64  (4 , 3
J 6.5), 1.83  (4 , 3

J 6.1), 2.70  

(4 , 3
J 6.7), 3.47  (4 , 3

J 6.2), 3.49–3.59  (24 ), 6.30  (2 , 3
J 8.2), 7.40  (2 , 3

J 7.6), 7.51  

(2 , 3
J 7.3), NH-    .   13C–{1H} (100 , CDCl3, C, 

. .): 29.2 (2C), 33.2 (2C), 39.4 (2C), 39.6 (2C), 69.2 (2C), 69.3 (2C), 70.0 (2C), 70.1 (2C), 70.4 (4C), 

106.5 (2C), 109.6 (2C), 137.6 (2C), 154.8 (2C), 158.0 (2C). -  (MALDI-TOF), m/z: 

 592.45,   C30H52N6O6 [M
+] 592.39. 

  19j. 

   4,   132   1j.   

 CH2Cl2/MeOH (20:1)   -    (13 , 12 %). 

   4.5. 

  CH2Cl2/MeOH (20:1–10:1)   18j (22 , 39 %). 

  CH2Cl2/MeOH (20:1)       20j 

(n = 2, 3)   -     (12 , 11 %).   
1H (400 , CDCl3, H, . ., (JHH, )): 1.87  (4(n+1) , 3

J 6.1), 3.41  (4(n+1) , 3
J 6.2), 

3.53–3.58  (8(n+1) ), 3.61–3.66  (4(n+1) ), 6.36  (2(n+1)H, 3J 8.0), 7.39–7.45  (4(n+1)H), NH-

   .   13C–{1H} (100 , CDCl3, C, . .): 29.4 

(2(n+1)C), 39.7 (2(n+1)C), 69.2 (2(n+1)C), 70.3 (2(n+1)C), 70.7 (2(n+1)C), 107.0 (2(n+1)C), 109.5 

(2(n+1)C), 138.2 (2(n+1)C), 151.5 (2(n+1)C), 157.8 (2(n+1)C). -  (MALDI-TOF), m/z: 

 1116.63, 1488.89,  1116.65   20k (n = 2) [M+], 1488.86  20k (n = 3) 

[M+]. 
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4.7.  N,N,N',N'- (7- -2- )  , - . 

2,15- -(7- -2- )-6,11- -2,15- - [14.5.3.0
19,23

] 

 1(21),16(24),17,19,22-  22. 

  22    .  :   

,  ,   3i (89 , 0,25 ), 2,7-  

2 (286 , 1 ), Pd(dba)2 (11,5 , 8 . %), Xantphos (13 , 9 . %)  2,5  

 (  = 0,1 ),     2–3 ,  -   

(72 , 0,75 )       20 .    

     CH2Cl2  2–3 ,  

     .       

 23  Pd(dba)2 (16 . %)  28  BINAP (18 . %)  Xantphos. 

      .  22 

    /CH2Cl2 (1:4) (130 , 35 %).   1H (400 , 

CDCl3, H, . ., (JHH, )): 1.91 .  (4H), 2.03  (4H, 3J 5.0), 3.55  (4H, 3
J 5.3), 3.56 .  

(4 ), 4.22  (4 , 3
J 6.6), 7.04  (2 , 3

J 8.5, 4
J 1.8), 7.33  (2 , 3

J 8.5, 4
J 1.9), 7.41  (2 , 3

J 8.7, 
4
J 1.8), 7.49  (2 , 3

J 8.8), 7.60  (2 , 3
J 8.6), 7.68  (2 , 3

J 8.6), 7.72  (2 ), 7.85  (2 ).  

 13C–{1H} (100 , CDCl3, C, . .): 27.2 (2 2), 27.4 (2 2), 49.2 (2 2), 67.1 (2 2), 

70.7 (2 2), 115.0 (2 ), 115.8 (2 ), 120.2 (2 ), 120.4 (2 ), 123.6 (2 ), 125.1 (1 ), 127.1 

(2 ), 127.6 (2 ), 127.8 (2 ), 128.6 (4 ), 129.1 (2 ), 135.7 (2 ), 136.6 (1 ), 145.1 (2 ), 146.9 

(2 ). -  (MALDI-TOF), m/z:  737.1324,   C40H39Br2N2O2. [M+H]+ 

737.1378. 

7,20- -(7- -2- )-11,16- -7,20- - [19.3.1.1
2,6

] 

-1(24),2,4,6(26),21(25),22-  23. 

  ,  ,   11i (139 , 0,35 

), 2,7-  2 (400 , 1,4 ), Pd(dba)2 (32 , 16 . %), Xantphos (37 

, 18 . %)  3,5   (  = 0,1 ),     2–3 , 

 -   (100 , 1,05 )       

18 .         CH2Cl2  2–3 

,  ,         

  .  23     

/CH2Cl2 (1:2) (85 , 32 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.43 .  

(4H), 2.03  (4H, 3J 5.6), 3.24 .  (4H), 3.49  (4 , 3J 5.4), 4.09  (4 , 3J 6.5), 7.11  (2 , 3J 

7.3), 7.18  (2 , 4J 1.3), 7.24  (2 , 3J 8.3), 7.29–7.43  (6 ), 7.53  (6 ), 7.53  (2 ), 7.56  (2 , 3J 

8.2), 7.62  (2 , 3
J 9.0), 7.83  (2 ).   13C–{1H} (100 , CDCl3, C, . .): 26.6 

(2 2), 27.8 (2 2), 49.2 (2 2), 67.2 (2 2), 70.7 (2 2), 111.2 (2 ), 120.4 (2 ), 121.0 (2 ), 
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122.2 (2 ), 122.4 (2 ), 123.0 (2 ), 126.3 (2 ), 127.4 (2 ), 128.3 (2 ), 128.5 (2 ), 129.1 

(2 ), 129.2 (2 ), 36.0 (2 ), 143.3 (2 ), 146.1 (2 ), 148.4 (2 ). -  (MALDI-TOF), 

m/z:  763.1590,   C42H41Br2N2O2 [M+H]+ 763.1535. 

 

 .  N,N,N',N'- (7- -2- )  , -  24. 

  ,  ,  2,7-  2 (858 , 3 

), Pd(dba)2 (11,5 , 4 . %  ), Xantphos (13 , 4,5 . %  )  5 

  (  = 0,1  ),     2–3 ,  

  1 (0,5 ), -   (288 , 3 )   

    6–10 .       

  CH2Cl2  2–3 ,  ,      

        

 :  ,  /CH2Cl2 (1:2–1:4), CH2Cl2. 

N,N'-(( -1,2- ( )) ( -2,1- )) (7- -N-(7- -2-

) -2- ) 24h. 

 24h    ,   74   

1h.    . /CH2Cl2 (1:1)   -   (204 , 42 

%).   1H (400 , CDCl3, H, . ., (JHH, )): 3.58 c (4H), 3.74  (4 , 3
J 5.9), 4.09  

(4 , 3J 5.9), 7.21  (4 , 3J 9.0, 4J 2.3), 7.32  (4 , 4J 2.2), 7.38  (4 , 3J 8.6, 4J 1.8), 7.55  (4 , 3J 

8.7), 7.58  (4 , 3J 9.0), 7.77  (4 , 4J 1.3).   13C–{1H} (100 , CDCl3, C, . .): 52.1 

(2 2), 68.2 (2 2), 70.9 (2 2), 115.4 (4 ), 120.5 (4 ), 122.7 (4 ), 127.3 (4 ), 127.7 (4 ), 

128.7 (4 ), 128.8 (4 ), 129.1 (4 ), 135.7 (4 ), 145.8 (4 ). -  (MALDI-TOF), m/z: 

 964.9633,   C46H37Br4N2O2 [M+H]+ 964.9588. 

  . /CH2Cl2 (1:4)   25h (63 , 15 %).  

 1H (400 , CDCl3, H, . ., (JHH, )): 3.56 c (8H), 3.71  (4 , 3
J 6.0), 3.72  (4 , 3

J 5.6), 

4.05  (8 , 3
J 5.6), 7.13  (2 , 3

J 9.0, 4
J 1.8), 7.16–7.24  (8 ), 7.27–7.38  (12 ), 7.48–7.61  

(14 ), 7.73 .  (2 ), 7.75 .  (4 ).   13C–{1H} (100 , CDCl3, C, . .): 52.0 

(4 2), 68.1 (2 2), 68.2 (2 2), 70.8 (4 2), 113.5 (2 ), 115.4 (4 ), 117.4 (2 ), 120.4 (2 ), 

120.5 (4 ), 121.8 (2 ), 122.0 (2 ), 122.7 (4 ), 126.3 (1 ), 126.8 (2 ), 128.9 (4 ), 129.1 

(6 ), 135.4 (1 ), 135.8 (2 ), 145.3 (2 ), 145.8 (4 ), 146.2 (2 ). -  (MALDI-TOF), m/z: 

 1645.05,   C82H67Br6N4O4 [M+H]+ 1645.03. 

N,N'-(( -1,4- ( )) ( -3,1- )) (7- -N-(7- -2-

) -2- ) 24i. 

 24i    ,   102   

1i.    . /CH2Cl2 (1:1)   -   (218 , 43 
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%).   1H (400 , CDCl3, H, . ., (JHH, )): 1.70–1.73  (4H), 1.98  (4H, 3
J 

6.0), 3.43–3.46  (4H), 3.50  (4 , 3J 5.7), 4.05  (4 , 3J 6.9), 7.22  (4 , 3J 8.8, 4J 1.9), 7.30  (4  
4
J 1.0), 7.37  (4 , 3

J 8.6, 4
J 1.5), 7.56  (4 , 3

J 8.7), 7.63  (4 , 3
J 9.0), 7.80 .  (4 ).  

 13C–{1H} (100 , CDCl3, C, . .): 26.8 (2 2), 27.7 (2 2), 49.0 (2 2), 67.8 (2 2), 

70.9 (2 2), 115.3 (4 ), 120.5 (2 ), 122.8 (4 ), 127.2 (4 ), 127.7 (4 ), 128.7 (4 ), 128.8 

(4 ), 129.1 (4 ), 135.8 (4 ), 146.1 (4 ). -  (MALDI-TOF), m/z:  1021.0287, 

  C50H45Br4N2O2 [M+H]+ 1021.0214. 

  . /CH2Cl2 (1:4)   25i (75 , 17 %).   
1H (400 , CDCl3, H, . ., (JHH, )): 1.69–1.73  (4H), 1.73–1.76  (4H), 1.90 .  (4 ), 2.00 

 (4 , 3
J 5.7), 3.40–3.55  (16 ), 4.06  (4 , 3

J 7.0), 4.21  (4 , 3
J 6.3), 7.03  (2 , 3

J 8.7, 
4
J 1.8), 7.22–7.28  (6 ), 7.30–7.35  (8 ), 7.36–7.41  (6 ), 7.49  (2 , 3

J 8.8), 7.54–7.59  (6 ), 

7.64  (4 , 3J 8.8), 7.65  (2 , 3J 9.2), 7.82 .  (4 ), 7.84 .  (2 ).   13C–{1H} (100 

, CDCl3, C, . .): 26.7 (2 2), 27.2 (2 2), 27.5 (2 2), 49.2 (2 2), 49.4 (2 2), 67.7 

(2 2), 67.8 (2 2), 70.7 (2 2), 70.8 (2 2), 113.2 (2 ), 115.3 (4 ), 117.6 (2 ), 120.4 (2 ), 

120.5 (4 ), 121.9 (2 ), 122.0 (2 ), 122.8 (4 ), 127.1 (2 ), 127.2 (4 ), 127.7 (6 ), 128.5 

(2 ), 128.6 (2 ), 128.7 (6 ), 128.8 (4 ), 129.1 (6 ), 135.8 (4 ), 135.9 (2 ), 145.2 (2 ), 

146.0 (4 ), 146.9 (2 ), 2      . -  

(MALDI-TOF), m/z:  1757.11,   C90H83Br6N4O4 [M+H]+ 1757.15. 

N,N'-((( ( -2,1- )) ( )) ( -3,1- )) (7- -N-(7- -2-

) -2- ) 24j. 

 24j          ,  

 1716  (6 ) 2,7  2, 23  Pd(dba)2, 26  XanthPhos, 576 

 (6 ) -  , 220  (1 )  1j  10  . 

   . /CH2Cl2 (1:4)   -   (330 , 32 %). 

         2,7  2  

1144  (4 ),   110   1j.  24j   

 . /CH2Cl2 (1:1–1:2) (248 , 48 %).   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.98  (4H, 3
J 6.2), 3.56  (4H, 3

J 5.6), 3.64–3.68  (4 ), 3.75–3.79  (4 ), 

4.03  (4 , 3
J 6.9), 7.24  (4 , 3

J 8.9, 4
J 8.9), 7.31 .  (4 ), 7.39  (4 , 3

J 8.6, 4
J 1.8), 7.57  

(4 , 3J 8.7), 7.62  (4 , 3J 9.0), 7.83 .  (4 ).   13C–{1H} (100 , CDCl3, C, . .): 

27.5 (2 2), 49.1 (2 2), 68.2 (2 2), 70.3 (2 2), 70.7 (2 2), 115.3 (4 ), 120.4 (4 ), 122.8 

(4 ), 127.2 (4 ), 127.6 (4 ), 128.7 (4 ), 128.8 (4 ), 129.1 (4 ), 138.8 (4 ), 145.9 (4 ). 

-  (MALDI-TOF), m/z:  1037.0110,   C50H45Br4N2O3 [M+H]+ 

1037.0163. 

  CH2Cl2   25j (23 , 3 %).   1H (400 , 

CDCl3, H, . ., (JHH, )): 1.95  (4 , 3
J 6.1), 2.03  (4 , 3

J 6.2), 3.49–3.70  (20 ), 
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3.81–3.85  (4 ), 3.99  (4 , 3
J 7.3), 4.19  (4 , 3

J 7.0), 6.98  (2 , 3
J 9.0, 4

J 2.0), 7.18–7.21  

(6 ), 7.27 .  (2 ), 7.29–7.40  (12 ), 7.45–7.68  (14 ), 7.79 .  (4 ), 7.82 .  (2 ). 

  13C–{1H} (100 , CDCl3, C, . .): 27.2 (2 2), 27.5 (2 2), 49.2 (2 2), 49.4 

(2 2), 68.0 (2 2), 68.2 (2 2), 70.4 (2 2), 70.8 (2 2), 70.9 (2 2), 71.3 (2 2), 113.2 (2 ), 

115.3 (4 ), 117.6 (2 ), 120.3 (2 ), 120.4 (4 ), 121.9 (2 ), 122.1 (2 ), 122.8 (4 ), 127.2 

(6 ), 127.8 (2 ), 127.9 (4 ), 128.5-128.8  (14 ), 129.1 (6 ), 135.8 (4 ), 135.9 (2 ), 145.5 

(2 ), 146.0 (4 ), 146.5 (2 ), 2     . -  

(MALDI-TOF), m/z:  1789.19,   C90H83Br6N4O6 [M+H]+ 1789.14. 

N,N,N',N'- (7- -2- ) -1,10-  24k. 

 24k    ,   102   

1i.    . /CH2Cl2 (4:1–2:1)   -   (253 

, 51 %).       2,7  2  572  (2 

)  215  (43%)  24k,    2,7  2  

1144  (4 ) — 211  (42%).   1H (400 , CDCl3, H, . ., (JHH, )): 1.27–

1.35  (8H), 1.41 .  (4 ), 1.78  (4 , 3J 7.0), 3.90  (4 , 3J 7.4), 7.26  (4 , 3J 8.8 , 4J 

2.2), 7.30  (4 , 4J 1.8), 7.42  (4 , 3J 8.6 , 4J 1.9), 7.60  (4 , 3J 8.6), 7.67  (4 , 3J 8.8), 7.86  

(4 , 4
J 1.1).   13C–{1H} (100 , CDCl3, C, . .): 27.0 (2 2), 27.2 (2 2), 29.3 

(2 2), 29.5 (2 2), 52.6 (2 2), 115.1 (4 ), 120.4 (2 ), 122.7 (4 ), 127.1 (4 ), 127.6 (4 ), 

128.6 (4 ), 128.8 (4 ), 129.1 (4 ), 135.7 (4 ), 146.0 (4 ). -  (MALDI-TOF), m/z: 

 989.0274,   C50H45Br4N2. [M+H]+ 989.0316. 

  . /CH2Cl2 (1:1)   25j (60 , 12 %).   
1H (400 , CDCl3, H, . ., (JHH, )): 1.27–1.35  (16H), 1.39 .  (8 ), 1.76 .  (8 ), 3.88 

.  (8 ), 7.10–7.42  (22 ), 7.49–7.69  (14 ), 7.79 .  (2 ), 7.80 .  (4 ).   
13C–{1H} (100 , CDCl3, C, . .): 27.1 (4 2), 27.3 (2 2), 27.4 (2 2), 29.4 (4 2), 29.5 

(4 2), 52.7 (4 2), 112.9 (2 ), 115.2 (4 ), 117.6 (2 ), 120.4 (2 ), 120.5 (4 ), 121.9 (2 ), 

122.0 (2 ), 122.8 (4 ), 126.4 (1 ), 126.6 (2 ), 127.1 (2 ), 127.2 (4 ), 127.7 (4 ), 128.5 

(2 ), 128.6 (2 ), 128.7 (4 ), 128.8 (2 ), 128.9 (4 ), 129.1 (6 ), 135.7 (1 ), 135.8 (4 ), 

135.9 (2 ), 145.6 (2 ), 146.1 (4 ), 146.5 (2 ). -  (MALDI-TOF), m/z:  1693.11, 

  C90H83Br6N4 [M+H]+ 1693.17. 
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4.8.      , - . 

 8.   26   27   24. 

  ,  ,   24, Pd(dba)2 (8–16 

. %),   (9–18 . %)     (  = 0,02 

),     2–3 ,   1–2 .  

 1, 3–6 . -         35–40 . 

        CH2Cl2  2–3 , 

 ,         

       CH2Cl2, 

CH2Cl2/MeOH (500:1–10:1). 

 27hh. 

 1:   8,   95  (0,10 )  24h, 4,5  

(8 . %) Pd(dba)2, 3,5  (9 . %) DavePhos, 15  (0,10 )  1h, 28 

 (0,3 ) -    5  .    CH2Cl2/MeOH 

(50:1)   -    (3 , 3 %).  2:   8,  

 120  (0,12 )  24h, 11,4  (16 . %) Pd(dba)2, 8,8  

(18 . %) DavePhos, 37  (0,25 )  1h, 72  (0,75 ) -

   12,4  .    CH2Cl2/MeOH (10:1) (10 , 9 %). 

   .   1  (400 , CDCl3, H, . ., (JHH, )): 3.30 

 (8 , 3J 5.1), 3.58  (4 ), 3.66  (8 ), 3.69  (8 , 3J 5.1), 3.73  (4 , 3J 6.1), 3.95  (4 , 3J 6.1), 4.04 

.  (4 ), 6.60  (4 , 4
J 1.9), 6.72  (4 , 3J 8.7, 4J 2.3), 6.87  (4 , 3J 8.7, 4J 2.2), 7.11  (4 , 4J 

1.9), 7.36  (4 , 3J 8.8), 7.41  (4 , 3J 8.8).   13C–{1H} (100 , CDCl3, C, . .): 44.1 

. (4 2), 52.0 (2 2), 68.2 (2 2), 69.2 (2 2), 70.1 (4 2), 70.8 (4 2), 105.3 (4 ), 115.4 

(8 ), 119.1 (4 ), 123.7 (4 ), 128.2 (4 ), 128.6 (4 ), 136.1 (4 ), 145.4 (4 ), 145.7 (4 ). 

-  (MALDI-TOF), m/z:  941.4910,   C58H65N6O6 [M+H]+ 

941.4965. 

 27hi. 

   8,   128  (0,13 )  24h, 

13  (16 . %) Pd(dba)2, 9,4  (18 . %) DavePhos, 27  (0,13 )  

1i, 37  (0,39 ) -    10  .    

CH2Cl2/MeOH (100:1)   -    (20 , 14 %). 

   , :B = 1:1,3.   1  (400 , CDCl3, H, 

. ., (JHH, )): 1.65–1.73  (8 ), 1.87  (8 , 3
J 5.8), 3.23  (maj, 3

J 6.8 ) + 3.25  (min, 3
J 

6.4) (8 ), 3.32–3.37  (8 ), 3.49  (maj, 3
J 5.8) + 3.53  (min, 3

J 5.7) (8 ), 3.57  (maj) + 3.59  

(min) (4 ), 3.74  (maj, 3
J 6.4) + 3.77  (min, 3

J 6.1) (4 ), 4.08  (min, 3
J 6.0) + 4.09  (maj, 3

J 6.3) 
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(4 ), 6.57  (maj, 4
J 1.7) + 6.63  (min, 4

J 1.7) (4 ), 6.68  (maj, 3
J 8.5, 4

J 2.0) +6.70  (min, 3
J 

8.6, 4
J 2.1) (4 ), 6.89  (min, 3

J 8.6, 4
J 2.0) + 7.14  (maj, 3

J 8.6, 4
J 2.0) (4 ), 7.01 .  (min) + 

7.33 .  (maj) (4H), 7.39  (min, 3
J 8.7) + 7.50  (maj, 3

J 8.7) (4 ), 7.45  (min, 3
J 8.6) + 7.63  

(maj, 3
J 8.6) (4 ), NH-    .   13C–{1H} (100 , 

CDCl3, C, . .): 26.7 (4 2), 29.8 (4 2), 41.1 (maj) + 42.1 (min) (4 2), 50.7 (maj) + 52.0 (min) 

(2 2), 68.1–70.8 (12 2), 103.5 (maj) + 103.8 (min) (4CH), 114.6 (min) + 115.7 (min) + 115.8 

(maj) + 116.3 (maj) + 116.8 (maj) + 118.6 (min) (12CH), 123.1 (min) + 123.2 (maj) (4C), 128.2 (min) 

+ 128.3 (maj) + 128.4 (min) + 129.0 (maj) (8CH), 135.9 (min) + 136.5 (maj) (4C), 145.9 (4C), 146.4 

(maj) + 146.5 (min) (4C). -  (MALDI-TOF), m/z:  1055.6312,   

C66H83N6O6 [M+H]+ 1055.6374. 

 27ih. 

   8,   122  (0,12 )  24i, 

11  (16 . %) Pd(dba)2, 8,5  (18 . %) DavePhos, 36  (0,24 )  

1h, 69  (0,72 ) -    6  .    

CH2Cl2/MeOH (50:1)   -    (5 , 4 %). 

   .   1  (400 , CDCl3, H, . ., (JHH, )): 1.67–

1.73  (4 ), 1.88  (4 , 3J 6.6), 3.21  (8 , 3J 4.9), 3.42–3.47  (8 ), 3.65  (8 ), 3.69  (8 , 
3
J 4.8), 3.87  (4 , 3

J 6.9), 6.58  (4 , 4
J 1.5), 6.66  (4 , 3

J 8.9, 4
J 1.5), 6.91  (4 , 3

J 9.0 , 4
J 

1.4), 7.02 .  (4 ), 7.40  (4 , 3J 9.2), 7.43  (4 , 3J 9.1), NH-    . 

-  (MALDI-TOF), m/z:  997.5523,   C62H73N6O6 [M
+] 997.5591. 

 27ii. 

 1:   8,   90  (0,09 )  24i, 4  (8 

. %) Pd(dba)2, 3,1  (9 . %) DavePhos, 18  (0,09 )  1i, 25  

(0,27 ) -    4,5  .    CH2Cl2/MeOH 

(100:1)   -    (7 , 14 %).  2:   

8,   120  (0,12 )  24i, 10,8  (16 . %) Pd(dba)2, 8,3 

 (18 . %) DavePhos, 48  (0,23 )  1i, 67  (0,72 ) -

   11,7  .    CH2Cl2/MeOH (50:1) (17 , 13 %). 

   , :B = 1:2,3.   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.62–1.78  (12 ), 1.87  (8 , 3
J 6.1), 1.92–2.00  (4 ), 3.24  (3

J 6.6) + 

3.25  (3
J 6.0) (8 ), 3.32–3.54  (24 ), 3.93  (3

J 6.8) + 4.02  (3
J 6.8) (4 ), 6.57 .  + 6.64 .  

(2 ), 6.67  (4 , 3J 8.6, 4J 2.0), 6.89  (3
J 8.7, 4J 2.0 ) + 7.13  (3

J 8.7, 4J 2.2) (4 ), 7.17  (4
J 1.5) 

+ 7.35  (4
J 1.9) (4 ), 7.41  (3

J 8.8) + 7.51  (3
J 8.7) (4 ), 7.45  (3

J 8.7) + 7.65  (3
J 8.7) (4 ), NH-

   .   13C–{1H} (100 , CDCl3, C, . .): 26.5 + 26.6 

+ 26.7 + 26.8 (6 2), 27.8 + 28.5 (2 2), 29.5 + 29.9 (4 2), 41.1 + 42.0 (4 2), 48.1 (maj) + 49.1 
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(min) (2CH2), 67.9 + 68.0 + 68.2 + 69.3 (3 2), 70.7 + 70.8 + 70.9 (3 2), 103.5 (maj) + 103.7 (min) 

(4CH), 114.6 (min) + 115.6 (min) + 115.9 (maj) + 116.2 (maj) + 116.9 (maj) + 118.9 (min) (12CH), 

123.1 + 123.2 (4C), 128.3 + 128.7 + 129.0 (8CH), 136.0 (maj) + 136.5 (min) (4C), 146.1 (min) + 146.2 

(maj) + 146.4 (maj) + 146.6 (min) (4C). -  (MALDI-TOF), m/z:  1109.6804, 

  C70H89N6O6 [M+H]+ 1109.6843. 

  1   CH2Cl2/MeOH (200:1–100:1)   26ii   

-    (5 , 5 %).    

, :B = 1:2,5.   1H (400 , CDCl3, H, . ., (JHH, )): 1.63–1.75  

(8 ), 1.87  (4 , 3
J 5.9), 1.90–2.01  (4 ), 3.21  (3

J 7.0) + 3.23  (3
J 6.8) (4 ), 3.30–3.57  

(16 ), 4.00  (3
J 6.7) + 4.05  (3

J 6.3) (4 ).      

     ,   

  6.49  + 6.56 .  (2 ), 6.66  (2 , 3
J 8.5, 4

J 1.9), 

      ,   -

  . -  (MALDI-TOF), m/z:  1065.3580, 

  C60H67Br2N4O4 [M+H]+ 1065.3529. 

 27ji. 

   8,   104  (0,10 )  24j, 

9  (16 . %) Pd(dba)2, 7  (18 . %) DavePhos, 41  (0,20 )  1i, 

58  (0,6 ) -    10  .    CH2Cl2/MeOH 

(50:1)   -    (19 , 17 %).   

  :  = 1:2.   1  (400 , CDCl3, H, . ., (JHH, )): 1.67–1.73 

 (8 ), 1.82–2.00  (12 ), 3.23  (maj, 3
J 6.9) + 3.27  (min, 3

J = 6.5) (8 ), 3.32–3.37  (8 ), 3.40–

3.68  (20 ), 3.81  (min, 3J 6.9) + 4.01  (maj, 3J 6.9) (4 ), 6.57  (maj, 4J 1.7) + 6.62  (min, 4J 1.5) 

(4 ), 6.67  (maj, 3
J 8.3, 4

J 2.0) + 6.68  (min, 3
J 8.5, 4

J 2.1) (4 ), 6.85  (min, 3
J 8.8, 4

J 2.0) + 

7.13  (maj, 3J 8.7, 4J 2.0) (4 ), 7.09  (min, 4J 1.6) + 7.33  (maj, 4J 1.9) (4 ), 7.37  (min, 3J 8.7) + 

7.50  (maj, 3J 8.7) (4 ), 7.44  (min, 3J 8.2) + 7.64  (maj, 3J 8.2) (4 ), NH-    

.   13C–{1H} (100 , CDCl3, C, . .): 26.5–29.9 (10 2), 41.1 (maj) + 42.2 

(min) (4 2), 48.0 (maj) + 49.2 (min) (2 2), 68.2–70.9 (14 2), 103.5 (maj) + 103.7 (min) (4CH), 

114.6 (min) + 115.6 (min) + 115.9 (maj) + 116.2 (maj) + 116.9 (maj) + 118.8 (min) (12CH), 123.1 

(min) + 123.2 (maj) (4C), 128.2 (min) + 128.3 (maj) + 128.4 (min) + 130.0 (maj) (8CH), 136.0 (maj) + 

136.5 (min) (4C), 146.1 (min) + 146.2 (maj) + 146.4 (min) + 146.5 (maj) (8C). -  (MALDI-

TOF), m/z:  1127.6875,   C70H91N6O7 [M+H]+ 1127.6949. 

 26jj. 

   8,   172  (0,17 )  24j, 

7,6  (8 . %) Pd(dba)2, 8,2  (9 . %) BINAP, 36  (0,17 )  1j, 
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50  (0,51 ) -    8  .    CH2Cl2/MeOH 

(100:1)   -    (26 , 14 %).   

 , :B = 1:2,3.   1H (400 , CDCl3, H, . ., (JHH, )): 1.87 

 (4 , 3J 6.1), 1.91–2.00  (4 ), 3.25  (4 , 3J 5.5), 3.47–3.62  (16 ), 3.64–3.68 (8 ), 3.92  

(3
J 6.8) + 3.95  (3

J 6.4) + 4.02  (3
J 7.2) (    4   

   1,2:1,4:1,4), 4.18 .  (2 ).   

  (6.5–7.8 . .)     

 ,      : 

6.55  + 6.66  (3
J 9.0) + 6.74  (3

J 9.0) (4 ),    

 (   ),   -   , 7.62  (2 , 3
J 

7.8) – ,   -    , 7.74  (2 )  7.81  (2 ) – , 

  -    .   13C–{1H} (100 , CDCl3, C, . .): 

  : 27.7 (2 2,  ), 28.4 (2 2,  ), 29.9 (2 2, 

 ), 41.0 (2 2,  ), 41.7 (2 2,  ), 48.2 (2 2,  ), 49.2 (2 2, 

 ), 68.2 (2 2,  ), 68.5 (2 2,  ), 68.6 (2 2,  ), 69.0 (2 2, 

 ), 69.7 (2 2,  ), 70.2 (2 2,  ), 70.3 (2 2,   + 2 2,  

), 70.4 (2 2,  ), 70.7 (2 2,  ), 70.8 (2 2,   +2 2,  ). -

 (MALDI-TOF), m/z:  1097.3354,   C60H67Br2N4O6 [M+H]+ 1097.3427. 

 27jj. 

   8,   300  (0,29 )  24j, 

26,7  (16 . %) Pd(dba)2, 20,5  (18 . %) DavePhos, 128  (0,58 ) 

 1j, 167  (1,7 ) -    15  .   

 CH2Cl2/MeOH (50:1)   -    (28 , 8 %). 

    :  = 1:1.   1  (400 , CDCl3, H, . ., 

(JHH, )): 1.87  (4 , 3
J 5.6), 1.93  (3

J 6.8) + 1.97  (3
J 6.1) (8 ), 3.25  (3

J 

6.4) + 3.26  (3
J 6.3) (8 ), 3.48–3.72  (36 ), 3.87  (3

J 7.2) + 3.99  (3
J 6.9) (4 ), 6.50  (4

J 2.0) + 

6.55  (4
J 1.6) (4 ), 6.66  (3

J 9.0, 4
J 2.1) + 6.69  (3

J 8.8, 4
J 2.1) (4 ), 6.88  (3

J 8.7, 4
J 2.0) + 

7.12  (3
J 8.6, 4

J 2.0) (4 ), 7.04  (4
J 1.5) + 7.25 .  (4 ), 7.40  (3

J 8.8) + 7.50  (3
J 8.6) (4 ), 

7.44  (3
J 8.7) + 7.64  (3

J 8.6) (4 ), NH-    .   13C–{1H} 

(100 , CDCl3, C, . .): 27.7 + 28.3 (2 2), 28.9 + 29.7 (4 2), 40.9 + 41.6 (4 2), 48.1 + 49.2 

(2 2), 68.5–70.8  (18 2), 103.3 + 103.9 (4 ), 114.7 + 115.4 + 115.9 + 116.1 + 117.0 + 118.7 

(12 ), 123.0 + 123.1 (4 ), 128.2 + 128.3 + 128.9 (8 ), 136.0 + 136.4 (4 ), 146.1 + 146.2 + 146.3 

+ 146.4 (8 ). -  (MALDI-TOF), m/z:  1157.6632,   C70H89N6O9 

[M+H]+ 1157.6691. 
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 27kj. 

 1:   8,   200  (0,20 )  24k, 9,2 

 (8 . %) Pd(dba)2, 7,1  (9 . %) DavePhos, 44  (0,20 )  1j, 

58  (0,6 ) -    10  .    CH2Cl2/MeOH 

(50:1)   -    (3 , 3 %).  2:   8,  

 200  (0,20 )  24k, 18,4  (16 . %) Pd(dba)2, 14,2  

(18 . %) DavePhos, 88  (0,40 )  1j, 115  (0,12 ) -

   20  .    CH2Cl2/MeOH (50:1) (33 , 15 %). 

   , :B = 1:2.   1H (400 , CDCl3, H, 

. ., (JHH, )): 1.20–1.43  (16 ), 1.72  (4 , 3
J 6.2), 1.88  (8 , 3

J 6.3), 3.26  (3
J 

6.6) + 3.27  (3
J 6.4) (8 ), 3.47–3.68  (24 ), 3.82  (4 , 3

J 7.3), 3.99 .  (4 ), 6.58  (4
J 2.0) + 

6.66  (4
J 1.9) (4 ), 6.68  (4 , 3J 8.7, 4J 1.6), 6.91  (3

J 8.7, 4J 2.3) + 7.07  (3
J 8.9, 4J 2.3) (4 ), 

7.16  (4
J 1.6) + 7.26  (4

J 2.3) (4 ), 7.45  (3
J 8.9) + 7.52  (3

J 8.7) (4 ), 7.46  (3
J 8.6) + 7.66  (3

J 

8.7) (4 ).   13C–{1H} (100 , CDCl3, C, . .): 26.5–29.7 (12 2), 41.0 (maj) + 41.7 

(min) (4 2), 51.7 (maj) + 52.6 (min) (2 2), 69.0–70.8  (12 2), 103.4 (maj) + 103.6 (min) (4CH), 

114.5 (min) + 115.7 (min) + 115.8 (maj) + 116.0 (maj) + 116.9 (maj) + 118.7 (min) (12CH), 123.0 

(min) + 123.1 (maj) (4C), 128.2 (min) + 128.3 (maj) + 128.4 (min) + 128.9 (maj) (8CH), 136.1 (min) + 

136.5 (maj) (4C), 146.3 + 146.4 + 146.5 (4C). -  (MALDI-TOF), m/z:  1107.7104, 

  C71H91N6O6 [M+H]+ 1107.7051. 

  1   CH2Cl2/MeOH (200:1)   26kj   -

   (13 , 6 %).    .  

 1H (400 , CDCl3, H, . ., (JHH, )): 1.20–1.40  (16 ), 1.71 .  (4 ), 1.89  

(4 , 3J 6.3), 3.26  (4 , 3J 6.6), 3.47–3.57  (12 ), 3.82  (2 , 3J 7.5), 3.87  (2 , 3J 7.5), 6.57 .  

(2 ), 6.68  (2 , 3
J 8.6, 4

J 2.0), 7.06  (2 , 3
J 8.8, 4

J 1.6), 7.52  (2 , 3
J 8.7), 7.59  (2 , 3

J 8.6), 

7.65  (4 , 3
J 8.7), 7.83 .  (2 ).   13C–{1H} (100 , CDCl3, C, . .): 27.1 

(2 2), 27.3 (2 2), 29.4 (2 2), 29.5 (2 2), 29.7 (2 2), 41.1 (2 2), 52.7 (2 2), 69.0 (2 2), 

70.5 (2 2), 70.8 (2 2), 103.6 (2 ), 115.2 (2 ), 115.9 (2 ), 116.1 (2 ), 120.5 (2 ), 122.8 

(2 ), 126.8 (2 ), 127.2 (2 ), 128.4 (2 ), 128.7 (2 ), 128.8 (2 ), 128.9 (2 ), 129.2 (2 ), 

135.8 (2 ), 136.1 (2 ), 146.1 (2 ), 146.4 (4 ), 4     . 
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4.9.      

 . 

2,16- (3- )-6,9,12- -2,16- - [15.5.3.0
20,24

] -

1(22),17(25),18,20,23-  -25. 

 ,   ,   3j (500 , 1,35 

), -  (675 , 2,7 ), K2CO3 (785 , 5,7 ),  15  

CH3CN  2  CH2Cl2        48 . 

   CH2Cl2  2–3 ,     

  .   -25     , 

  (910 ).   1H (400 , CDCl3, H, . ., (JHH, )): 1.98 

 (4 , 3
J 5.5), 3.56  (4 , 3

J 5.1), 3.64–3.70  (8 ), 3.87–3.91  (4 ), 4.60  (4 ), 6.59  

(2 , 3
J 9.0, 4

J 2.1), 7.10  (2 , 4
J 2.0), 7.13–7.21  (4 ), 7.36  (2 , 3

J 6.6), 7.38–7.42  (4 ). 

  13C–{1H} (100 , CDCl3, C, . .): 26.7 (2 2), 48.3 (2 2), 53.3 (2 2), 68.5 

(2 2), 71.0 (2 2), 71.4 (2 2), 103.8 (2 ), 111.6 (2 ), 119.9 (1 ), 122.7 (2 ), 125.1 (2 ), 

128.5 (2 ), 129.4 (2 ), 129.9 (2 ), 130.1 (2 ), 136.8 (1 ), 142.2 (2 ), 146.6 (2 ). -

 (MALDI-TOF), m/z:  681.1322,   C34H39N2Br2O3 [M+H]+ 681.1327. 

2,16- (2- )-6,9,12- -2,16- - [15.5.3.0
20,24

] -

1(22),17(25),18,20,23-  -25. 

 ,   ,   3j (140 , 0,38 

), -  (207 , 0,84 ), K2CO3 (254 , 1,8 ),  5  

CH3CN  1  CH2Cl2        48 . 

   CH2Cl2  2–3 ,     

  .   -25     , 

 245  (95%).   1H (400 , CDCl3, H, . ., (JHH, )): 2.08–2.15  (4 ), 3.66 

 (4 , 3
J 5.0), 3.75–3.82  (8 ), 3.97–4.01 (4 ), 4.70  (4 ), 6.55  (2 , 3

J 8.8), 7.15–7.20  (2 ), 

7.22–7.26  (6 ), 7.44  (2 , 3
J 8.8), 7.65  (2 , 3

J 7.7).   13C–{1H} (100 , CDCl3, 

C, . .): 26.9 (2 2), 48.4 (2 2), 54.3 (2 2), 68.5 (2 2), 70.9 (2 2), 71.4 (2 2), 103.2 

(2 ), 111.2 (2 ), 119.7 (1 ), 122.6 (2 ), 127.4 (2 ), 128.0 (2 ), 128.2 (2 ), 128.4 (2 ), 

132.6 (2 ), 136.8 (1 ), 137.6 (2 ), 146.4 (2 ). -  (MALDI-TOF), m/z:  

681.1302,   C34H39N2Br2O3 [M+H]+ 681.1327. 

2,16- (4- )-6,9,12- -2,16- - [15.5.3.0
20,24

] -

1(22),17(25),18,20,23-  -25. 

 ,   ,   3j (317 , 0,92 

), -  (504 , 2 ), K2CO3 (550 , 4 ),  10  

CH3CN  1  CH2Cl2        48 . 
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   CH2Cl2  2–3 ,     

  .   -25     , 

 560  (90%).   1H (400 , CDCl3, H, . ., (JHH, )): 1.96  (4 , 3
J 

4.5), 3.55  (4 , 3J 5.0), 3.61–3.68  (8 ), 3.85–3.89  (4 ), 4.56  (4 ), 6.58  (2 , 3J 8.8, 4J 2.3), 

7.08  (2 , 4J 2.0), 7.11  (4 , 3J 8.2), 7.37  (2 , 3J 8.5), 7.39  (4 , 3J 8.2).   13C–{1H} 

(100 , CDCl3, C, . .): 26.5 (2 2, 1/2 = 20 ), 48.0 (2 2, 1/2 = 20 ), 52.8 (2 2 1/2 

= 20 ), 68.2 (2 2, 1/2 = 15 ), 70.5 (2 2, 1/2 = 15 ), 71.0 (2 2), 103.5 (2 , 1/2 = 15 

), 111.2 (2 , 1/2 = 20 ), 119.6 (1 ), 120.1 (2 , 1/2 = 15 ), 127.9 (4 , 1/2 = 15 ), 

128.1 (2 , 1/2 = 15 ), 131.2 (4 ), 136.6 (1 , 1/2 = 15 ), 138.2 (2 , 1/2 = 20 ), 146.2 

(2 , 1/2 = 15 ). -  (MALDI-TOF), m/z:  681.1356,   

C34H39N2Br2O3 [M+H]+ 681.1327. 

 

 9.  -   -30  -31. 

  ,  ,  ( )  25, 

Pd(dba)2 (8–16 . %),   (9–18 . %)    

 (  = 0,02 ),     2–3 ,   1 . 

  1, 3 . -        

 25–30 .         

CH2Cl2  2–3 ,  ,       

        

: CH2Cl2, CH2Cl2/MeOH (500:1–3:1), CH2Cl2/MeOH/NH3aq (100:20:1–10:4:1). 

 -30b. 

   9,   136  (0,20 )  -25, 

9,2  (8 . %) Pd(dba)2, 11,2  (9 . %) BINAP, 26  (0,20 )  1b, 58  

(0,6 ) -    10  .    CH2Cl2/MeOH (5:1)  

 -    (32 , 25 %).   1  (400 , CDCl3, 

H, . ., (JHH, )): 1.93 .  (4 ), 2.02 .  (4 ), 2.83–2.89  (2 ), 3.04–3.12  (4 ), 3.49–3.90 

 (16 ), 4.34  (2 , 2
J 18.0), 4.68 .  (2 ), 4.80  (2 , 2

J 18.0), 6.17 .  (2 ), 6.24  (2 , 3
J 

8.3), 6.43  (2 , 3J 8.8), 6.54  (2 , 3J 7.5), 7.01–7.07  (4 ), 7.18  (2 , 3J 9.0).   13C–

{1H} (100 , CDCl3, C, . .): 25.9 (2 2), 27.4 (2 2), 40.7 (2 2), 45.9 (2 2), 49.7 (2 2), 

53.7 (2 2), 68.7 (2 2), 70.9 (2 2), 71.1 (2 2), 103.1 (2 ), 108.3 (2 ), 111.8 (2 ), 112.3 

(2 ), 114.4 (2 ), 119.1 (1 ), 127.8 (2 ), 129.4 (2 ), 137.0 (1 ), 140.2 (2 ), 146.3 (2 ), 147.9 

(2 ). -  (MALDI-TOF), m/z:  652.4208,   C40H54N5O3 [M+H]+ 

652.4226. 
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 -30c. 

   9,   136  (0,20 )  -25, 

9,2  (8 . %) Pd(dba)2, 11,2  (9 . %) BINAP, 29  (0,20 )  1c, 58 

 (0,6 ) -    10  .    CH2Cl2/MeOH 

(3:1)   -    (27 , 20 %).   1  (400 , 

CDCl3, H, . ., (JHH, )): 1.93 .  (4 ), 2.04 .  (2 ), 2.19 .  (2 ), 2.34 .  (2 ), 2.45 

.  (4 ), 3.15 .  (4 ), 3.51  (4 , 3
J 7.4), 3.54–3.70  (8 ), 3.81–3.89  (4 ), 4.32  (2 , 2

J 

17.6), 4.50 .  (2 ), 4.85  (2 , 2
J 17.6), 6.31 .  (2 ), 6.41  (2 , 3

J 7.8), 6.54  (2 , 3
J 8.6), 

6.60  (2 , 3J 7.6), 7.03 .  (2 ), 7.07  (2 , 3J 7.8), 7.21  (2 , 3J 8.8), NH-   

 .   13C–{1H} (100 , CDCl3, C, . .): 27.4 (2 2), 41.2 (2 2), 45.8 

(2 2), 46.6 (2 2), 49.3 (2 2), 53.4 (2 2), 68.7 (2 2), 70.9 (2 2), 71.2 (2 2), 103.8 (2 ), 

109.3 (2 ), 111.8 (2 ), 112.5 (2 ), 115.7 (2 ), 119.2 (1 ), 127.8 (2 ), 129.5 (2 ), 137.1 

(1 ), 140.4 (2 ), 146.5 (2 ), 147.4 (2 ). -  (MALDI-TOF), m/z:  667.4320, 

  C40H55N6O3 [M+H]+ 667.4335. 

 -30d. 

   9,   136  (0,20 )  -25, 

9,2  (8 . %) Pd(dba)2, 11,2  (9 . %) BINAP, 32  (0,20 )  1d, 58 

 (0,6 ) -    10  .    

CH2Cl2/MeOH/NH3aq (100:20:1)   -    (27 , 20 %). 

  1  (400 , CDCl3, H, . ., (JHH, )): 1.49 .  (2 ), 1.97 .  (4 ), 2.46  (4 , 
3
J 7.0), 2.64 .  (4 ), 3.05  (4 , 3J 5.2), 3.40–3.72  (16 ), 3.86  (4 ), 4.88 .  (2 ), 6.36 . 

 (2 ), 6.40  (2 , 3J 7.8, 4J 1.9), 6.58  (2 , 3J 7.7), 6.82  (2 , 3J 9.1, 4J 2.4), 7.07  (2 , 3J 2.2), 

7.14  (4 , 3J 7.7), 7.34  (2 , 3J 8.8), NH-     . 

  13C–{1H} (100 , CDCl3, C, . .): 27.4 (2 2), 30.3 (1 2), 43.1 (2 2), 47.7 

(2 2), 48.3 (2 2), 49.0 (2 2), 53.1 (2 2), 68.8 (2 2), 70.9 (2 2), 71.3 (2 2), 103.0 (2 ), 

109.8 (2 ), 111.3 (2 ), 111.5 (2 ), 115.4 (2 ), 119.5 (1 ), 128.2 (2 ), 129.4 (2 ), 140.3 

(1 ), 142.6 (2 ), 146.6 (2 ), 148.6 (2 ). -  (MALDI-TOF), m/z:  681.4464, 

  C41H57N6O3 [M+H]+ 681.4492. 

 -30e. 

   9,   136  (0,20 )  -25, 

9,2  (8 . %) Pd(dba)2, 11,2  (9 . %) BINAP, 35  (0,20 )  1e, 58 

 (0,6 ) -    10  .    

CH2Cl2/MeOH/NH3aq (100:20:1)   -    (20 , 14 %). 

  1  (400 , CDCl3, H, . ., (JHH, )): 1.59  (4 , 3
J 6.4), 1.95–2.01  (4 ), 

2.44  (4 ), 2.47  (4 , 3
J 6.8), 3.03  (4 , 3

J 6.4), 3.55  (4 , 3
J 4.9), 3.62–3.69  (8 ), 6.57  (2 , 
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3
J 7.6), 6.64  (2 , 3

J 9.0, 4
J 2.3), 7.05  (2 , 4

J 2.0), 7.13  (2 , 3
J 8.0), 7.35  (2 , 3

J 9.0), NH-

   .   13C–{1H} (100 , CDCl3, C, . .): 27.1 

(2 2), 28.9 (2 2), 42.6 (2 2), 47.9 (2 2), 48.6 (2 2), 48.7 (2 2), 53.1 (2 2), 68.8 (2 2), 

70.9 (2 2), 71.3 (2 2), 102.8 (2 ), 110.3 (2 ), 110.9 (2 ), 111.3 (2 ), 115.2 (2 ), 119.5 

(1 ), 128.2 (2 ), 129.3 (2 ), 137.2 (1 ), 140.4 (2 ), 146.8 (2 ), 148.6 (2 ). -  

(MALDI-TOF), m/z:  695.4673,   C42H59N6O3 [M+H]+ 695.4648. 

 -30f. 

   9,   225  (0,33 )  -25, 

15,2  (8 . %) Pd(dba)2, 16,5  (9 . %) BINAP, 62  (0,33 )  1f, 96 

 (1 ) -    16,5  .    

CH2Cl2/MeOH/NH3aq (100:20:2–100:20:3)   -    (43 

, 19 %).   1  (400 , CDCl3, H, . ., (JHH, )): 1.54  (2 , 3
J 6.2), 1.61 

 (4 , 3
J 6.6), 1.95–2.02  (4 ), 2.51–2.58  (8 ), 3.03  (4 , 3

J 6.3), 3.55  (4 , 3
J 4.9), 

3.63–3.69  (8 ), 3.84–3.88  (4 ), 4.58  (4 ), 6.37 .  (2 ), 6.40  (2 , 3
J 8.1), 6.58  (2 , 3

J 

7.6), 6.62  (2 , 3
J 9.0, 4

J 2.1), 7.04  (2 , 4
J 2.1), 7.14  (2 , 3

J 7.7), 7.33  (2 , 3
J 9.0), NH-

   .   13C–{1H} (100 , CDCl3, C, . .): 27.0 

(2 2), 29.3 (3 2), 42.3 (2 2), 47.7 (2 2), 48.3 (2 2), 48.7 (2 2), 53.3 (2 2), 68.8 (2 2), 

70.9 (2 2), 71.3 (2 2), 102.9 (2 ), 110.2 (2 ), 110.9 (2 ), 111.4 (2 ), 115.3 (2 ), 119.4 

(1 ), 128.2 (2 ), 129.3 (2 ), 137.1 (1 ), 140.4 (2 ), 146.8 (2 ), 148.8 (2 ). -  

(MALDI-TOF), m/z:  709.9790,   C43H61N6O3 [M+H]+ 709.9829. 

 -30h. 

   9,   119  (0,18 )  -25, 8 

 (8 . %) Pd(dba)2, 9,8  (9 . %) BINAP, 26  (0,18 )  1h, 50 

 (0,54 ) -    5  .    CH2Cl2/MeOH 

(50:1)   -    (48 , 33 %).   1  (400 

, CDCl3, H, . ., (JHH, )): 1.87–1.98  (2 ), 2.01–2.11  (2 ), 3.08–3.14  (8 ), 3.27–3.40  

(4 ), 3.47–3.53  (4 ), 3.57–3.74  (8 ), 3.82–3.92  (4 ), 4.31  (2 , 2
J 17.5), 4.93  (2 , 2

J 

17.5), 6.36 .  (2 ), 6.43  (2 , 3J 7.8), 6.56–6.64  (4 ), 7.04 .  (2 ), 7.13  (2 , 3J 7.7), 7.33 

 (2 , 3J 8.6), NH-    .   13C–{1H} (100 , CDCl3, C, 

. .): 27.5 (2 2), 43.2 (2 2), 48.9 (2 2), 53.0 (2 2), 68.6 (2 2), 69.2 (2 2), 70.3 (2 2), 

71.0 (2 2), 71.4 (2 2), 103.3 (2 ), 110.8 (2 ), 111.4 (2 ), 111.6 (2 ), 115.8 (2 ), 119.6 

(1 ), 128.1 (2 ), 129.2 (2 ), 137.3 (1 ), 140.4 (2 ), 146.5 (2 ), 148.2 (2 ). -  

(MALDI-TOF), m/z:  669.4085,   C40H53N4O5 [M+H]+ 669.4016. 
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 -30j. 

   9,   68  (0,10 )  -25, 4,6 

 (8 . %) Pd(dba)2, 5,6  (9 . %) BINAP, 22  (0,10 )  1j, 28 

 (0,3 ) -    5  .    CH2Cl2/MeOH 

(50:1)   -    (30 , 35 %).   1  (400 

, CDCl3, H, . ., (JHH, )): 1.73  (4 , 3
J 5.9), 1.94–2.01  (4 ), 3.12  (4 , 3

J 6.1), 

3.24 .  (4 ), 3.30–3.33  (4 ), 3.38  (4 , 3
J 5.6), 3.54  (4 , 3

J 4.9), 3.60–3.70  (8 ), 3.84–

3.88  (4 ), 4.57  (4 ), 6.41–6.49  (4 ), 6.59  (2 , 3
J 7.6), 6.64  (2 , 3

J 8.0), 7.02 .  (2 ), 

7.15  (2 , 3
J 7.7), 7.35  (2 , 3

J 8.6), NH-    .   13C–

{1H} (100 , CDCl3, C, . .): 26.9 (2 2), 28.6 (2 2), 42.4 (2 2), 48.4 (2 2), 53.4 (2 2), 

68.7 (2 2), 69.9 (2 2), 70.2 (2 2), 70.3 (2 2), 71.0 (2 2), 71.4 (2 2) 103.2 (2 ), 110.3 

(2 ), 111.4 (2 ), 111.6 (2 ), 115.5 (2 ), 119.7 (1 ), 128.3 (2 ), 129.4 (2 ), 137.2 (1 ), 

140.5 (2 ), 147.0 (2 ), 148.7 (2 ). -  (MALDI-TOF), m/z:  741.4622,  

 C44H61N4O6 [M+H]+ 741.4591. 

 -30l. 

   9,   225  (0,33 )  -25, 

30,4  (16 . %) Pd(dba)2, 23,4  (18 . %) DavePhos, 72  (0,33 ) -

 1l, 96  (1 ) -    13  .    

CH2Cl2/MeOH (100:1)   -    (38 , 16 %).  

 1  (400 , CDCl3, H, . ., (JHH, )): 2.01  (4 , 3
J 6.0), 2.46–2.60  (4 ), 3.02 

 (2 , 2J 13.8, 3J 6.5, 3
J 4.2), 3.29–3.36  (2 ), 3.41–3.48  (2 ), 3.49–3.62  (16 ), 3.64–3.70  

(4 ), 3.84  (2 , 2
J 14.8, 3

J 7.5), 3.91  (4 , 3
J 4.2), 4.32  (2 , 2

J 17.5), 5.01  (2 , 2
J 17.5), 6.27 

.  (2 ), 6.36  (2 , 3J 8.3), 6.55  (2 , 3J 7.5), 6.58  (2 , 3J 9.1), 7.08 .  (2 ), 7.13  (2 , 3J 

7.8), 7.29  (2 , 3
J 9.0).   13C–{1H} (100 , CDCl3, C, . .): 28.2 (2 2), 49.5 

(2 2), 51.2 (2 2), 51.7 (2 2), 53.7 (2 2), 68.1 (2 2), 68.5 (2 2) 70.9 (2 2), 71.1 (2 2), 

71.2 (2 2), 71.4 (2 2), 104.7 (2 ), 108.8 (2 ), 110.7 (2 ), 112.5 (2 ), 113.9 (2 ), 119.8 

(1 ), 127.9 (2 ), 129.2 (2 ), 137.3 (1 ), 139.7 (2 ), 146.2 (2 ), 147.6 (2 ). -  (ESI-

TOF), m/z:  739.4429,   C44H59N4O6 [M+H]+ 739.4434. 

 -30m. 

   9,   225  (0,33 )  -25, 

30,4  (16 . %) Pd(dba)2, 23,4  (18 . %) DavePhos, 86  (0,33 ) -

 1m, 96  (1 ) -    13  .    

CH2Cl2/MeOH (50:1)   -    (27 , 10 %).  

 1  (400 , CDCl3, H, . ., (JHH, )): 1.85–1.98  (4 ), 3.25–3.55  (24 ), 3.56–3.70  

(8 ), 3.81–3.91  (8 ), 4.29  (2 , 2J 17.1), 5.01  (2 , 2J 17.1), 6.37 .  (2 ), 6.42  (2 , 3J 8.4), 
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6.54  (2 , 3
J 7.3), 6.73  (2 , 3

J 8.9), 7.05 .  (2 ), 7.12  (2 , 3
J 7.8), 7.33  (2 , 3

J 9.0). 

  13C–{1H} (100 , CDCl3, C, . .): 27.9 (2 2), 49.0 (2 2), 50.1 (4 2), 54.3 

(2 2), 68.7 (2 2), 69.0 (4 2) 70.5 (4 2), 70.9 (2 2), 71.3 (2 2), 105.2 (2 ), 110.2 (2 ), 

110.9 (2 ), 112.9 (2 ), 114.5 (2 ), 120.1 (1 ), 128.1 (2 ), 129.0 (2 ), 137.0 (1 ), 140.0 

(2 ), 148.5 (2 ). -  (ESI-TOF), m/z:  783.4691,   C46H63N4O7 

[M+H]+ 783.4696. 

 -30n. 

   9,   225  (0,33 )  -25, 

30,4  (16 . %) Pd(dba)2, 23,4  (18 . %) DavePhos, 63  (0,33 )  1n, 

96  (1 ) -    13  .    CH2Cl2/MeOH 

(100:1)   -    (41 , 17 %).   1  (400 

, CDCl3, H, . ., (JHH, )): –0.42  (1 , 2J 12.0), 0.13  (1 , 2J 12.0), 0.54  (1 , 2J 11.6), 0.63 

 (1 , 2J 11.5), 0.90–0.95  (4 ), 1.21 .  (2 ), 1.56  (2 , 2J 11.6), 1.89 .  (2 ), 1.92–2.00  

(4 ), 2.41  (2 , 2
J 14.7), 2.73  (2 , 2

J 14.7), 3.52–3.83  (14 ), 3.86–3.93  (4 ), 3.98  (2 , 
2
J 11.3, 3

J 6.6, 3
J 2.7), 4.30  (2 , 2

J 18.1), 5.05  (2 , 2
J 18.1), 6.31 .  (2 ), 6.32  (2 , 3

J 7.0), 

6.49  (2 , 3
J 7.5), 6.58  (2 , 3

J 9.0, 4
J 2.1), 7.05  (2 , 3

J 8.0), 7.11  (2 , 4
J 2.0), 7.26  (2 , 3

J 

9.1), NH-    .   13C–{1H} (100 , CDCl3, C, . .): 

28.1 (2 2, 1 ), 28.4 (1 ), 35.0 (2 ), 36.0 (2 2), 38.7 (2 2), 39.4 (2 2), 44.7 (1 2), 49.4 

(2 2), 52.4 (2 2), 55.0 (2 2), 68.6 (2 2), 71.2 (2 2), 71.6 (2 2), 102.6 (2 ), 108.0 (2 ), 

111.1 (2 ), 111.5 (2 ), 113.7 (2 ), 119.3 (1 ), 128.2 (2 ), 129.0 (2 ), 137.5 (1 ), 140.2 

(2 ), 146.4 (2 ), 149.3 (2 ). -  (ESI-TOF), m/z:  715.4582,   

C46H59N4O3 [M+H]+ 715.4587. 

 -30 . 

   9,   136  (0,20 )  -25, 

9,2  (8 . %) Pd(dba)2, 11,2  (9 . %) BINAP, 45  (0,20 )  1 , 58  

(0,6 ) -    10  .    CH2Cl2/MeOH (200:1) 

  -    (30 , 20 %).   1  (400 , 

CDCl3, H, . ., (JHH, )): 0.13  (1 , 2
J 12.2), 0.53  (1 , 2

J 12.2), 0.74  (2 , 2
J 11.6), 0.80  

(2 , 2
J 12.8, 3

J 6.3), 0.90  (2 , 3
J 12.9, 3

J 3.3), 1.10  (2 , 3
J 11.9), 1.47  (2 , 3

J 12.0), 1.51  

(2 ), 1.56  (2 , 3J 12.0), 1.92 .  (3 ), 2.05 .  (1 ), 2.13–2.23  (2 ), 2.93  (2 , 3J 12.8, 3J 

6.1), 3.08  (2 , 3J 14.3, 3J 3.2), 3.50–3.60  (4 ), 3.62–3.71  (4 ), 3.75–3.80  (2 ), 3.84–3.97  

(6 ), 4.44  (2 , 2
J 17.8), 6.37  (2 , 3

J 8.0), 6.41–6.46  (4 ), 6.66  (2 , 3
J 7.5), 7.03  (2 , 4

J 

1.9), 7.10  (2 , 3
J 7.7), 7.28  (4 , 3

J 9.0), NH-    .   
13C–{1H} (100 , CDCl3, C, . .): 27.3 (2 2), 28.7 (2 ), 28.8 (2 ), 32.2 (2 ), 36.4 (1 ), 

38.0 (2 2), 39.9 (2 2), 40.1 (2 2), 42.2 (2 2), 49.4 (2 2), 51.6 (1 2), 53.7 (2 2), 68.7 
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(2 2), 71.6 (2 2), 103.2 (2 ), 106.8 (2 ), 111.6 (2 ), 112.6 (2 ), 113.8 (2 ), 119.7 (1 ), 

128.0 (2 ), 129.2 (2 ), 136.8 (1 ), 140.7 (2 ), 146.5 (2 ), 148.4 (2 ). -  (MALDI-

TOF), m/z:  743.4864,   C48H63N4O3 [M+H]+ 743.4900. 

  CH2Cl2/MeOH (100:1)    -31    -

   (12 , 8 %).   1  (400 , CDCl3, H, . ., (JHH, 

)): 1.18–1.62  (32 ), 1.90–2.02  (12 ), 2.93–2.97  (8 ), 3.53  (8 , 3
J 4.6), 3.60–3.67  

(16 ), 3.83–3.88  (8 ), 4.52  (8 ), 6.39–6.43  (8 ), 6.56  (4 , 3
J 7.2), 6.62  (4 , 3

J 8.7, 4
J = 

2.0), 7.03 .  (4 ), 7.09  (4 , 3J 7.6), 7.32  (4 , 3J 9.0), NH-    . 

  13C–{1H} (100 , CDCl3, C, . .): 26.8 (4 2), 28.8 (4 ), 32.4 (4 ), 36.4 

(2 2), 38.4 (4 2), 41.8 (8 2), 43.5 (4 2), 47.6 (2 2), 48.4 (4 2), 53.7 (4 2), 68.7 (4 2), 

71.0 (4 2), 71, 4 (4 2), 103.3 (4 ), 110.2 (4 ), 111.2 (4 ), 111.7 (4 ), 115.0 (4 ), 119.7 

(2 ), 128.3 (4 ), 129.3 (4 ), 137.0 (2 ), 140.7 (4 ), 147.0 (4 ), 148.7 (4 ). -  

(MALDI-TOF), m/z:  1486.92,   C96H125N8O6 [M+H]+ 1485.97. 

 -30p. 

   9,   225  (0,33 )  -25, 

15,2  (8 . %) Pd(dba)2, 16,5  (9 . %) BINAP, 87  (0,33 )  1p, 96  

(1 ) -    16,5  .    CH2Cl2/MeOH (200:1) 

  -    (60 , 23 %).   1  (400 , 

CDCl3, H, . ., (JHH, )): 1.34–1.38  (2 ), 1.45–1.80  (12 ), 1.86–2.05  (4 ), 2.15 .  (2 ), 

2.96–3.00  (2 ), 3.42–3.75  (12 ), 3.82–3.87  (4 ), 4.56  (1 ), 4.59  (1 ), 4.64  (1 ), 5.66  

(1 ), 6.45  (1 , 3
J 8.0), 6.57–6.65  (3 ), 6.70  (2 , 3

J 8.5), 6.78–6.82  (2 ), 6.99 .  (1 ), 

7.03 .  (1 ), 7.09–7.16  (4 ), 7.21–7.25  (2 ), 7.42  (2 , 3
J 8.5).   13C–{1H} 

(100 , CDCl3, C, . .): 26.5 (1 2), 27.7 (1 2), 29.2 (2 ), 32.8 (1 ), 36.1 (1 2), 38.1 

(1 2), 41.8 . (2 2), 42.6 . (2 2), 43.2 (1 2), 47.5 (1 2), 48.3 (1 ), 48.5 (1 2), 48.8 

(1 2), 53.4 (1 2), 54.0 (1 2), 68.6 (1 2), 68.8 (1 2) 71.0 (2 2), 71.1 (1 2), 71.5 (2 2), 

103.1 (1 H), 103.3 (1 H), 108.3 (1 H), 111.2 (1 H), 111.4 (1 H), 113.3 (1 ), 113.4 (1 ), 115.1 

(1 ), 116.0 (1 ), 117.4 (2 ), 118.1 (1 ), 119.8 (1 ), 125.2 (2 ), 128.1 (1 ), 128.5 (1 ), 

128.9 (1 ), 129.5 (1 ), 139.9 (1 ), 140.4 (1 ), 141.6 (1 ), 143.2 (1 ), 143.8 (1 ), 146.4 (1), 

147.1 (1 ), 148.8 (1 ). -  (MALDI-TOF), m/z:  791.4950,   

C52H63N4O3 [M+H]+ 791.4900. 

 -30b. 

   9,   112  (0,16 )  -25, 

7,4  (8 . %) Pd(dba)2, 9  (9 . %) BINAP, 21  (0,16 )  1b, 46  

(0,5 ) -    8  .    CH2Cl2/MeOH (10:1)  

 -    (20 , 19 %).   1  (400 , CDCl3, 
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H, . ., (JHH, )): 1.31–1.37  (4 ), 1.71–1.78  (4 ), 2.69–2.75  (4 ), 3.30  (2 , 2
J 14.7, 3

J 

10.2, 3
J 5.1), 3.34–3.58  (14 ), 3.66–3.70  (4 ), 4.06  (2 , 3

J 14.7), 5.02  (2 , 2
J 14.7), 6.53  

(2 , 3J 8.0), 6.67  (2 , 3J 7.3), 7.03  (2 , 4J 2.0), 7.11  (2 , 3J 7.3), 7.14–7.21  (4 ), 7.61  (2 , 
3
J 9.0), NH-    .   13C–{1H} (100 , CDCl3, C, . .): 

25.8 (2 2), 30.0 (2 2), 42.0 (2 2), 45.2 (2 2), 48.6 (2 2), 51.4 (2 2), 68.9 (2 2), 70.7 

(2 2), 71.0 (2 2), 106.1 (2 ), 110.2 (2 ), 111.4 (2 ), 116.4 (2 ), 120.4 (1 ), 123.0 (2 ), 

127.4 (2 ), 128.6 (2 ), 128.8 (2 ), 130.3 (2 ), 137.5 (1 ), 146.1 (2 ), 147.9 (1 ). -

 (MALDI-TOF), m/z:  652.4260,   C40H54N5O3 [M+H]+ 652.4226. 

 -30h. 

   9,   133  (0,19 )  -25, 

8,7  (8 . %) Pd(dba)2, 10,7  (9 . %) BINAP, 28  (0,19 )  1h, 

55  (0,57 ) -    10  .    CH2Cl2/MeOH 

(100:1)   -    (24 , 18 %).   1  (400 

, CDCl3, H, . ., (JHH, )): 1.67–1.74  (4 ), 2.79  (2 , 2J 10.4, 3J 5.7), 3.00  (2 , 2J 10.4, 
3
J 5.7), 3.05–3.23  (8 ), 3.32–3.51  (8 ), 3.55–3.68  (4 ), 3.71  (4 , 3

J 4.4), 4.09  (2 , 2
J 

13.8), 4.89 .  (2 ), 4.93  (2 , 2J 13.8), 6.57  (2 , 3J 8.0), 6.69  (2 , 3J 7.3), 7.11–7.18  (6 ), 

7.20  (2 , 3
J 7.8), 7.60  (2 , 3

J 8.7).   13C–{1H} (100 , CDCl3, C, . .): 25.9 

(2 2), 43.3 (2 2), 45.7 (2 2), 52.4 (2 2), 68.4 (2 2), 69.3 (2 2), 69.8 (2 2), 70.7 (2 2), 

71.1 (2 2), 108.9 (2 ), 110.3 (2 ), 113.0 (2 ), 116.5 (2 ), 120.9 (1 ), 122.7 (2 ), 128.2 

(2 ), 128.2 (2 ), 130.3 (2 ), 136.9 (1 ), 146.9 (2 ), 148.1 (2 ). -  (MALDI-TOF), 

m/z:  669.4042,   C40H53N4O5 [M+H]+ 669.4016. 

 -30j. 

   9,   112  (0,16 )  -25, 

7,4  (8 . %) Pd(dba)2, 9  (9 . %) BINAP, 35  (0,16 )  1j, 46 

 (0,5 ) -    8  .    CH2Cl2/MeOH 

(100:1)   -    (33 , 23 %).   1  (400 

, CDCl3, H, . ., (JHH, )): 1.76  (4 , 3
J 6.1), 1.78–1.83  (4 ), 3.08–3.17  (12 ), 

3.29  (4 , 3
J 6.4), 3.39–3.46  (8 ), 3.54–3.58  (4 ), 3.74–3.78  (4 ), 4.47  (4 ), 4.81 .  

(2 ), 6.82  (2 , 3J 8.1), 6.88  (2 , 3J 7.3), 7.11–7.17  (6 ), 7.21  (2 , 3J 7.7), 7.57  (2 , 3J 8.7). 

  13C–{1H} (100 , CDCl3, C, . .): 25.2 (2 2), 28.6 (2 2), 40.6 (2 2), 45.3 

(2 2), 52.9 (2 2), 68.8 (2 2), 69.3 (2 2), 69.8 (2 2), 70.0 (2 2), 70.7 (2 2), 71.1 (2 2), 

107.4 (2 ), 109.8 (2 ), 113.2 (2 ), 116.3 (2 ), 121.4 (1 ), 122.0 (2 ), 128.5 (2 ), 128.7 

(2 ), 136.9 (1 ), 147.0 (2 ), 147.7 (2 ). -  (MALDI-TOF), m/z:  741.4653, 

  C44H61N4O6 [M+H]+ 741.4591. 



173 

2,16- ( )-6,9,12- -2,16- - [15.5.3.0
20,24

] -

1(22),17(25),18,20,23-  32. 

 32        9,  

 133  (0,19 )  -25, 17,5  (16 . %) Pd(dba)2, 13,5  (18 

. %) DavePhos, 49  (0,19 ) -  1m, 55  (0,57 ) -

   10  .    CH2Cl2/MeOH (200:1)   -

   (46 , 46 %).   1  (400 , CDCl3, H, . ., 

(JHH, )): 1.95–2.02  (4 ), 3.56  (4 , 3
J 5.1), 3.65–3.70  (8 ), 3.88–3.92  (4 ), 4.64  (4 ), 

6.65  (2 , 3
J 8.8, 4

J 2.1), 7.09  (2 , 4
J 1.9), 7.21–7.32  (10 ), 7.38  (2 , 3

J 9.0).   
13C–{1H} (100 , CDCl3, C, . .): 26.8 (2 2), 48.3 (2 2), 53.7 (2 2), 68.7 (2 2), 71.0 

(2 2), 71.5 (2 2), 103.6 (2 ), 111.7 (2 ), 119.7 (2 ), 126.5 (4 ), 126.7 (2 ), 128.4 

(2 ), 128.5 (4 ), 137.0 (1 ), 139.5 (2 ), 147.0 (2 ). -  (MALDI-TOF), m/z:  

525.3078,   C34H41N2O3 [M+H]+ 525.3117. 

 -30o. 

   9,   133  (0,19 )  -25, 

8,7  (8 . %) Pd(dba)2, 10,7  (9 . %) BINAP, 42  (0,19 )  1o, 55  

(0,57 ) -    10  .    CH2Cl2/MeOH 

(200:1)   -    (10 , 7 %).   1  (400 

, CDCl3, H, . ., (JHH, )): 0.32  (1 , 2J 12.0), 0.50  (1 , 2J 12.0), 0.56  (2 , 2J 11.3), 0.86–

1.99  (18 ), 2.86–2.94  (4 ), 3.29–3.59  (12 ), 3.64–3.68  (4 ), 4.11  (2 , 2
J 14.3), 4.99  

(2 , 2
J 14.3), 6.54  (2 , 3

J 8.0), 6.66  (2 , 3
J 7.3), 6.99 .  (2 ), 7.13  (2 , 3

J 7.1), 7.19  (2 , 
3
J 7.7), 7.21  (2 , 3J 7.6), 7.62  (2 , 3J 9.0), NH-    .   

13C–{1H} (100 , CDCl3, C, . .): 25.7 (2 2), 28.9 (2 ), 32.7 (2 ), 35.8 (1 2), 38.1 (2 2), 

39.4 (2 2), 41.3 (2 2), 43.1 (2 2), 44.7 (2 2), 48.3 (1 2), 51.4 (2 2), 68.6 (2 2), 70.6 

(2 2), 71.1 (2 2), 106.9 (2 ), 110.1 (2 ), 112.0 (2 ), 115.9 (2 ), 120.9 (1 ), 122.6 (2 ), 

128.5 (2 ), 128.7 (2 ), 130.4 (2 ), 137.6 (1 ), 146.4 (2 ), 148.1 (2 ). -  (MALDI-

TOF), m/z:  743.4947,   C48H63N4O3 [M+H]+ 743.4900. 

 



174 

4.10.      

 . 

7,21- (3- )-11,14,17- -7,21- [20.3.1.1
2,6

] -

1(26),2(27),3,5,22,24-  33. 

 ,   ,   11j (586 , 1,6 

), -  (880 , 3,5 ), K2CO3 (883 , 6,4 ),  15  

CH3CN  2  CH2Cl2        48 . 

   CH2Cl2  2–3 ,     

  .   33     , 

 1155  ( ).   1H (400 , CDCl3, H, . ., (JHH, )): 22.02 

 (4 , 3J 6.6), 3.59–3.66  (16 ), 4.60  (4 ), 6.58  (2 , 3J 8.2), 6.94  (2 , 3J 7.5), 7.06 . 

 (2 ), 7.16–7.25  (6 ), 7.37  (2 , 3
J 7.0), 7.44 .  (2 ).   13C–{1H} (100 , 

CDCl3, C, . .): 27.4 (2 2), 48.7 (2 2), 54.2 (2 2), 69.2 (2 2), 70.6 (2 2), 70.9 (2 2), 

111.2 (2 ), 111.3 (2 ), 115.7 (2 ), 122.7 (2 ), 125.0 (2 ), 129.4 (4 ), 129.8 (2 ), 130.1 

(2 ), 141.8 (2 ), 143.2 (2 ), 148.5 (2 ).. -  (ESI-TOF), m/z:  729.1298, 

  C36H40Br2N2NaO3 [M+Na]+ 729.1304. 

 

 10.  -   34. 

  ,  ,  ( )  33 

(177 , 0,25 ), Pd(dba)2 (11,5 , 8 . %), BINAP (14 , 9 . %)  12,5  

 (  = 0,02 ),     2–3 ,   

  1 (0,25 ), -   (72 , 0,75 )  

     25–30 .      

   CH2Cl2  2–3 ,  ,   

           

 : CH2Cl2, CH2Cl2/MeOH (500:1–3:1), CH2Cl2/MeOH/NH3aq 

(100:20:1–10:4:1). 

 34b. 

   10,   33   1b.   

 CH2Cl2/MeOH (10:1)   -    (48 , 30 %). 

  1  (400 , CDCl3, H, . ., (JHH, )): 1.59  (4 , 3
J 6.1), 1.92 .  (4 ), 

2.50 .  (4 ), 2.98  (4 , 3
J 6.1), 3.50–3.59  (16 ), 3.63  (4 , 3

J 6.6), 4.60  (4 ), 6.31 .  

(2 ), 6.34  (2 , 3
J 8.2), 6.55  (2 , 3

J 7.6), 6.62  (2 , 3
J 8.3, 4

J 1.9), 6.82  (2 , 3
J 7.5), 7.00–

7.04  (4 ), 7.12  (2 , 3
J 7.9), NH   .   13C–{1H} (100 , 

CDCl3, C, . .): 24.4 (2 2), 27.8 (2 2), 40.9 (2 2), 45.9 (2 2), 49.0 (2 2), 54.0 (2 2), 69.2 
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(2 2), 70.6 (2 2), 71.1 (2 2), 109.8 (2 2), 111.5 (2 2), 111.7 (2 2), 112.3 (2 2), 114.5 

(2 2), 115.8 (2 2), 129.3 (4 2), 140.0 (2 ), 142.4 (2 ), 147.5 (2 ), 148.7 (2 ). -  

(MALDI-TOF), m/z:  678.4355,   C42H56N4O3 [M+H]+ 678.4383. 

 34d. 

   10,   40   1d.   

 CH2Cl2/MeOH/NH3aq (100:20:1)   -    (14 

, 8 %).   1  (400 , CDCl3, H, . ., (JHH, )): 1.57  (2 , 3
J 6.6), 1.97 

 (4 , 3
J 5.7), 2.56  (4 , 3

J 6.3), 2.63  (4 , 3
J 4.8), 3.11  (4 , 3

J 5.5), 3.51–3.64  (16 ), 

4.59  (4 ), 6.43 .  (2 ), 6.44  (2 , 3
J 7.3), 6.55  (2 , 3

J 7.6), 6.62  (2 , 3
J 8.2, 4

J 2.1), 6.84 

 (2 , 3
J 7.5), 7.02 .  (2 ), 7.09  (2 , 3

J 7.8), 7.16  (2 , 3
J 7.9), NH   . 

C   13C–{1H} (100 , CDCl3, C, . .): 27.5 (1 2), 27.7 (2 2), 42.0 (2 2), 47.1 

(2 2), 49.4 (2 2), 49.5 (2 2), 54.4 (2 2), 69.3 (2 2), 70.6 (2 2), 71.0 (2 2), 109.3 (2 ), 

111.1 (2 ), 111.4 (2 ), 111.8 (2 ), 114.3 (2 ), 115.4 (2 ), 129.1 (2 ), 129.5 (2 ) 

(     ). -  (ESI-TOF), m/z:  707.4613, 

  C43H59N6O3 [M+H]+ 707.4648. 

 34 . 

   10,   44   1 .   

 CH2Cl2/MeOH/NH3aq (100:20:1)   -    (15 

, 8 %).   1  (400 , CDCl3, H, . ., (JHH, )): 1.47  (4 , 3J 6.4), 1.90 . 

 (4 ), 2.42 .  (8 ), 2.97  (4 , 3
J 6.0), 3.40–3.56  (16 ), 4.49  (4 ), 6.31  (2 ), 6.37  (2 , 

3
J 7.6), 6.51  (2 , 3

J 6.7), 6.52  (2 , 3
J 6.8), 6.75  (2 , 3

J 7.0), 6.94  (2 ), 7.03  (2 , 3
J 7.7), 

7.07  (2 , 3
J 7.7), NH   .   13C–{1H} (100 , CDCl3, C, 

. .): 27.6 (2 2), 27.9 (2 2), 41.9 (2 2), 47.0 (2 2), 47.4 (2 2), 48.4 (2 2), 53.8 (2 2), 

69.1 (2 2), 70.3 (2 2), 70.8 (2 2), 110.2 (2 ), 111.0 (2 ), 111.4 (2 ), 111.5 (2 ), 114.8 

(2 ), 115.6 (2 ), 129.1 (2 ), 129.2 (2 ), 139.6 (2 ), 142.8 (2 ), 148.3 (2 ), 148.7 (2 ). 

-  (MALDI-TOF), m/z:  721.4779,   C44H61N6O3 [M+H]+ 

721.4805. 

 34h. 

   10,   37   1h.   

 CH2Cl2/MeOH (50:1)   -    (24 , 12 %). 

  1  (400 , CDCl3, H, . ., (JHH, )): 1.98  (4 , 3J 5.2), 3.20  (4 , 3J 5.2), 

3.47  (4 ), 3.51–362  (16 ), 3.65  (4 , 3
J 6.7), 4.59  (4 ), 6.44  (2 , 3

J 8.0 , 4
J 1.9), 6.48 

.  (4 ), 6.57  (2 , 3J 7.8), 6.61  (2 , 3J 8.3 , 4J 2.3), 6.83  (2 , 3J 7.6), 6.97  (2 , 4J 1.9), 

7.10  (2 , 3
J 7.8), 7.15  (2 , 3

J 8.2 , 3
J 7.7), NH   .   13C–

{1H} (100 , CDCl3, C, . .): 27.6 (2 2), 43.5 (2 2), 48.8 (2 2), 54.5 (2 2), 69.2 (2 2), 



176 

70.3 (2 2), 70.6 (2 2), 71.2 (2 2), 110.9 (2 ), 111.2 (4 ), 111.6 (2 ), 115.1 (2 ), 115.8 

(2 ), 129.1 (2 ), 129.3 (2 ), 140.1 (2 ), 143.1 (2 ), 148.5 (2 ), 148.6 (2 ). -  

(MALDI-TOF), m/z:  695.4172,   C42H55N4O5 [M+H]+ 695.4172. 

  CH2Cl2/MeOH (50:1–20:1)    35h    

  (15 , 9 %).   1  (400 , CDCl3, H, . ., (JHH, )): 

1.98  (8 , 3J 5.2), 3.23  (8 , 3J 5.2), 3.51–361  (40 ), 3.63  (8 , 3J 5.3), 4.47  (8 ), 6.46 

 (4 , 3
J 7.8), 6.49 .  (4 ), 6.56–6.61  (8 ), 6.85  (4 , 3

J 7.2), 7.02 .  (4 ), 7.08  (4 , 3
J 

7.8), 7.14  (4 , 3J 7.8), NH   .   13C–{1H} (100 , CDCl3, C, 

. .): 27.5 (4 2), 43.4 (4 2), 48.4 (2 2), 54.5 (4 2), 69.3 (4 2), 69.4 (4 2), 70.1 (4 2), 

70.6 (4 2), 70.9 (4 2), 110.9 (4 ), 111.3 (4 ), 111.4 (4 ), 115.4 (4 ), 115.8 (4 ), 129.3 

(4 ), 129.4 (4 ), 140.1 (4 ), 143.3 (4 ), 148.5 (4 ). -  (MALDI-TOF), m/z:  

1389.83,   C84H109N8O10 [M+H]+ 1389.8266. 

 34l. 

   10,   23  (16 . %) Pd(dba)2, 18  

(18 . %) DavePhos  55  -  1l.    CH2Cl2/MeOH 

(100:1)   -    (21 , 11 %).   1  (400 

, CDCl3, H, . ., (JHH, )): 1.95–2.06  (4 ), 3.12  (2 , 2
J 13.6 , 3

J 5.6), 3.26  (4 , 3
J 

5.9), 3.30–3.62  (32 ), 3.71  (2 , 2
J 14.4, 3

J 7.1), 4.37  (2 , 2
J 17.1), 4.82  (2 , 2

J 17.1), 6.42 

 (2 , 3
J 8.1 , 4

J 2.2), 6.53  (2 , 3
J 7.0), 6.54 .  (2 ), 6.71  (2 , 3

J 8.0 , 4
J 1.9), 6.88  

(2 , 3
J 7.6), 7.10  (2 , 3

J 8.0), 7.14 .  (2 ), 7.17  (2 , 3
J 7.9).   13C–{1H} (100 

, CDCl3, C, . .): 28.1 (2 2), 48.0 (2 2), 51.8 (2 2), 52.2 (2 2), 54.6 (2 2), 68.2 

(2 2), 68.9 (2 2), 70.7 (4 2), 70.8 (2 2), 71.0 (2 2), 109.9 (2 ), 111.0 (2 ), 112.8 

(2 ), 113.1 (2 ), 114.7 (2 ), 115.8 (2 ), 129.1 (4 ), 139.7 (2 ), 143.3 (2 ), 148.3 (2 ), 

149.5 (2 ). -  (ESI-TOF), m/z:  765.4635,   C46H61N4O6 [M+H]+ 

765.4591. 

 36. 

       10,   23  

(16 . %) Pd(dba)2, 18  (18 . %) DavePhos  66  -  1m.   

 CH2Cl2/MeOH (10:1)   -    (20 , 10 %). 

  1  (400 , CDCl3, H, . ., (JHH, )): 1.99  (4 , 3J 6.2), 2.99  (4 , 3J 4.0), 

3.47–3.65  (36 ), 3.74  (4 , 3J 4.0), 4.55  (2 ), 4.60  (2 ), 6.48–6.62  (4 ), 6.65  (1 , 3J 7.5), 

6.85  (2 , 3
J 7.0), 7.02 .  (2 ), 7.09–7.18  (8 ), 7.21–7.32  (3 ).   13C–{1H} 

(100 , CDCl3, C, . .): 27.2 (2 2), 48.6 (2 2), 51.1 (2 2), 54.5 (2 2), 54.6 (2 2), 66.2 

(2 2), 68.9 (2 2), 69.3 (2 2), 69.7 (2 2), 70.2 (2 2), 70.6 (2 2), 70.9 (2 2), 110.9 (2 ), 

111.0 (2 ), 111.4 (2 ), 111.5 (2 ), 115.4 (4 ), 126.5 (2 ), 126.7 ( ), 128.5 (2 ), 129.3 



177 

(2 ), 129.5 (2 ),     . -  (ESI-TOF), m/z: 

 811.4965,   C48H67N4O7 [M+H]+ 811.5010. 

 34n. 

   10,   23  (16 . %) Pd(dba)2, 18  

(18 . %) DavePhos  49   1n.    CH2Cl2/MeOH (200:1)   

-    (30 , 16 %).   1  (400 , CDCl3, H, 

. ., (JHH, )): 0.93–1.00  (2 ), 1.15–1.69 (10 ), 1.97–2.04  (4 ), 2.10 .  (2 ), 2.59  (2 , 3J 

13.6), 2.74  (2 , 2J 13.6), 3.49–3.71  (16 ), 4.41  (2 , 2J 17.0), 4.80  (2 , 2J 17.0), 6.39  (2 , 
3
J 8.3, 4

J 1.8), 6.41 .  (2 ), 6.49  (2 , 3
J 7.6), 6.68  (2 , 3

J 8.1, 4
J 2.3), 6.91  (2 , 3

J 7.6), 

7.05  (2 , 3
J 7.6), 7.12 .  (2 ), 7.18  (2 , 3

J 8.0), NH   .   
13C–{1H} (100 , CDCl3, C, . .): 27.9 (2 2), 28.3 (1 ), 28.4 (1 ), 35.4 (2 ), 36.1 (1 2), 

39.9 (2 2), 40.1 (2 2), 43.1 (1 2), 48.5 (2 2), 54.0 (2 2), 55.4 (2 2), 69.3 (2 2), 70.7 

(2 2), 71.1 (2 2), 110.0 (2 ), 111.1 (2 ), 111.7 (2 ), 112.0 (2 ), 114.9 (2 ), 115.3 

(2 ), 129.1 (2 ), 129.2 (2 ), 139.9 (2 ), 143.1 (2 ), 149.1 (2 ), 149.4 (2 ). -  

(MALDI-TOF), m/z:  741.4777,   C48H60N4O3 [M+H]+ 741.4743. 

 34o. 

   10,   56   1o.   

 CH2Cl2/MeOH (100:1)   -    (44 , 23 %). 

  1  (400 , CDCl3, H, . ., (JHH, )): 1.08 .  (2 ), 1.19–1.27  (6 ), 1.33–1.39 

 (6 ), 1.54 .  (2 ), 1.95 .  (2 ), 1.96  (4 , 3
J 6.2), 2.96–3.00  (4 ), 3.48–3.61  

(16 ), 4.57  (4 ), 6.42  (2 , 3
J 7.8 , 4

J 1.9), 6.47 .  (2 ), 6.54  (2 , 3
J 7.5), 6.72  (2 , 

3
J 8.2, 4

J 2.1), 6.85  (2 , 3
J 7.3), 7.03 .  (2 ), 7.06  (2 , 3

J 7.7), 7.19  (2 , 3
J 7.8), NH 

  .   13C–{1H} (100 , CDCl3, C, . .): 27.6 (2 2), 28.9 

(2 ), 32.5 (2 ), 36.5 (1 2), 38.6 (2 2), 41.7 (4 2), 43.5 (2 2), 47.4 (1 2), 48.1 (2 2), 

54.4 (2 2), 69.2 (2 2), 70.4 (2 2), 70.9 (2 2), 109.3 (2 ), 111.6 (2 ), 111.8 (2 ), 113.0 

(2 ), 115.3 (2 ), 115.6 (2 ), 129.0 (2 ), 129.2 (2 ), 140.2 (2 ), 143.1 (2 ), 148.8 (2 ), 

149.1 (2 ). -  (MALDI-TOF), m/z:  769.5016,   C50H65N4O3 

[M+H]+ 769.5056. 

  CH2Cl2/MeOH (50:1)     35    -

   (52 , 27 %).   1  (400 , CDCl3, H, . ., 

(JHH, )): 1.18–1.62  (32 ), 1.90–2.02  (12 ), 2.93–2.97  (8 ), 3.53  (8 , 3
J 4.6), 3.60–3.67  

(16 ), 3.83–3.88 (8 ), 4.52  (8 ), 6.39–6.43  (8 ), 6.56  (4 , 3J 7.2), 6.62  (4 , 3J 8.7, 4J 2.0), 

7.03 .  (4 ), 7.09  (4 , 3
J 7.6), 7.32  (4 , 3

J 9.0), NH   .   
13C–{1H} (100 , CDCl3, C, . .): 26.8 (4 2), 28.8 (4 ), 32.4 (4 ), 36.4 (2 2), 38.4 (4 2), 

41.8 (8 2), 43.5 (4 2), 47.6 (2 2), 48.4 (4 2), 53.7 (4 2), 68.7 (4 2), 71.0 (4 2), 71.4 
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(4 2), 103.3 (4 ), 110.2 (4 ), 111.2 (4 ), 111.7 (4 ), 115.0 (4 ), 119.7 (2 ), 128.3 (4 ), 

129.3 (4 ), 137.0 (2 ), 140.7 (4 ), 147.0 (4 ), 148.7 (4 ). -  (MALDI-TOF), m/z: 

 1538.20,   C100H129N8O6 [M+H]+ 1538.0056. 

 34p. 

   10,   68   1p.   

 CH2Cl2/MeOH (200:1)   -    (33 , 16 %). 

  1  (400 , CDCl3, H, . ., (JHH, )): 1.27–1.31  (2 ), 1.40 .  (2 ), 1.55–1.85 

 (12 ), 1.89–1.96  (4 ), 2.09 .  (2 ), 2.93–2.97 (2 ), 3.49–3.62  (16 ), 4.51  (2 ), 4.58  

(2 ), 4.59 .  (1 ), 5.64 .  (1 ), 6.44  (1 , 3
J 8.0, 4

J 1.9), 6.49 .  (1 ), 6.55–6.63  

(4 ), 6.66  (2 , 3
J 8.7), 6.72  (1 , 3

J 7.7, 4
J 2.4), 6.78  (1 , 3

J 7.5), 6.91  (2 , 3
J 8.7), 6.94  

(1 , 3
J 7.5), 7.03 .  (2 ), 7.05–7.11  (2 ), 7.18  (1 , 3

J 8.0), 7.20 (1 , 3
J 8.0), 7.21  (1 , 3

J 

7.7), NH   .   13C–{1H} (100 , CDCl3, C, . .): 27.7 (2CH2), 

29.2 (2CH2), 32.8 (1C), 36.6 (1CH2), 38.3 (1CH2), 41.8 (2CH2), 42.3 (2CH2), 42.5 (1CH2), 47.6 

(1CH2), 47.7 (1CH2), 48.4 (1C), 48.5 (1CH2), 53.4 (1CH2), 53.5 (1CH2), 69.0 (1CH2), 69.1 (1CH2), 

70.3 (1CH2), 70.4 (1CH2), 70.6 (1CH2), 70.8 (1CH2), 110.0 (1CH), 111.1 (1CH), 111.5 (1CH), 111.7 

(1CH), 112.2 (1CH), 114.1 (1CH), 115.3 (1CH), 115.4 (1CH), 115.6 (1CH), 116.4 (1CH), 116.7 

(2CH), 118.8 (1CH), 125.5 (2CH), 128.5 (1CH), 129.0 (1CH), 129.3 (1CH), 129.4 (1CH), 140.0 (1C), 

140.2 (1C), 141.7 (1C), 141.9 (1C), 142.8–143.4  (5 ),      

. -  (ESI-TOF), m/z:  839.4853,   C54H64N4O3Na 

[M+Na]+ 839.4876. 

 

 

7,16- (3- )-10,13- -7,16- [15.3.1.1
2,6

] -

1(21),2(22),3,5,17,19-  -37. 

 ,   ,   11h (233 , 0,78 

), -  (430 , 1,72 ), K2CO3 (580 , 4,2 ),  15  

CH3CN  6  CH2Cl2       48 .    

     CH2Cl2  2–3 ,  

     .   -37    

 ,  240  (48 %).   1H (400 , CDCl3, H, . ., (JHH, 

)): 3.68  (4 , 3
J 5.3), 3.72  (4 ), 3.78  (4 , 3

J 5.3), 4.58  (4 ), 6.54 .  (2 , 3
J 7.0), 7.01  

(2 , 3
J 7.3), 7.15–7.20  (6 ), 7.36–7.38  (2 ), 7.40  .  (2 ), 7.48 .  (2 ).   

13C–{1H} (100 , CDCl3, C, . .): 51.8 (2 2), 53.9 (2 2), 69.7 (2 2), 71.1 (2 2), 111.3 

(2 ), 112.5 (2 ), 116.1 (2 ), 122.8 (2 ), 125.3 (2 ), 129.2 (2 ), 129.7 (2 ), 130.1 (2 ), 
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130.2 (2 ), 141.1 (2 ), 142.7 (2 ), 149.3 (2 ). -  (MALDI-TOF), m/z:  

635.0878,   C32H33Br2N2O2 [M+ ]+ 635.0909. 

7,16- (4- )-10,13- -7,16- [15.3.1.1
2,6

] -

1(21),2(22),3,5,17,19-  -37. 

 ,   ,   11h (80 , 0,27 

), -  (148 , 0,59 ), K2CO3 (180 , 1,3 ),  5  

CH3CN  3  CH2Cl2     48 .    CH2Cl2  

2–3 ,       .   -37 

    ,  142  (83 %).   1H (400 , 

CDCl3, H, . ., (JHH, )): 3.71 .  (8 ), 3.78 .  (4 ), 4.57 .  (4 ), 6.54 .  (2 ), 7.03 

.  (2 ), 7.10–7.21  (4 ), 7.26  (2 , 3J 8.1), 7.44  (4 , 3J 8.1), 7.45–7.51  (2 ).   
13C–{1H} (100 , CDCl3, C, . . ( 1/2, )): 51.7 (2 2, 1/2 30), 53.6 (2 2, 1/2 30), 69.6 

(2 2, 1/2 30), 70.9 (2 2), 111.1 (2 , 1/2 35), 112.3 (2 , 1/2 30), 115.7 (2 , 1/2 40), 

120.4 (2 , 1/2 15), 128.3 (4 , 1/2 30), 129.1 (2 , 1/2 15), 131.5 (4 ), 137.5 (2 , 1/2 30), 

142.4 (2 , 1/2 30), 149.1 (2 , 1/2 25). -  (MALDI-TOF), m/z:  635.0943, 

  C32H33Br2N2O2 [M+ ]+ 635.0909. 

 38h. 

   10,   64  (0,10 ) 

( )  -37, 4,6  (8 . %) Pd(dba)2, 5,6  (9 . %) BINAP, 

15  (0,10 )  1h, 28  (0,3 ) -    5  . 

   CH2Cl2/MeOH (100:1)   -    

(10 , 16 %).   1H (400 , CDCl3, H, . ., (JHH, )): 3.17  (4 ), 3.19  (4 , 3
J 

6.3), 3.28  (4 , 3
J 6.3), 3.64–3.68  (4 ), 3.71  (4 ), 3.78  (4 , 3

J 3.6), 4.61  (4 ), 6.41–6.49  

(4 ), 6.54  (2 , 3
J 8.2, 4

J 2.0), 6.60  (2 , 3
J 7.6), 7.02  (2 , 3

J 7.7), 7.11  (2 , 3
J 7.6), 7.12  

(2 , 3
J 7.9), 7.55 .  (2 ).   13C–{1H} (100 , CDCl3, C, . .): 43.0 (2 2), 53.6 

(2 2), 54.7 (2 2), 69.0 (2 2), 69.4 (2 2), 70.3 (2 2), 70.6 (2 2), 109.6 (2 ), 111.3 (2 ), 

111.7 (2 ), 112.3 (2 ), 115.1 (2 ), 115.8 (2 ), 129.1 (2 ), 129.3 (2 ), 139.9 (2 ), 141.5 

(2 ), 148.2 (2 ), 148.9 (2 ). -  (MALDI-TOF), m/z:  623.3419,   

C38H47N4O4 [M+ ]+ 623.3597. 

 38j. 

   10,   64  (0,10 ) 

( )  -37, 4,6  (8 . %) Pd(dba)2, 5,6  (9 . %) BINAP, 

22  (0,10 )  1j, 28  (0,3 ) -    5  . 

   CH2Cl2/MeOH (100:1)      (6 , 9 

%).   1H (400 , CDCl3, H, . ., (JHH, )): 1.73  (4 , 3
J 6.0), 3.12  (4 , 3

J 
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6.4), 3.30–3.36  (8 ), 3.41  (4 , 3J 5.6), 3.70  (4 ), 3.72–3.74  (4 ), 3.77–3.80  (4 ), 4.12 . 

 (2 ), 4.56  (4 ), 6.39 .  (2 ), 6.42  (2 , 3J 7.8), 6.54  (2 , 3J 8.8), 6.57  (2 , 3J 8.1), 6.99  

(2 , 3
J 7.6), 7.12  (2 , 3

J 8.1), 7.14  (2 , 3
J 8.0), 7.49 .  (2 ).   13C–{1H} (100 

, CDCl3, C, . .): 28.6 (2 2), 42.3 (2 2), 52.6 (2 2), 54.4 (2 2),69.4 (2 2), 70.2 

(4 2), 70.4 (2 2), 70.8 (2 2), 110.4 (2 ), 110.8 (2 ), 111.5 (2 ), 111.6 (2 ), 115.1 

(2 ), 115.3 (2 ), 129.1 (2 ), 129.4 (2 ), 139.7 (2 ), 142.0 (2 ), 148.9 (2 ), 149.2 (2 ). 

-  (MALDI-TOF), m/z:  695.4133,   C42H55N4O5 [M+ ]+ 

695.4172. 

 

 

11,14- (3- )-7,11,14,18- [17.3.1.1
2,6

] -

1(23),2(24),3,5,19,21-  39. 

 ,   ,   11  (446 , 1,38 

), -  (750 , 3 ), K2CO3 (908 , 6,6 ),  20  

CH3CN  5  CH2Cl2     48 .    CH2Cl2  

2–3 ,       .   

   .  39    

CH2Cl2/MeOH (200:1)      (222 , 24 %).   1H 

(400 , CDCl3, H, . ., (JHH, )): 1.85  (4 , 3J 6.8), 2.56  (4 , 3J 6.4), 2.87  (4 ), 3.23 

 (4 , 3
J 7.3), 3.53  (4 ), 4.30 .  (2 ), 6.58  (2 , 3

J 8.1, 4
J 1.5), 6.93  (2 ), 6.99  (2 , 3

J 

7.3), 7.14  (2 , 3
J 7.7), 7.21  (2 , 4

J 1.4), 7.23  (2 , 3
J 7.6), 7.37  (2 , 3

J 7.7), 7.46 .  (2 ). 

  13C–{1H} (100 , CDCl3, C, . .): 26.1 (2 2), 43.1 (2 2), 52.4 (2 2), 52.5 

(2 2), 58.3 (2 2), 110.3 (2 ), 113.3 (2 ), 115.8 (2 ), 122.3 (2 ), 127.1 (2 ), 129.3 (2 ), 

129.8 (2 ), 129.9 (2 ), 131.4 (2 ), 142.0 (2 ), 143.2 (2 ), 148.5 (2 ). -  (MALDI-

TOF), m/z:  661.1528,   C34H38Br2N4 [M+ ]+ 661.1541. 

10,14- (3- )-7,10,14,17- [16.3.1.1
2,6

] -

1(22),2(23),3,5,18,20-  40. 

 ,   ,   11d (188 , 0,61 

), -  (335 , 1,34 ), K2CO3 (407 , 3 ),  10  

CH3CN  2  CH2Cl2     48 .    CH2Cl2  

2–3 ,       .   

   .  40    

CH2Cl2/MeOH (100:1)      (46 , 12 %).   1H 

(400 , CDCl3, H, . ., (JHH, )): 1.78  (2 , 3
J 7.3), 2.44  (4 , 3

J 7.4), 2.67–2.71  

(4 ), 3.30–3.34  (4 ), 3.55  (4 ), 3.92 .  (2 ), 6.55  (2 , 3
J 8.1, 4

J 2.0), 6.96  (2 , 3
J 7.9), 
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6.98  (2 , 4
J 2.1), 7.10–7.22  (6 ), 7.37  (2 , 3

J 7.7), 7.46 .  (2 ).   13C–{1H} 

(100 , CDCl3, C, . .): 26.6 (1 2), 42.9 (2 2), 53.1 (2 2), 53.2 (2 2), 59.8 (2 2), 109.5 

(2 ), 114.2 (2 ), 116.4 (2 ), 122.4 (2 ), 127.3 (2 ), 129.4 (2 ), 129.8 (2 ), 130.0 (2 ), 

131.6 (2 ), 142.2 (2 ), 143.1 (2 ), 148.4 (2 ). -  (MALDI-TOF), m/z:  

647.1359,   C33H37Br2N4 [M+ ]+ 647.1385. 

 41h. 

   10,   109  (0,17 ) 

( )  39, 7,6  (8 . %) Pd(dba)2, 9  (9 . %) BINAP, 24  

(0,17 )  1h, 48  (0,5 ) -    8  . 

   CH2Cl2/MeOH (25:1)   -    (28 

, 26 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.89  (4 , 3
J 6.9), 2.58  

(4 , 3
J 6.7), 2.60  (4 ), 3.20–3.26  (8 ), 3.43  (4 ), 3.65  (4 ), 3.69  (4 , 3

J 4.9), 4.20 .  

(2 ), 6.50  (2 , 3J 8.0, 4J 1.5), 6.54 .  (2 ), 6.57  (2 , 3J 8.0, 4J 2.0), 6.64  (2 , 3J 7.5), 6.86 

.  (2 ), 6.94  (2 , 3
J 7.5), 7.07  (2 , 3

J 7.8), 7.20  (2 , 3
J 7.8).   13C–{1H} (100 

, CDCl3, C, . .): 25.8 (2 2), 43.4 (2 2), 43.7 (2 2), 53.3 (2 2), 53.5 . (2 2, 1/2 = 

15 ), 58.7 (2 2), 69.4 (2 2), 70.1 (2 2), 110.7 (2 ), 110.9 (2 ), 113.2 (2 ), 114.6 (2 , 

115.8 (2 ), 118.5 (2 ), 129.0 (2 ), 129.3 (2 ), 140.4 . (2 ), 143.2 (2 ), 148.3 (2 ), 148.7 

(2 ). -  (MALDI-TOF), m/z:  649.4224,   C40H53N6O2 [M+ ]+ 

649.4230. 

 41j. 

   10,   109  (0,17 ) 

( )  39, 7,6  (8 . %) Pd(dba)2, 9  (9 . %) BINAP, 36  

(0,17 )  1j, 48  (0,5 ) -    8  . 

   CH2Cl2/MeOH (20:1)   -    (22 

, 21 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.76  (4 , 3
J 5.9), 1.89 

 (4 , 3J 6.6), 2.60 .  (4 ), 2.67  (4 ), 3.17  (4 , 3J 6.2), 3.23–3.26  (4 ), 3.48  (4 ), 

3.52  (4 , 3J 5.7), 3.56–3.60  (4 ), 3.63–3.67  (4 ), 4.27 .  (2 ), 6.45–6.50  (4 ), 6.54–6.58 

 (4 ), 6.89 .  (2 ), 6.93  (2 , 3J 7.6), 7.04  (2 , 3J 7.7), 7.19  (2 , 3J 7.8).   13C–

{1H} (100 , CDCl3, C, . .): 25.8 (2 2), 28.8 (2 2), 41.6 (2 2), 43.4 (2 2), 52.6 .  

(2 2, 1/2 = 20 ), 53.1 (2 2), 58.6 (2 2), 69.6 (2 2), 70.2 (2 2), 70.6 (2 2), 110.7 

(2 ), 111.1 (2 ), 113.2 (4 ), 115.7 (2 ), 117.6 (2 ), 128.9 (2 ), 129.3 (2 ), 140.4 . 

(2 ), 143.2 (2 ), 148.6 (2 ), 148.8 (2 ). -  (MALDI-TOF), m/z:  721.4791, 

  C44H61N6O3 [M+ ]+ 721.4805. 
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 42. 

   10,   40  (0,06 ) 

( )  40, 3  (8 . %) Pd(dba)2, 3,4  (9 . %) BINAP, 14  

(0,06 )  1j, 18  (0,2 ) -    3  . 

   CH2Cl2/MeOH (20:1)   -    (9 

, 21 %).   1H (400 , CDCl3, H, . ., (JHH, )): 1.78  (2 , 3
J 6.9), 1.84 

 (4 , 3J 6.0), 2.45  (4 , 3J 7.1), 2.70–2.74  (4 ), 3.23  (4 , 3J 6.3), 3.34–3.38  (4 ), 3.58 

 (4 , 3
J 5.7), 3.59–3.62  (4 ), 6.47–6.51  (4 ), 6.55  (2 , 3

J 8.0, 4
J 1.5), 6.59  (2 , 3

J 7.5), 

6.93  (2 , 3
J 7.7), 7.00 .  (2 ), 7.07  (2 , 3

J 7.6), 7.17  (2 , 3
J 7.8), NH   

.   13C–{1H} (100 , CDCl3, C, . .): 26.1 (1 2), 28.9 (2 2), 41.6 

(2 2), 42.8 (2 2), 52.4 (2 2), 53.4 (2 2), 60.2 (1 2), 69.6 (2 2), 70.2 (2 2), 70.7 (2 2), 

109.9 (2 ), 111.0 (2 ), 113.3 (2 ), 114.3 (2 ), 116.3 (2 ), 117.4 (2 ), 129.0 (2 ), 129.4 

(2 ), 140.5 (2 ), 143.1 (2 ), 148.5 (2 ), 148.6 (2 ). -  (MALDI-TOF), m/z:  

707.4614,   C43H59N6O3 [M+ ]+ 707.4648. 
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4.11.  ,   . 

1,8- (2-(2- ) )-9,10-  47. 

    1,8-  43 (554 , 2 ), Pd(dba)2 (92 

, 8 . %), BINAP (200 , 16 . %)  Cs2CO3 (6,5 , 20 ).   

   .  40  ,     

2–3 ,    1  (1,65 , 1,72 , 16 ),     

  60 .         

CH2Cl2  2–3 ,  ,       

        

CH2Cl2/MeOH/NH3aq (100:25:5–10:4:1).  47     

  (430 , 53 %). 

  1H (600 , CD3OD, H, . ., (JHH, )): 2.80–2.88  (8H,  'BB'), 

2.97  (4H, 3J 6.2), 3.48  (4H, 3J 6.2), 7.16  (2H, 3J 8.4), 7.45  (2H, 3J 7.4), 7.50  (2H, 3J 8.0), NH 

  .   13C–{1H} (75 , CD3OD, C, . .): 40.5 + 40.6 (2CH2), 

43.3 (2CH2), 47.7 (2CH2), 48.8 (2CH2), 115.1 (2C), 115.7 (2CH), 119.1 (2CH), 134.9 . (2C  + 

2 ), 151.8 (2C), 185.6 (1C), 189.1 (1C). -  (ESI-TOF), m/z:  411.2526, 

  C22H31N6O2 [M+ ]+ 411.2503. 

  49. 

  ,  ,  1,8-  43 (277 , 

1 ), Pd(dba)2 (92 , 16 . %), BINAP (112 , 18 . %)  20   (C = 0,05 

),     2–3 ,    1f (752 , 0,82 , 4 

), Cs2CO3 (1,63 , 5 )       16 .  

        (2 %)  

      - .  1,8-

 43 (831 , 3 ), Pd(dba)2 (276 , 16 . %), BINAP (336 , 18 

. %), Cs2CO3 (4,89 , 15 )  55  ,      

 30 .         

CH2Cl2  2–3 ,  ,       

        

CH2Cl2/MeOH/NH3aq (100:20:1–10:4:1).   49     

  (53 , 7 %). 

  1H (400 , CDCl3 + CD3OD, H, . ., (JHH, )): 1.72  (4 , 3
J 6.3), 

1.85  (8 , 3
J 6.2), 2.69–2.76  (16H), 3.21  (8H, 3

J 6.7), 6.81–6.85  (4 ), 7.26–7.31  

(8 ), NH   .   13C–{1H} (100 , CDCl3, C, . .): 28.9–29.4  

(6CH2), 40.9 (4CH2), 47.3–47.5  (4CH2), 48.5 + 48.8 (4CH2), 114.8 . (4C ), 117.3 + 117.4 
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(4CH), 133.9 (4C ), 150.9 . (4C), 12     . -

 (MALDI-TOF), m/z:  785.4530,   C46H56N8O4 [M+ ]+ 785.4503. 

1,8- ( )   48. 

 48  in situ,     .  

 1H (400 , CDCl3, H, . ., (JHH, )): 1.53–1.66  (8 ), 1.88  (4 , 3
J 6.8), 2.57–

2.76  (20H), 3.33  (4H, 3
J 6.1), 6.98  (2 , 3

J 8.0), 7.40  (2 , 3
J 7.7), 7.48  (2 , 3

J 7.3), 9.56  

(2 , 3J 4.7), NH     .   13C–{1H} (100 

, CDCl3, C, . .): 29.6 (2CH2), 30.2 (2CH2), 33.7 (2CH2), 40.3 (2CH2), 40.9 + 41.0 (2CH2), 47.8 

(4CH2), 48.5 (4CH2), 114.7 (2C ), 117.5 (2CH), 134.0 (2C ), 151.0 (2C), 6   

  . -  (MALDI-TOF), m/z:  581.4258,   

C32H53N8O2 [M+ ]+ 581.4291. 

 52. 

    1,5-  50 (554 , 2 ), Pd(dba)2 (184 

, 16 . %), BINAP (300 , 24 . %)  Cs2CO3 (6,52 , 20 ).   

   .  100  ,     

2–3 ,    51 (820  ( .), 2 ),     

  40 .         

CH2Cl2  2–3 ,  ,       

        CH2Cl2/MeOH 

(10:1)  CH2Cl2/MeOH/NH3aq (100:20:1).  52      

 (50 , 6 %). 

  1H (300 , CDCl3, H, . ., (JHH, )): 1.86–1.92  (2 ), 1.98–2.04  (2 ), 

2.09–2.18  (2 ), 2.25–2.33  (2 ), 2.39–2.49  (2 ), 2.52–2.62  (2 ), 2.67–2.76  (2 ), 2.89–

2.99  (2 ), 3.37–3.39  (2 ), 3.67–3.79  (2 ), 7.09  (2 , 3
J 8.7, 4

J 1.1), 7.48  (2 , 3
J 8.7, 3

J 

7.5), 7.57  (2 , 3
J 7.5, 4

J 1.1), 9.71  (2 , 3
J 8.7, 3

J 4.5), NH    

.   13C–{1H} (75 , CDCl3, C, . .): 42.9 (2CH2), 47.3 (2CH2), 48.5 

(2CH2), 48.8 (2CH2), 49.7 (2CH2), 114.2 (2 ), 115.5 (2 ), 118.4 (2 ), 134.7 (2 ), 136.2 (2 ), 

152.1 (2 ), 185.1 (2 ). -  (ESI-TOF), m/z:  437.2665,   

C24H33N6O2 [M+ ]+ 437.2660. 

1-(2- )-9,10-  55. 

    1-  53 (10,0 , 41,2 ), Pd(dba)2 (710 

, 3 . %), BINAP (897 , 3,5 . %)  Cs2CO3 (27,0 , 82,4 ).   

   .  100  ,     

2–3 ,    54 (9,9 , 11 , 165 ),    

   20 .        
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 CH2Cl2  2–3 ,  ,      

         

CH2Cl2/MeOH (20:1)  CH2Cl2/MeOH/NH3aq (100:20:1).  55    

   (1,61 , 41 %).    55   [185]. 

  1H (300 , CDCl3 + CD3OD, H, . ., (JHH, )): 3.11  (2H, 3J 6.2), 3.45  (2H, 3J 

6.2), 7.07  (1H, 3J 8.2), 7.52  (1H, 3J 8.2), 7.58  (1H, 3J 8.2), 7.68  (1H, 3J 7.5), 7.71  (1H, 3J 7.2), 

8.22  (1H, 3
J 7.5), 8.27  (1H, 3

J 6.9), 9.91 .  (1H), NH    

 .1-(2-(2- ) )-9,10-  56. 

    1-  53 (2,43 , 10 ), Pd(dba)2 (230 , 

4 . %), BINAP (500 , 8 . %)  Cs2CO3 (9,78 , 120 ).   

   .  200  ,     

2–3 ,    1  (4,12 , 4,3 , 40 ),      

 30 .         

CH2Cl2  2–3 ,  ,       

        CH2Cl2/MeOH 

(20:1)  CH2Cl2/MeOH/NH3aq (100:20:1).  56      

 (1,93 , 65 %). 

  1H (300 , CDCl3 + CD3OD, H, . ., (JHH, )): 2.74  (4H,  

AA'BB'), 2.95  (2H, 3
J 6.2), 3.42  (2H, 3

J 6.2), 7.04  (1H, 3
J 8.2), 7.42  (2H), 7.65  (1H, 3

J 7.5, 
4
J 1.5), 7.71  (1H, 3J 7.2, 4J 1.5), 8.17  (1H, 3J 7.5, 4J 1.5), 8.21  (1H, 3J 6.9, 4J 1.5), 9.84 .  

(1H), NH     .   13C–{1H} (75 , 

CDCl3 + CD3OD, C, . .): 40.7 (1CH2), 42.2 (1CH2), 47.8 (1CH2), 50.9 (1CH2), 112.9 (1C), 115.8 

(1CH), 118.0 (1CH), 118.1 (1C), 126.5 (1CH), 126.6 (1CH), 132.8 (1C), 133.0 (1CH), 134.0 (1CH), 

134.5 (1C), 134.8 (1C), 136.3 (1CH), 151.4 (1C), 184.0 (1C), 184.8 (1C). -  (ESI-TOF), 

m/z:  310.1535,   C18H20N3O2 [M+ ]+ 310.1550. 

2-(2-(2- ) )-3- -9,10-  59. 

  ,  ,  2,3-  57 (366 , 

1 ), Pd(dba)2 (92 , 16 . %), BINAP (112 , 18 . %)  10  ,  

   2–3 ,    1  (309 , 0,32 , 3 ), 

Cs2CO3 (1,63 , 35 ),       9 .    

     CH2Cl2  2–3 ,  

,          

     CH2Cl2/MeOH (20:1)  CH2Cl2/MeOH/NH3aq 

(100:20:1–100:20:2).  59  c  CH2Cl2/MeOH/NH3aq (100:20:1)  

 -    (90 , 23 %). 
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  1H (400 , CDCl3, H, . ., (JHH, )): 2.71  (2H, 3
J 5.6,  AA'BB'), 

2.81  (2H, 3
J 5.6,  AA'BB'), 2.99  (2H, 3

J 5.8), 3.39  (2H, 3
J 5.5), 5.83 .  (1H), 7.30  

(1H), 7.70  (2H), 8.20  (2H), 8.30  (1H), NH     

.   13C–{1H} (100 , CDCl3, C, . .): 41.8 (1CH2), 42.8 (1CH2), 47.5 

(1CH2), 51.7 (1CH2), 107.3 (1CH), 115.5 (1C), 123.3 (1C), 126.9 (2CH), 132.2 (1CH), 133.3 (1CH), 

133.5 (1C), 133.9 (1C), 134.1 (1CH), 134.4 (1C), 149.5 (1C), 180.8 (1C), 183.5 (1C). -  

(MALDI-TOF), m/z:  388.0680,   C18H19BrN3O2 [M+ ]+ 388.0661. 

2-(2-(2- ) )-9,10-  58    

    59,    CH2Cl2/MeOH/NH3aq (100:20:2)   

-    (20 , 6 %).   1H (400 , CDCl3 + 

CD3OD, H, . ., (JHH, )): 2.64  (2H, 3
J 5.7,  AA'BB'), 2.70  (2H, 3

J 5.7,  

AA'BB'), 2.80  (2H, 3
J 5.7), 3.29  (2H, 3

J 5.7), 6.78  (1H, 3
J 8.7, 4

J 2.5), 7.21  (1H, 3
J 2.5), 7.61 

 (2H), 7.96  (1H, 3
J 8.7), 8.10  (2H), NH     . 

  13C–{1H} (100 , CDCl3 + CD3OD, C, . .): 40.5 (1CH2), 42.3 (1CH2), 47.6 

(1CH2), 50.7 (1CH2), 108.3 (1CH), 117.0 (1CH), 122.6 (1C), 126.8 (2CH), 129.8 (1CH), 133.0 (1CH), 

133.5 (1C), 134.0 (1CH), 134.2 (1C), 135.3 (1C), 153.4 (1 ), 181.8 (1C), 184.3 (1C). -  

(MALDI-TOF), m/z:  310.1526,   C18H20N3O2 [M+ ]+ 310.1556. 

1-(2- )-1,2,3,4- [2,3-g] -6,11-  60   

     59,    CH2Cl2/MeOH (10:1)   

-    (60 , 15 %).   1H (400 , CDCl3 + 

CD3OD, H, . ., (JHH, )): 2.92  (2H, 3
J 6.8), 3.42  (4H), 3.45  (2H, 3

J 6.8), 7.11  (1H), 7.22  

(1H), 7.59  (2H,  AA'XX'), 8.08  (2H,  AA'XX'), NH   

  .   13C–{1H} (100 , CDCl3 + CD3OD, C, . .): 37.8 

(1CH2), 39.6 (1CH2), 47.6 (1CH2), 53.3 (1CH2), 107.1 (1CH), 109.7 (1CH), 125.3 (1C), 125.5 (1C), 

126.3 (1CH), 126.4 (1CH), 133.1 (2CH), 133.9 (1C), 134.0 (1C), 138.7 (1C), 139.7 (1C), 183.0 (2C). 

-  (MALDI-TOF), m/z:  308.1461,   C18H20N3O2 [M+ ]+ 

308.1399. 

2,3- (3- )-9,10-  62. 

  ,  ,  2,3-  57 (366 

, 1 ), Pd(dba)2 (92 , 16 . %), BINAP (112 , 18 . %)  10  , 

    2–3 ,    61 (740 , 0,85 , 10 

),       7 .     

    CH2Cl2  2–3 ,  ,  

           

  CH2Cl2/MeOH/NH3aq (100:20:1–10:4:1).  62  c 
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 CH2Cl2/MeOH/NH3aq (10:4:1)      (85 , 

19 %). 

  1H (400 , CDCl3, H, . ., (JHH, )): 1.71–1.79  (4 ), 2.69–2.76  (4 ), 

3.20–3.25  (4 ), 7.10  (2 ), 7.50–7.56  (2 ), 7.98–8.04  (2 ), NH   . 

  13C–{1H} (100 , CDCl3, C, . .): 31.1 (2 2), 39.3 (2 2), 41.3 (2 2), 105.5 

(2 ), 125.3 (2 ), 126.1 (2 ), 132.8 (2 ), 133.8 (2 ), 140.6 (2 ), 183.1 (2 ). -  

(MALDI-TOF), m/z:  353.2023,   C20H25N4O2 [M+ ]+ 353.1978. 

 

 

 .    . 

 ,   ,   

,    ,   ,  

   K2CO3   45      

 15–25 .         

CH2Cl2  2–3 ,  ,       

         CH2Cl2, 

CH2Cl2/MeOH (200:1–50:1). 

 64. 

   ,   533  (2 )  55, 276  

(4 ) K2CO3, 288  (1 )  45  8  CH3CN.    

CH2Cl2/MeOH (100:1)      (279 , 59 %). 

  1H (300 , CDCl3, H, . ., (JHH, )): 1.18  (6H, 3J 7.0), 2.95  (2H, 3J 6.3), 

3.37  (2H), 3.38  (2H, 3J 6.3), 3.72  (2H, 2JH–P 11.4, 3J 6.3), 4.04  (4H, 3JH–P 7.2, 3J 7.2), 6.96 

 (1H, 3J 8.1, 4J 1.2), 7.46  (1H, 3J 8.1), 7.52  (1H, 3J 8.1, 4J 1.2), 7.56  (1H, 3J 8.1, 4J 1.2), 7.69 

 (1H, 3
J 8.1, 4

J 1.2), 7.64 .  (1H), 8.15  (1H, 3
J 8.1, 4

J 1.2), 8.21  (1H, 3
J 6.9, 4

J 1.2), 9.87 

.  (1H).   31P–{1H} (121 , CDCl3, P, . .): 22.8.   13C–{1H} (75 

, CDCl3, C, . . (J –P, )): 16.3  (2CH3, 
3
JC–P 5.7), 34.5  (1CH2, 

1
JC–P 156.8), 42.3 (1CH2), 

48.6 (1CH2), 52.2 (1CH2), 62.5  (2CH2, 
2
JC–P 6.9), 113.2 (1C), 116.0 (1CH), 117.7 (1CH), 126.7 

(2CH), 133.0 (1C), 133.1 (1CH), 134.0 (1C ), 134.7 (1C), 134.9 (1C), 135.5 (1CH), 151.5 (1C), 171.2 

 (1C, 3
J –  3.8), 183.6 (1C), 185.2 (1C). -  (ESI-TOF), m/z:  474.1782, 

  C23H29N3O6P1 [M+ ]+ 474.1789. 

 65. 

   ,   2,0  (7,5 )  55, 3,1  

(22,5 ) K2CO3, 4,43  (15,4 )  45  50  CH3CN.    

CH2Cl2/MeOH (75:1)      (3,27 , 64 %). 
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  1H (300 , CDCl3, H, . ., (JHH, )): 1.20  (12H, 3
J 7.0), 3.03  (2H, 3

J 

6.3), 3.32  (2H), 3.42  (2H, 3J 6.3), 3.68  (4H, 2JH–P 11.4, 3J 6.3), 4.03  (8H, 3JH–P 7.2, 3J 7.2), 

6.96  (1H, 3J 8.1), 7.52  (1H, 3J 8.1), 7.55  (1H, 3J 8.1), 7.66  (1H, 3J 8.1), 7.70  (1H, 3J 8.1), 7.79 

.  (2H), 8.18  (1H, 3
J 8.1), 8.27  (1H, 3

J 6.9), 9.92 .  (1H).   31P–{1H} (121 

, CDCl3, P, . .): 23.0.   13C–{1H} (75 , CDCl3, C, . . (J –P, )): 16.3  

(4CH3, 
3
JC–P 5.7), 34.6  (2CH2, 

1
JC–P 156.8), 39.9 (1CH2), 53.4 (1CH2), 57.9 (2CH2), 62.5  (4CH2, 

2
JC–P 6.9), 113.0 (1C), 116.1 (1CH), 118.0 (1CH), 126.7 (2CH), 133.0 (1C), 133.2 (1CH), 134.0 

(1C ), 134.6 (1C), 134.8 (1C), 135.7 (1CH), 151.3 (1C), 169.8 (2C), 183.4 (1C), 185.3 (1C). -

 (ESI-TOF), m/z:  681.2409,   C30H43N4O10P2 [M+ ]+ 681.2449. 

 66. 

   ,   340  (1,1 )  56, 690 

 (4,95 ) K2CO3, 998  (3,46 )  45  50  CH3CN.    

CH2Cl2/MeOH (75:1)      (546 , 63 %). 

  1H (300 , DMSO-d6, H, . ., (JHH, )): 1.16  (6H, 3J 7.1), 1.19  (12H, 3J 

7.1), 2.72  (2H,  AA'BB'), 2.78  (2H,  AA'BB'), 2.86  (2H, 3
J 6.6), 3.23  (4H), 

3.26  (2H), 3.46  (2H, 3
J 6.0), 3.56  (4H, 2

JH–P 9.1, 3
J 6.2), 3.58  (2H, 2

JH–P 9.1, 3
J 6.2), 3.96 

 (4H, 3JH–P 7.3, 3J 7.3), 3.99  (8H, 3JH–P 7.3, 3J 7.3), 7.28  (1H, 3J 8.4), 7.44  (1H, 3J 8.4), 7.65 

 (1H, 3
J 8.4), 7.84  (1H, 3

J 7.2), 7.90  (1H, 3
J 7.2), 8.00  (1H, 3

J 6.6), 8.13  (1H, 3
J 8.1), 8.18  

(1H, 3
J 6.9), 8.33  (2H, 3

J 6.6), 9.77 .  (1H).   31P–{1H} (121 , DMSO-d6, P, 

. .): 22.9 (1P), 29.0 (2P).   13C–{1H} (75 , DMSO-d6, C, . . (J –P, )): 16.6  

(6CH3, 
3
JC–P 3.6), 34.2  (3CH2, 

1
JC–P 155.3), 40.0 (1CH2), 52.4 (1CH2), 52.8 (1CH2), 53.4 (1CH2), 

57.5 (1CH2), 58.4 (2CH2), 62.1  (6CH2, 
2
JC–P 6.5), 112.5 (1C), 115.5 (1CH), 119.3 (1CH), 126.7 

(1CH), 126.9 (1CH), 132.8 (1C), 133.9 (1CH), 134.3 (1C), 134.8 (1C), 134.9 (1CH), 136.1 (1CH), 

151.7 (1C), 173.5 (3C), 183.3 (1C), 184.4 (1C). -  (ESI-TOF), m/z:  931.3533, 

  C39H62N6O14P3 [M+ ]+ 931.3531. 

 68.  

   ,   20  (0,07 )  58, 40  

(0,29 ) K2CO3, 60  (0,21 )  45  2  CH3CN.    

CH2Cl2/MeOH (75:1)      (32 , 53 %). 

  1H (500 , CDCl3, H, . ., (JHH, )): 1.30  (12H, 3
J 7.0), 1.32  (6H, 3

J 

7.1), 2.70  (4H,  AA'BB'), 2.78  (2H), 3.08  (2H), 3.12  (4H), 3.31  (2H), 3.71  (6H, 
2
JH–P 11.1, 3

J 6.5,), 4.13  (4H, 3
JH–P 7.2, 3

J 7.2), 4.16  (8H, 3
JH–P 7.3, 3

J 7.3), 6.36 .  (1H), 

7.03  (1H, 3J 8.7, 4J 2.3), 7.42  (1H, 4J 2.3), 7.67  (1H, 3J 7.4, 4J 1.4), 7.72  (1H, 3J 7.4, 4J 1.4), 

8.07  (1H, 3
J 8.7), 8.20  (1H, 3

J 8.1, 4
J 1.3), 8.25  (1H, 3

J 7.8, 4
J 1.3), 8.54  (2H, 3

J 6.2), 8.64  

(1H, 3
J 6.4).   31P–{1H} (200 , CDCl3, P, . .): 23.4 (2P), 23.6 (1P).   
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13C–{1H} (125 , CDCl3, C, . . (J –P, )): 16.6 (6CH3), 34.4  (1CH2, 
1
JC–P 154.7), 34.6  

(2CH2, 
1
JC–P 155.6), 40.4 (1CH2), 52.1 (1CH2), 53.4 (1CH2), 54.6 (1CH2), 57.3 (1CH2), 58.7 (2CH2), 

62.9  (4CH2, 
2
JC–P 6.2), 63.0  (2CH2, 

2
JC–P 6.2), 108.9 . (1CH), 117.3 (1CH), 123.1 (1C), 127.0 

(1CH), 127.1 (1CH), 129.8 (1CH), 133.2 (1CH), 133.9 (1C), 134.1 (1CH), 134.5 (1CAr), 135.6 (1C), 

153.7 (1C), 170.1 (2C), 170.9 (1C), 181.8 (1C), 184.3 (1C). -  (ESI-TOF), m/z:  

953.3342,   C39H61N6NaO14P3 [M+Na]+ 953.3351. 

 69. 

   ,   40  (0,1 )  59, 64  

(0,46 ) K2CO3, 94  (0,33 )  45  5  CH3CN.    

CH2Cl2/MeOH (75:1)      (57 , 55 %). 

  1H (500 , CDCl3, H, . ., (JHH, )): 1.28  (12H, 3
J 7.1), 1.31  (6H, 3

J 

7.1), 2.77  (4H,  AA'BB'), 2.96  (2H, 3
J 7.4), 3.24  (4H), 3.25  (2H), 3.45  (2H, 3

J 5.6), 

3.68  (4H, 2
JH–P 11.3, 3

J 6.3), 3.73  (2H, 2
JH–P 11.3, 3

J 6.3), 4.10  (8H, 3
JH–P 7.4, 3

J 7.4), 4.12 

 (4H, 3
JH–P 7.3, 3

J 7.3), 5.88 .  (1H), 7.30  (1H), 7.70  (1H, 3
J 7.4, 4

J 1.6), 7.73  (1H, 3
J 

7.4, 4
J 1.6), 8.20  (1H, 3

J 7.5, 4
J 1.6), 8.22  (1H, 3

J 7.4, 4
J 1.6), 8.25  (1H, 3

J 6.2), 8.32  (1H), 

8.34  (2H, 3
J 6.2).   31P–{1H} (200 , CDCl3, P, . .): 23.3 (2P), 23.5 (1P).  

 13C–{1H} (125 , CDCl3, C, . . (J –P, )): 16.6  (6C 3, 
3
J –P 5.7), 34.4  (1CH2, 

1
JC–P 

155.5), 34.6  (2C, 1
JC–P 156.1), 41.7 (1CH2), 53.0 (1CH2), 53.2 (1CH2), 53.7 (1CH2), 58.1 (1CH2), 

58.7 (2CH2), 62.8  (4C, 2
JC–P 6.5), 62.9  (2C, 2

JC–P 6.5), 107.3 . (1CH), 115.6 (1C), 123.6 (1C), 

127.2 (2CH), 132.5 (1CH), 133.6 (1CH), 133.7 (1C), 134.0 (1C), 134.3 (1CH), 134.6 (1C), 149.4 (1C), 

170.5  (2C, 3
JC–P 2.7), 170.9  (1C, 3

JC–P 2.7), 181.0 (1C), 183.6 (1C). -  (ESI-TOF), m/z: 

 1031.2501,   C39H60BrN6NaO14P3 [M+Na]+ 1031.2456. 

 70. 

   ,   87  (0,28 )  60, 116 

 (0,84 ) K2CO3, 170  (0,59 )  45  5,6  CH3CN.    

CH2Cl2/MeOH (100:1)      (71 , 35 %). 

  1H (400 , CDCl3, H, . ., (JHH, )): 1.26  (12H, 3
J 7.1), 2.88  (2H, 3

J 

6.8), 3.34  (4H), 3.40  (24H), 3.53  (2H, 3J 6.8), 3.72  (4H, 2JH–P 11.5, 3J 6.1), 4.08  (8H, 3JH–P 

7.3, 3
J 7.3), 5.06 .  (1H), 7.14  (1H), 7.18  (1H), 7.56–7.60  (2H), 8.02–8.09  (4H).  

 31P–{1H} (160 , CDCl3, P, . .): 23.5.   13C–{1H} (75 , CDCl3, C, . . 

(J –P, )): 16.6 (4C 3), 34.4  (2CH2, 
1
JC–P 156.0), 39.9 (1CH2), 47.4 (1CH2), 49.4 (1CH2), 51.7 

(1CH2), 59.1 (2CH2), 62.5  (4CH2, 
2
JC–P 6.0), 107.0 (1CH), 109.8 (1C ), 125.3 (1C), 125.7 (1C), 

126.3 (2CH), 132.9 (1C), 133.0 (1C), 133.9 (1C ), 138.1 (1C), 139.2 (1C), 170.2 (2C), 182.3 (1C), 

182.4 (1C). -  (MALDI-TOF), m/z:  722.2675,   C32H46N5O10P2 

[M+ ]+ 722.2720. 
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 71. 

   ,   100  (0,28 )  62, 235 

 (1,70 ) K2CO3, 344  (1,19 )  45  5,7  CH3CN.    

CH2Cl2/MeOH (75:1)      (102 , 30 %). 

  1H (400 , CDCl3, H, . ., (JHH, )): 1.26  (24H, 3
J 7.1), 1.90  (4H, 3

J 

6.4), 2.77  (4H, 3
J 6.8), 3.25  (8H), 3.39  (4H, 3

J 5.1), 3.70  (8H, 2
JH–P 11.5, 3

J 6.2), 4.08  

(16H, 3
JH–P 7.3, 3

J 7.3), 5.54  (2H, 3
J 4.7), 7.23  (2H), 7.60–7.64  (2H), 8.03  (4 , 3

J 6.1), 8.13–

8.17  (2H).   31P–{1H} (160 , CDCl3, P, . .): 23.5. 

  13C–{1H} (125 , CDCl3, C, . . (J –P, )): 16.3  (8C 3, 
3
JC–P 5.9), 26.1 

(2 2), 34.5  (2CH2, 
1
JC–P 155.9), 41.8 (2CH2), 53.9 (2CH2), 58.6 (4CH2), 62.7  (8CH2, 

2
JC–P 6.4), 

105.6 (2CH), 125.5 (2C), 126.4 (2CH), 132.9 (2C 2), 134.2 (2C), 140.7 (2C), 170.6  (4C, 3
JC–P 3.6), 

183.0 (2C). -  (MALDI-TOF), m/z:  1181.4678,   C48H81N8O18P4 

[M+ ]+ 1181.4619. 

 72. 

   ,   265  (0,6 )  47, 745 

 (5,4 ) K2CO3, 1136  (3,94 )  45  20  CH3CN.    

CH2Cl2/MeOH (50:1)       (345 , 35 %). 

  1H (300 , CDCl3, H, . ., (JHH, )): 1.28  (36H, 3
J 7.1), 2.70–2.85  

(8H), 2.90  (4H, 3
J 6.8), 3.22  (8H), 3.29  (4H), 3.45  (4H, 3

J 6.2), 3.67  (8H, 2
JH–P 11.5, 3

J 

6.1), 3.72  (8H, 2
JH–P 11.5, 3

J 6.4), 4.09  (24H, 3
JH–P 7.3, 3

J 7.3), 7.01  (2H, 3
J 8.5), 7.45  (2H, 

3
J 7.7), 7.53  (2H, 3

J 7.3), 8.12  (2 , 3
J 6.3), 8.35  (4 , 3

J 6.3), 9.53  (2 , 3
J 5.1).   

31P–{1H} (120 , CDCl3, P, . .): 20.72 (4 ), 20.73 (2 ).   13C–{1H} (75 , 

CDCl3, C, . . (J –P, )): 16.4  (12C 3, 
3
JC–P 6.0), 34.0  (2CH2, 

1
JC–P 155.0), 34.4  (4CH2, 

1
JC–P 

156.4), 41.0 (2CH2), 53.2 (2CH2), 53.3 (2CH2), 53.8 (2CH2), 58.5 (4CH2), 58.6 (2CH2), 62.5  (8CH2, 
2
JC–P 6.7), 62.6  (4CH2, 

2
JC–P 6.5), 114.5 (2C), 115.4 (2C ), 117.7 (2CH), 134.3 (2C), 134.4 (2C ), 

150.9 (2C), 170.2  (4C, 3
JC–P 3.1), 170.8  (2C, 3

JC–P 3.1), 184.2 (2C), 189.0 (2C). -  

(ESI-TOF), m/z:  1653.6443,   C64H115N12O26P6 [M+ ]+ 1653.6471. 

 74. 

   ,   44  (0,10 )  52, 110 

 (0,8 ) K2CO3, 121  (0,42 )  45  2  CH3CN.    

CH2Cl2/MeOH (75:1)      (54 , 43 %). 

  1H (300 , CDCl3, H, . . (JHH, )): 1.28  (12H, 3
J 7.1), 1.33  (12H, 3

J 

7.1), 1.78–1.94  (6H), 1.98–2.10  (2H), 2.35  (4H, 3
J 7.8), 2.58–2.66  (2H), 2.63  (2 , 2

J 17.4), 

2.68–2.76  (2H), 2.82  (2 , 2J 17.4), 3.18  (4H), 3.30–3.44  (2H), 3.56–3.72  (6H), 3.91  (4H, 
2
JH–P 11.3, 3J 6.6), 4.07  (8H, 3JH–P 7.3, 3J 7.3), 4.15  (8H, 3JH–P 7.3, 3J 7.3), 7.10  (2H, 3J 8.6), 
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7.39  (2 , 3
J 6.2), 7.60  (2H, 3

J 7.9), 7.68  (2H, 3
J 7.5), 7.84  (2 , 3

J 6.4), 9.89  (2 , 3
J 8.6, 

3
J 4.5).   31P–{1H} (120 , CDCl3, P, . .): 22.6 (2 ), 23.1 (2 ).   13C–

{1H} (75 , CDCl3, C, . . (J –P, )): 16.3–16.5  (8C 3), 34.1  (2CH2, 
1
JC–P 156.9), 34.8  

(2CH2, 
1
JC–P 156.4), 41.5 (2CH2), 53.5 (2CH2), 53.9 (2CH2), 54.7 (2CH2), 55.4 (2CH2), 57.6 (2CH2), 

59.7 (2CH2), 62.3  (4CH2, 
2
JC–P 5.9), 62.5  (4CH2, 

2
JC–P 6.2), 114.6 (2C), 116.2 (2C ), 118.4 (2CH), 

135.6 (2C ), 136.5 (2C), 151.7 (2C), 170.7  (4C, 3
JC–P 3.2), 185.4 (2C). -  (ESI-TOF), 

m/z:  1265.5309,   C52H89N10O18P4 [M+ ]+ 1265.5301. 

 75. 

   ,   50  (0,06 ) 49, 53  (0,38 

) K2CO3, 77  (0,27 )  45  3  CH3CN.    

CH2Cl2/MeOH (75:1)      (40 , 39 %).   1H (400 

, CDCl3, H, . ., (JHH, )): 1.26  (24H, 3
J 7.1), 1.70  (4 , 3

J 6.5), 1.89  (8 , 
3
J 6.6), 2.61  (8H, 3

J 7.0), 2.67  (8H, 3
J 7.0), 3.15  (8H), 3.24  (8H, 3

J 5.3), 3.68  (8H, 2
JH–P 

12.1, 3
J 6.1), 4.07  (16H, 3

JH–P 7.3, 3
J 7.3), 6.87  (4H, 3

J 8.5), 7.32  (4 , 3
J 7.9), 7.40  (4H, 3

J 

7.2), 7.49  (4 , 3
J 5.7, 3

J –  2.1), 9.44  (4 , 3
J 4.3).   31P–{1H} (160 , CDCl3, P, 

. .): 22.8.   13C–{1H} (100 , CDCl3, C, . . (J –P, )): 16.4  (8C 3, 
3
JC–P 6.3), 

24.6 (2 2), 26.9 (4 2), 34.2  (4CH2, 
1
JC–P 156.0), 41.0 (4CH2), 52.6 (4CH2), 52.8 (4CH2), 58.6 

(4CH2), 62.5  (8CH2, 
2
JC–P 6.6), 114.2 (4C), 115.1 (4C ), 117.4 (4CH), 134.1 (4C  + 4 ), 150.7 

(4C), 170.9 (4C), 183.9 (2C), 188.9 (2 ). -  (ESI-TOF), m/z:  1613.7244, 

  C74H112rN12NaO20P4 [M+ ]+ 1613.7139. 
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4.12.     

 . 

       

     0,05–0,12      HEPES. 

     45–55 . 

  . 

  (DL — detection limit)    

    (HEPES, pH = 7,4),   1:1 (ClO4)2 

 ,     : 

DL = 3 × b / S, 

 b —    ,  S —   . 

    . 

         

 (18,2 · ).  0,1  NO3, HCl  KOH    

  Merck (Titrisol)     

  Tris   , .    

   .       

  0,033      0.1000  

Na2H2EDTA (Titriplex III)      [205].    

      Precisa 262SMA-FR (  ± 

0,01 ). 

 . 

        

     -     

 0,1 M KNO3  KCl    298.2(2) .  

        . 

      10   ABU901 (Radiometer) 

  .      ± 0,1 

     (XG100, Radiometer)    

 (XR110, Radiometer),   ,   PHM 

 (Radiometer).     HRT Acid–Base Titration 

[206]. 

        

   (p[H] = –log[H3O
+])    
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 0,1   KOH.   (1,8  p[H]  11,9)  

      : 

E  = 0 + S·log[H+] + Ja·log[H+] + Jb·Kw·[H+]–1, 

 0 —  , S —  , Ja·  Jb —    

   , ,    

  Kw = 10–13,78. 

 0,1     25       

p[H] = 1,8–2.      .    

   ,     0,1    Nps = 100 

 ,    0,8    (  Nps 25 

    50    ).  

     p[H]    . 

       

 Hyperquad 2006 [188].       

 ,        

   0,1   KNO3 [207–209]. 

 log  

Pb(OH)+   -7.4 

Pb(OH)2 -16.85 

Pb(OH)3
- -28.52 

Pb2(OH)3+   -6.34 

Pb3(OH)4
2+ -23.6 

Pb4(OH)4
4+ -20.23 

Pb6(OH)8
4+ -43.28 

 

 log  

Cu(OH)+   -8.18

Cu(OH)2 -16.47

Cu(OH)3
- -26.68

Cu(OH)4
2- -39.37

Cu2(OH)3+   -6.28

Cu2(OH)2
2+ -10.73

Cu3(OH)4
2+ -21.64

 

 log  

Cd(OH)+ -10.31

Cd(OH)2 -20.59

Cd(OH)3
- -33.3 

Cd(OH)4
2- -46.91

Cu2(OH)3+   -9.16

Cd4(OH)4
4+ -32.36

     .     

    < 2.   ,   . 8  9, 

, ,   ,   ,    

    . 

 . 

         p[H] 

   Cary 50 Probe (Varian),    

SUPRASIL 300 (Hellma)     1 .      

    ,   .   

      (  2 )  ~ 0,1  

   .  ,    50 , 
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    Specfit [191, 192].    

    Hyss [210]. 

 . 

     H2O/D2O (9:1 .),  0,1  KNO3  

      . ~ 0,01    

   HNO3  KOH c   .  

      ~ 0,5     5   

 .          , 

  .   p[H]*     . 

  1   13    298    Bruker Avance III   

 500    1     WATERSUP,   

 .        Solver 

  Excel (Microsoft)   : 

][1

][

011

011

HK

HKLHL  

2

012011

2

012011

][][1

][][
2

HKHK

HKHK LHLHL
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5. . 

1.   -   2,7- , 3,3'-

, 6,6'- -2,2'-      

 -       45 %,  

   ,      

    . 

 

2.  2      : 

 N,N'- ( )     ( )  

, ,         

   ,    ,  

          44 %.  

 

3.   N,N,N',N'-   2,7- ,  

  ( )   

 ,   4      

; ,         

. 

 

4.      2,7-   3,3'-

  ,     

 -     -  ,   

- ,     -   

    35 %,       

  N,N'- ( )     -  

.  

 

5.       Zn2+, 

Pb2+, Cu2+, Co2+, Ni2+, Ag+, Hg2+   ,  

   ,      Zn2+. 
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6.       -

        

.   ,     

         .  

        . 

 

7.        

         .   

         0.4 

. .   13  .     

     0.02 . .   - . 

 

8.           

 ,  1.3 . . 

 

9.   ,       

   ,    

.       ,  

       .  

         

    . ,     

           

     . 
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6. . 

 

 1. 

    3e MeOH. 

  3e MeOH        

,    .   

  3-   Bruker SMART APEX II CCD (Mo-K   (  = 

0.71073 Å), - , T = 100(2) ).      

    F2hkl.     

   . 

 

     C19H30N4O 

     

    P212121 

    a = 8.0634(11) Å  = 90° 

       b = 13.9625(18) Å  = 90° 

       c = 15.7887(18) Å  = 90° 

      1777.6(4) Å3 

Z      4 

 ( )   1.235 / 3 

    0.078 –1 

F(000)      720 

 , 3   0.45×0.20×0.20 

      1.95–28.99 

     9697 

    2667 [R(int) = 0.0314] 

     217 

     R1 = 0.0359, wR2 = 0.0921 

GOF      1.034 

 

___________________ 

*    .  . . (  )  .  . 

(  )    . 
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 2. 

    3j·HNO3. 

  3j·HNO3        

,  1 . Zn(NO3)2·6H2O.     3-

  Bruker SMART APEX II CCD (Mo-K   (  = 0.71073 Å), -

, T = 100(2) ).       

   F2hkl.       

 . 

 

     C20H29N3O6 

     

    P21/m 

    a = 8.4560(13) Å  = 90° 

       b = 13.2575(18) Å  = 98.382(3)° 

       c = 18.621(3) Å  = 90° 

      2065.2(5) Å3 

Z      4 

 ( )   1.311 / 3 

    0.097 –1 

F(000)      872 

 , 3   0.30×0.20×0.13 

      1.89–28.00 

     10324 

    4910 [R(int) = 0.0762] 

     262 

    R1 = 0.0556, wR2 = 0.0907 

GOF      1.054 
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 3. 

    (18j)2·H2O. 

  (18j)2·H2O       

  – .     

 Nonius Kappa Apex-II (Mo-K   (  = 0.71073 Å), - , T = 

115(2) ).          

F2hkl.        . 

 

     C40H58N8O7 

     

    P212121 

    a = 8.9534(3) Å  = 90° 

       b = 23.2743(8) Å  = 90° 

       c = 38.0042(13) Å  = 90° 

      7919.5(5) Å3 

Z      8 

 ( )   1.280 / 3 

    0.089 –1 

F(000)      3280 

 , 3   0.70×0.05×0.05 

      3.06–27.48 

     33648 

    16524 [R(int) = 0.0761] 

     1003 

    R1 = 0.1040, wR2 = 0.1790 

GOF      1.221 
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 4. 

    Zn19j(ClO4)2. 

  Zn19j(ClO4)2        

 ,   1:1  19j  Zn(ClO4)2. 

     Nonius Kappa Apex-II (Mo-K  

 (  = 0.71073 Å), - , T = 115(2) ).    

      F2hkl.   

     . 

 

     C40H56Cl2N8O14Zn 

     

    Fd2d 

    a = 14.2712(11) Å  = 90° 

       b = 15.2756(13) Å  = 90° 

       c = 41.199(3) Å  = 90° 

      8981.4(13) Å3 

Z      8 

 ( )   1.493 / 3 

    0.741 –1 

F(000)      4224 

 , 3   0.40×0.30×0.17 

      3.02–27.55 

     9801 

    3403 [R(int) = 0.0526] 

     256 

    R1 = 0.0691, wR2 = 0.1658 

GOF      1.058 
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 5. 

  65        : 

Na+   ( ), K+   ( ), Mg2+ ( ), Ca2+ ( ), Ba2+ ( ), Al3+ ( ), Zn2+ ( ), Cd2+ ( ), Pb2+  

 ( ), Co2+ ( ), Ni2+ ( ), Cu2+ ( ), Ag+ ( ), Hg2+ ( ), L2 = 65. [65] = 0,11 .    

,    35    HEPES  pH = 7,4.  

   45–55 .   ,   

    ,   .  

 ,      ,    

. 

(a) ( ) 

( ) ( ) 

( ) ( ) 
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( ) ( ) 

 

( ) ( ) 

( ) ( ) 

( ) ( ) 
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 6. 

    Cu2+  65. 

  (DL — detection limit)    

    (HEPES, pH = 7,4),   1:1 Cu(ClO4)2 

 65,     : 

DL = 3 × b / S, 

 b —    ,  S —   . 

    Cu2+/65    (  

:   Cu(II) 7 . .,  — 0,07 . .)    : 

 

 

    Cu2+/65  615 : 

 
  : 

Cu(II)615 SaA , a = –0,006(1), S = 4640(20), R2 = 0,99978. 
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 7. 

  66        : 

Na+   ( ), K+   ( ), Mg2+ ( ), Ca2+ ( ), Ba2+ ( ), Al3+ ( ), Zn2+ ( ), Cd2+ ( ), Pb2+  

 ( ), Co2+ ( ), Ni2+ ( ), Cu2+ ( ), Ag+ ( ), Hg2+ ( ), L3 = 66. [66] = 0,11 .    

,    35    HEPES  pH = 7,4.  

   45–55 .   ,   

    ,   .  

 ,      ,    

. 

( ) ( ) 

( ) ( ) 

( ) ( ) 
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( ) ( ) 

 

( ) ( ) 

( ) ( ) 

( ) ( ) 
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 8. 

    Cu2+  66. 

  (DL — detection limit)    

    (HEPES, pH = 7,4),   1:1 Cu(ClO4)2 

 66,     : 

DL = 3 × b / S, 

 b —    ,  S —   . 

    Cu2+/66    (  

:   Cu(II) 7 . .,  — 0,07 . .)    : 

 

 

    Cu2+/66  615 : 

 
  : 

Cu(II)615 SaA , a = –0.0018(5), S = 5130(10), R2 = 0.99996. 
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 9. 

    Pb2+  66. 

  (DL — detection limit)    

    (HEPES, pH = 7,4),   1:1 Pb(ClO4)2 

 66,     : 

DL = 3 × b / S, 

 b —    ,  S —   . 

    Pb2+/66    (  

:   Pb(II) 25 . .,  — 0,25 . .)    

: 

 

 

    Pb2+/66  480 : 

 
  : 

Pb(II)480 SaA , a = –0.0021(5), S = 4530(10), R2 = 0.99996. 
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 10. 

-        66   

  .   66,     

  .    35    HEPES  pH = 7,4. 

    45–55 .   , 

      ,   

.   ,      ,  

  . 

( ) ( ) 

( ) ( ) 

( ) ( ) 
( ) SL1 –   66 ([66] = 0,11 ). 
 SCu1 –1 . Cu2+. 
 SL2 – 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+. 
 SCu2 – 1 . Cu2+, 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+. 
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 SL3 – 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+, Zn2+, Co2+, Ni2+, Ag+. 
 SCu3 – 1 . Cu2+, 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+, Zn2+, Co2+, Ni2+, Ag+. 
( ) SL1 –   66 ([66] = 0,11 ). 
 SCu1 –1 . Cu2+. 
 SL4 – 10 . Hg2+;  SCu4 – 1 . Cu2+  10 . Hg2+. 
 SCu4' – 1 . Cu2+  10 . Hg2+, 15    Hg2+. 
 SCu5 – 1 . Cu2+, 10 . Cd2+  1 . Pb2+. 
( ) SL1 –   66 ([66] = 0,11 ). 
 SPb1 – 1 . Pb2+. 
 SPb2 – 1 . Pb2+  100 . Na+, K+, Mg2+, Ca2+, Ba2+. 
 SL3 – 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+. 
 SPb3 – 1 . Pb2+, 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+. 
 SL4 – 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+, Zn2+. 
 SPb4 – 1 . Pb2+, 100 . Na+, K+, Mg2+, Ca2+, Ba2+  10 . Al3+, Zn2+. 
( ) SL1 –   66 ([66] = 0,11 ). 
 SPb1 – 1 . Pb2+. 
 SL5 – 10 . Co2+; SPb5 – 1 . Pb2+  10 . Co2+. 
 SL6 – 10 . Ni2+; SPb6 – 1 . Pb2+  10 . Ni2+. 
 SPb6' – 1 . Pb2+  10 . Ni2+, 15    Ni2+. 
( ) SL1 –   66 ([66] = 0,11 ). 
 SPb1 – 1 . Pb2+. 
 SL7 – 10 . Ag+; SPb7 – 1 . Pb2+  10 . Ag+. 
 SL8 – 2 . Hg2+;  SPb8 – 1 . Pb2+, 10 . Ag+,  2 . Hg2+. 
( ) SL1 –   66 ([66] = 0,11 ). 
 SPb1 – 1 . Pb2+. 
 SL9 – 2 . Cd2+; SPb9 – 1 . Pb2+  2 . Cd2+. 
 SL11 – 1 . Cu2+; SPb10 – 1 . Pb2+  0.5 . Cu2+; SPb11 – 1 . Pb2+  1 . Cu2+. 
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 11. 

    1    66     Pb(ClO4)2  

 . 

. Pb2+ 0 1 0 1 2 0 1 

-  DMSO-d6 CD3CN D2O 

CH3 

H1 

1.16 (6H) 

1.18 (12H)

1.21 (6H) 

1.22 (12H) 

1.15 (6H) 

1.18 (12H)

1.19 (3H) 

1.22 (3H) 

1.24 (6H) 

1.25 (3H) 

1.31 (3H) 

1.18 (3H) 

1.20 (3H) 

1.26 (3H) 

1.28 (3H) 

1.31 (6H) 

1.04 (6H) 

1.09 (12H) 

0.88 (3H) 

0.99 (3H) 

1.14 (6H) 

1.24 (6H) 

CH2OP 

H2H2' 

3.96 (4H) 

3.98 (8H) 

4.02 (4H) 

4.04 (8H) 

3.96 (4H) 

3.98 (8H) 

3.90 (2H) 

3.97 (2H) 

4.03 (2H) 

4.05 (2H) 

4.09 (2H) 

4.13 (2H) 

3.97 (4H) 

4.13 (2H) 

4.14 (2H) 

4.18 (2H) 

4.20 (2H) 

3.89 (4H) 

3.93 (8H) 

3.65, 3.74, 

4.01, 4.12 (12H)

CH2P 

H3H3' 

3.56 (4H) 

3.58 (2H) 

3.64 (4H) 

3.72 (2H) 

3.53 (4H) 

3.58 (2H) 

3.29, 3.42 (2H)

3.66, 3.80 (2H)

3.62, 3.78 (2H)

3.34, 3.46 (2H) 

3.75, 3.79 (2H) 

3.74, 4.06 (2H) 

3.49 (4H) 

3.55 (2H) 

3.04 (2H) 

3.70 (2H) 

3.88 (2H) 

CH2CO 

H4H4' 

3.23 (4H) 

3.26 (2H) 

3.86 (6H) 3.18 (6H) 3.62, 4.13 (2H)

3.83, 4.13 (2H)

3.98, 4.17 (2H)

3.66, 4.14 (2H) 

3.84, 4.12 (2H) 

3.94, 4.22 (2H) 

3.16 (6H) 3.42, 3.98 (2H) 

3.81, 4.16, 

3.82, 3.98 (4H) 

CH2N 

H5H5' 

H6H6' 

2.71 (2H) 

2.76 (2H) 

2.88 (2H) 

2.95 (2H) 

2.69 (2H) 

2.74 (2H) 

2.90, 3.07 (2H)

3.00 (1H) 

3.10, 3.18 (1H)

2.92, 3.10 (2H) 

3.04 (1H) 

3.10,3.21 (1H) 

2.56 (4H) 2.86 (2H) 

2.97 (2H) 

CH2N 

H7H7' 

2.86 (2H) 3.01 (2H) 2.84 (2H) 3.36 (2H) 3.35, 3.37 (2H) 2.56 (2H) 3.20 (2H) 

CH2NHAr 

H8H8' 

3.46 (2H) 3.59 (2H) 3.42 (2H) 3.6 (2H) 3.53, 3.65 (2H) 2.94 (2H) 3.44 (2H) 

 
 H9 7.28 (1H) 7.30 (1H) 7.15 (1H) 7.79 (1H) 7.37 (1H) 6.51 (1H) 7.05 (1H) 

H10 7.65 (1H) 7.72 (1H) 7.56 (1H) 
7.64 (2H) 

7.72 (1H) 7.03 (1H) 7.46 (1H) 

H11 7.44 (1H) 7.49 (1H) 7.47 (1H) 7.76 (1H) 6.86 (1H) 7.35 (1H) 

H12 

H15 

8.12 (1H) 

8.24 (1H) 

8.14 (1H) 

8.19 (1H) 

8.13 (1H) 

8.27 (1H) 

7.98 (1H) 

8.11 (1H) 

8.15 (1H) 

8.23 (1H) 

7.61 (1H) 

7.63 (1H) 

7.85 (1H) 

7.87 (1H) 

H13 

H14 

7.89 (1H) 

7.90 (1H) 

7.86 (1H) 

7.92 (1H) 

7.73 (1H) 

7.79 (1H) 

7.76 (1H) 

7.79 (1H) 

7.79 (1H) 

7.82 (1H) 

7.47 (1H) 

7.51 (1H) 

7.63 (1H) 

7.66 (1H) 

CONH 8.00 (1H) 

8.33 (2H) 

9.44 . 

(3H) 

7.74 (2H) 

7.76 (1H) 

7.82 (1H) 

7.95 (1H) 

8.13 (1H) 

7.91 (1H) 

8.15 (2H) 

– – 

NHAr 9.77 (1H) 9.57 (1H) 9.82 (1H) 8.90 (1H) 8.72 (1H) – – 
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 12. 

    13    66     Pb(ClO4)2  

 . 

. Pb2+ 0 1 0 1 2 0 1 

-  DMSO-d6 CD3CN D2O 

CH3 
C1 

16.6 (6C) 16.7 (2C) 
16.8 (4C) 

15.8 (6C) 15.8 (6C) 15.8 (6C) 15.7 (4C) 
15.8 (2C) 
 

15.2 (4C) 
15.4 (2C) 

CH2OP 
C2 

62.1 (6C) 62.5 (6C) 62.2(4C) 
62.3 (2C) 

62.8 (1C) 
62.9 (1C) 
63.1 (1C) 
63.2 (2C) 
63.3 (1C) 

63.0 (1C) 
63.1 (1C) 
64.4 (1C) 
64.5 (1C) 
64.6 (1C) 
64.9 (1C) 

63.8 (2C) 
63.9 (4H) 

63.5 (2C) 
63.8 (2C) 
63.9 (4H) 

CH2P 
C3 

34.2 (3C) 35.2 (1C) 
35.3 (2C) 

34.1 (3C) 35.4 (1C) 
35.7 (2C) 

35.5 (1C) 
35.6 (1C) 
36.0 (1C) 

33.8 (2C) 
34.3 (1C) 

33.8 (1C) 
34.4 (1C) 
34.5 (1C) 

CH2CO 
C4 

57.5 (1C) 
58.4 (2C) 

59.5 (3C) 58.3 (3C) 57.0 (1C) 
59.4 (2C) 

57.2 (1C) 
59.4 (2C) 

57.9 (1C) 
58.2 (2C) 

57.9 (1C) 
58.2 (2C) 

CH2N 
C5,C6 

52.4 (1C) 
52.8 (1C) 

52.5 (1C) 
55.0 (1C) 

52.2 (2C) 
53.3 (1C) 

55.1 (1C) 
55.7 (1C) 

55.1 (1C) 
55.8 (1C) 

52.0 (1C) 
53.1 (1C) 
53.3 (1C) 

54.2 (1C) 
55.3 (1C) 

CH2N 
C7 

53.4 (1C) 52.5 (1C) 58.7 (1C) 59.2 (1C) 56.9 (1C) 

CH2NHAr 
C8 

40.0 (1C) 40.5 (1C) 40.0 (1C) 40.2 (1C) 41.0 (1C) 39.3 (1C) 39.5 (1C) 

 
 

 

C9 119.3 (1C) 119.2 (1C) 118.5 (1C) 118.4 (1C) 121.7 (1C) 118.7 (1C) 120.5 (1C)

C10 136.1 (1C) 136.3 (1C) 135.6 (1C) 135.7 (1C) 135.8 (1C) 135.3 (1C) 135.6 (1C)

C11 115.5 (1C) 116.0 (1C) 117.5 (1C) 120.8 (1C) 119.6 (1C) 115.6 (1C) 118.6 (1C)

C12 

C15 
126.7 (1C) 
126.9 (1C) 

126.8 (1C) 
126.9 (1C) 

126.3 (1C) 
126.7 (1C)

126.5 (1C) 
126.9 (1C)

126.6 (1C)
127.3 (1C)

126.1 (1C) 
126.2 (1C) 

126.2 (1C)
126.5 (1C)

C13 

C14 
133.9 (1C) 
134.9 (1C) 

134.2 (1C) 
135.1 (1C) 

133.3 (1C) 
134.2 (1C)

134.1 (1C) 
135.7 (1C)

134.2 (1C)
135.1 (1C)

133.0 (1C) 
134.8 (1C) 

134.0 (1C)
134.8 (1C)

C  112.5 (1C) 
132.8 (1C) 
134.3 (1C) 
134.3 (1C) 

113.1 (1C) 
132.8 (1C) 
134.5 (1C) 
134.7 (1C) 

115.3 (1C) 
133.0 (1C) 
134.6 (1C) 
135.0 (1C)

117.5 (1C) 
132.8 (1C) 
134.4 (1C) 
134.6 (1C)

113.1 (1C)
132.8 (1C)
134.5 (1C)
134.7 (1C)

111.3 (1C) 
131.8 (1C) 
133.3 (1C) 
133.9 (1C) 

115.1 (1C)
131.6 (1C)
133.3 (1C)
133.9 (1C)

C N 151.7 (1C) 151.6 (1C) 151.5 (1C) 150.7 (1C) 150.1 (1C) 150.5 (1C) 150.3 (1C)

CO 183.3 (1C) 
183.4 (1C) 

183.0 (1C) 
184.6 (1C) 

183.4 (1C) 
185.0 (1C)

182.9 (1C) 
186.3 (1C)

183.0 (1C)
186.8 (1C)

183.7 (1C) 
183.8(1C) 

183.9 (1C)
185.9 (1C)

CONH 170.5 (1C) 
170.6 (2C) 

174.0 (2C) 
173.3 (1C) 

170.4 (3C) 174.6 (1C) 
174.9 (1C) 
175.6 (1C)

174.7 (1C)
175.2 (1C)
176.1 (1C)

172.6 (2C) 
173.2 (1C) 

173.9 (1C)
174.2 (1C)
175.1 (1C)
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 13. 

1      66    D3CN (600 MHz, 298 K). 
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 14. 

1H–1H 2D COSY    66   2 . Pb2+  D3CN (600 MHz, 

298 K). 
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 15. 

13C–1H 2D HMQC    66   2 . Pb2+  D3CN (600 

MHz, 298 K). 
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 16. 

13C    66   2 . Pb2+  D3CN (125 MHz, 298 K). 
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 17. 

1H–1H 2D COSY    66   1 . Pb2+  D3CN (600 

MHz, 298 K). 
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 18. 

13C–1H 2D HMQC    66   1 . Pb2+  D3CN (600 

MHz, 298 K). 
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 19. 

1      66    DMSO-d6 (600 MHz, 298 K). 
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 20. 

31P    66   1 . Pb2+  DMSO-d6   

 (244 MHz). 
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 21. 

1H    66   1 . Pb2+  DMSO-d6   

 (600 MHz). 
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 22. 

1H    66   1 . Pb2+  D2O   

 (600 MHz). 

 



222 

 23. 

31P    66   1 . Pb2+  D2O   

 (244 MHz). 
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 24. 

1H    66   1 . Pb2+  D2O (600 MHz, 298 ). 
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 25. 

1H    66   1 . Pb2+  D2O (600 MHz, 278 ). 
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The Pd-catalyzed reaction of equimolar amounts of 2,7-
dibromonaphthalene and various polyamines led to the 
formation of the macrocycles comprising one naphthalene and 
one polyamine moieties. The same reaction also gave 
cyclodimers and cyclotrimers as by-products. Application of 
the excess of 2,7-dibromonaphthalene provided N,N'-bis(7-
bromonaphth-2-yl)oxadiamine which was used for the 
synthesis of the macrocycles with two naphthalene and two 
oxadiamine fragments.  

 
The first simplest representatives of the macrocycles 

containing naphthalene unit were described in the literature 70 

years ago.
1
 Since that time dozens of works appeared dealing 

with the synthesis and investigation of naphthalene-based 

macrocycles of different geometry and with crown ethers 

functionalized with naphthalene substituents in pendant arms. 

These macrocycles may possess structural fragments of Schiff 

bases,
2
 diamide,

3
 diimide,

4
 or lactam

5
 groups, naphthalene can 

be fused to tetraazamacrocycles,
6
 the molecules may contain 

phosphorus atoms
7
 or have only carbon atoms in the 

macroring.
8
 Naphthalene moieties were also incorporated in 

more complicated structures like calixarenes,
9
 catenanes,

10
 they 

were combined in defferent manner with porphyrin units.
11

 

These sophisticated molecules find their application as 

molecular receptors, mainly of organic anions,
12

 or even as 

molecular rotors.
13

 All synthetic approaches used conventional 

non-catalytic methods which were unfavoarble for the 

synthesis of the macrocycles with aminonaphthalene fragments 

which could improve sensing properties due to an increase in 

optical response of the condensed aromatic system to 

coordianation. As we acquired a good experince in the 

synthesis of polyazamacrocycles using Pd-catalyzed amination 

of dihaloarenes with linear polyamines,
14

 we decided to apply 

this method for the synthesis of naphthalene-based 

macrocycles. 

First we tried 1,8-dibromonaphthalene 1 in the reaction 

with linear polyamines 3 catalyzed by a standard 

Pd(dba)2/BINAP system. No reaction occured even after a long 

reflux in dioxane with 8 mol% of the catalyst. It was surprising 

because 1-bromonaphthalene earlier was shown to be very 

active in Pd-mediated amination.
15

 Possibly in this case the 

second bromine atom in peri-position totally hindered the 

reaction at the step of oxidative addition of 1,8-

dibromonaphthalene to Pd(0). Then we ran the reaction using 

2,7-dibromobiphenyl 2 (Sheme 1), and in this case amination 

proceeded normally. The same catalytic system (8 mol%) was 

applied, tBuONa was taken as a base, and dilute dioxane 

solutions (c = 0.02 M) were employed to prevent formation of 

linear oligomers. Yields of target macrocycles 4b-h and of 

cyclic and linear by-products 5 and 6 are given in Table 1 (all 

compounds were isolated by column chromatography on silica 

gel).  
Br Br

Br Br

X NH2H2N

 Pd(dba)2/BINAP

      (8/9 mol%)

t-BuONa, dioxane

    (c = 0.02 M) 

     reflux, 6 h

3a-h1

2

no reaction

HN NH

X

+

HN
H
N

X

n
4b-h 5a,c,f,g

X HNNH
Br Br

6b,d,h

H2N N
H

NH23a

H2N

H
N

H
N

NH23b

N
H

H
N NH2
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N
H

N
H
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H2N

H
N

N
H

H
N

NH23e

H2N
O
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O
O NH2

H2N3g

O
O

O NH2H2N3h

 

Scheme 1. 

Table 1 Synthesis of macrocycles 4  

Entry Amine Yields 

of 4, % 

Yields of other 

products, % 

1 3a 4a, 0 5a (n=2), 25 

5a (n=3), 10 

5a (n=2-6), 49 

2 3b 4b, 9 6b, 5 

3 3c 4c, 26 5c (n=2), 25 

4 3d 4d, 28 6d, 18 

5 3e 4e, 19  

6 3f 4f, 10 5f (n=2), 32 

5f (n=3), 14 

7 3g 4g, 29 5g (n=2), 16 

5g (n=3), 8 

8 3h 4h, 17 6h, 10 

   9
a)
 3h 4h, 26  

a) 2-dicyclohexylphosphino-2'-dimethylaminobiphenyl was 

used instead of BINAP 

 

Corresponding macrocycles 4 were formed in all cases 

except for the shortest triamine 3a, in this case only 

cyclooligomers 5a (n = 2-6) were obtained (entry 1). Amines 

3b and 3g (entries 2, 6) provided low yields of corresponding 

macrocycles 4b and 4g due to insufficiently long chains, other 

polyamines gave comparable results. In the case of 

trioxadimaine 3h we supposed that 17% yield (entry 8) could 

be improved by the application of more active ligand - 2-

dicyclohexylphosphino-2'-dimethylaminobiphenyl instead of 

BINAP, and this was the case (entry 9). However, in other 

cases this ligand did not increase the yields of compounds 4. 

Synthesis of macrocycles comprising 2,7-disubstituted naphthalene and polyamine moieties via 

Pd-catalyzed amination 
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No regularities were observed for the formation of cyclic and 

linear by-products 5 and 6.  

In accordance with our interest in the pathways of cyclic 

oligomers formation
16

 we studied the possibility of the 

synthesis of cyclodimers 5 via bis(bromonaphthyl)substituted 

polyamines 6. The reaction of the excess of 2 with 

trioxadiamine 3h catalyzed by Pd(dba)2/BINAP at c = 0.1 M 

led only to an inseparable mixture of linear oligomers, possibly, 

due to a high reactivity of the bromine atoms in 2. The use of 

less active complex with Xanthphos (2 mol%) at c = 0.05 M 

provided the formation of target 6h in 37% yield, though by-

products – triarylated diamine 7 and oligomer 8 were also 

isolated (Scheme 2).  

Br Br

 Pd(dba)2/Xanthphos

       (2/2.5 mol%),

  t-BuONa, dioxane 

      (c = 0.05 M),

        reflux, 6 h

2

6h, 37%

O

H2N

OO

NH2

O

HN

OO

NH

Br Br

+

O

N

OO

NH

Br

Br

Br

7, 10%

O

HN

OO

NH

Br

OOO

NH

Br

N
H

+

8, 6%

3h

2.5 equiv.

 

Scheme 2. 

N,N'-diarylated diamine 6h was then introduced in the 

reaction with a free trioxadiamine 3h, this reaction was carried 

in the conditions similar to that used for the synthesis of 

"normal" macrocycles 4 (Scheme 3).  

   Pd(dba)2/BINAP

       (8/9 mol%),

  t-BuONa, dioxane 

      (c = 0.02 M),

        reflux, 6 h6h

O

H2N

OO

NH2

O

HN

OO

NH

Br Br

O

HN

OO

NH

O

NH

O O

HN

5h, 28%

O

HN

OO

NH
O NH2OH2N

ONH O HN

9, 13%

3g

3h

 

Scheme 3. 

While the "symmetrical" cyclodimer 5h (not obtained in the 

syntehsis of 4h, entries 8, 9) was isolated in a reasonable 28% 

yield, cyclodimer 9 with two different dioxadiamine linkers, 

formed in the reaction of 6h with dioxadiamine 3g, was 

obtained in 13% yield. This fact can be explained by a less 

favorable geometry of the intermediary linear compound for 

ring closure. Indeed, a number of linear oligomeric by-products 

were isolated in this case.  

To sum up, we have elaborated a convenient one-step 

method for the synthesis of nitrogen- and oxygen-containing 

macrocycles comprising 2,7-disubstituted naphthalene unit and 

showed its applicability to the synthesis of macrocycles with 

two naphthalene and two polyamine moieties. 

This work was supported by RFBR grants N 06-03-32376, 

08-03-00628, and by the Russian Academy of Sciences 

program P-8 "Development of the methods of organic 

synthesis and construction of the compounds with valuable 

properties". 

 
References and Notes 

 

1   A. Luettringhaus, Liebigs Ann. Chem. 1937, 528, 181. 
2 A. J. Gallant, M. Yun, M. Sauer, C. S. Yeung, M. J. MacLachlan, 

Org. Lett. 2005, 7, 4827. 
3 H. Sharghi, A. Zare, Synthesis 2006, 999. 

4 M. S. Khoshbin, M. V. Ovchinnikov, S. Khalid, C. A. Mirkin, C. 

Stern, L. N. Zakharov, A. L. Rheingold, Chem. Asian J. 2006, 1, 
686. 

5 H. Eshgi, M. Mirzaei, E. Mehdi, H. Shahry, J. Chem. Res. 2007, 

272. 
6 G. K. Patra, D. Datta, Ind. J. Chem., Sect. A 2000, 39, 480. 

7 E. N. Rasadkina, P. V. Slitikov, Yu. B. Evdokimenkova, E. E. 
NIfant'ev, Russ. J. Gen. Chem. 2003, 73, 1208. 

8 T. Yamato, R. Okabe, S. Miyamoto, M. Miyazaki, J. Chem. Res. 

2006, 593. 
9 H.-A. Tran, M. Ashram, S. Mizyed, D. W. Thompson, P. E. 

Georghiou, J. Incl. Phen. Macrocyclic Chem. 2008, 60, 43. 
10 N. G. Lukyanenko, A. Yu. Lyapunov, T. I. Kirichenko, M. M. 

Botoshansky, Yu. A. Simonov, M. S. Fonari, Tetrahedron Lett. 

2005, 46, 2109. 
11 A. L. Kieran, S. I. Pascu, T. Jarosson, J. Maxwell, J. K. M. Sanders  

Chem. Comm. 2005, 1842. 
12 H. Qin, Y. He, G. Qing, C. Hu, X. Yang, Tetrahedron: Assymetry 

2006, 17, 2143. 

13 I. Alfonso, M. I. Burguete, F. Galindo, S. V. Luis, L. Vigara, J. 
Org. Chem. 2007, 72, 7947. 

14 A. D. Averin, A. V. Shukhaev, S. L. Golub, A. K. Buryak, I. P. 
Beletskaya, Synthesis 2007, 2995. 

15 I. P. Beletskaya, A. G. Bessmertnykh, A. D. Averin, F. Denat, R. 

Guilard, Eur. J. Org. Chem. 2005, 261. 
16 A. D. Averin, E. R. Ranyuk, A. K. Buryak, I. P. Beletskaya. Chem. 

Lett., 2008, 160. 
17   Typical experimental procedure for 4b-h: An argon-flushed flask 

equipped with a condenser is charged with 2,7-

dibromonaphthalene (0.5 mmol, 156 mg), Pd(dba)2 (8 mol%, 23 
mg), BINAP (9 mol%, 27 mg), absolute dioxane (25 mL), 

polyamine (0.5 mmol), sodium tert-butylate (1.5 mmol, 150 mg). 
The reaction mixture is refluxed for 6 h, cooled down to ambient 

temperature, residue is filtered off, solvent is evaporated in vacuum  

and the crude mass is chromatographed on silica using a sequence 
of eluents: CH2Cl2, CH2Cl2/MeOH 200:1 - 3:1, 

CH2Cl2/MeOH/NH3-aq 100:20:1-10:4:1. 4c. 1H NMR (CDCl3, 

400 MHz):  1.82 (q, J = 5.9, 4H), 2.73 (t, J = 5.1, 4H), 2.88 (s, 

4H), 3.41 (t, J = 7.0, 4H), 3.99 (br. s, 2H), 6.53 (d, J = 8.7, 2H), 

7.26 (br. s, 2H), 7.40 (d, J = 8.7, 2H) (two NH protons were not 

assigned). 13C NMR (CDCl3, 100.6 MHz):  29.2 (2C), 42.2 (2C), 

47.4 (2C), 50.7 (2C), 103.9 (2C), 114.1 (2C), 120.8 (1C), 127.9 
(2C), 137.0 (1C), 146.4 (2C). MALDI-TOF (dithranol) m/z 298.19 

[M]+. 5c (n = 2). 1H NMR (CDCl3, 400 MHz):  1.73 (q, J = 6.2, 

8H), 2.69 (t, J = 4.5, 8H), 2.71 (s, 8H), 3.19 (t, J = 6.4, 8H), 6.52-
6.58 (m, 8H), 7.38 (d, J = 9.0, 4H) (NH protons were not 

assigned). 13C NMR (CDCl3, 100.6 MHz):  29.3 (4C), 42.7 (4C), 

47.8 (4C), 48.9 (4C), 103.3 (4C), 113.5 (4C), 121.3 (2C), 128.6 
(4C), 137.0 (2C), 146.7 (4C). MALDI-TOF (dithranol) m/z 596.42 

[M]+. 
 



2752009 2(3-4) 275-280               © ISUCT Publishing

Facile Synthesis of New Polyazamacrocycles by the Pd-Catalyzed 

Amination of 3,3'-Dibromobiphenyl

Alexei D. Averin,a@ Alexei N. Uglov,a Alexei K. Buryak,b and Irina P. Beletskayaa,b 

a

b

@

Keywords: Macrocycles, amination, catalysis, polyamines, biphenyl.

Introduction 

Macrocycles containing biphenyl units attract a constant 

interest of researchers due to interesting coordination 

The most of reported macrocycles based on biphenyls were 

[1-3] and 

their coordination with cations like -butylammonium 

was studied.[2] Transport of Li, Na, K cations[4,5] and of 

Hg(CF
3
)

2

[6,7] through a liquid membrane was investigated 

using macrocycles of similar structure, in which one or two 

of primary alkylammonium salts, including chiral ones, 

was studied.[8]

2+, Zn2+ 

and [PdCl
4
]2- ions.[9] More sophisticated macrocycles like 

peptide-biphenyl hybrid[10] and hemispherand macrocycle[11] 

with bi- and quaterphenyl moieites have been recently 

reported. Cyclic triamides[12] as well as cyclic Schiff bases 

(trianglimines)[13,14] comprise three 3,3’-disubstituted 

biphenyls, the latter can be aslo built on the basis of 

4,4’-disubstituted biphenyls. In some cases biphenyl 

biphenyl fragments.[15] It is to be mentioned that biphenyls 

are incorporated in some biologically active macrocycles, 

 tricyclic glucopeptides of vancomicine group.[16] To 

the moment, there are no literature data on the synthesis 

of biphenyl-based macrocycles which employs catalytic 

bond formation between aromatic and aliphatic parts of the 

on the application of the Buchwald-Hartwig amination[17] in 

dihaloarenes[18-21] and we investigated this approach for the 

construction of biphenyl-based macrocycles.

Experimental 

NMR spectra were registered using Bruker Avance 400 

spectrometer, MALDI-TOF spectra were obtained with Bruker 

polyamines, 2,2'-bis(diphenylphosphino)-1,1'-binaphthalene     

(DavePHOS), sodium 

Pd(dba)
2

earlier.[22]

[23]

distilled over NaOH followed by the distillation over sodium under 

argon, dichloromethane and methanol were distilled. 

3. 

3,3'-dibromobiphenyl (1

ml), Pd(dba)
2
 (24 mg, 8 mol%) and BINAP (28 mg, 9 mol%). The 

2 (0.5 

mmol) and 

 and 

the residue was chromatographed on silica gel using a sequence 

of eluents: CH
2
Cl

2
, CH

2
Cl

2
-MeOH 500:1 – 3:1, CH

2
Cl

2
-MeOH-aq.

NH
3
 100:20:1 – 10:4:1. 

]

 4a (n=1). Obtained from 37 mg of propane-1,3-diamine 

2a. Eluent: CH
2
Cl

2
-MeOH 200:1. Yield 27 mg (24%). Pale-yellow 

crystals, m.p. 224-225oC (decomp.)  (MALDI-TOF) found: 

448.2593. C
30

H
32

N
4
 requires 448.2627 [M+]. 1H NMR (CDCl

3
, 297 

K) 
H

3J 3J
3J 4J

3J 3J 13C NMR 

(CDCl
3
, 297 K) 

c
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]

 4b (n=1). Obtained from 52 mg of triamine 2b. Eluent: 

CH
2
Cl

2
-MeOH/NH

3
-aq 100:20:1. Yield 29 mg (23%). Pale-yellow 

4b (n=2) and 

cyclotetramer 4b (n=3).  (MALDI-TOF) 507.39 (4b (n=1) 

[(M+H)+]), 760.44 (4b (n=2) [(M+H)+]), 1012.72 (4b (n=3) [M+]). 
1H NMR (CDCl

3
, 297 K) 

H
 ppm: 2.85 (8H, br.s), 3.12–3.30 (8H, 

m), 6.50–6.58 (4H, m), 6.82–6.94 (8H, m), 7.11–7.21 (4H, m), NH 

protons were not assigned. 13C NMR (CDCl
3
, 297 K) 

c
 ppm: 43.0 

(4C), 48.0 (4C), 111.7 (4C), 111.8 (4C), 116.4 (4C), 129.4 (4C), 

142.3 (4C), 148.4 (4C). 

 3c. Obtained from 66 mg of 

triamine 2c. Eluent: CH
2
Cl

2
-MeOH 3:1. Yield 35 mg (25%). Pale-

yellow glassy solid. 
18

H
23

N
3
 

requires 281.1892 [M+]. 1H NMR (CDCl
3
, 297 K) 

H
 ppm:  1.82 

3J 3J 3J 
3J 4J

3J 3J

NH proton of the dialkylamino group was not assigned. 13C NMR 

(CDCl
3
, 297 K) 

c
 ppm:  29.7 (2C), 41.3 (2C), 47.0 (2C), 109.6 

(2C),114.0 (2C), 114.8 (2C), 129.3 (2C), 142.1 (2C), 147.9 (2C). 

]

 4c (n=1). Obtained as by-product in the synthesis of 

macrocycle 3c. Eluent: CH
2
Cl

2
-MeOH-NH

3
-aq 100:20:1. Yield 30 

mg (21%). Pale-yellow glassy solid.  (MALDI-TOF) found: 

36
H

46
N

6
 requires 562.3784 [M+]. 1H NMR (CDCl

3
, 297 

K) 
H

3J 3J = 5.9 
3J 3J = 8.0), 

3J 3J

NH proton of the dialkylamino group was not assigned. 13C NMR 

(CDCl
3
, 297 K) 

c

 3d. Obtained from 73 mg of 

tetraamine 2d. Eluent: CH
2
Cl

2
-MeOH-NH

3
-aq 100:20:3. Yield 23 

mg (16%). Pale-yellow glassy solid.  (MALDI-TOF) found: 

296.1959. C
18

H
24

N
4
 requires 296.2001 [M+]. 1H NMR (CDCl

3
, 297 

K) 
H

3J 3J = 
3J 4J 3J = 7.7 

3J

assigned. 13C NMR (CDCl
3
, 297 K) 

c

 4d (n=1). Obtained as by-product in 

the synthesis of macrocycle 3d. Eluent: CH
2
Cl

2
-MeOH-NH

3
-aq 

100:25:5. Yield 27 mg (18%). Pale-yellow glassy solid. Contains 

4d (n=2).  (MALDI-TOF) 592.33 (4d 

(n=2) [M+]), 888.38 (4d (n=2) [M+]). 1H NMR (CDCl
3
, 297 K) 

H
 

ppm: 2.74 (8H, s), 2.85 (8H, t, 3J 3J
3J 4J  

3J 3J
13C NMR (CDCl

3
, 297 K) 

c
 ppm:  43.5 (4C), 48.4 (4C), 48.8 (4C), 

111.7 (4C), 111.8 (4C), 116.6 (4C), 129.5 (4C), 142.8 (4C), 148.6 

(4C). 

 3e. Obtained from 80 mg of 

tetraamine 2e. Eluent: CH
2
Cl

2
-MeOH-NH

3
-aq 100:20:2. Yield 41 

mg (26%). Pale-yellow glassy solid.  (MALDI-TOF) found: 

310.2190. C
19

H
26

N
4
 requires 310.2157 [M+]. 1H NMR (CDCl

3
, 297 

K) 
H

3J 3J = 6.4 
3J 3J

3J 4J

3J

were not assigned. 13C NMR (CDCl
3
, 297 K) 

c

 4e (n=1). Obtained as by-product in the synthesis 

of macrocycle 3e. Eluent: CH
2
Cl

2
-MeOH-NH

3
-aq 100:20:3. Yield 

12 mg (8%). Pale-yellow glassy solid.  (MALDI-TOF) found: 

620.4307. C
38

H
52

N
8
 requires 620.4314 [M+]. 1H NMR (CDCl

3
, 297 

K) 
H

3J 3J = 4.6 
3J 3J = 7.8 

3J 3J = 7.7 
13C NMR (CDCl

3
, 297 K) 

c
 

 3f. Obtained from 87 mg of 

tetraamine 2f. Eluent: CH
2
Cl

2
-MeOH 3:1 - CH

2
Cl

2
-MeOH-NH

3
-aq 

100:20:2. Yield 71 mg (44%). Pale-yellow crystals, m.p. 115-116oC. 

 (MALDI-TOF) found: 324.2264. C
20

H
28

N
4
 requires 324.2314 

[M+]. 1H NMR (CDCl
3
, 297 K) 

H

3J = 6.6 
3J 3J = 7.2 

3J
3J 3J

dialkylamino groups were not assigned. 13C NMR (CDCl
3
, 297 K) 

c

 4f (n=1). Obtained as by-product in the synthesis 

of macrocycle 3f. Eluent: CH
2
Cl

2
-MeOH-NH

3
-aq 100:20:3. Yield 

41 mg (25%). Pale-yellow glassy solid.  (MALDI-TOF) found: 

648.4612. C
40

H
56

N
8
 requires 648.4628 [M+]. 1H NMR (CDCl

3
, 297 

K) 
H

3J 3J = 6.3 
3J 3J = 7.8 

3J 4J 3J
3J

were not assigned. 13C NMR (CDCl
3
, 297 K) 

c

 3g. Obtained from 94 mg of tetra-

amine 2g. Eluent: CH
2
Cl

2
-MeOH-NH

3
-aq 100:20:1. Yield 69 mg 

(41%). Pale-yellow glassy solid.  (MALDI-TOF) found: 

338.2410. C
21

H
30

N
4
 requires 338.2470 [M+]. 1H NMR (CDCl

3
, 297 

K) 
H

3J 3J = 
3J 3J

d, 3J 3J

t, 3J 13C NMR (CDCl
3
, 

297 K) 
c

 4g (n=1). Obtained as by-product in the synthesis 

of macrocycle 3g. Eluent: CH
2
Cl

2
-MeOH-NH

3
-aq 100:4:1. Yield 

4g (n=2) and 

cyclotetramer 4g (n=3). Pale-yellow glassy solid.  (MALDI-

TOF) 676.48 (4g (n=1) [M+]), 1014.57 (4g (n=2) [M+]), 1362.40 

(4g (n=3) [M+]). 1H NMR (CDCl
3
, 297 K) 

H
 ppm: 1.72 (12H, br.s), 

2.67 (16H, br.s), 3.11 (8H, br.s), 6.51 (4H, d, 3J

br.s), 6.86 (4H, d, 3J 3J

were not assigned. 13C NMR (CDCl
3
, 297 K) 

c
 ppm:  28.8 (4C), 

29.1 (2C), 42.7 (4C), 48.0-48.6 (8C, m), 111.3-111.7 (8C, m), 116.0 

(4C), 129.3 (4C), 142.7 (4C), 148.7 (4C). 
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 3h. Obtained from 94 mg of 

pentaamine 2h. Eluent: CH
2
Cl

2
-MeOH-NH

3
-aq 100:20:3. Yield 

32 mg (19%). Pale-yellow glassy solid.  (MALDI-TOF) found: 

20
H

29
N

5
 requires 339.2423 [M+]. 1H NMR (CDCl

3
, 297 

K) 
H

3J 3J
3J 3J 3J = 7.3 

3J 3J

NH protons were not assigned. 13C NMR (CDCl
3
, 297 K) 

c
 ppm:  

 4h (n=1). Obtained as by-

product in the synthesis of macrocycle 3g. Eluent: CH
2
Cl

2
-MeOH-

NH
3
-aq 100:25:5. Yield 5 mg (3%). Pale-yellow glassy solid.  

40
H

58
N

10
 requires 678.48 [M+]. 1H 

NMR (CDCl
3
, 297 K) 

H
 ppm:  2.73 (16H, br.s), 2.86 (8H, br.s), 

3.22 (8H, br.s), 6.59 (4H, d, 3J

d, 3J 3J

assigned. 13C NMR (CDCl
3
, 297 K) 

c
 ppm:  43.5 (4C), 48.6 (4C), 

49.0 (4C), 49.2 (4C), 111.9 (8C), 116.5 (4C), 129.5 (4C), 142.8 

(4C), 148.7 (4C). 

 3i. Obtained from 74 mg of 

2i in the presence of Pd(dba)
2
 (46 mg, 16 mol%) and 

BINAP (56 mg, 18 mol%). Eluent: CH
2
Cl

2
-MeOH 100:1. Yield 60 

mg (40%). Pale-yellow crystals, m.p. 211-212oC.  (MALDI-

18 22
N

2 2
 requires 298.1706 [M+]. 1H 

NMR (CDCl
3
, 297 K) 

H

3J
3J 3J = 8.0 

4J 4J 3J
3J 4J 13C NMR (CDCl

3
, 297 K) 

c
 

 4i (n=1). Obtained as by-

product in the synthesis of macrocycle 3i. Eluent: CH
2
Cl

2
-MeOH 

75:1. Yield 22 mg (15%). Pale-yellow glassy solid.  (MALDI-

36 44
N

4 4
 requires 596.3362 [M+]. 1H 

NMR (CDCl
3
, 297 K) 

H

3J
3J 3J = 7.7 

3J 3J = 7.5 
13C NMR (CDCl

3
, 297 K) 

c

]

 4i (n=2). 

Obtained as by-product in the synthesis of macrocycle 3i. Eluent: 

CH
2
Cl

2
-MeOH 20:1. Yield 24 mg (16%). Pale-yellow glassy solid. 

54 66
N

6 6
 requires 894.50 

[M+]. 1H NMR (CDCl
3
, 297 K) 

H
3J

3J 3J
13C NMR (CDCl

3
, 297 K) 

c

 3j. Obtained from 102 mg of 

2j. Eluent: CH
2
Cl

2
-MeOH 100:1. Yield 78 mg (44%). 

Pale-yellow crystals, m.p. 111-112oC.  (MALDI-TOF) found: 

354.2279. C
22

H
30

N
2
O

2
 requires 354.2307 [M+]. 1H NMR (CDCl

3
, 

297 K) 
H

3J
3J 3J

3J 3J 4J 4J
4J 3J 3J 

13C NMR (CDCl
3
, 297 K) 

c

 4j (n=1). Obtained as by-

product in the synthesis of macrocycle 3j. Eluent: CH
2
Cl

2
-MeOH 

75:1. Yield 20 mg (12%). Pale-yellow glassy solid.  (MALDI-

TOF) found: 708.42. C
44

H
60

N
4
O

4
 requires 708.46 [M+]. 1H NMR 

(CDCl
3
, 297 K) 

H

3J

quintet, 3J 3J 3J 
3J 3J 

4J 4J 3J = 
3J 13C NMR (CDCl

3
, 297 K) 

c
 ppm:  

 3k. Obtained from 110 mg of 

2k. Eluent CH
2
Cl

2
-MeOH 100:1. Yield 71 mg 

(38%). Pale-yellow crystals, m.p. 74-75oC.  (MALDI-TOF) 

found: 370.2240. C
22

H
30

N
2
O

3
 requires 370.2256 [M+]. 

H
 (CDCl

3
, 

J 3J

3J 3J 3J 
13C NMR (CDCl

3
, 297 K) 

c

 4k (n=1). Obtained 

as by-product in the synthesis of macrocycle 3k. Eluent: CH
2
Cl

2
-

MeOH 50:1. Yield 22 mg (12%). Pale-yellow glassy solid.  

(MALDI-TOF) found: 740.4473. C
44

H
60

N
4
O

6
 requires 740.4512 

[M+]. 1H NMR (CDCl
3
, 297 K) 

H

3J = 6.0 
3J 3J

3J 4J 
3J 3J = 

13C NMR (CDCl
3
, 297 K) 

c

Synthesis of 

 5i, is analogous to the 

procedure described for the preparation of macrocycles 3, from 

3,3'-dibromobiphenyl (1

2i

of Pd(dba)
2
 (12 mg, 4 mol%), Xanthphos (13 mg, 5 mol%) and 

2
Cl

2
-MeOH 

200:1. Yield 82 mg (27%). Pale-yellow glassy solid.  (MALDI-

TOF) found: 608.0713. C
30

H
30

Br
2
N

2
O

2
 requires 608.0674 [M+]. 1H 

NMR (CDCl
3
, 297 K) 

H
 ppm: 3.36 (4H, t, 3J

3.74 (4H, t, 3J 3J
4J 4J 3J

(2H, t, 3J 3J

(2H, t, 4J 13C NMR (CDCl
3
, 297 K) 

c
 ppm:  43.5 (2C), 

69.6 (2C), 70.2 (2C), 111.6 (2C), 112.6 (2C), 116.6 (2C), 122.7 (2C), 

125.7 (2C), 129.7 (2C), 129.9 (2C), 130.0 (2C), 130.1 (2C), 140.8 

(2C), 143.8 (2C), 148.6 (2C). 

Synthesis of 

 6i, is analogous to the procedure described 

for the preparation of compound 5i, from 3,3'-dibromobiphenyl 1 

2i (2 mmol, 296 mg), in 

2
 (12 mg, 4 

mol%), BINAP (14 mg, 4.5 mol%) and 

time: 8 h.  (MALDI-TOF) found: 446.42. C
24

H
38

N
4
O

4
 requires 

446.29 [M+]. 1H NMR (CDCl
3
, 297 K) 

H
 ppm:  2.83 (4H, t, 3J = 
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3J 3J

3.66 (8H, m), 3.71 (4H, t, 3J 3J
4J 4J 4J 3J 

3J
13C NMR (CDCl

3
, 297 K) 

c
 ppm:  41.5 (2C), 43.4 (2C), 69.6 (2C), 

70.2 (4C), 73.4 (2C), 112.0 (4C), 116.7 (2C), 129.3 (2C), 142.8 (2C), 

148.4 (2C). 

Synthesis of cyclodimer 4i (n=1) from compound 5i is 

analogous to the procedure described for the preparation of 

macrocycles 3, from compound 5i (0.135 mmol, 82 mg) and 

2i

in the presence of Pd(dba)
2
 (6.5 mg, 8 mol%), BINAP (7.5 mg, 9 

mol%) and 

CH
2
Cl

2
-MeOH 20:1. Yield 33 mg (27%). 

Synthesis of cyclodimer 4i (n=1) from compound 6i is 

analogous to the procedure described for the preparation of 

macrocycles 3 6i (  0.25 mmol) 

2i (ca 0.5 mmol) and 3,3'-dibromobiphenyl (1) 

of Pd(dba)
2
 (36 mg, 8 mol%), BINAP (42 mg, 9 mol%) and BuONa 

2
Cl

2
-MeOH 

20:1. Yield 98 mg (44%).

Results and Discussion 

The reactions of equimolar amounts of 

3,3’-dibromobiphenyl 1 with a variety of di- and polyamines 

2a-k

(c = 0.02 M) using Pd(dba)
2
/BINAP (8/9 mol%) catalytic 

system[24] which was found to be almost universal for the 

by column chromatography on silica gel. The results are 

given in Table 1.

2a was too 

short to give a desired mono-cycle 3, and it produced 

cyclodimer 4a

higher mass  oligomers 4a (n=2-7) (37%) (Table 1, entry 

1). Diethylenetriamine 2b (7 atoms in the chain) also gave 

only cyclooligomers 4b (n=1-5) (entry 2), but beginning 

from triamine 2c (9 atoms) target macrocycles 6 were 

formed successfully in yields from moderate to good 

(entries 3-13). The best yields (44%, entries 6, 11) were 

achieved with tetraamine 2f 2j, also 

 

40%) were afforded by tetraamine 2g

2k (entries 7, 12). We increased the yield of the macrocycle 

3k

2’-dimethylamino-biphenyl (DavePHOS) ligand instead of 

BINAP (entry 13), however, this approach did not work in 

2i, but the use of 16% mol catalyst 

gave corresponding macrocycle 3i in 40% yield (entry 

10). In many cases cyclodimers 4 (n=1) were isolated from 

2i even cyclotrimer 4i (n=2) was obtained 

separately in 16% yield. It is to be mentioned that 40% 

 they notably surpass those obtained recently with 

2,7-dibromonaphthalene.[25] Mono-cycles 3 contain from 15 

(3c) to 21 atoms (3k) in the cycle, cyclodimers 4 possess 

from 22 (4a, n=1) to 42 atoms (4k, n=1), while cyclotrimer 4i 

(n=2) has a cavity formed by 48 atoms. 

Cyclodimers which possess two biphenyl units and two 

interest for the coordination studies with big cations and anions 

and organic molecules. We elaborated two approaches to such 

-

5i which was 

Figure 1.
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Table 1 1).

Entry Amine Pd(dba)
2
/BINAP, mol% Isolated yields of 3, % Yields of 4, %

1 2a 8/9 3a, 0 4a (n=1), 24

4a
2 2b 8/9 3b, 0 4b (n=1), 23

4b

3 2c 8/9 3c, 25 4c (n=1), 21

4c

4 2d 8/9 3d, 16 4d

5 2e 8/9 3e, 26 4e (n=1), 8

4e

6 2f 8/9 3f, 44 4f (n=1), 25

4f

7 2g 8/9 3g, 41 4g

8 2h 8/9 3h, 19 4h (n=1), 3

4h

9 2i 8/9 3i, 19 4i (n=1), 12

10 2i 16/18 3i, 40 4i (n=1), 15

4i (n=2), 16

11 2j 8/9 3j, 44 4j (n=1), 12

4j

12 2k 8/9 3k, 38 4k (n=1), 12

4k

13a) 2k 8/10 3k, 45 4k (n=1), 21

4k

a) DavePHOS was used instead of BINAP

Figure 2.
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of 3,3’-dibromobiphenyl 1 were employed in the presence of 

4 mol% catalyst to give 5i in 27% yield. The reaction was 

severely complicated by -diarylation and diamination 

processes, thus the application of Xanthphos ligand instead 

2i was carried out under the conditions similar 

to those used for the macrocycles 3. As a result, 4i (n=1) 

was isolated in 27% yield. The attempts to introduce diaryl 

derivative 5i were totally unsuccessful. Alternative 

substituted biphenyl 6i

2i

very high according to NMR data, and 6i was used  in 

the further reaction with 3,3’-dibromobiphenyl (Scheme 2). 

Target macrocycle 4i (n=1) was obtained in 44% yield. This 

because it is carried out as a one-pot procedure and provides 

higher overall yield of the target compound.

Conclusions

To sum up, we have investigated 3,3’-dibromobiphenyl 

approaches to the corresponding cyclodimers and found 

out the advantage of the route through bis(polyamine) 

derivatives. 
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Abstract – Pd-catalyzed amination of 6,6’-dibromo-2,2’-bipyridine with a variety 

of di-, tri-, tetraamines and oxadiamines was carried out for the synthesis of a new 

class of polyazamacrocycles comprising a 6,6’-diamino-2,2’-bipyridine unit. The 

obtained results of the catalytic amination reaction were shown to be dramatically 

dependent on the nature of the amines, mainly on the length of the amine chain. 

The shortest propane-1,3-diamine and butane-1,4-diamine derivatives provided 

only cyclic dimers whereas the longest di- and trioxadiamines gave desired 

macrocycles in very good yields. The formation of cyclic oligomers was observed 

in all cases. Different reaction conditions leading to cyclic dimers were explored. 

INTRODUCTION 

2,2’-Bipyridine (bipy) and its derivatives are well known as chelating ligands and serve as basic building 

blocks for various transition metal complexes. For example, bipy-ruthenium(II) complexes showed 

characteristic emission spectra and have been the subject of intense studies.
1-3

 Different 2,2’-bipyridine 

derivatives were synthesized to evaluate the influence of the substituents upon the metal ion affinity of 

ligands and physical properties of the complexes.
4-17

Among these compounds, 6,6’-diamino-2,2’-  

bipyridine derivatives are of special interest due to their steric hindrance and original optical properties. 

‡
This paper is dedicated to Prof. Akira Suzuki on the occasion of his 80th birthday 
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Contrary to most of the non-fluorescent derivatives, bipyridines bearing an amino-group at C-6 position 

exhibit oxygen-independent fluorescence with high quantum yield.
18

 On the other hand, 6,6’-disubstituted 

bipyridines give almost exclusively mono- and bis-bipy complexes with transition metals,
19-22

while many 

other derivatives usually form stable tris-bipy complexes. Therefore, 6,6’-diamino-2,2’-bipyridines and 

their complexes were extensively studied as models to mimic biological systems,
23-28

 to extract or 

transport transition metal cations and anions,
29-32

 in catalysis
33-36

  or sensoring.
37, 38

 However, chemical 

modification of parent 6,6’-diamino-2,2’-bipyridine is not a simple task. The acylation of the amino 

groups was often used to prepare tetradentate (N2O2) ligands.
19, 24-26, 32, 33, 35

 The alkylation of the amino 

groups can be achieved after their deprotonation under harsh conditions.
18

 The search of new synthetic 

routes to these derivatives may allow to develop a new strategy for designing pyridine-based fluorescent 

sensors or biomimetic models. The catalytic amination reaction of 6,6’-dibromo-2,2’-bipyridine can be an 

efficient method to prepare these derivatives. This reaction was used to obtain bismacrocyclic derivatives 

possessing 6,6’-diaminobipyridine moiety as a rigid spacer. Both azacrown ethers and 

tetraazamacrocycles can be linked by this fragment using Pd-catalyzed amination reactions.
39, 40

Moreover, Cu(I)-mediated amination was applied in the synthesis of camphor sultam based chiral 

bipyridines.
36

 Here we report the synthesis of a new family of macrocyclic ligands incorporating one or 

two fluorescent 6,6’-diaminobipyridine moieties using Buchwald-Hartwig amination reaction.
41

RESULTS AND DISCUSSION 

We have decided to apply Pd-catalyzed amination of aryl halides for the synthesis of polyazamacrocycles 

which contain a 6,6’-diamino-2,2’-bipyridine moiety. Based on our knowledge in the synthesis of a great 

variety of macrocycles using this approach,
42-45

 the conditions of the synthesis of the pyridine-based 

macrocycles starting from 2,6- and 3,5-dibromopyridines
46-49

 was a priori the most relevant way to 

synthesize the aimed derivatives. The reaction of equimolar amounts of 6,6’-dibromo-2,2’-bipyridine 1

and polyamines 2a-j (Scheme 1) was carried out in the presence of the catalytic system Pd(dba)2/BINAP 

(8/9 mol%) which was found to be the most convenient and universal system for the arylation of mono- 

and polyamines.
50

 Diluted solutions (c = 0.02 M) of starting compounds in dioxane and sodium tert-

butoxide as a base were used and the completion of the reactions were obtained after 15 h of reflux. 

Reaction mixtures were analyzed using 
1
H NMR spectroscopy and target macrocycles 3 were purified by 

chromatography on silica gel. The experimental data are given in Table 1.  

It was obvious that diamines 2a,b would not give the corresponding monocycles, but rather the cyclic 

dimers 4. Indeed, the shortest propane-1,3-diamine derivative (2a) afforded cyclodimer 4a in 21% yield 

(Table 1, entry 1), and its analogue 2b gave 4b (n = 1) in a better yield (35% yield) (entry 2) while in 

parallel a mixture of cyclotrimer and cyclotetramer was isolated.  
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N

N

Br

Br

1

H2N X NH2

2a-j

Pd(dba)2/BINAP
     (8/9 mol%)
tBuONa, dioxane
    reflux, 15h

N

N

H
N

N
H

X

3c-j

HN X NH

NHXHN

N

N N

N

n

+

4a-j, n = 1-5

H2N NH2

2a

H2N
NH2

2b

H2N
NH2

2c

H2N N
H

NH2

2d

H2N

H
N

H
N

NH2

2e

H2N N
H

H
N NH2

2f

H2N N
H

N
H

NH2

2g

H2N
O

O
NH2

2h

H2N O
O NH2

2i

H2N O
O

O NH2

2j

Scheme 1. Synthesis of macrocycles 3

Much longer decane-1,10-diamine (2c) produced target macrocycle 3c in a good yield of 30% (entry 3), 

because the chain length was quite sufficient to favor the ring closure. We have also studied the reactivity 

of triamine 2d using the same experimental conditions. According the length of the molecule (9 atoms), 

the yield of the monocycle 3d was very poor (entry 4) and a notable amount of cyclooligomers 4d (n=1-

3) was produced as well as linear oligomers. Surprisingly, the reaction of the tetraamine 2e afforded the 

corresponding macrocycle 3e, but in a low 10% yield (entry 5). To improve the process a double amount 

of the catalyst was used (entry 6) but no significant change was observed. Another electron donor 2-

dicyclohexylphosphino-2'-dimethylamino-1,1'-biphenyl ligand which could stimulate diamination of 

dihaloarenes was also studied without success. It has to be noted that the yield of cyclodimer 4e (n=1) 

was also low, while the formation of cyclic and acyclic oligomers of higher mass were observed. The 

presence of cyclooligomers 4e (n = 2-4) was established by MALDI-TOF spectroscopy, and acyclic 

oligomers were observed as admixtures by NMR. We suggest that the low yield observed for compound 

3e is due to the presence of two ethylenediamine fragments in the tetraamine 2e. These fragments may 
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form 5-membered chelate complexes with Pd which cannot be intermediates in the amination catalytic 

cycle. The same low reactivity of polyamines comprising repeating ethylenediamine units in the reaction 

with dihalopyridines was already observed by our groups.
46, 48

 This is in good agreement with the best 

yields observed with tetraamines 2f,g: macrocycle 3f was synthesized in 20% yield (entry 7), while 

compound 3g was obtained in 29% yield (entry 8).  

Table 1. Synthesis of the macrocycles 3. 

Entry Amine Yield of 3, %
a)

Yield of 4, %
b)

1 2a 0 4a (n = 1), 21

2 2b 0 4b (n = 1), 35

4b, (n = 2, 3), 50

3 2c 3c, 43 (30) 4c (n = 1), 32

4c (n = 2, 3) 15

4 2d 3d, (4) 4d (n = 1-3), 45

5 2e 3e, 20 (10) 4e (n = 1), 6

4e (n = 2, 3), 18
c)

6
d)

2e 3e, 20 (10) 4e (n = 1), 5

4e (n = 2-4), 15
c)

7 2f 3f, 34 (20) 3f (n = 1), 15

8 2g 3g, 40 (29) 0

9 2h 3h, 15 (13) 4h (n = 1), 20

4h (n = 2-5), 26
c)

10 2i 3i, 50 (47) 4i (n = 1), 17

4i (n = 2-5), 22
c)

11 2j 3j, 52 (48) 4j (n = 1), 15

a)
Yield in the reaction mixture, yield of isolated macrocycle is given in brackets 

b)
 Yield after chromatography 

c)
 Contains admixtures of linear oligomers

d)
 16/18 mol% catalyst 

Finally, we have also studied the reaction of various oxygen-containing diamines with dibromide 

derivative 1. The length of dioxadiamine 2h was not sufficient to obtain the corresponding macrocycle 3h

in a good yield (entry 9), and we have observed mainly the formation of cyclodimer and higher mass 

oligomers. The evolution of the reaction changed dramatically when the long dioxadiamine 2i was used 
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since the macrocycle 3i was obtained in a very good yield (47%, entry 10). The same high yield was also 

observed with trioxadiamine 2j (48%, entry 11), and it is remarkable to note that these yields of the 

cyclisation reaction obtained via catalytic amination of dihaloarenes are among the highest ever observed 

in such a cyclization reaction.
42-49

 For example, they surpass substantially the yields obtained for the 

pyridine-based macrocycles described previously by our groups.
47, 49

 One possible interpretation of such 

variations of the monocycle yields can be due to the template effect of sodium cations present in the 

reaction mixtures which form more stable complexes with oxadiamines compared to polyamines. 

Chromatographic purification of the macrocycles 3c,h-j – derivatives of diamines was more easy than for 

the macrocycles 3d-g – derivatives of tri- and tetraamines, this is evidenced by the comparison of the 

reaction before and after chromatography.  

Macrocycles 3 can be easily discriminated in the reaction mixtures from cyclic oligomers 4 by 
1
H NMR 

spectra. H
3,3’

protons of the bipyridine moiety in the macrocycles were observed in the region 7.0-7.1 ppm, 

whereas the same protons of cyclic dimers are downfield shifted (7.4-7.5 ppm). The chemical shift of 

these protons depends on the size of the cycle: the larger is the cavity, the more downfield shifted the 

signal of these protons. These data might be due to the s-cis configuration (which is the only possible 

one) of the bipyridine moiety in monocycles and to s-trans configuration in the case of cyclic and linear 

oligomers. The ring current and the electrostatic effect of the nitrogen lone pair are responsible for the 

anomalous downfield shift of H
3,3’

 protons of the bypiridine moiety of cyclic and linear oligomers, while 

for monocycles 3 the second parameter does not act.
37

UV spectra of the macrocycles 3 are similar to the parent 6,6’-diaminopyridine and characterized by a

broad absorption band in the region 340-350 nm which corresponds to a - * transfer.
51

 The starting 

dibromide 1 possesses two close absorption bands centered at 295 and 308 nm. Thus, as expected, the 

substitution of the halogen atoms by the amino groups induces a significant bathochrome shift of the 

absorption band.

Cyclodimers of type 4 are of great interest due to the presence of two 2,2’-bipyridine moieties and two 

polyamine chains which can be suitable for the coordination of metal cations or polar organic molecules. 

In our previous works we have elaborated two different approaches to cyclic dimers possessing two 

aromatic moieties in the macrocycle: via N,N’-di(haloaryl)susbtituted polyamines and via

bis(polyamine)substituted arenes.
43, 47, 49

 We have studied these two routes for the synthesis of 

cyclodimers 4 to determine the best way of synthesis. The first approach proved to be totally useless for 

the synthesis of desired N,N’-di(bromobipyridine)susbtituted diamines which were not obtained even in 

trace amounts. We tried other conditions for the synthesis of cyclodimers by reacting 1 equivalent of 

dibromide 1 with 3 equivalents of di- and triamines 2d,h-j, and the resulting bis(amino)bipyridines 5d,h-j

were further reacted in situ with two equivalents of dibromide 1 (Scheme 2). The experimental data are 
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detailed in Table 2. Intermediate compounds 5 were synthesized in enough high yields according to NMR 

and MALDI-TOF spectra of the reaction mixtures (ca 50%), but the yields of the target cyclodimers 4

were lower than those obtained in the above detailed data by reacting equimolar amounts of 6,6'-dibromo-

2,2'-bipyridine with polyamines (Table 1). Cyclic oligomers of higher masses 4 (n = 2, 3) were also 

formed by cyclization of oligomeric by-products 6 obtained during the first step of the reaction as 

observed on MALDI-TOF spectra.  

N

N

Br

Br

1

H2N X NH2

2d,h-j

Pd(dba)2/BINAP
     (8/9 mol%)
tBuONa, dioxane
    reflux, 15h

HN X NH

NHXHN

N

N N

N

n

4d,h-j, n = 2, 3

3 equiv.

NH X NH2

NH2XHN

N

N

5d,h-j

N

N

Br

Br

Pd(dba)2/BINAP
     (8/9 mol%)
tBuONa, dioxane
    reflux, 15h

1

2 equiv.

HN X NH

NHXHN

N

N N

N

4d,h-j

By-products:

NH X N
H

NH2XHN

N

N

N

N

NH X NH2

n

6d,h-j, n = 1-3

Scheme 2. Synthesis of cyclodimers 4 

It has to be noted that the main products in all syntheses were linear oligomers detected on NMR spectra 

as complex mixtures. This is the proof that the cyclization of compounds 5 and 6 with dibromide 1

proceeds reluctantly due to the unfavorable s-trans configuration of compound 5 and 6. Surprisingly, 

mono-cycles 3 were also isolated in quite reasonable yields due to the reaction of an excess of polyamine 

formed in the reaction mixture with dibromide 1 added at the second step of the synthesis. In the case of  
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Table 2. Synthesis of the cyclodimers 4. 

Entry Amine Yield of 4 (n = 1), % Yield of other products, %

1 2d 4d, 19 3d, 23

4d (n = 2, 3), 31

linear oligomers, 35

2 2h 4h, 8 3h, 44

4h, (n = 2), 4

linear oligomers, 86

3 2i 4i, 9 3i, 43

4i (n = 2, 3), 8

linear oligomers, 40

4 2j 4j, 12 3j, 39

4j (n = 2, 3), 11

linear oligomers, 57

short triamine 2d and dioxadiamine 2h we have obtained monocycles 3d,h in substantially higher yields 

(19% and 44% respectively) than for the cyclization reactions carried out with equimolar amounts of 

starting compounds (Table 1, entries 4, 9). This result may be due to the higher concentration of 

dibromobipyridine at the second step of the synthesis of cyclodimers. Indeed, we carried out the reaction 

of equimolar amounts of dibromide 1 with triamine 2d at higher concentration (c = 0.05 M instead of 0.02 

M) and obtained corresponding macrocycle 3d in 10% yield. The same reaction gave 11% yield of the 

cyclodimers 4d.

In conclusion, we have elaborated an efficient one-step synthesis of the nitrogen- and oxygen-containing 

macrocycles comprising 6,6'-diamino-2,2'-bipyridine moiety. The yields of the target compounds depend 

on the nature of polyamines employed. We have studied the formation of cyclooligomeric by-products 

and proposed the synthesis of cyclic dimers using N,N'-di(bromobipyridyl)substituted polyamines.  

EXPERIMENTAL 

All chemicals were purchased from Aldrich and Acros companies and used without further purification. 

Pd(dba)2 was synthesized according to a procedure already described.
52

Commercial dioxane was distilled 

over NaOH and sodium under argon, dichloromethane and methanol were distilled prior to use. Column 

chromatography was carried out using silica gel (40-60 m) purchased from Fluka. 
1
H and 

13
C NMR 

spectra were registered in CDCl3 using Bruker Avance 400 spectrometer at 400 and 100.6 MHz 
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respectively. Chemical shift values  are given in ppm and coupling constants J in Hz. MALDI-TOF 

spectra were recorded with Bruker Ultraflex spectrometer using 1,8,9-trihydroxyanthracene as matrix and 

PEGs as internal standards. UV spectra were registered on Perkin-Elmer Lambda-40 spectrometer in 

CH2Cl2.  

Typical procedure for the synthesis of macrocycles 3c-k and cyclodimers 4a,b (n=1).  

A two-neck flask (25 mL) flushed with dry argon, equipped with a magnetic stirrer and condenser was 

charged with 6,6'-dibromo-2,2'-bipyridine (1) (0.25 mmol, 79 mg), Pd(dba)2 (11 mg, 8 mol%), BINAP 

(14 mg, 9 mol%) and absolute dioxane (12 mL). The mixture was stirred for 2 min, then appropriate 

amine 2a-k (0.25 mmol) was added followed by sodium tert-butoxide (0.75 mmol, 72 mg). The reaction 

mixture was refluxed for 15 h, after cooling down to ambient temperature the residue was filtered off, 

dioxane evaporated in vacuo, and the residue was analyzed by NMR spectroscopy. Column 

chromatography was carried out using a sequence of eluents: CH2Cl2, CH2Cl2-MeOH 50:1 – 3:1, CH2Cl2-

MeOH-NH3aq 100:20:1 – 10:4:1.  

7,11,22,26,31,32,33,34-Octaazapentacyclo[25.3.1.1
2,6

.1
12,16

.1
17,21

]tetratriaconta-

1(31),2(34),3,5,12(33),13,15,17(32),18,20,27,29-dodecaene (4a) (n = 1). Synthesized from 19 mg (0.25 

mmol) of diamine 2a. Eluent CH2Cl2-MeOH 3:1. Yield 12 mg (21%). Pale-yellow solid. Mp 214-215 
o
C. 

UV max (CH2Cl2) 352 ( 11000). 
1
H NMR (CDCl3): 1.80-1.85 (m, 4H), 3.29-3.34 (m, 8H), 6.35 (d, J =

8.1 Hz, 4H), 6.88 (d, J = 7.5 Hz, 4H), 7.35 (t, J = 7.8 Hz, 4H), NH protons were not observed. 
13

C NMR 

(CDCl3): 29.3 (2C), 38.2 (4C), 108. 5 (4C), 110.7 (4C), 138.0 (4C), quaternary carbons were not 

observed due to broad signals of aromatic carbons (25-100 Hz). HRMS (MALDI-TOF) m/z calcd for 

C26H28N8 [M
+
] 452.2437, found 452.2451. 

7,12,23,28,33,34,35,36-Octaazapentacyclo[27.3.1.1
2,6

.1
13,17

.1
18,22

]hexatriaconta-

1(33),2(36),3,5,13(35),14,16,18(34),19,21,29,31-dodecaene (4b) (n = 1). Synthesized from 22 mg (0.25 

mmol) of diamine 2b. Eluent CH2Cl2-MeOH 3:1. Yield 21 mg (35%). Pale-yellow solid. Mp 208-210 
o
C. 

UV max (CH2Cl2) 347 (  8900). 
1
H NMR (CDCl3):  1.86-1.91 (m, 8H), 3.32-3.37 (m, 8H), 6.58 (d, J =

8.1 Hz, 4H), 7.16 (d, J = 7.4 Hz, 4H), 7.56-5.61 (m, 4H), NH protons were not observed. 
13

C NMR 

(CDCl3):  25.5 (4C), 41.0 (4C), 108.5 (4C), 108.9 (4C), 138.4 (4C), quaternary carbons were not 

observed due to broad signals of aromatic carbons (30-40 Hz). HRMS (MALDI-TOF) m/z calcd for 

C28H32N8 [M
+
] 480.2750, found 480.2717.  
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Mixture of cyclotrimer 4b (n = 2) and cyclotetramer 4b (n = 3). Obtained as by-products in the synthesis 

of cyclodimer 4b (n = 1). Eluent CH2Cl2-MeOH 20:1-10:1. Yield 30 mg (50%). Pale-yellow glassy solid. 

1
H NMR (CDCl3):  1.73-1.78 (m, 4(n+1)H), 3.33-3.38 (m, 4(n+1)H), 6.34-6.38 (m, 2(n+1)H), 7.38-7.42 

(m, 2(n+1)H), 7.45-7.50 (m, 2(n+1)H), NH protons were not observed. 
13

C NMR (CDCl3):  26.3-26.7 

(m, 2(n+1)C), 41.5 (2(n+1)C), 106.6 (2(n+1)C), 107.0 (2(n+1)C), 138.3 (2(n+1)C), quaternary carbons 

were not observed due to broad signals of aromatic carbons (20-35 Hz). MS (MALDI-TOF) m/z calcd for 

C42H48N12 [M
+
] 720.41, found 720.55 (4b (n = 2)); calcd for C56H64N16 [M

+
] 960.55, found 960.63 (4b (n 

= 3)). In this work the composition of the mixtures of cyclic oligomers was not determined precisely.  

7,18,23,24-Tetraazatricyclo[17.3.1.1
2,6

]tetracosa-1(23),2(24),3,5,19,21-hexaene (3c). Synthesized from 

43 mg (0.25 mmol) of diamine 2c. Eluent CH2Cl2-MeOH 20:1-10:1. Yield 24 mg (30%). Pale-yellow 

solid. Mp 123-124 
o
C. UV max (CH2Cl2) 344 (  9700). 

1
H NMR (CDCl3):  1.30-1.34 (m, 4H), 1.38-1.42 

(m, 8H), 1.70-1.75 (m, 4H), 3.52 (t, J = 7.6 Hz, 4H), 6.59 (bs, 2H), 7.05 (d, J = 7.4 Hz, 2H), 7.45 (t, J =

7.9 Hz, 2H), NH protons were not observed. 
13

C NMR (CDCl3):  26.1 (2C), 26.4 (2C), 27.3 (2C), 28.4 

(2C), 41.6 (2C), 109.9 (4C), 138.1 (2C), 156.3 (2C), 158.2 (2C). HRMS (MALDI-TOF) m/z calcd for 

C20H28N4 [M
+
] 324.2314, found 324.2343.  

7,18,29,40,45,46,47,48-Octaazapentacyclo[39.3.1.1
2,6

.1
19,23

.1
24,28

]octatetraconta-

1(45),2(48),3,5,19(47),20,22,24(46),25,27,41,43-dodecaene (4c) (n =1 ). Obtained as the second product 

in the synthesis of macrocycle 3c. Eluent CH2Cl2-MeOH 3:1. Yield 26 mg (32%). Pale-yellow solid. Mp 

109-111 
o
C. UV max (CH2Cl2) 345 (  14000). 

1
H NMR (CDCl3):  1.26-1.31 (m, 16H), 1.34-1.39 (m, 

8H), 1.59-1.63 (m, 8H), 3.31 (t, J = 6.6 Hz, 8H), 6.39 (d, J = 7.7 Hz, 4H), 7.43 (bs, 4H), 7.51 (t, J = 7.5 

Hz, 4H), NH protons were not observed. 
13

C NMR (CDCl3):  27.0 (4C), 28.7 (4C), 29.3 (4C), 29.6 (4C), 

42.3 (4C), 106.5 (4C), 112.9 (4C), 138.7 (4C), 152.4 (4C), 158.0 (4C). HRMS (MALDI-TOF) m/z calcd 

for C40H56N8 [M
+
] 648.4628, found 648.4620.  

Mixture of cyclotrimer 4 (n = 2) and cyclotetramer 4 (n = 3). Obtained as by-products in the synthesis 

of macrocycle 3 . Eluent CH2Cl2-MeOH-NH3aq 100:20:1. Yield 12 mg (15%). Pale-yellow glassy solid. 

1
H NMR (CDCl3): 1.26-1.40 (m, 12(n+1)H), 1.61 (t, J = 7.5 Hz, 4(n+1)H), 3.29 (t, J = 5.8 Hz, 

4(n+1)H), 4.57 (bs, 2(n+1)H), 6.35 (d, J = 6.0 Hz, 2(n+1)H), 7.47-7.53 (m, 4(n+1)H). 
13

C NMR (CDCl3): 

27.1 (2(n+1)C), 28.7-29.6 (m, 6(n+1)C), 42.4 (2(n+1)C), 106.1 (2(n+1)C), 110.0 (2(n+1)C), 138.0 

(2(n+1)C), 155.1 (2(n+1)C), 158.4 (2(n+1)C). MS (MALDI-TOF) m/z calcd for C60H84N12 [M
+
] 972.69,

found 972.34 (4c (n = 2)); calcd for C80H112N16 [M
+
] 1296.93, found 1296.78 (4c (n = 3)).
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7,11,15,20,21-Pentaazatricyclo[14.3.1.1
2,6

]henicosa-1(20),2(21),3,5,16,18-hexaene (3d). Synthesized 

from 33 mg (0.25 mmol) of triamine 2d when running the reaction in 5 mL dioxane. Eluent CH2Cl2-

MeOH-NH3aq 100:20:3. Yield 7 mg (10%). Pale-yellow solid. Mp 135-137 
o
C. UV max (CH2Cl2) 351 (

6600). 
1
H NMR (CDCl3): 1.95-2.00 (m, 4H), 3.03 (t, J = 5.6 Hz, 4H), 3.49 (t, J = 5.3 Hz, 4H), 6.38 (d, J

= 8.2 Hz, 2H), 7.05 (d, J = 7.6 Hz, 2H), 7.33 (t, J = 7.9 Hz, 2H), NH protons were not observed. 
13

C

NMR (CDCl3):  29.2 (2C), 36.5 (2C), 46.2 (2C), 109.6 (2C), 110.8 (2C), 137.8 (2C), 153.8 (2C), 159.2 

(2C). HRMS (MALDI-TOF) m/z calcd for C16H21N5 [M
+
] 283.1797, found 283.1819. Spectral data for 

cyclic oligomers 4d (n = 1-3) are given below.  

7,10,14,17,22,23-Hexaazatricyclo[16.3.1.1
2,6

]tricosa-1(22),2(23),3,5,18,20-hexaene (3e). Synthesized 

from 40 mg (0.25 mmol) of tetraamine 2e. Eluent CH2Cl2-MeOH-NH3aq 100:25:5. Yield 8 mg (10%). 

Pale-yellow glassy solid. 
1
H NMR (CDCl3):  1.57 (quintet, J = 6.0 Hz, 2H), 2.79 (t, J = 5.8 Hz, 4H), 

2.90 (t, J = 5.9 Hz, 4H), 3.56 (q, J = 5.9 Hz, 4H), 5.13 (bs, 2H), 6.40 (d, J = 8.4 Hz, 2H), 7.00 (d, J = 7.4 

Hz, 2H), 7.40 (t, J = 7.9 Hz, 2H), NH protons of dialkylamino groups were not observed. 
13

C NMR 

(CDCl3):  28.7 (1C), 41.9 (2C), 48.2 (2C), 49.2 (2C), 108.2 (2C), 111.1 (2C), 137.6 (2C), 155.3 (2C), 

158.4 (2C). HRMS (MALDI-TOF) m/z calcd for C17H24N6 [M
+
] 312.2062, found 312.2093.  

7,10,14,17,28,31,35,38,43,44,45,46-Dodecaazapentacyclo[37.3.1.1
2,6

.1
18,22

.1
23,27

]hexatetraconta-

1(43),2(46),3,5,18(45),19,21,23(44),24,26,39,41-dodecaene (4e) (n = 1). Obtained as by-product in the 

synthesis of macrocycle 3e. Eluent CH2Cl2-MeOH-NH3aq 100:25:5. Yield 4 mg (5%). Pale-yellow glassy 

solid. 
1
H NMR (CDCl3): 1.58 (quintet, J = 5.7 Hz, 4H), 2.64 (t, J = 7.0 Hz, 8H), 2.85 (t, J = 5.7 Hz, 8H), 

3.49 (t, J = 5.0 Hz, 8H), 6.28 (d, J = 8.2 Hz, 4H), 7.14 (d, J = 7.6 Hz, 4H), 7.47 (t, J = 7.6 Hz, 4H), NH 

protons were not observed. 
13

C NMR (CDCl3): 29.3 (2C), 41.6 (4C), 47.9 (4C), 48.2 (4C), 107.2 (4C), 

110.1 (4C), 137.8 (4C), 155.3 (4C), 159.0 (4C). HRMS (MALDI-TOF) m/z calcd for C34H48N12 [M
+
]

624.4125, found 624.4103. 

Mixture of cyclotrimer 4e (n = 2), cyclotetramer 4e (n = 3) and cyclopentamer 4e (n = 4). Obtained as by-

products in the synthesis of macrocycle 3e. Eluent CH2Cl2-MeOH-NH3aq 100:25:5. Yield 12 mg (15%). 

Pale-yellow glassy solid. 
1
H NMR (CDCl3):  1.61-1.66 (m, 2(n+1)H), 2.58-2.74 (m, 8(n+1)H), 3.38-3.47 

(m, 4(n+1)H), 6.31-6.45 (m, 2(n+1)H), 7.44-7.65 (m, 4(n+1)H), NH protons were not observed. 
13

C NMR 

(CDCl3):  28.1 ((n+1)C), 41.6 (2(n+1)C), 48.1 (2(n+1)C), 48.9 (2(n+1)C), 109.9-110.2 (m, 4(n+1)C), 

137.8-138.0 (m, 2(n+1)C), 155.3 (2(n+1)C), 158.3 + 158.4 (2(n+1)C). MS (MALDI-TOF) m/z calcd for 

C51H72N18 [M
+
] 936.62, found 936.31 (4e (n = 2)); calcd for C68H96N24 [M

+
] 1248.82, found 1248.64 (4e
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(n = 3)); calcd for C85H120N30 [M
+
] 1561.03, found 1561.27 (4e (n = 4)). 

7,11,14,18,23,24-Hexaazatricyclo[17.3.1.1
2,6

]tetracosa-1(23),2(24),3,5,19,21-hexaene (3f). Synthesized 

from 44 mg (0.25 mmol) of tetraamine 2f. Eluent CH2Cl2-MeOH-NH3aq 100:20:3. Yield 16 mg (20%). 

Pale-yellow solid. Mp 108-110 
o
C. UV max (CH2Cl2) 348 (  9200). 

1
H NMR (CDCl3):  1.83 (quintet, J

= 5.5 Hz, 4H), 2.56 (s, 4H), 2.72 (t, J = 5.3 Hz, 4H), 3.61 (t, J = 6.4 Hz, 4H), 5.21 (bs, 2H), 6.36 (d, J =

8.2 Hz, 2H), 7.06 (d, J = 7.4 Hz, 2H), 7.41 (t, J = 7.8 Hz, 2H), NH protons of dialkylamino groups were 

not observed. 
13

C NMR (CDCl3):  29.3 (2C), 40.0 (2C), 47.5 (2C), 49.1 (2C), 107.3 (2C), 110.7 (2C), 

137.6 (2C), 155.2 (2C), 159.1 (2C). HRMS (MALDI-TOF) m/z calcd for C18H26N6 [M
+
] 326.2219, found 

326.2262.  

7,11,14,18,29,33,36,40,45,46,47,48-Dodecaazapentacyclo[39.3.1.1
2,6

.1
19,23

.1
24,28

]octatetraconta-

1(45),2(48),3,5,19(47),20,22,24(46),25,27,41,43-dodecaene (4f) (n = 1). Obtained as by-product in the 

synthesis of macrocycle 3f. Eluent CH2Cl2-MeOH-NH3aq 100:25:5. Yield 12 mg (15%). Pale-yellow 

glassy solid. UV max (CH2Cl2) 348 (  21000). 
1
H NMR (CDCl3):  1.69 (quintet, J = 6.3 Hz, 8H), 2.58 (s, 

8H), 2.61 (t, J = 6.3 Hz, 8H), 3.37 (t, J = 6.0 Hz, 8H), 5.06 (bs, 4H), 6.29 (J = 8.2 Hz, 4H), 7.44 (t, J = 7.8 

Hz, 4H), 7.52 (d, J = 7.4 Hz, 4H), NH protons of dialkylamino groups were not observed. 
13

C NMR 

(CDCl3):  29.7 (4C), 40.1 (4C), 47.2 (4C), 49.0 (4C), 106.7 (4C), 110.0 (4C), 138.0 (4C), 154.9 (4C), 

158.5 (4C). HRMS (MALDI-TOF) m/z calcd for C36H52N12 [M
+
] 652.4438, found 652.4417. 

7,11,15,19,24,25-Hexaazatricyclo[18.3.1.1
2,6

]pentacosa-1(24),2(25),3,5,20,22-hexaene (3g).

Synthesized from 47 mg (0.25 mmol) of tetraamine 2g. Eluent CH2Cl2-MeOH-NH3aq 100:20:3-100:25:5. 

Yield 25 mg (29%). Pale-yellow solid. Mp 112-113 
o
C. UV max (CH2Cl2) 347 (  8600). 

1
H NMR 

(CDCl3):  1.39 (quintet, J = 5.7 Hz, 2H), 1.85 (bs, 4H), 2.52 (t, J = 5.9 Hz, 4H), 2.68 (t, J = 4.8 Hz, 4H), 

3.58 (bs, 4H), 5.20 (bs, 2H), 6.36 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 7.4 Hz, 2H), 7.43 (t, J = 7.8 Hz, 2H), 

NH protons of dialkylamino groups were not observed. 
13

C NMR (CDCl3):  28.7 (1C), 29.4 (2C), 39.7 

(2C), 46.6 (2C), 47.3 (2C), 107.9 (2C), 110.7 (2C), 137.9 (2C), 155.5 (2C), 159.0 (2C). HRMS (MALDI-

TOF) m/z calcd for C19H28N6 [M
+
] 340.2375, found 340.2395. 

10,13-Dioxa-7,16,21,22-tetraazatricyclo[15.3.1.1
2,6

]docosa-1(21),2(22),3,5,17,19-hexaene (3h).

Synthesized from 37 mg (0.25 mmol) of dioxadiamine 2h. Eluent CH2Cl2-MeOH-NH3aq 100:20:1. Yield

10 mg (13%). Pale-yellow solid. Mp 114-115
o
C. 

1
H NMR (CDCl3): 3.46-3.51 (m, 4H), 3.74 (s, 4H), 

3.85 (t, J = 7.2 Hz, 4H), 5.00 (bs, 2H), 6.37 (d, J = 8.2 Hz, 2H), 7.01 (d, J = 7.4 Hz, 2H), 7.38 (t, J = 7.8 
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Hz, 2H). 
13

C NMR (CDCl3):  41.5 (2C), 69.2 (2C), 69.7 (2C), 108.7 (2C), 111.2 (2C), 137.2 (2C), 154.7 

(2C), 158.3 (2C). HRMS (MALDI-TOF) m/z calcd for C16H20N4O2 [M
+
] 300.1586, found 300.1528. 

10,13,30,33-Tetraoxa-7,16,27,36,41,42,43,44-octaazapentacyclo[35.3.1.1
2,6

.1
17,21

.1
22,26

]tetratetra-

conta-1(41),2(44),3,5,17(43),18,20,22(42),23,25,37,39-dodecaene (4h) (n = 1). Obtained as by-product 

in the synthesis of macrocycle 3h. Eluent CH2Cl2-MeOH 10:1. Yield 15 mg (20%). Pale-yellow solid.

Mp 91-93
o
C. UV max (CH2Cl2) 342 ( 20000). 

1
H NMR (CDCl3): 3.53 (t, J = 5.2 Hz, 8H), 3.64 (s, 8H), 

3.69 (t, J = 5.5 Hz, 8H), 5.00 (bs, 4H), 6.26 (d, J = 8.1 Hz, 4H), 7.29 (t, J = 7.8 Hz, 4H), 7.44 (t, J = 7.9 

Hz, 4H). 
13

C NMR (CDCl3): 41.8 (4C), 69.9 (4C), 70.3 (4C), 107.5 (4C), 110.3 (4C), 137.8 (4C), 154.6 

(4C), 157.9 (4C). HRMS (MALDI-TOF) m/z calcd for C32H40N8O4 [M
+
] 600.3173, found 600.3153.

Mixture of cyclotrimer 4h (n = 2), cyclotetramer 4h (n = 3), cyclopentamer 4h (n = 4) and cyclohexamer 

4h (n = 5). Obtained as by-products in the synthesis of macrocycle 3h. Eluent CH2Cl2-MeOH-NH3aq 

100:20:1. Yield 20 mg (26%). Pale-yellow glassy solid. 
1
H NMR (CDCl3):  3.57-3.62 (m, 4(n+1)H), 

3.64 (s, 4(n+1)H), 3.68-3.73 (m, 4(n+1)H), 6.35 (d, J = 8.2 Hz, 2(n+1)H), 7.42 (t, J = 7.6 Hz, 2(n+1)H), 

7.59 (d, J = 7.2 Hz, 2(n+1)H), NH protons were not observed. 
13

C NMR (CDCl3):  41.6 (2(n+1)C), 70.0 

(2(n+1)C), 70.2 (2(n+1)C), 107.5 (2(n+1)C), 110.1 (2(n+1)C), 137.8 (2(n+1)C), 154.7 (2(n+1)C), 158.0 

(2(n+1)C). MS (MALDI-TOF) m/z calcd for C64H80N16O8 [M
+
] 1200.63, found 1200.55 (4h (n = 3)); 

calcd for C80H100N20O10 [M
+
] 1500.76, found 1500.72 (4h (n = 4)); calcd for C96H120N24O12 [M

+
] 1800.96, 

found 1800.78 (4h (n = 5)), data for cyclotrimer 4h (n = 2) vide infra. 

11,16-Dioxa-7,20,25,26-tetraazatricyclo[19.3.1.1
2,6

]hexacosa-1(25),2(26),3,5,21,23-hexaene (3i).

Synthesized from 51 mg (0.25 mmol) of dioxadiamine 2i. Eluent CH2Cl2-MeOH 10:1. Yield 42 mg 

(47%). Pale-yellow solid. Mp 93-95
o
C. UV max (CH2Cl2) 345 ( 7100). 

1
H NMR (CDCl3): 1.71-1.73

(m, 4H), 1.97 (quintet, J = 5.4 Hz, 4H), 3.40-3.45 (m, 8H), 3.59 (t, J = 5.2 Hz, 4H), 6.61 (bs, 2H), 7.06 (d, 

J = 7.4 Hz, 2H), 7.51 (t, J = 7.9 Hz, 2H), NH protons were not observed. 
13

C NMR (CDCl3): 27.0 (2C), 

28.7 (2C), 42.0 (2C), 70.5 (2C), 71.4 (2C), 107.2 (2C, line width 70 Hz), 109.8 (2C), 138.7 (2C), 157.9 

(2C), one quaternary carbon was not observed due to broad signal. HRMS (MALDI-TOF) m/z calcd for 

C20H28N4O2 [M
+
] 356.2212, found 356.2222.

11,16,35,40-Tetraoxa-7,20,31,44,49,50,51,52-octaazapentacyclo[43.3.1.1
2,6

.1
21,25

.1
26,30

]dopentaconta-

1(49),2(52),3,5,21(51),22,24,26(50),27,29,45,47-dodecaene (4i) (n = 1). Obtained as by-product in the 

synthesis of macrocycle 3i. Eluent CH2Cl2-MeOH 20:1. Yield 15 mg (17%). Pale-yellow solid. Mp 78-80 
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o
C. UV max (CH2Cl2) 345 (  22000). 

1
H NMR (CDCl3):  1.65-1.68 (m, 8H), 1.87 (quintet, J = 6.0 Hz, 

8H), 3.41 (t, J = 6.5 Hz, 8H), 3.42-3.45 (m, 8H), 3.52 (t, J = 5.2 Hz, 8H), 6.34 (d, J = 7.6 Hz, 4H), 7.44 (t, 

J = 7.4 Hz, 4H), 7.47 (d, J = 7.8 Hz, 4H), NH protons were not observed. 
13

C NMR (CDCl3):  26.5 (4C), 

29.5 (4C), 40.0 (4C), 68.9 (4C), 70.7 (4C), 106.7 (4C), 109.6 (4C), 138.2 (4C), 153.0 (4C), 158.0 (4C). 

HRMS (MALDI-TOF) m/z calcd for C40H56N8O4 [M
+
] 712.4425, found 714.4471. 

Mixture of cyclotrimer 4i (n = 2), cyclotetramer 4i (n = 3), cyclopentamer 4i (n = 4) and cyclohexamer 4i

(n = 5). Obtained as by-products in the synthesis of macrocycle 3i. Eluent CH2Cl2-MeOH-NH3aq 

100:20:1. Yield 20 mg (22%). Pale-yellow glassy solid. 
1
H NMR (CDCl3):  1.65-1.68 (m, 4(n+1)H), 

1.87-1.92 (m, 4(n+1)H), 3.41-3.45 (m, 8(n+1)H), 3.51-3.55 (m, 4(n+1)H), 4.85 (bs, 2(n+1)H), 6.35 (d, J

= 8.1 Hz, 2(n+1)H), 7.47 (t, J = 7.7 Hz, 2(n+1)H), 7.57 (d, J = 7.3 Hz, 2(n+1)H). 
13

C NMR (CDCl3):

26.5 (2(n+1)C), 29.5 (2(n+1)C), 40.0 (2(n+1)C), 69.1 (2(n+1)C), 70.8 (2(n+1)C), 106.4 (2(n+1)C), 109.9 

(2(n+1)C), 137.9 (2(n+1)C), 154.9 (2(n+1)C), 158.3 (2(n+1)C). MS (MALDI-TOF) m/z calcd for 

C60H84N12O6 [M
+
] 1068.66, found 1068.57 (4i (n = 2)); calcd for C80H112N16O8 [M

+
] 1424.89, found 

1424.80 (4i (n = 3)); calcd for C100H140N20O10 [M
+
] 1781.11, found 1781.27 (4i (n = 4)); calcd for 

C120H168N24O12 [M
+
] 2137.33, found 2137.43 (4i (n = 5)). 

11,14,17-Trioxa-7,21,26,27-tetraazatricyclo[20.3.1.1
2,6

]heptacosa-1(26),2(27),3,5,22,24-hexaene (3j).

Synthesized from 55 mg (0.25 mmol) of dioxadiamine 2j. Eluent CH2Cl2-MeOH 10:1-3:1. Yield 45 mg 

(48%). Pale-yellow viscous oil. UV max (CH2Cl2) 345 (  9900). 
1
H NMR (CDCl3):  1.99 (quintet, J =

5.8 Hz, 4H), 3.53 (t, J = 6.2 Hz, 4H), 3.56-3.60 (m, 4H), 3.63-3.68 (m, 8H), 6.80 (bs, 2H), 7.10 (d, J = 7.4 

Hz, 2H), 7.54 (t, J = 7.9 Hz, 2H), NH protons were not observed. 
13

C NMR (CDCl3):  28.6 (2C), 39.3 

(2C), 68.9 (2C), 70.5 (4C), 108.6 (2C), 110.7 (2C, line width 50 Hz), 139.7 (2C), 156.1 (2C), one 

quaternary carbon was not observed due to broad signal. HRMS (MALDI-TOF) m/z calcd for 

C20H28N4O3 [M
+
] 372.2161, found 372.2185. 

11,14,17,36,39,42-Hexaoxa-7,21,32,46,51,52,53,54-octaazapentacyclo[45.3.1.1
2,6

.1
22,26

.1
27,31

]-

tetrapentaconta-1(51),2(54),3,5,22(53),23,25,27(52),28,30,47,49-dodecaene (4j) (n = 1). Obtained as 

by-product in the synthesis of macrocycle 3j. Eluent CH2Cl2-MeOH 25:1-10:1. Yield 14 mg (15%). Pale-

yellow solid. Mp 78-80 
o
C. UV max (CH2Cl2) 345 (  19000). 

1
H NMR (CDCl3):  1.87 (quintet, J = 6.1 

Hz, 8H), 3.41 (t, J = 6.2 Hz, 8H), 3.53-3.58 (16H), 3.61-3.66 (m, 8H), 6.36 (d, J = 8.0 Hz, 4H), 7.39-7.45 

(m, 8H), NH protons were not observed. 
13

C NMR (CDCl3):  29.3 (4C), 39.7 (4C), 69.2 (4C), 70.2 (4C), 

70.6 (4C), 107.0 (4C), 109.5 (4C), 138.2 (4C), 151.6 (4C), 158.0 (4C). HRMS (MALDI-TOF) m/z calcd 
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for C40H56N8O6 [M
+
] 744.4323, found 744.4302. 

Typical procedure for the synthesis of cyclodimers 4d, h-j (n = 1).  

A two-neck flask (25 mL) flushed with dry argon, equipped with a magnetic stirrer and condenser was 

charged with 6,6'-dibromo-2,2'-bipyridine (1) (0.2 mmol, 63 mg), Pd(dba)2 (4.5 mg, 4 mol%), BINAP 

(5.5 mg, 4.5 mol%) and absolute dioxane (2 mL). The mixture was stirred for 2 min, then appropriate 

amine 2d, h-j (0.6 mmol) was added followed by sodium tert-butoxide (0.6 mmol, 58 mg). The reaction 

mixture was refluxed for 8 h, after cooling down to ambient temperature 0.5 mL (25%) of the solution 

was taken, evaporated in vacuo, and analyzed with NMR and MALDI-TOF spectroscopy. Then 6,6'-

dibromo-2,2'-bipyridine (1) (0.3 mmol, 94 mg), Pd(dba)2 (14 mg, 8 mol%), BINAP (17 mg, 9 mol%), 

absolute dioxane (8 mL) and sodium tert-butoxide (0.9 mmol, 87 mg) were added, the reaction was then 

refluxed for 15 h. After cooling down to ambient temperature, the residue was filtered off, dioxane 

evaporated in vacuo, and the residue was analyzed by NMR spectroscopy. Column chromatography was 

carried out using a sequence of eluents: CH2Cl2, CH2Cl2-MeOH 50:1 – 3:1, CH2Cl2-MeOH-NH3aq 

100:20:1 – 10:4:1.  

N
1
,N
1'

-(2,2'-Bipyridine-6,6'-diyl)bis(N
3
-(3-aminopropyl)propane-1,3-diamine) (5d). Obtained in situ

from triamine 2d (0.6 mmol, 79 mg). 
1
H NMR (CDCl3): 1.57 (quintet, J = 6.9 Hz, 4H), 1.75 (quintet, J

= 6.7 Hz, 4H), 2.60 (t, J = 7.0 Hz, 4H), 2.69 (t, J = 6.6 Hz, 8H), 3.38 (t, J = 6.3 Hz, 4H), 6.32 (d, J = 8.1 

Hz, 2H), 7.45 (t, J = 7.9 Hz, 2H), 7.54 (d, J = 7.1 Hz, 2H), NH protons were not observed.
13

C NMR 

(CDCl3): 29.6 (2C), 33.7 (2C), 40.2 (2C), 40.3 (2C), 47.7 (2C), 47.8 (2C), 106.5 (2C), 109.8 (2C), 

137.8 (2C), 154.8 (2C), 158.2 (2C). MS (MALDI-TOF) m/z calcd for C22H38N8 [M
+
] 414.32, found 

414.38. Following by-products were registered in the reaction mixture: m/z calcd for C38H59N13 [M
+
]

697.50, found 697.48 (6d (n = 1)); calcd for C54H80N18 [M
+
] 980.68, found 980.52 (6d (n = 2)). 

Compound 5d was introduced in the reaction with 6,6’-dibromo-2,2’-bipyridine (1) in situ to produce 

cyclodimer 4d (n = 1) (eluent CH2Cl2-MeOH-NH3aq 100:25:5-10:4:1, yield 16 mg (19%)), macrocycle 

3d (eluent CH2Cl2-MeOH-NH3aq 100:20:3-100:25:5, yield 10 mg (23%)), a mixture of cyclotrimer 4d (n 

= 2) and cyclotetramer 4d (n = 3) (eluent CH2Cl2-MeOH-NH3aq 100:20:3, yield 26 mg (31%)), a mixture 

of linear oligomers (CH2Cl2-MeOH-NH3aq 10:4:1, yield 30 mg (35%)).

7,11,15,26,30,34,39,40,41,42-Decaazapentacyclo[33.3.1.1
2,6

.1
16,20

.1
21,25

]dotetraconta-

1(39),2(42),3,5,16(41),17,19,21(40),22,24,35,37-dodecaene (4d) (n = 1). Eluent CH2Cl2-MeOH-NH3aq 

100:25:5-10:4:1. Yield 16 mg (19%). Pale-yellow solid. Mp 118-120
o
C. UV max (CH2Cl2) 347 (
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20000). 
1
H NMR (CDCl3):  1.45 (quintet, J = 6.4 Hz, 8H), 2.36 (t, J = 6.4 Hz, 8H), 3.15-3.20 (m, 8H), 

6.23 (d, J = 8.2 Hz, 4H), 7.27 (d, J = 7.4 Hz, 4H), 7.37 (t, J = 7.8 Hz, 4H), NH protons were not observed. 

13
C NMR (CDCl3):  29.3 (4C), 38.7 (4C), 46.4 (4C), 107.0 (4C), 110.0 (4C), 137.9 (4C), 154.9 (4C), 

158.4 (4C). HRMS (MALDI-TOF) m/z calcd for C32H42N10 [M
+
] 566.3594, found 566.3651.  

Mixture of cyclotrimer 4d (n = 2) and cyclotetramer 4d (n = 3). Eluent CH2Cl2-MeOH-NH3aq 100:25:5. 

Yield 26 mg (31%). Pale-yellow glassy solid. 
1
H NMR (CDCl3):  1.50-1.60 (m, 4(n+1)H), 2.40-2.52 (m, 

4(n+1)H), 3.24 (bs, 4(n+1)H), 6.28 (d, J = 8.2 Hz, 6H, cyclotrimer), 6.34 (d, J = 5.2 Hz, 8H, 

cyclotetramer), 7.32 (d, 6H, J = 7.9 Hz, 6H, cyclotrimer), 7.34-7.43 (m, 16H, cyclotetramer), 7.39 (d, 6H, 

J = 7.6 Hz, 6H, cyclotrimer), NH protons were not observed. 
13

C NMR (CDCl3):  28.1-29.0 (m, 

2(n+1)C), 39.1-39.7 (m, 2(n+1)C), 46.3-47.3 (m, 2(n+1)C), 107.0 (2(n+1)C), 109.9 (2(n+1)C), 138.0 

(2(n+1)C), 154.5 (2(n+1)C), 158.4 + 158.5 (2(n+1)C). MS (MALDI-TOF) m/z calcd for C48H63N15 [M
+
]

849.54, found 849.38 (4d (n = 2)); calcd for C64H84N20 [M
+
] 1132.72, found 1132.41 (4d (n = 3)). 

N
6
,N
6'

-Bis(2-(2-(2-aminoethoxy)ethoxy)ethyl)-2,2'-bipyridine-6,6'-diamine (5h). Obtained in situ from 

diamine 2h (0.6 mmol, 89 mg). 
1
H NMR (CDCl3):  2.80 (t, J = 4.2 Hz, 4H), 3.46 (t, J = 4.5 Hz, 4H), 

3.58 (s, 8H), 3.59-3.62 (m, 4H), 3.66-3.69 (m, 4H), 6.36 (d, J = 8.1 Hz, 2H), 7.44 (t, J = 7.7 Hz, 2H), 7.57 

(d, J = 7.3 Hz, 2H), NH protons were not observed. 
13

C NMR (CDCl3):  41.4 (4C), 69.9 (2C), 70.2 (4C), 

73.3 (2C), 107.4 (2C), 110.0 (2C), 137.7 (2C), 154.7 (2C), 157.9 (2C). MS (MALDI-TOF) m/z calcd for 

C22H36N6O4 [M
+
] 448.28, found 448.24. Following by-products were registered in the reaction mixture: 

m/z calcd for C38H56N10O6 [M
+
] 748.44, found 748.56 (6h (n = 1)); calcd for C54H76N14O8 [M

+
] 1048.60, 

found 1048.57 (6h (n = 2)); calcd for C70H96N18O10 [M
+
] 1348.76, found 1348.55 (6h (n = 3)). Compound 

5h was introduced in the reaction with 6,6’-dibromo-2,2’-bipyridine (1) in situ to produce cyclodimer 4h

(n = 1) (eluent CH2Cl2-MeOH 20:1, yield 7 mg (8%)), cyclotrimer 4h (n = 2) (eluent CH2Cl2-MeOH 20:1, 

yield 4 mg (4%)), macrocycle 3h (eluent CH2Cl2-MeOH 10:1-3:1, yield 20 mg (44%)), a mixture of 

linear oligomers (CH2Cl2-MeOH 3:1, CH2Cl2-MeOH-NH3aq 100:20:1, yield 78 mg (86%)). The spectral 

data for the cyclodimer 4h (n = 1) are given above.  

10,13,30,33,50,53-Hexaoxa-7,16,27,36,47,56,61,62,63,64,65,66-dodecaazaheptacyclo- 

[55.3.1.1
2,6

.1
17,21

.1
22,26

.1
37,41

.1
42,46

]hexahexaconta-

1(61),2(66),3,5,17(65),18,20,22(64),23,25,37(63),38,40,42(62),43,45,57,59-octadecaene (4h) (n = 2).

Obtained as by-product in the synthesis of cyclodimer 4h (n = 1). Eluent CH2Cl2-MeOH 20:1. Yield 4 mg 

(4%). Pale-yellow glassy solid. 
1
H NMR (CDCl3):  3.57 (t, J = 5.0 Hz, 12H), 3.65 (s, 12H), 3.72 (t, J =
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5.1 Hz, 12H), 4.57 (bs, 6H), 6.31 (d, J = 8.2 Hz, 6H), 7.37 (t, J = 7.8 Hz, 6H), 7.56 (d, J = 7.4 Hz, 6H). 

13
C NMR (CDCl3):  41.8 (6C), 69.9 (6C), 70.3 (6C), 107.4 (6C), 110.1 (6C), 137.9 (6C), 154.7 (6C), 

158.0 (6C). HRMS (MALDI-TOF) m/z calcd for C48H60N12O6 [M
+
] 900.4759, found 900.4819.  

N
6
,N
6'

-Bis(3-(4-(3-aminopropoxy)butoxy)propyl)-2,2'-bipyridine-6,6'-diamine (5i). Obtained in situ

from diamine 2i (0.6 mmol, 121 mg). 
1
H NMR (CDCl3): 1.58-1.60 (m, 4H), 1.61-1.63 (m, 4H), 1.67 

(quintet, J = 6.5 Hz, 4H), 1.88 (quintet, J = 6.2 Hz, 4H), 2.73 (t, J = 6.5 Hz, 4H), 3.36-3.42 (m, 12H), 

3.45 (t, J = 6.3 Hz, 4H), 3.52 (t, J = 5.9 Hz, 4H), 6.33 (d, J = 8.1 Hz, 2H), 7.46 (t, J = 7.7 Hz, 2H), 7.56 (d, 

J = 7.3 Hz, 2H), NH protons were not observed.
13

C NMR (CDCl3): 26.4 (4C), 29.5 (2C), 33.4 (2C), 

39.4 (2C), 39.9 (2C), 68.9 (2C), 69.0 (2C), 70.6 (2C), 70.7 (2C), 106.4 (2C), 109.8 (2C), 137.8 (2C), 

154.9 (2C), 158.2 (2C). MS (MALDI-TOF) m/z calcd for C30H52N6O4 [M
+
] 560.41, found 560.39. 

Following by-products were registered in the reaction mixture: m/z calcd for C50H80N10O6 [M
+
] 916.63, 

found 916.86 (6i (n = 1)); calcd for C70H108N14O8 [M
+
] 1272.85, found 1272.59 (6i (n = 2)). Compound 5i

was introduced in the reaction with 6,6’-dibromo-2,2’-bipyridine (1) in situ to produce cyclodimer 4i (n = 

1) (eluent CH2Cl2-MeOH 20:1, yield 10 mg (9%)), a mixture of cyclotimer 4i (n = 2) and cyclotetramer 4i

(n = 3) (eluent CH2Cl2-MeOH 20:1, yield 9 mg (8%)), macrocycle 3i (eluent CH2Cl2-MeOH 20:1-10:1, 

yield 23 mg (43%)), a mixture of linear oligomers (CH2Cl2-MeOH 10:1-3:1, yield 43 mg (40%)). The 

spectral data for the cyclodimer 4i (n = 1) are given above. 

N
6
,N
6'

-Bis(3-(2-(2-(3-aminopropoxy)ethoxy)ethoxy)propyl)-2,2'-bipyridine-6,6'-diamine (5j).

Obtained in situ from diamine 2j (0.6 mmol, 132 mg). 
1
H NMR (CDCl3): 1.64 (quintet, J = 6.5 Hz, 4H), 

1.83 (quintet, J = 6.1 Hz, 4H), 2.70 (t, J = 6.7 Hz, 4H), 3.47 (t, J = 6.2 Hz, 4H), 3.49-3.59 (m, 24H), 6.30 

(d, J = 8.2 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.51 (d, J = 7.3 Hz, 2H), NH protons were not observed. 
13

C

NMR (CDCl3):  29.2 (2C), 33.2 (2C), 39.4 (2C), 39.6 (2C), 69.2 (2C), 69.3 (2C), 70.0 (2C), 70.1 (2C), 

70.4 (4C), 106.5 (2C), 109.6 (2C), 137.6 (2C), 154.8 (2C), 158.0 (2C). MS (MALDI-TOF) m/z calcd for 

C30H52N6O6 [M
+
] 592.39, found 592.45. Compound 5j was introduced in the reaction with 6,6’-dibromo-

2,2’-bipyridine (1) in situ to produce cyclodimer 4j (n = 1) (eluent CH2Cl2-MeOH 20:1, yield 13 mg 

(12%)), a mixture of cyclotimer 4j (n = 2) and cyclotetramer 4j (n = 3) (eluent CH2Cl2-MeOH 20:1, yield 

12 mg (11%)), macrocycle 3j (eluent CH2Cl2-MeOH 20:1-10:1, yield 22 mg (39%)), a mixture of linear 

oligomers (CH2Cl2-MeOH 10:1-3:1, yield 64 mg (57%)). The spectral data for the cyclodimer 4j (n = 1) 

are given above.  

Mixture of cyclotrimer 4j (n = 2) and cyclotetramer 4j (n = 3). Obtained as by-products in the synthesis of 
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cyclodimer 4j (n = 1). Eluent CH2Cl2-MeOH 20:1. Yield 12 mg (11%). Pale-yellow glassy solid. 
1
H

NMR (CDCl3):  1.87 (quintet, J = 6.1 Hz, 4(n+1)H), 3.41 (t, J = 6.2 Hz, 4(n+1)H), 3.53-3.58 (8(n+1)H),

3.61-3.66 (m, 4(n+1)H), 6.36 (d, J = 8.0 Hz, 2(n+1)H), 7.39-7.45 (m, 4(n+1)H), NH protons were not 

observed. 
13

C NMR (CDCl3):  29.4 (2(n+1)C), 39.7 (2(n+1)C), 69.2 (2(n+1)C), 70.3 (2(n+1)C), 70.7 

(2(n+1)C), 107.0 (2(n+1)C), 109.5 (2(n+1)C), 138.2 (2(n+1)C), 151.5 (2(n+1)C), 157.8 (2(n+1)C). MS 

(MALDI-TOF) m/z calcd for C60H84N12O9 [M
+
] 1116.65, found 1116.63 (4j (n = 2)); calcd for 

C80H112N16O12 [M
+
] 1488.86, found 1488.89 (4j (n = 3)). 
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A family of water-soluble colorimetric chemosensors incorporating an anthraquinone signalling

subunit functionalized with a polyamine chain that bears hydrophilic diethoxyphosphoryl moieties was

prepared with the aim of assaying metal cations. The outstanding UV-Vis absorption properties of the

1-aminoanthraquinone chromophore allowed the efficient visual detection and quantification of

copper(II) ions by chelators L1–L3 in buffered aqueous solution. Moreover, the visible response of L2 is

not interfered by addition of large excesses of 13 common metal ions, whereas chemosensor L3

produces also a color change in the presence of equimolar amounts of lead(II). Considering the 134 nm

gap between both absorption maxima, simultaneous colorimetric quantification of lead and copper can

be envisaged. Detailed potentiometric and spectrophotometric analysis of Cu2+ complexation by L2 and

L3, as well as Pb2+ and Cd2+ by L3 was undertaken in order to gain a deeper insight into the

pH-dependent speciation and understanding the color changing process. Furthermore, the inner

coordination sphere of the [PbL3]2+ complex was probed by NMR spectroscopy.

Introduction

The design and synthesis of abiotic molecular systems capable of

signalling various guest molecules or ions is of current interest in

coordination and supramolecular chemistry. The impressive range

of useful applications, including clinical toxicology, environmental

bioorganic chemistry, bioremediation and waste management,

deals with metal ions sensing.1–6 Molecular sensors undergoing

reversible color changes in the presence of the target analyte

are particularly attractive, because they may be used for express

analysis and as the basic component in the development of

dipstick sensors.7–14 While most analytical applications concern

aqueous solutions, the development of water-soluble sensors is

still progressing rather slowly because the synthesis of appropriate

receptors is generally carried out according to multi-step reactions

and their solubility in aqueous medium is not easily predictable.

aInstitut de Chimie Moléculaire de l¢Université de Bourgogne (ICMUB),
UMR CNRS 5260, 9 Avenue A. Savary, 21078, Dijon Cedex, France.
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Moreover, the common approach to increase the hydrophilicity

of organic molecules, which consists in the introduction of

charged functional groups such as carboxylates, sulfonates or

ammonium9,15 is only of limited value for designing chemosensors.

Indeed, negatively charged groups might coordinate the metal

cations and thereby influence the detector’s selectivity, while

positively charged groups result in unfavorable electrostatic inter-

actions with the target, thus decreasing the stability of the complex.

To overcome this difficulty, alternative original systems, as for

example micellar self-assembled sensors,16 are being developed.

Recently, we have reported the first example of a water-soluble

chemosensor incorporating hydrophilic diethoxyphosphoryl moi-

eties and demonstrated thereby the usefulness of that solubilizing

functionality.17 Herein, the preparation and characterization of

new 9,10-anthraquinone-based sensors relying on that approach

are described.

Alizarine derivatives are an important class of dyes and

complexing agents that have been well-known for a long time.18,19

There has been a renewal of interest over the past ten years in

the 9,10-anthraquinone signalling unit. Kaur and Kumar have

shown that deprotonation of the aromatic amine group in N-

(2-aminoethyl)aminoanthraquinones occurs in the presence of

copper, cobalt and nickel ions20 and they have exploited the

associated color change for selective copper detection.15 A series

of detectors has been obtained by introducing aliphatic amino

groups bearing different types of coordinating substituents. They

were applied to detect first-row transition metals such as nickel,

copper or cobalt.21–24 Although most of these chemosensors are not

selective with respect to a single element, they can be used for ra-

tiometric determination of metal ions due to the different spectral
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responses. A mixture of two analytes such as Co2+ and Cu2+/Ni2+

can be quantitatively analyzed in CH3OH–H2O using a set of three

calibration curves and a judicious choice of wavelengths. Recently,

fluorescent detectors based on anthraquinone derivatives have also

been developed. The 1,8-dioxoanthraquinone signalling unit was

introduced in polyoxamacrocycles for lead, cadmium and mercury

recognition,25 while 1-amidoanthraquinone enabled the efficient

determination of cobalt ions by fluorimetry.26 The anthraquinone

signalling group was also used for designing anion detectors.27–33

Most of the chemosensors containing an anthraquinone signalling

subunit operate in organic solvents or in mixed organic–aqueous

media due to their low solubility in pure water.

Herein, we describe a new family of water-soluble chemosensors

(Fig. 1) that exhibit an ion-specific response towards first-row tran-

sition (L1, L2) and toxic metals such as lead(II) and cadmium(II)

(L3, L4–H, L4–Br). All studied sensors incorporate the amino-

9,10-anthraquinone signalling unit as an integrated part of the

cation receptor. Detailed analysis of the most promising systems in

solution was undertaken in order to gain a deeper understanding

of the color changing processes within this important series of

colorimetric detectors.

Fig. 1 Structures of the studied ligands.

Results and discussion

Synthesis of the ligands

The synthetic approach leading to L1–L3, L4–H and L4–Br is

summarized in Scheme 1. Starting from 1-chloroanthraquinone

(1) or 2,3-dibromoanthraquinone (2), the parent polyazaan-

thraquinones 5–8 were obtained according to the Buchwald–

Hartwig amination reaction using either diaminoethane (3) or

N1-(2-aminoethyl)ethane-1,2-diamine (4).34,35 Whereas the target

intermediates 5 and 6 were isolated in 41–63% yield, the reac-

tion involving 2,3-dibromoanthraquinone (2) turned out to be

more problematic. In contrast to our previous studies on the

amination of aryl dibromides by polyamines in the presence

of Pd2(dba)3/dppf precatalyst,36 the selective mono-arylation of

dibromide 2 using an excess of the diamine 3 or triamine 4 was not

possible. In fact, the selectivity of the dibromoarene amination

was induced by decreasing the reactivity of the second halogen

after the introduction of the first amino group. When the highly

reactive dibromide 2 was reacted with an excess of triamine 4 in

the presence of the Pd2(dba)3/BINAP catalyst precursor, a full

conversion was achieved but the target product 8 was obtained

in pure form only in low yield (23%) after purification of the

Scheme 1 Synthesis of chemosensors L1–L4 and of the model compound

L5.

crude material by flash column chromatography on silica gel.

Besides compound 8, second intra- and intermolecular amination

reactions afforded triamine 9 among an inseparable mixture of

polyamines. Moreover, a hydrodebromination reaction leading to

compound 7 was also observed as a side-process. The reaction of

dibromide 2 with diaminoethane (3) was even more difficult, as

none of the reaction products could be isolated in pure form.

In the final step, N-functionalization of the parent polyamines

5–8 was achieved by alkylation using appropriate amounts of

[(2-bromoacetylamino)methyl]phosphonic acid diethyl ester (10)

(Scheme 1), which was prepared according to a known procedure.37

These reactions were performed in refluxing acetonitrile using

K2CO3 as a base. As expected, reaction of compound 5 with

1 equiv. of bromide 10 afforded both the mono- and di-alkylated

products L1 and L2. However, by dividing by two the amount of

alkylating agent, the yield of L1 could be increased to 59% after

purification by column chromatography. Alkylation of primary

and secondary amino groups occurred when 10 was employed in

excess, producing L2–L4 in good yields. The model compound

L5 was prepared likewise in 79% yield, by reacting 10 with

diaminoethane.

All compounds were characterized using conventional methods.

Even though L1 bears only one diethoxyphosphoryl substituent,

L1–L4 evidence a high water-solubility that makes them suit-

able for metal ion detection purposes in aqueous media. The

red-colored 1-amino-9,10-anthraquinonyl derivatives L1–L3 and

the yellow-colored 2-amino-9,10-anthraquinonyl compounds L4
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absorb strongly (log e = 3.5–3.8) in the visible region, giving rise

to an intramolecular charge transfer (ICT) band (lmax = 518–521,

479 and 465 nm for L1–L3, L4-H and L4-Br, respectively).

Visual detection of metal cations

The sensing properties of receptors L1–L4 in the presence of

various amounts of environmentally-relevant metal ions were

evaluated visually and by UV–Vis spectroscopy in buffered

aqueous solutions (pH = 7.4, 35 mM HEPES) to avoid any

interference arising from a change in the indicator’s protonation

state.

L1 and L2 are water-soluble versions of the structurally related

receptors L6 and L7 described by Kaur and Kumar for first-row

transition metals (Fig. 3).15,22 Among 14 different cations, visual

inspection of L1 solutions before and after addition of 1 equiv. of

metal salt showed a dramatic color change from red to blue only in

the presence of Cu2+ (Fig. 2a), which is due to a 87 nm red shift from

Fig. 2 Cation-induced color changes of the chemosensors L1–L4 in

35 mM aqueous HEPES buffer solutions at pH = 7.4 (a) [L1] = [M] =

0.07 mM; (b) [L1] = 0.07 mM, [M] = 7.4 mM; (c) [L2] = [M] = 0.07 mM;

(d) [L2] = 0.07 mM, [M] = 6.8 mM; (e) [L3] = [M] = 0.05 mM; (f) [L3] =

0.05 mM, [M] = 4.7 mM; (g) [L4-Br] = [M] = 0.21 mM. (h) [L4-H] = [M] =

0.11 mM.

518 to 605 nm of the absorption band maximum (Fig. S1 and S2,

ESI†). In the presence of a 100-fold excess of Ni2+, a color change

from red to green becomes also perfectly distinguishable (Fig. 2b),

although the system requires about 30 min to reach equilibrium

(Fig. S2, ESI†). Nickel binding gives rise to three new absorption

maxima at 395, 449 and 691 nm. Addition of 100 equiv. of Co2+,

Hg2+, Ag+ and Al3+ also produces color changes albeit to different

extents. For example, the Al3+-induced hypsochromic shift equals

19 nm. All these metals can be discriminated by naked eye. In

turn, alkali and alkaline-earth cations, such as Na+, K+, Mg2+,

Ca2+ or Ba2+, have a negligible influence on the optical properties

of L1. Thus, the spectrophotometric responses of L1 to the different

analytes in water are similar to those exhibited in CH3OH–H2O

(4 : 1) by the 1-(2-aminoethylamino)-9,10-anthraquinonyl Schiff

base analog L6 depicted in Fig. 3.22 Interference studies revealed

that Cu2+ concentrations can be monitored without any problem

in the presence of 100 equiv. of each considered alkaline and earth-

alkaline cations plus 10 equiv. of Ag+, Co2+, Zn2+, Cd2+, Hg2+ and

Al3+, while only 10 equiv. of Ni2+ slightly modify the absorption

bands (Fig. S3, ESI†). However, the optical response of L1 towards

copper is disturbed by 100 equiv. of Al3+ (Fig. S3, ESI†).

Fig. 3 Structures of colorimetric naked-eye chemosensors L6 and L7

described by Kaur and Kumar.15,22

Likewise, a ca. 0.07 mM solution of L2 turns from red to blue

by adding 1 equiv. of a cupric salt (Fig. 2c and Fig. S4, ESI†).

However, the visible response of L2 is not influenced by a 100-fold

excess of any other investigated cations, with the exception of Hg2+

which induces a slight blue shift of the absorption maximum of the

copper complex (Fig. S5, ESI†). Copper displacement assays by

adding 10 equiv. of metal salts to a 1 : 1 Cu2+/L2 solution revealed

only a very slight interference from Al3+ and Hg2+ (Fig. S6, ESI†).

A similar behavior has been described for the related indicator

L7, albeit in a mixed organic solvent CH3OH–H2O (1 : 1 v/v) due

to its poor water-solubility.15 Moreover, L2 can be considered not

only as a highly selective, but also as a sensitive chemosensor for

Cu2+ in water. The naked-eye detection limit was estimated to

about 0.4 ppm, while concentrations as low as 20 ppb could be

detected at lmes = 615 nm with a standard double-beam laboratory

spectrophotometer using a 1 cm cell (Fig. S8 and S9, ESI†).

These results prompted us to design new water-soluble optical

sensors of higher denticity, which are better suited for the

complexation of toxic metals such as Cd2+, Hg2+ or Pb2+. As these

cations possess higher coordination numbers than Cu2+, rather low

stabilities of the corresponding complexes formed with ionophores

L1 and L2 are anticipated, which might explain the poor optical

responses. To increase the ligand affinity for these metals, the

dangling chain appended to the anthraquinone chromophore was

extended by one ethylenediamine unit in the parent compound 6;

N-functionalization of both aliphatic amines afforded the highly

water-soluble ligand L3, which possesses additional binding sites

with respect to L2.
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One equivalent of Cu2+ induces clearly a visible color change of

an aqueous L3 solution from red to blue (Fig. 2e), that is associated

with a large bathochromic shift (94 nm) of the ICT absorption

band (Fig. S10, ESI†). In contrast to L2, an equimolar amount of

Pb2+ leads to a more subtle color change from red to orange, which

is readily detectable in the visible absorption spectrum by a 40 nm

hypsochromic shift of the ICT transition. As far as Cd2+ and Hg2+

are concerned, complexation-induced color changes are much less

significant and become clearly visible only in the presence of a

large excess of metal ions (e.g. 100 equiv., Fig. 2f and Fig. S11,

ESI†). Moreover, 100 equiv. of Co2+ ions also produce a color

change from red to blue that becomes visible by the naked eye,

although equilibration takes about 4 hours.

For the most interesting analytes, single-cation detection limits

were estimated (Fig. S16–S19, ESI†). The values for the naked

eye are 0.4 and 1.3 ppm for copper(II) and lead(II), respectively.

These figures drop to 20 (lmes = 615 nm) and 70 ppb (lmes =

480 nm), respectively, by using a spectrophotometer. Considering

the 134 nm gap between the absorption maxima of both lead

and copper complexes, simultaneous colorimetric quantification

of both cations in buffered solutions can be envisaged. From a

practical point of view, advantage can be taken from the fact

that only the copper species absorb at 650 nm and that the

molar extinction coefficients for both copper and lead complexes

are equal at 512 nm, a wavelength which is very close to the

absorption maximum of the ICT band of the free ligand L3.

The copper concentration can be straightforwardly deduced from

the absorbance measured at 650 nm, while the absorbance value

at 512 nm provides the total concentration of lead and copper

after deducing the contribution from the unbound fraction of L3.

Solutions containing 0.35 mM L3 and 0.005–0.25 mM of total

copper(II) and lead(II) could be analyzed using linear calibration

curves.

Cationic interferences were investigated in detail by introducing

successively 10 equiv. of various metal salts to a ca. 0.11 mM

copper complex solution prepared in situ by mixing 1 equiv. of L3

and Cu(ClO4)2 in 35 mM HEPES buffer (Fig. S12, ESI†). Only

Hg2+ was found to impact significantly the absorption properties

of the solution, but the reaction takes about 10 min to reach

equilibrium. In the case of Pb2+ addition, precipitation, most likely

of lead hydroxide, occurred. When the same experiments were

performed with a lead(II) complex solution, transmetallation was

clearly observed with 1 equiv. of Cu2+, revealing the higher affinity

of L3 for copper over lead (vide infra). However, several other

cations are also interfering: 2 equiv. of either Zn2+, Cd2+ or Hg2+ or

10 equiv. of Co2+ are responsible for significant ICT band shifts,

while the same amount of Ni2+ produces also a noticeable spectral

change over time. In turn, 10 equiv. of Ag+ and Al3+ have almost

no influence on the UV–Vis features.

For comparison purposes, 2-aminoanthraquinone-based com-

pounds L4-H and L4-Br were also considered because simultane-

ous coordination of the aromatic amine and quinone carbonyl

groups can be ruled out for steric reasons. HEPES-buffered

aqueous solutions of L4-H and L4-Br before and after addition

of 1 equiv. of metal salts exhibit a series of nuances ranging from

pale yellow to orange (Fig. 2). The most pronounced effect was

obtained for Pb2+ (Dl = 41 nm) with both chelators, although

precipitation of lead hydroxide at pH 7.4 could not be completely

prevented. Color evolution was less well distinguishable for L4-

Br/Hg2+ (Dl = 13 nm), L4-H/Cu2+ (Dl = 18 nm) and L4-Br/Cu2+

(Dl = 8 nm). Interestingly, both ligands behave differently in the

presence of 1 equiv. of cadmium(II). Whereas almost no color and

spectroscopic changes are perceptible in the case of L4-Br, the ICT

band of L4-H centered at lmax = 478 nm undergoes an important

hypsochromic effect, resulting in a discoloration of the solution as

seen in Fig. 3h. In turn, 10 equiv. spikes of the other analytes (Na+,

K+, Ca2+, Mg2+, Ba2+, Ag+, Co2+, Zn2+, Ni2+ and Al3+) produce only

minor spectral perturbations (Dl < 5 nm). According to these

results, modulation of the electronic and metal-sensing properties

of 2-aminoanthraquinone derivatives by the introduction in ortho

position to the triamine chain of a bromine atom stays marginal,

although a sizable effect might be anticipated if this additional

substituent can directly take part in the binding scheme of the

metal ion.9

Despite the lead-specific spectral response of L4-H and L4-

Br and their lower sensitivity towards interfering cations with

respect to L3, both yellow-colored compounds appear to be of

little practical value for optical detection purposes due to their

low affinity for Pb2+ in neutral conditions.

Ligand protonation studies

The acid–base properties of L2, L3 were studied by potentiometry.

Numerical processing with the Hyperquad program38 of the

potentiometric titration data recorded between p[H] 1.8 and 7.5

enabled to refine only one protonation constant, indicating that

all three compounds behave as very weak monoprotic bases in

the studied p[H] range [eqn (1)]. The measured values compiled in

Table 1 were tentatively assigned to the first protonation constant

(K011) of the tertiary amino group of L2, L3.

L H [LH ]; 
[LH ]

L [H ]
+ =

+ +

+

+
! K

011
[ ]

(1)

Indeed, 9,10-anthraquinones bearing amino groups on the

aromatic ring exhibit a very low proton affinity; log K011 values

of 0.44 and 0.56 (I = 0.2 M, T = 298.2 K) have been reported

Table 1 Protonation constants (K011) of L2, L3 and L5 and stability
constants (K11-h) of their copper, cadmium and lead complexes at
I = 0.1 M KNO3 and T = 298.2(2)K

Cation Constant L2 L3 L5

H+ log K011 1.95(2)a 2.11(1)b ,c 4.32(3)a 4.39(3)b ,c 3.27(3)a ,c

1.92d 3.35d

Cu2+ log K110 6.53(9)a 6.09(3)b

log K11-1 4.37(3)a 4.28(2)b

log b11-1 -2.00(7)a -1.92(5)b 2.16(8)a 1.81(3)b

log K11-2 4.98(4)a 5.07(2)b 7.91(6)a 8.14(2)b

log K11-3 12.07(2)b 11.43(4)b

Cd2+ log K110 4.20(8)a 4.24(6)b

log K11-1 8.49(2)a 8.44(6)b

log K11-2 9.80(4)a 10.11(3)b

Pb2+ log K110 5.5(1)a 5.56(7)b

log K11-1 8.3(1)a 8.56(6)b

log K11-2 9.5(2)a 8.76(7)b

a Potentiometric measurements. b Visible absorption spectrophotometric
measurements. c I = 0.1 M KCl. d 1H and 13C NMR measurements in
H2O–D2O (9 : 1 v/v).
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for 1-amino-9,10-anthraquinone and its N-methylated derivative,

respectively.39 Since significantly higher K011 values were found for

L2 and L3, it can be concluded that protonation takes place at the

tertiary amine.

Another piece of evidence was provided by the study of

the ethylenediamine derivative L5, taken as a model for the

aliphatic moiety of L2 and L3. The tertiary amine of L5 exhibits

a weak proton affinity due to the strong electron withdrawing

character of the appended methylcarbamoyl chains. The influence

of diethoxyphosphoryl groups is clearly evidenced by the one

order of magnitude lower K011 value found for L5 with respect

to 1,2-diaminoethane-N,N,N¢,N¢-tetraacetamide (log K011 = 4.48,

I = 0.1 M KCl, T = 298.2 K).40

Noteworthy, both chemosensors L2 and L3 exist in their neutral

form at physiological pH and protonation does not compete with

metal complex formation above p[H] 5.

The slight color change from red to orange undergone by L2 and

L3 upon acidification of the medium (Fig. 2) has been exploited

in order to confirm their protonation behavior by absorption

spectrophotometry (Fig. S21, ESI†). The refined constants are in

good agreement with those obtained by potentiometry (Table 1).

Calculated absorption data for each limiting species support

fully the protonation of the tertiary amine. The low-energy ICT

band, centered at 519 nm (emax = 6170 M-1 cm-1) for L2 and 520 nm

(emax = 6050 M-1 cm-1) for L3, undergoes a moderate hypsochromic

shift of 27 nm (emax = 6380 M-1 cm-1) and 20 nm (emax =

6280 M-1 cm-1), respectively, upon L2H+ and L3H+ formation.

As the intensity of the ICT band is known to reflect the steric

and electronic interactions between the quinone carbonyl group

and the adjacent amino substituent,43 it rules out any severe

conformational change in its close vicinity or reorganization of

the intramolecular NH ◊ ◊ ◊ O hydrogen bond. Protonation of the

arylamine would prevent the charge transfer from the nitrogen

lone pair to the chromophore, resulting in the disappearance

of the absorption band and a concomitant color fading of the

solution.43 Hence, the ca. 20 nm hypsochromic shift observed

strongly supports that protonation takes place at the dangling

tertiary amine.

Finally, definitive assignment of the protonation site of L2

was deduced from 1H and 13C NMR titration curves of L2 and

L5 (Fig. S22, ESI†) (Table 1). Chemical shift variations clearly

indicated that protonation occurs at the tertiary amine adjacent

to the aromatic NH group, which confirmed the unusually low

basicity of tertiary amines bearing phosphodiester substituted

amide groups.44,45

Metal binding studies

Among the various water-soluble chelators considered in this

work, only L2 and L3 proved to be interesting for naked-eye

detection of Cu2+, Cd2+ and Pb2+ (Fig. 2). Hence, detailed solution

speciation studies were restricted to these two indicators (Fig. 2).

Potentiometric and spectrophotometric titrations as a function

of p[H] were carried out for equimolar solutions of metal and

ligand. Exclusive formation of mononuclear and homoleptic

complexes was first deduced from Job’s plots for Cu2+/L2, Cu2+/L3,

Cd2+/L3 and Pb2+/L3 systems (Fig. S7 and S13–S15, ESI†).

Numerical data processing with Hyperquad37 and Specfit41,42

programs further confirmed that observation, although satis-

factory data modeling could only be achieved by taking into

consideration species of general MLH–h formula (h = 0–3)‡,

while protonated complexes (MLHh) were systematically rejected.

Apparent formation constants for ML complexes (K110) and

the corresponding stepwise deprotonation constants (K11–h) are

summarized in Table 1.

Copper complexes of L2 and L3. The potentiometric titration

curves of L2 recorded in the absence and in the presence of

one equiv. of Cu2+ overlap perfectly in the acidic region until

addition of one equivalent of base (Fig. S24, ESI†). It follows that

the neutral L2 ligand is unable to bind copper(II). Complex forma-

tion requires deprotonation of the ligand, affording [CuL2H-1]
+,

which undergoes further deprotonation at higher p[H]. Hence,

the stability of [CuL2H-1]
+ can only be expressed by the overall

equilibrium constant b11–1 defined by eqn (2).

Cu L [CuLH H ; 
[CuLH [H ]

[Cu ] L

2

1 11 1
1

2

+

−

+ +

−

−

+ +

+
+ + =! ]

]

[ ]
b (2)

Conversely, titration of L3 gives rise to three well-defined

inflection points (Fig. S24, ESI†), suggesting the formation of

[CuL3]2+, [CuL3H-1]
+ and CuL3H-2, while slow equilibration above

p[H] 10 prevented the unambiguous detection of a possible fourth

[CuL3H-3]
- species (Table 1).

The thermodynamic behavior of both chemosensors in the

presence of copper(II) was also unravelled by visible absorption

spectrophotometry (Fig. S23, ESI†). The spectral evolutions

undergone by L2 and L3 upon raising the p[H] evidence some

similarities in the ICT region. They are compatible with the

neutralization of the ammonium proton in the p[H] range 1.8–

4. Between p[H] 4 and 7, the bathochromic shift of the absorption

maximum becomes more pronounced, as a broad and structured

feature develops at lmax = 615 nm that spreads over the 500–800 nm

range. The more than 100 nm bathochromic shift experienced by

the band maximum is responsible for a marked color change from

red to blue. However, as the medium becomes more alkaline, the

low-energy component of the electronic transition occurring in

the 600–800 nm region tends to vanish, while a more symmetric

band centered at 508 (L2) or 518 nm (L3) appears concomitantly,

supporting the formation of additional deprotonated complexes.

Factor analysis returned the expected number of absorbing species,

although an additional one assigned to [CuLH-3]
- could be

detected at p[H] values higher than 10 (Table 1). The largest

discrepancies were found for [CuL2H-1]
+ and [CuL3]2+, as they form

to a much lower extent under the more dilute conditions used for

the spectrophotometric experiments. The calculated absorption

spectra are displayed in Fig. 4.

Compared to L2, the additional tertiary amine of L3 results in

a ligand of higher denticity and basicity able to bind copper(II) in

acidic aqueous solutions (Fig. 7a and Fig. S25, ESI†).

Of note, the color change observed after addition of copper

ions to HEPES buffer solutions of both chemosensors L2 and L3

is induced by the formation of di- and mondeprotonated species

[CuL2H-2]
+ and CuL3H-1, respectively.

According to the general rules accounting for the UV–Vis band

shifts induced by substituents in anthraquinone derivatives,43,46 the

‡ The negative subscript denotes either neutralization of an exchangeable
NH-type hydrogen atom or for OH- binding (i.e. deprotonation of a first
shell water molecule).
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Fig. 4 Calculated electronic absorption spectra of the various cupric

complexes formed with L2 (a) and L3 (b). I = 0.1 M KNO3, T = 298.2(2)K.

dramatic spectral and color changes experienced upon forming

both [CuLnH-1]
+ and CuL2H-2 species can be best explained by

the deprotonation of the anthraquinonyl nitrogen atom. Although

this seems to be the most reasonable explanation, deprotonation

of an aromatic nitrogen atom in aqueous medium is quite unex-

pected, given the very low acidities of 1-aminoanthraquinones

(pKa ~ 20–22 in DMSO)47 and the tendency of secondary

amides to deprotonate48 upon binding of transition metals, such

as copper(II), through five - or six-membered amidate chelate

cycles.49–51 In order to evaluate the influence of the anthraquinone

substitution pattern on the deprotonation process, it is interesting

to compare at that point the spectral changes undergone by

the 1-aminoanthraquinone derivatives L2 and L3 with those

exhibited by the 2-aminoanthraquinones L4-H and L4-Br upon

Cu2+ addition. Bathochromic shifts of both visible absorption

bands are only observed for L2 and L3, suggesting that binding

of the anthraquinone oxygen atom provides the driving force for

deprotonating the amine only when the latter is located in peri

position. This proximity is important for two reasons. As discussed

above, the acidity of the aromatic nitrogen is higher for L3 than

for the isomeric L4 derivatives. Moreover, coordination of Cu2+ by

the ethylenediamine fragment is expected to increase the stability

of the tautomeric imine form, thus facilitating proton abstraction

and the subsequent formation of the [CuLH-1]
+ species (Fig. 5).

Hence, chemosensors L2 and L3 provide most likely square-planar

N2O and N3O environments around the metal center, respectively.

The latter arrangement stabilizes [CuL3H-1]
+ by about four orders

of magnitude with respect to [CuL2H-1]
+.

The second stepwise deprotonation constant K11–2 is likewise

a thousand-fold higher for the L3-based complex compared to

the L2 one. Moreover, the calculated electronic absorption spectra

of deprotonated complexes CuLnH-2 are significantly different,

indicating that the second deprotonation leads to structurally

Fig. 5 Suggested deprotonation scheme of [CuLn]2+.

different copper complexes. In the absence of additional structural

data, it is impossible to assign with some confidence the second and

third deprotonation steps, which could be related to the possible

deprotonation of either a coordinated water molecule or an amide

nitrogen atom.49,51

Unfortunately, direct comparison of our thermodynamic data

with literature values becomes essentially meaningless since all

related systems described so far were studied in mixed aqueous–

organic solvents.24

Cadmium and lead complexes of L3. The obtained values of

equilibrium constants are reported in Table 1. The best fits were

obtained for chemical models that included the same set of species

as that used to refine the copper(II) data, with the exception of

[ML3H-3]
-. The corresponding lead and cadmium complexes could

not be detected at high p[H] values due to the precipitation of the

metal hydroxides. Overall, the thermodynamic parameters derived

by nonlinear least-squares fit of the potentiometric data are in

good agreement with those obtained from spectrophotometric

experiments collected under more dilute conditions (~ 0.1 mM).

Nevertheless, the K11–2 values as well as the calculated electronic

spectra of the corresponding ML3H-2 complexes (Fig. 6) are

somewhat less reliable, as they do not form to a large extent in

the explored p[H] range.

Fig. 6 Calculated electronic absorption spectra of the various cadmium

(a) and lead complexes (b) formed with L3. I = 0.1 M KNO3, T = 298.2(2) K.
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Compared to [CuL3]2+, the lead and cadmium complexes are

destabilized by one and two orders of magnitude, respectively. As

a consequence, only about 85 and 45% of total lead and cadmium,

respectively, are bound to the chemosensor over a p[H] range ca. 4–

7 under the experimental conditions used for spectrophotometric

titrations, as shown by the distribution diagrams calculated for

total metal and ligand concentrations of 0.1 mM (Fig. 7). However,

the much wider predominance area of [PbL3]2+ and [CdL3]2+

is extended by about four p[H] units towards the basic region

compared to that of [CuL3]2+, as a consequence of the 104-fold

higher K11–1 values found for the former compounds with respect

to the latter one. Similarly, the second deprotonation of the lead

and cadmium complexes requires about 10 times more alkaline

conditions than the copper analog.

Fig. 7 Distribution diagrams of L3 complexes formed with Cu2+ (a), Cd2+

(b) and Pb2+ (c); [L3]tot = [M]tot = 0.1 mM, I = 0.1 M KNO3, T = 298.2(2) K.

The calculated absorption spectra of [ML3]2+ displayed in

Fig. 4b (M = Cu2+) and Fig. 6 (M = Cd2+ and Pb2+) follow the same

general trend as found for the Li+, Mg2+, Tl+ and Ag+ complexes

incorporating 1-aminoanthraquinonyl-functionalized aza-crown

ethers studied by Ossowski and Schneider,52 namely a metal-

induced hypsochromic shift with respect to the free base ligand.

Disruption of the six-membered NH ◊ ◊ ◊ O hydrogen bonded cycle

involving the anthraquinone fragment might account for the

observed blue shift.

In contrast, the spectral properties of [PbL3H-1]
+ and

[CdL3H-1]
+ differ significantly from those exhibited by the analo-

gous copper(II) complex, suggesting a different binding environ-

ment. Chelation of Cd2+ or Pb2+ by both the quinone oxygen and

the deprotonated aromatic amine nitrogen atoms, as proposed

for [CuL3H-1]
+, can be ruled out based on hypsochromic shift

undergone by the ICT band for the two former complexes while

the latter gives rise to a large bathochromic shift.

NMR studies of L3 in the presence of lead(II) cations

To get a deeper insight in the inner coordination sphere of the

Pb2+/L3 species, extensive 1H, 13C–1H and 31P–1H NMR studies

were performed, including variable-temperature measurements,
1H–1H COSY and 13C–1H HMQC experiments (see ESI†). Pro-

vided the conformation is either rigid or the dynamic processes

are fast compared to the NMR time scale, the chemical shifts

and splitting patterns can be directly correlated to the structural

features of the studied complex. Unfortunately, the spectra were

often poorly resolved and thus difficult to interpretate and

moreover showed a strong sensitivity to the solvent and the

amount of the lead present in solution. Therefore, information was

gathered in three different media (CD3CN, D2O and DMSO-d6) in

order to get a clear picture of the investigated system. Considering

its complexity, only the salient features are discussed hereafter, a

full description of the spectra can be found in the ESI†.

Most valuable structural information could be extracted from

the 1H NMR spectra acquired in CD3CN, as most of the signals of

L3 remain sharp after addition of 1 and 2 equiv. of lead perchlorate

(Fig. 8). Metal binding produces pronounced spectral changes,

especially in the low field region, reflecting a stepwise coordination

of at least one and most probably two, Pb2+ ions when the metal

is in excess.

In the presence of 2 equiv. of the metal salt, the 1H NMR

spectrum reveals resolved resonances for all the protons, which

is consistent with the occurence of a rigid complex having C1

symmetry. Signal assignment relies on 1H–1H COSY and 13C–
1H HMQC experiments and on analogies with reference spectra

for related complexes (Fig. S28 and S29, ESI†).53 According to

the proton splitting patterns, the three nitrogen atoms of the

polyamine backbone together with all six oxygen atoms belonging

to the three diethoxyphosphoryl and the three amide groups are

bound to Pb2+. Moreover, a quinone oxygen atom also coordinates

one lead center as evidenced by 13C–1H NMR data (Fig. S31,

ESI†).

Under equimolar conditions and in spite of some line broaden-

ing, the four proton resonances assigned to the ethylenediamine

fragment bearing three identical substituents, as well as the signals

arising from the diastereotopic methylene protons adjacent to the

amide groups, are similar to those seen in the presence of a two-

fold lead excess (Fig. S32 and S33, ESI†). It can therefore be

safely concluded that the corresponding methylenic groups are

already involved in chelate cycles formed around the lead center by

coordination of the tertiary nitrogen and carbamoyl oxygen atoms.

However, chemical shifts and splitting patterns for several protons

are significantly different under 1 : 1 and 2 : 1 metal-over-ligand

concentration ratios. For example, the protons of each methylenic
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Fig. 8 600 MHz 1H NMR spectra of L3 at 298 K in CD3CN before (a) and after addition of 1 (b) and 2 equiv. (c) of lead perchlorate.

group belonging to the ethylenediamine fragment adjacent to the

aromatic ring are equivalent under 1 : 1 conditions and appear in

the spectrum as broad singlets, down-field shifted with respect

to the corresponding signals of L3. However, the deshielding

experienced by the methylenic protons attached to the aromatic

amine is less pronounced than that observed in the presence of

2 equiv. of the metal ion. This observation might reflect a weak

interaction between the NH group and the cation. Overall, these

data are also corroborated by UV–Vis absorption spectroscopy,

as no significant morphological changes are perceptible after

addition of the first equivalent of Pb(ClO4)2 (Fig. S27, ESI†).

Titration of L3 by lead perchlorate in D2O was monitored

at pD ~ 6 by 1H NMR spectroscopy. According to the afore-

mentioned Job’s plot data and speciation studies, the prevailing

complex formed in aqueous solution under such conditions is the

mononuclear and monoleptic [PbL3]2+ species. Most interestingly,

the equilibrium between the free ligand and the [PbL3]2+ complex

is slow on the NMR time scale at 600 MHz and room temperature,

as evidenced by the occurrence in the aromatic region of two sets

of very broad, partially coalesced signals after addition of 0.4–

0.6 equiv. of Pb(ClO4)2 (Fig. 9). At least one equivalent of metal is

required in order to observe a resolved spectrum, while further

addition of the lead salt enhances the line sharpness but has

no influence on the resonance pattern. Variable-temperature 1H

NMR spectra collected over the 5–90 ◦C temperature range for an

equimolar mixture (Fig. S36, ESI†) indicate furthermore that the

broadening observed at room temperature is also to some extent

a consequence of the flexibility of [PbL3]2+ (i.e. exchange between

free and coordinated donor groups). These data also suggest that

all amidic oxygen atoms and two over three phosphoryl groups

are coordinated to the lead ion even at 90 ◦C.

The spectrum at room temperature is obviously the most

interesting to discuss because it reflects the structure of the

complex under conditions applied in detection experiments (Fig.

S38, ESI†). At 298 K, the aromatic protons of [PbL3]2+ appear as

sharp signals, showing significant complexation-induced deshield-

ings and thus suggesting the participation of one anthraquinone

oxygen atom in the inner coordination sphere. In contrast, the

methylene hydrogen atoms from both ethylenediamine fragments

give rise to broader NMR signals, reflecting a weak coordination

of Pb2+ by the polyamine backbone nitrogen atoms. The resonance

patterns found for each of the three flexible diethoxyphosphoryl

groups differ from each other, indicating that dissociation from the

metal ion of these groups proceeds at different rates. Inequivalence

of both phosphoryl groups appended to the same tertiary amine

is remarkable as it provides proof that two arms can never be

unbound at the same time. While these two phosphoryl groups are

tightly bound to Pb2+, the dissociation of the third one is much

easier.

Thus, the inner coordination sphere of [PbL3]2+ in water is

quite similar to that prevailing in acetonitrile. Nine or ten oxygen

and nitrogen donor atoms participate in the complex formation.

However, the complex appears to be more flexible in water, as

the lead cation is distributed over different environments in slow

exchange on the NMR time scale. The looser binding of some

groups in aqueous medium is related to the higher solvating ability

Fig. 9 600 MHz 1H NMR spectra of L3 at 298 K in D2O before (a) and after addition of 0.25 (b), 0.5 (c), 1 (d), 1.5 (e) and 2 equiv. (f) of lead perchlorate.
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of water compared to acetonitrile. Unfortunately, unambiguous

evidence for the coordination of the aromatic amine could not be

obtained. This weak donor group can be easily replaced by a water

molecule in the coordination polyhedron, even though binding

should be favored by formation of a six-membered chelate ring.

Conclusions

The hydrophilic diethoxyphosphoryl group is a most useful

functionality for rational design of water-soluble chromogenic

cation sensors. Using this approach, a highly selective water-

soluble chemosensor L2 for copper(II) ions has been developed.

Moreover, the related analog L3 possessing a triamine chelating

chain can be used for the simultaneous quantitative determination

of copper(II) and lead(II) ions in aqueous solutions. However, its

specificity towards first-row transition and toxic metals should

still be improved. Detailed potentiometric and spectrophotometric

studies of the copper(II) ions complexation by L2 and L3 as well as

lead(II) and cadmium(II) ions binding by L3 demonstrated the key

role played by the copper-induced deprotonation of the aromatic

amine on the optical response of ligands L2 and L3. Taking into

account all the structural and physico-chemical data collected

herein, work is under way for optimizing the selectivity of the

colorimetric sensors towards heavy metal ions.

Experimental

General considerations

Unless otherwise noted, all chemicals and starting materials were

obtained commercially from Acros and Sigma-Aldrich Co. and

used without further purification. All reactions were performed

in oven-dried glassware under a slight positive pressure of

nitrogen. Dioxane was dried over sodium, CH3CN was distilled

over CaH2. Silica gel 60 (0.07–0.20 mm, 230–400 mesh ASTM,

Merck) and aluminium oxide 90 (Merck) was used for column

chromatography. Analytical thin-layer chromatography (TLC)

was carried out using Merck silica gel 60 plates (precoated

sheets, 0.2 mm thick, with fluorescence indicator F254). [(2-

Bromoacetylamino)methyl]phosphonic acid diethyl ester (10)37

and 2,3-dibromo-9,10-anthraquinone (2)54 were synthesized ac-

cording to literature procedures. All metal salts used were perchlo-

rates of general formula M(ClO4)n·xH2O formula. CAUTION!

Although no problems were experienced, perchlorate salts are

potentially explosive when combined with organic ligands and

should be manipulated with care and used only in very small

quantities.

Microanalyses were performed on a Fisons EA 1108 CHNS

instrument. 1H, 13C and 31P NMR spectra were recorded on a

300 MHz Avance III Nanobay, a 500 MHz Avance III or a

600 MHz Avance II spectrometer from Bruker at the “Plateforme

d’Analyse Chimique et de Synthèse Moléculaire de l’Université de

Bourgogne (PACSMUB)”. All chemical shifts are given in ppm,

referenced on the d scale using residual solvent peak as internal

standard for 1H and 13C,55 and phosphoric acid (H3PO4) for 31P

NMR. Signals for primary and secondary amine protons were

often missing in the 1H NMR spectra recorded in CDCl3. Mass

spectra were obtained in linear mode with a Bruker Vetraflex

II MALDI-TOF mass spectrometer using dithranol as matrix.

Accurate mass measurements (HRMS) were performed with

a Bruker microTOF-QTM ESI-TOF mass spectrometer. FT-IR

spectra were registered on a Vector 22 (Bruker) spectrophotometer

in transmission mode using KBr pellets. Electronic absorption

spectra were collected at a uniform data point interval of 1 nm with

a Cary 50 or a Cary 5E (Varian) spectrophotometer equipped with

a thermostated cell holder connected to a RE 106 (Lauda) water

circulator. The optical path length of the quartz cell (Hellma)

was 1 cm. With the exception of titration experiments, pH

measurements were carried out with a PHM240 ionometer from

Radiometer equipped with a semi-micro pHc3006 (Radiometer)

Ag/AgCl combined glass electrode filled with a saturated KCl

solution. Alternatively, a Red Rod pHc2401 (Radiometer) was

used in the presence of lead in order to avoid clogging of the liquid

junction by PbCl2 precipitates. The electrode was calibrated with

commercial buffers (pH = 4, 7 and 10) purchased from Acros.

Unless otherwise noted (see the Potentiometric titrations section),

meter readings are expressed as pH = –log aH3O+.

Synthesis

The synthetic procedure for the intermediate compounds and the

spectral characterization of all new compounds are given in the

ESI†.

Compound L1. A solution of compound 5 (533 mg,

2 mmol) in 8 mL CH3CN was placed in a dry round

bottomed flask. Then K2CO3 (276 mg, 4 mmol) and [(2-

bromoacetylamino)methyl]phosphonic acid diethyl ester (10)

(288 mg, 1 mmol) were added and the reaction mixture was

refluxed for 15 h. After cooling, the reaction mixture was

filtered and evaporated in vacuo. The residue was subjected to

chromatography on Al2O3 using CH2Cl2–MeOH (0–1%) as eluent.

The target compound (279 mg, 59%) was isolated as a red solid.

Compound L2. A solution of compound 5 (2.0 g, 7.5 mmol)

in 50 mL CH3CN was placed in a dry round bot-

tomed flask. Then K2CO3 (3.10 g, 22.5 mmol) and [(2-

bromoacetylamino)methyl]phosphonic acid diethyl ester (10)

(4.43 g, 15.4 mmol) were added and the reaction mixture was

refluxed for 15 h. After cooling, the reaction mixture was

filtered and evaporated in vacuo. The residue was subjected to

chromatography on Al2O3 using CH2Cl2–MeOH (0–2%) as eluent.

The target compound (3.27 g, 64%) was isolated as a red solid.

Compound L3. A solution of compound 6 (340 mg,

1.1 mmol) in 5 mL CH3CN was placed in a dry round

bottomed flask. Then K2CO3 (690 mg, 4.95 mmol) and [(2-

bromoacetylamino)methyl]phosphonic acid diethyl ester (10)

(998 mg, 3.46 mmol) were added and the reaction mixture

was refluxed for 20 h. After cooling, the reaction mixture was

filtered and evaporated in vacuo. The residue was subjected to

chromatography on Al2O3 using CH2Cl2–MeOH (0–1.5%) as

eluent. The target compound (546 mg, 53%) was isolated as a

red solid.

Compound L4-H. A solution of compound 7 (20 mg,

0.065 mmol) in 2 mL CH3CN was placed in a dry round

bottomed flask. Then K2CO3 (40 g, 0.29 mmol) and [(2-

bromoacetylamino)methyl]phosphonic acid diethyl ester 10

(60 mg, 0.208 mmol) were added and the reaction mixture
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was refluxed for 20 h. After cooling, the reaction mixture was

filtered and evaporated in vacuo. The residue was subjected to

chromatography on Al2O3 using CH2Cl2–MeOH (0–1.5%) as

eluent. The target compound (32 mg, 53%) was isolated as a yellow

solid.

Compound L4-Br. A solution of compound 8 (40 mg,

0.10 mmol) in 5 mL CH3CN was placed in a dry round

bottomed flask. Then K2CO3 (64 mg, 0.46 mmol) and [(2-

bromoacetylamino)methyl]phosphonic acid diethyl ester (10)

(94 mg, 0.33 mmol) were added and the reaction mixture was

refluxed for 15 h. After cooling, the reaction mixture was filtered

and evaporated in vacuo. The residue was subjected to chromatog-

raphy on Al2O3 using CH2Cl2–MeOH (0–1.5%) as eluent. The

target compound (57 mg, 55%) was isolated as a yellow solid.

Physical and spectroscopic measurements

Solution preparations. All solutions were prepared with

boiled and argon-saturated double-deionized high-purity water

(18.2 MX cm) obtained from a Maxima (USF Elga) cartridge

system designed for trace analysis. The 0.1 M HNO3, HCl

and carbonate-free KOH solutions were prepared from Merck

concentrates (Titrisol R©) and were standardized by titrating against

oven-dried (120 ◦C for 2 h) Tris buffer (Sigma-Aldrich, 99.9%) and

potassium hydrogen phthalate (Sigma-Aldrich, 99.99%), respec-

tively. Equivalence points were calculated by the second-derivative

method. The concentration of the standardized solutions corre-

sponded to the average of at least five replicates and was known

with a relative precision better than 0.15%. They were stored under

purified argon using Ascarite II (Acros, 20–30 mesh) scrubbers

in order to prevent absorption of carbon dioxide. Metal-ion

solutions were prepared at about 0.033 M from the corresponding

nitrate salts and were standardized by complexometric titration

against 0.1000 M Na2H2EDTA (Titriplex III R©) according to

established procedures.56 Ligand stock solutions were prepared by

careful weighing with a Precisa 262SMA-FR balance (precision: ±

0.01 mg).

Potentiometric titrations. Equilibrium constants for ligand

protonation and for the complexation reactions were determined

by acid–base titrations in aqueous 0.1 M KNO3 or 0.1 M KCl

solutions kept at a constant temperature of 298.2(2) K. The equip-

ment and detailed procedure have been described elsewhere.45,57

Magnetically stirred solutions were maintained under a low-

pressure argon stream to exclude CO2 from the headspace. Titrant

aliquots were delivered through a polypropylene line from a

calibrated automatic ABU901 (Radiometer) 10-mL piston buret.

Volumes were corrected according to a linear calibration function

obtained by weighing known quantities of water and by taking

into account the buoyancy effect. Potentials were recorded at ±

0.1 mV resolution with a glass-bulb (XG100, Radiometer) and

a calomel (XR110, Radiometer) electrodes connected to a PHM

240 ionometer (Radiometer). The reference half-cell was separated

from the test solution by a sintered-glass salt bridge filled with

0.1 M KNO3 or 0.1 M KCl. Both instruments were controlled by

the HRT Acid–Base Titration software written by Mustin.58

Prior to each experiment, the glass electrode was calibrated

as a hydronium ion concentration probe (p[H] = –log[H3O
+]) by

titrating known amounts of 0.1 M HNO3 or 0.1 M HCl with 0.1 M

CO2-free KOH. Calibration data (1.8 £ p[H] £ 11.9) were processed

according to the four-parameter extended Nernst equation [eqn

(3)], which takes into account the standard potential (E0), the

Nernst slope (S) and the correction terms accounting for the

changes in liquid junction potential in the acidic (Ja) and alkaline

(Jb) region.59 In addition, the base-concentration factor (g ) was

also allowed to refine, whereas the ionic product of water was fixed

(Kw = 10-13.78 M2 in 0.1 M KNO3 at 298.15 K).60,61

Emes = E0 + S log [H+] + Ja[H
+] + JbKw[H+]-1 (3)

In a typical experiment, ca. 0.1 mmol of ligand was dissolved in

25 mL of supporting electrolyte solution acidified with 0.1 M

HNO3 or 0.1 M HCl to reach an initial p[H] of 1.8–2. The

metal solution was introduced afterwards in order to reach a

metal : ligand concentration ratio equal or slightly lower than 1 to

avoid the formation of metal hydroxide precipitates. The reaction

mixture was then allowed to equilibrate for several minutes by

monitoring the time dependence of the potential before starting

the incremental addition of base. Stable readings were obtained

when the fluctuation did not exceed 0.1 mV within a series of

Nps = 100 replicate measurements taken at a sampling rate of 0.8

point per second (Nps was set to 25 for electrode calibration and 50

for protonation constant measurements).58 This stability criterion

was reached after a few minutes following the injection of titrant.

Moreover, the thermodynamic reversibility was checked by cycling

the titrations from low to high p[H] and vice versa.

The various models used to fit the potentiometric data were re-

fined by the weighted nonlinear least-squares program Hyperquad

2006.38 The weights were derived from the estimated errors in p[H]

(s p[H] = 0.003) and delivered volume (sV = 0.005 mL). In the final

refinement step, the total amount of acid was also allowed to vary.

Treated as fixed parameters, the stability constants and solubility

products for the hydrolyzed metal ion species at I = 0.1 M KNO3

were estimated according to the specific ion interaction theory

(SIT) and the critical thermodynamic parameters compiled by

IUPAC for copper(II)62 and lead(II),63 or by Baes and Mesmer for

cadmium(II).64 The goodness of fit was assessed through the scaled

standard deviation of the residuals (s), which has an expectation

value of unity in the absence of systematic errors assuming a

correct weighting scheme. Data sets and models were accepted

when s was lower than 2. The final accepted values are reported

as the average of at least three independent titrations together with

the corresponding standard deviation indicated in parentheses as

the last significant digit.

Spectrophotometric titrations. Visible absorption spectra were

recorded in situ as a function of p[H] with a Cary 50 Probe

(Varian) spectrophotometer equipped with an immersion probe

of 1 cm path length made of SUPRASIL R© 300 (Hellma, refer-

ence 661.202). The same titration cell and electrode calibration

procedure as described above were used. Aliquots of base were

added manually with the help of a Gilmont micropipette (2 mL

resolution) to ca. 10-4 M ligand or complex solutions. Enough

time was allowed after the addition of each base increment in order

to reach the equilibrium. The potential-drift criterion was set at

dE/dt < 0.1 mV min-1. The collection of absorption spectra was

repeated with 2 min delays between two consecutive measurements

until identical spectra were obtained. The entire multiwavelength

data sets comprising at least 50 spectra were decomposed into
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their principal components by factor analysis before adjusting

the equilibrium constants and extinction coefficients by nonlinear

least-squares analysis with the Specfit program.41,42 When pro-

cessing metal/ligand titrations, the extinction coefficients for the

unprotonated ligand had to be fixed to the average values found for

the ligand alone titrations in order to reach convergence. Compar-

ison of the experimental and calculated spectrum corresponding

to LH+ was used as a criterion for evaluating the refinement

consistency and accuracy of the model. Distribution diagrams

were computed with the Hyss program.65

NMR titrations. Solid samples of L2 or L5 were dissolved in a

H2O–D2O mixture (9 : 1 v/v) containing 0.1 M KNO3 and a few

drops of acetonitrile used as an internal standard (dH = 2.06 ppm,

dC = 1.47 and 119.68 ppm).55 The ~0.01 M resulting solutions

were titrated by adding small amounts of aqueous HNO3 or

KOH with a Gilmont micropipette. After each titrant addition,

a ca. 0.5 mL aliquot was taken from the titration vessel and

transferred to a 5 mm NMR tube. The same measuring cell,

electrodes and calibration procedure as described above were

used. The apparent p[H]* values were taken as measured and

were not corrected for isotopic effects, considering the large excess

of water. 1H and 13C NMR spectra were recorded at 298 K on

a 500 MHz Bruker Avance III spectrometer after applying the

WATERSUP presaturation sequence in order to suppress the

water signal. Chemical shifts were referenced to the acetonitrile

peak. Protonation constants were refined by nonlinear least-

squares analysis using the Solver routine implemented in Excel

(Microsoft) according to eqn (4), where dL and dLH stand for the

intrinsic chemical shift of a given resonance in the free-base and

protonated forms, respectively.

d
d d

obs
L LH

[H ] 

[H ]
=

+

+

+

+

K

K

011

011
1

(4)
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Abstract 

#$%! &''(%&)*+,! -%! -*+! ,./-*+,0,! %1! '%2.&3&4&)(%).)2+,! )%/-&0/0/5! -$%! 60'*+/.2! &/7! -$%!

'%2.&40/+! 4%0+-0+,! &(+! 7+,)(06+78! #*+! 10(,-! (%9-+! )%4'(0,+,! -*+! ,./-*+,0,! %1! N:N';

60,<6(%4%60'*+/.2=!,96,-0-9-+7!70;!&/7!'%2.;&40/+,!6.!-*+!(+&)-0%/,!%1!>8>;?!+@90A&2+/-,!%1!B:B';!

%(!?:?';706(%4%60'*+/.2,!$0-*!)%((+,'%/70/5!70;!&/7!'%2.&40/+,!1%22%$+7!6.!-*+!(+&)-0%/!$0-*!&!

,+)%/7!4%2+)92+! %1! -*+! &40/+8! #*+! ,+)%/7! &''(%&)*! 0/)297+,! -*+! ,./-*+,0,! %1! 60,<'%2.&40/+=!

,96,-0-9-+7!60'*+/.2,!6.!-*+!(+&)-0%/,!%1!B:B';!%(!?:?';706(%4%60'*+/.2,!$0-*!1%9(!+@90A&2+/-,!%1!

70;! &/7! '%2.;&40/+,! $0-*! ,96,+@9+/-! (+&)-0%/! %1! -*+,+! in situ! '(+'&(+7! 0/-+(4+70&-+,! $0-*!

706(%4%60'*+/.2,8! #*+! .0+27,! %1! -&(5+-! 4&)(%).)2+,! %6-&0/+7! &))%(70/5! -%! -$%! (%9-+,! &(+!

)%4'&(+7! &/7! -*+! &7A&/-&5+! %1! -*+! &''(%&)*! via! 60,<'%2.&40/+=! ,96,-0-9-+7! 60'*+/.2,! 0/! -*+!

4&C%(0-.!%1!)&,+,!0,!+,-&620,*+78!D07+!'(%79)-,:!$*+/!1%(4+7!0/!&22!(+&)-0%/,:!$+(+!&/&2.3+78!!

!

Keywords:!E40/&-0%/:!4&)(%).)2+,:!F7!)&-&2.,0,:!'%2.&40/+,:!706(%4%60'*+/.2,!

!
!

!

Introduction 

!

G&)(%).)2+,! )%/-&0/0/5! 60'*+/.2! 9/0-,! &(+! %1! )%/,-&/-! 0/-+(+,-! 79+! -%! -*+0(! 0/-+(+,-0/5!

)%%(70/&-0%/!'%,,06020-0+,!$*0)*!&(0,+!1(%4!-*+!)%460/&-0%/!%1!12+H062+!&/7!-9/&62+!'%2.%H&;!&/7!

'%2.&3&;).)2+,!$0-*!&!(0507!/%/;'2&/&(!&(.2!4%0+-.8!G&/.!).)20)!'%2.+-*+(,!$+(+!1%(4+7!,-&(-0/5!

1(%4!>:>';70*.7(%H.60'*+/.2I
J;?
!-*+0(!)%%(70/&-0%/!$0-*!%(5&/0)!)&-0%/,!20K+!tert;69-.2&44%/094!

$&,!,-970+7:
>
!&,!$+22!&,!-*+!-(&/,'%(-!%1!L0:!M&:!N!)&-0%/,

B:O
!&/7!%1!P5<QR?=>

S:T
!-*(%95*!&!20@907!

4+46(&/+8! U/! ,9)*! 4&)(%).)2+,! %/+! %(! -$%! '%2.%H&+-*.2+/+! )*&0/,! $+(+! &--&)*+7! -%! %/+!

60'*+/.2! 9/0-8! G%2+)92&(! ,-(9)-9(+,! %1! A&(0%9,! >:>';60'*+/.2;6&,+7! )(%$/! +-*+(,! &/7! -*+0(!
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)%%(70/&-0%/! $0-*! &/0%/,! *&A+! 6++/! ,-970+78
V:W
! F%2.%H&70&40/%4&)(%).)2+,! $+(+! &2,%!

,./-*+,03+7! %/! -*+! 6&,0,! %1! >:>';70,96,-0-9-+7! 60'*+/.2! &/7! -*+0(! )%%(70/&-0%/! $0-*! '(04&(.!

&2K.2&44%/094!,&2-,:!0/)2970/5!)*0(&2!)%4'%9/7,:!$&,!0/A+,-05&-+78
JX
!F%2.&3&4&)(%).)2+,!$0-*!

?:! B! &/7! V! /0-(%5+/! &-%4,! $+(+! ,-970+7! 1%(! 60/70/5! Q9
>Y
:! Z/

>Y
! &/7! [F7Q2B\

>;
! 0%/,8

JJ
!

G&)(%60).)2+,!%1!)(.'-&/7!-.'+!$0-*!M!&/7!D!&-%4,!*&A+!6++/!,*%$/!-%!1%(4!)%4'2+H+,!$0-*!

Q9<U=! &/7!E5<U=8
J>
!]0'*+/.2;)%/-&0/0/5!4&)(%2&)-&4,!*&A+!6++/! -+,-+7! &,! )%2%(04+-(0)! ,+/,%(,!

1%(!/0-(%'*+/%2&-+!&/0%/,:
J?
!&/7!129%(+,)+/-!&/7!+2+)-(%)*+40)&2!,+/,%(,!$+(+!+2&6%(&-+7!%/!-*+!

6&,0,!%1! -*+!4&)(%).)2+,!)%/-&0/0/5!>:>';60'*+/.2,!,96,-0-9-+7!$0-*!&40/%!5%9',! 0/!'%,0-0%/,!B!

&/7! B'8
JB
! ^+)+/-2.! 4%(+! ,%'*0,-0)&-+7! 4&)(%).)2+,! 20K+! '+'-07+;60'*+/.2! *.6(07

JO
! &/7!

*+40,'*+(&/7! 4&)(%).)2+
JS
! $0-*! 60;! &/7! @9&-+('*+/.2! 4%0+-+,! *&A+! 6++/! (+'%(-+78! Q.)20)!

-(0&407+,
JT
! &,!$+22! &,! ).)20)! D)*011! 6&,+,! <-(0&/52040/+,=

JV:JW
! &(+! K/%$/:! 9,9&22.! )%4'(0,+7! %1!

-*(++! ?:?';! %(! B:B';70,96,-0-9-+7! 60'*+/.2,8! E4%/5! -*+4! -*+! 4%,-! 0/-+(+,-0/5! &(+! )*0(&2! /%/;

(&)+40)! 4%2+)92+,! $0-*! J:>;70&40/%).)2%*+H&/+! &/7! B:B';! &/7! ?:B';60'*+/.2! 1(&54+/-,8
>X
!

E-(%'%0,%4+(0)! 60'*%,'*0/+! 205&/7,! $+(+! ,./-*+,03+7! 6.! 19/)-0%/&2030/5! 4&)(%).)2+,!

)%/,-(9)-+7! %/! -*+! 6&,0,! %1! ?:?';60'*+/.2,:! &/7! -+,-+7! 0/! -*+! &,.44+-(0)! *.7(%5+/&-0%/! %1!

&2K+/+,8
>J
! ;_2+)-(%/! 7%/%(

>>
! &/7! &))+'-%(

>?
! 4&)(%).)20)! ,.,-+4,! $0-*! B:B';60'*+/.2,! $+(+!

(+'%(-+7:! -*+! 10(,-! 6+0/5! -+,-+7! &,! *%,-,! 1%(! 19,+7! &(%4&-0)! ,.,-+4,8! #*+(+! &(+! ,%4+! 9/9,9&2!

4&)(%).)2+,!$0-*! 2%/5! (0507!9/0-,!$*0)*!)%460/+! -$%!B:B';60'*+/.2! 1(&54+/-,!$0-*! 1%9(! -(0'2+!

6%/7,!20/K+7!-*(%95*!,9219(!&-%4,!$*0)*!'%,,+,,!0/-+(+,-0/5!+2+)-(%/0)!'(%'+(-0+,8
>B
!#*+!4&C%(0-.!

%1! K/%$/! 4&)(%).)2+,! 6&,+7! %/! 60'*+/.2,! $+(+! ,./-*+,03+7! 9,0/5! /%/;)&-&2.-0)! &''(%&)*+,!

$*0)*!&(+!%1-+/!492-0,-+'!'(%)+79(+,:!*%$+A+(:!0/!,%4+!)&,+,!%/+;,-+'!1%(4&-0%/!%1!4&)(%).)2+,!

)&/! 6+! &)*0+A+7:! +858! 1%(! -*+! ,./-*+,0,! %1! &(%4&-0)! -+-(&,921%/&-+! >:>';60'*+/.2;6&,+7!

4&)(%).)2+,8
>O
!U/!,%4+!&''(%&)*+,!60'*+/.2!1(&54+/-!$&,!6902-!9,0/5!F7;)&-&2.3+7!)%9'20/5!%1!

-$%!6+/3+/+!4%0+-0+,!&-!-*+!,-+'!%1!4&)(%).)203&-0%/:!&,!0-!$&,!0/!-*+!)&,+!%1!-*+!)%4'%9/7!$0-*!

70&3&)(%$/:!70'+'-07+!&/7!60'*+/.2!1(&54+/-,8
>S
!F&22&7094!)&-&2.,0,!$&,!&2,%!+4'2%.+7!1%(!-*+!

,./-*+,0,!%1!&/!9/9,9&2!4&)(%60).)2+!$*+(+!&/%4&2%9,2.!6+/-!B:B';60'*+/.2!0,!0/)%('%(&-+7!0/-%!

)&20H[B\&407+8
>T
!E/%-*+(!+H&4'2+!%1!-*+!&''20)&-0%/!%1!-*+!)&-&2.-0)!4+-*%7!1%(!-*+!,./-*+,0,!%1!

60'*+/.2;6&,+7!4&)(%).)2+,! 0,!30()%/%)+/+;4+70&-+7!4&)(%).)203&-0%/!$*0)*!&11%(7+7!,-(&0/+7!

).)2%'*&/+,! $0-*! -$%! B:B';60'*+/.2,8
>V
! U-! $&,! 4+/-0%/+7! -*&-! 60'*+/.2,! $+(+! 0/)%('%(&-+7! 0/!

,%4+! 60%2%50)&22.! &)-0A+!4&)(%).)2+,:! +858! -(0).)20)! 529)%'+'-07+,! %1! A&/)%4.)0/! 5(%9'8
>W
!E22!

-*+,+! 7&-&! +/A0,&5+! 60'*+/.2;6&,+7! 4&)(%).)2+,! &,! A&29&62+! )%4'%9/7,! $0-*! /94+(%9,!

&''20)&-0%/,8!!

^+)+/-2.! $+! *&A+! ,*%$/! -*+! '%,,06020-.! -%! ,./-*+,03+! +&(20+(! 9/K/%$/! 1&402.! %1!

'%2.&3&4&)(%).)2+,!$0-*! Q<,'
>
;M=! 6%/7,! 6.! -*+! F7;)&-&2.3+7! &40/&-0%/! (+&)-0%/! %1! B:B';! &/7!

?:?';706(%4%60'*+/.2,! $0-*! 70;! &/7! '%2.&40/+,8
?X:?J
! G&)(%).)2+,! 6&,+7! %/! ?:?';70,96,-0-9-+7!

60'*+/.2!$+(+!%6-&0/+7! 0/! (&-*+(!*05*!.0+27,!9'! -%!BX`:!$*+(+&,!4&)(%).)2+,!)%/-&0/0/5!B:B';

70,96,-0-9-+7! 60'*+/.2! $+(+! 1%(4+7! %/2.! $0-*! -*+! 2%/5+,-! 70&40/+,! &/7! 0/! -0/.! .0+27,! /%-!

+H)++70/5! JX`! 79+! -%! 5+%4+-(0)&2! 1&)-%(,8! U/! &22! )&,+,! -*+! 1%(4&-0%/! %1! ).)20)! 704+(,! &/7!

%205%4+(,!$&,!/%-+7:! &/7! 0/!4&/.! (+&)-0%/,! -*+,+! )%4'%9/7,!$+(+! 0,%2&-+7! 0/!'9(+! ,-&-+8!a+!

7+)07+7! -%! (+A+&2! -*+! (+&)-0%/! '&-*,! &))%(70/5! -%! $*0)*! -*+,+! ,.44+-(0)&2! 4&)(%).)2+,!

 Page 100 ARKAT USA, Inc. 



Issue in Honor of Prof. Usein M. Dzhemilev  ARKIVOC 2011 (viii) 99-122!

)%/-&0/0/5! -$%!60'*+/.2!&/7! -$%!'%2.&40/+!9/0-,! <).)20)!704+(,=!4&.!6+! 1%(4+7:! -%!+2&6%(&-+!

'&(-0)92&(!4+-*%7,!1%(!-*+0(!,./-*+,0,!6+)&9,+!-*+,+!4%2+)92+,!&(+!%1!-*+!9-4%,-!0/-+(+,-!79+!-%!

-*+0(!A+(,&-02+!)%%(70/&-0%/!'(%'+(-0+,:!-%!10/7!%9-!,)%'+!&/7!2040-&-0%/,!%1!-+,-+7!&''(%&)*+,!&/7!

-*+0(!7+'+/7+/)+!%/!-*+!/&-9(+!%1!,-&(-0/5!)%4'%9/7,8!!

!

!

Results and Discussion 

!

E-! 10(,-! -*+! ,./-*+,0,! %1! ).)2%704+(,! via! 0/-+(4+70&-+! N:N';60,<6(%4%60'*+/.2=! ,96,-0-9-+7!

'%2.&40/+,!$&,! ,-970+78! R%(! -*+! 10(,-! +H'+(04+/-,!$0-*! B:B';706(%4%60'*+/.2!1!$+! )*%,+! J:?;

'(%'&/+70&40/+!2a,!70%H&70&40/+!2b:!-(0%H&70&40/+!2cb!&/7!-+-(&&40/+!2d!&,!4%7+2!'%2.&40/+,8!

#*+!(+&)-0%/,!$+(+!(9/!$0-*!>8>!+@90A&2+/-,!%1!)%4'%9/7!1!0/!6%020/5!70%H&/+!&-!)!c!X8J!G:!&/7!

$+(+!)&-&2.3+7!$0-*!B!4%2`!F7<76&=>d]UMEF!<D)*+4+!J=8!]UMEF!$&,!-&K+/!&,!&!205&/7!6+)&9,+! 

!

P>M e MP>

2a-d

F7<76&=>d]UMEF

BdB8O 4%2`
](

](

1

>8> +@90A8

PM e MP

]( ](

3a: >O`

3b: JV`

3c: ?B`

3d: >>`

PM e M
P

M
P

e MP
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P
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!
Scheme 1 

!

0-!$&,!1%9/7!-%!6+!-*+!4%,-!A+(,&-02+!1%(!-*+!F7;4+70&-+7!&40/&-0%/!%1!&(.2!*&207+,!0/!5+/+(&2:
?>
!

&/7!-*+!6+,-!205&/7!1%(!-*+!70&(.2&-0%/!%1!20/+&(!'%2.&40/+,!0/!'&(-0)92&(8
??
!U/!JX!*!-*+!70&(.2&-0%/!

$&,! )%4'2+-+7! &/7! -*+! (+&)-0%/! 40H-9(+,! $+(+! +A&'%(&-+7! &/7! ,96C+)-+7! -%! )%294/!

)*(%4&-%5(&'*.!%/!,020)&!5+28!#*+!.0+27,!%1! -*+! -&(5+-!)%4'%9/7,!3a-d! &1-+(!'9(010)&-0%/!$+(+!

/%-! *05*! 79+! -%! -*+! 1%(4&-0%/! %1! 20/+&(! %205%4+(,! 20K+! 4:! $*0)*! $+(+! 1%(4+7! 79+! -%! -*+!

70&40/&-0%/!%1!%/+!60'*+/.2!1(&54+/-!0/!)%4'%9/7,!38!P%$+A+(:!0-!$&,!04'%,,062+!-%!0/)(+&,+!

-*+!.0+27,!%1!-*+!7+,0(+7!70&(.2&-+7!'%2.&40/+,!3!+0-*+(!6.!7+)(+&,0/5!-*+!)&-&2.,-!2%&70/5!%(!6.!
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-*+!&''20)&-0%/!%1!&!5(+&-+(!+H)+,,!%1!1f!0/!-*+!10(,-!)&,+!-*+!70&(.2&-0%/!'(%)+,,!$%927!/%-!)%4+!

-%! )%4'2+-0%/:! 0/! -*+! ,+)%/7! )&,+! -*+!M:M;70&(.2&-0%/! '(%)+,,!$%927! -&K+! '2&)+! 50A0/5! (0,+! -%!

-(0&(.2&-+7! ,'+)0+,8!Q%4'%9/7!3b!$&,! %6-&0/+7! 0/! '9(+! ,-&-+! 6.!$&,*0/5! -*+! (+&)-0%/!40H-9(+!

$0-*!,4&22!&4%9/-,!%1!70)*2%(%4+-*&/+!6+)&9,+!0-,!,%296020-.!$&,!1%9/7!-%!6+!9/9,9&22.!2%$8!U/!

%/+! )&,+:! $0-*! -+-(&&40/+! 3d:! -*+! 70&(.2&-0%/! '(%)+,,! $&,! /%-! )%4'2+-+7:! &/7! 4%/%&(.2&-+7!

7+(0A&-0A+!5d!$&,!%6-&0/+7!0/!?>`!.0+278!

#*+! 1%(4&-0%/! %1! -*+! 4&)(%).)2+,! 6a-d! $&,! &))%4'20,*+7! 6.! -*+! (+&)-0%/,! %1! N:N';

60,<6(%4%60'*+/.2=!'%2.&40/+,!3a-d!$0-*!%/+!+@90A&2+/-!%1!)%((+,'%/70/5!70;!&/7!'%2.&40/+,!

2a-d:!$*0)*!$+(+!)&-&2.3+7!6.!V!4%2`!F7<76&=>d]UMEF!<D)*+4+!>=8! U/! -*+,+!'(%)+,,+,!4%(+!

7029-+! ,%29-0%/,! $+(+! +4'2%.+7! <)! c! X8X>! G=! -%! ,9''(+,,! -*+! 1%(4&-0%/! %1! 20/+&(! &/7! ).)20)!

%205%4+(,8! #*+! (+&)-0%/,! (&/! -%! )%4'2+-0%/! &1-+(! ?X;BX! *! %1! (+129H8! G&)(%).)2+,! $0-*!

-(0%H&70&40/+!&/7!-+-(&&40/+!)*&0/,!6c,d!$+(+!0,%2&-+7!0/!>X!&/7!>?`!.0+27,:!(+,'+)-0A+2.:!$*02+!

-*+! .0+27! %1! -*+! 4&)(%).)2+! $0-*! 70%H&70&40/+! 9/0-! $&,! ,4&22! <W`=:! &/7! -*+! ,*%(-+,-! J:?;

'(%'&/+70&40/+!2a!5&A+!&!40H-9(+!%1! -*+!).)20)!704+(!6a!$0-*!).)2%-+-(&4+(!7a! </cB=! 0/! -%-&2!

S`! .0+278! U/! -*+! (+&)-0%/! %1! )%4'%9/7! 4c! $0-*! -(0%H&70&40/+! 2c! -*+! 1%(4&-0%/! %1! ).)20)!

%205%4+(,! $&,! &2,%! /%-+7:! &/7! -*+! 40H-9(+! %1! 6c! $0-*! 7c! </cB:! S=! $&,! 0,%2&-+7! 6.! )%294/!

)*(%4&-%5(&'*.!&,!&!,+'&(&-+!1(&)-0%/8!U/!-*0,!(+&)-0%/!-*+!'(%79)-!%1!-*+!6(%40/+!(+79)-0%/!8c!

$&,!%6-&0/+7!0/!JS`!.0+27:!-*%95*!-*+!(+79)-0%/!'(%)+,,+,!&(+!/%-!)%44%/!0/!-*+!F7;)&-&2.3+7!

&40/&-0%/!$0-*!70;!&/7!'%2.&40/+,8!a+!&2,%!-(0+7!-%!&))%4'20,*!-*+!,./-*+,0,!%1!).)2%704+(,!via!

&!%/+;,-+'!'(%)+79(+!$0-*%9-!0,%2&-0%/!%1!-*+!0/-+(4+70&-+!70&(.2!7+(0A&-0A+,!38!

!

!
!

Scheme 2 
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R%(! -*0,! '9('%,+! >8O! +@90A&2+/-,! %1! B:B';706(%4%60'*+/.2! $+(+! (+&)-+7! $0-*! -(0%H&70&40/+! 2c!

9,0/5!B!4%2`!)&-&2.,-!&-!)!c!X8J!G8!E1-+(!JX!*!-*+!(+&)-0%/!40H-9(+!$&,!7029-+7!-%!5+-!X8X>!G!

,%29-0%/:!&770-0%/&2!&4%9/-!%1!-*+!)&-&2.,-!<V!4%2`=!&/7!%/+!+@90A&2+/-!%1!-(0%H&70&40/+!2c!$+(+!

&77+7:!&/7!-*+!(+&)-0%/!$&,!(+129H+7!1%(!?O!*8!#*+!)*(%4&-%5(&'*.!5&A+!>V`!%1!-*+!(+79)-0%/!

'(%79)-!8c:!%/2.!O`!%1!'9(+!).)20)!704+(!6c:!&/7!&!,+'&(&-+!1(&)-0%/!)%/-&0/0/5!).)2%704+(!6c!

$0-*!).)20)!-(04+(!7c!</c?=!<W`!.0+27=8!#*0,!9/,&-0,1&)-%(.!(+,92-!7+4%/,-(&-+,!-*+!70110)92-0+,!0/!

-*+!,+'&(&-0%/!%1!).)20)!%205%4+(,!&/7!-*9,!-*+!'(+,,9(+!-%!7040/0,*!-*+0(!&4%9/-!&/7!70A+(,0-.:!

$*0)*! )&/! 6+! 7%/+! %/2.! 9,0/5! '9(+! N:N';60,<B;60'*+/.2=! 7+(0A&-0A+,! %1! '%2.&40/+,! 1%(! -*+!

,./-*+,0,!%1!).)20)!704+(,8!!

a*02+! 4&)(%).)2+,! 6&,+7! %/! B:B';60'*+/.2,! &(+! $+22! 7%)94+/-+7! 0/! -*+! 20-+(&-9(+:!

4&)(%).)2+,! 0/)%('%(&-0/5! ?:?';60'*+/.2,! &(+! @90-+! (&(+! +H&4'2+,:! &/7! -*0,! 1&)-! 4&K+,! -*+!

,./-*+,0,!%1!).)20)!704+(,!$0-*!-$%!?:?';60'*+/.2!4%0+-0+,!&/!04'%(-&/-!-&,K8!E-!10(,-!$+!-(0+7!&!

%/+;,-+'! &''(%&)*! 7+,)(06+7! &6%A+! $0-*%9-! 0,%2&-0%/! %1! -*+! 0/-+(4+70&-+! M:M';70&(.2&-+7!

7+(0A&-0A+,!%1!'%2.&40/+,!<D)*+4+!?=8!!

!

!

Scheme 3 

!

M:M';70&(.2&-0%/! %1! '%2.&40/+,! 2a,b,d! $&,! &)*0+A+7! 9,0/5! >8O! +@90A&2+/-,! %1! ?:?';

706(%4%60'*+/.2!9:!B!4%2`!)&-&2.,-:!&/7!X8J!G!,%29-0%/,!%1!'%2.&40/+,!0/!70%H&/+8!E1-+(!JX!*!

%1! (+129H! -*+! (+&)-0%/! 40H-9(+,! $+(+! &/&2.3+7! 6.!
J
P! MG^! -%! A+(01.! -*+! 1%(4&-0%/! %1! 70&(.2!

7+(0A&-0A+,!10:! -*+.!$+(+!7029-+7!-%!4&K+!X8X>!G!,%29-0%/,!&/7!/+$!'%(-0%/,!%1!-*+!)&-&2.,-!<V!

4%2`=! $+(+! &77+78! #*+! &770-0%/&2! (+129H! 1%(! ?O;BX! *! $&,! /+)+,,&(.! -%! )%4'2+-+! -*+!

0/-(&4%2+)92&(!70&40/&-0%/:!&/7!&1-+(!0-!-*+!(+&)-0%/!40H-9(+,!$+(+!,96C+)-+7!-%!)*(%4&-%5(&'*.!

%/!,020)&!5+28!#*+!(+,92-!$&,!4%7+(&-+!%/2.!1%(!-+-(&&40/+!7+(0A&-0A+!11d!<JW`=:!$*02+!0/!%-*+(!
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)&,+,!'9(+!).)2%704+(,!11a,b!$+(+!%6-&0/+7!0/!2%$!.0+27,8!Q.)20)!%205%4+(,!13!$+(+!0,%2&-+7!0/!

&22!(+&)-0%/,:!&/7!0/!-*+!)&,+!%1!70%H&70&40/+!2b!&/7!-+-(&&40/+!2d!&2,%!4&)(%).)2+,!12b,d!$+(+!

%6-&0/+7!0/!)%4'&(&62+!.0+27,!<JX!&/7!JV`:!(+,'+)-0A+2.=8!#*+!(+&)-0%/!%1!+@904%2&(!&4%9/-,!%1!

J:?;70&40/%'(%'&/+!2a!$0-*! ?:?';706(%4%60'*+/.2!9! 7+,)(06+7! 6.! 9,! '(+A0%9,2.! &11%(7+7! >B`!

.0+27!%1!-*+!).)20)!704+(!11a8
?J
!#*9,!0-!0,!)2+&(!-*&-!-*+!&''(%&)*!via in situ!%6-&0/+7!N:N';60,<?;

6(%4%60'*+/.2=70&40/+!0,!/%-!,90-&62+!1%(!-*0,!)%4'%9/78!

M+H-! $+! 0/A+,-05&-+7! -*+! '%,,06020-0+,! %1! -*0,! 4+-*%7! $0-*! )*(%4&-%5(&'*0)! 0,%2&-0%/! %1!

)%4'%9/7,!10I!-*0,!$&,!-*%95*-!&2,%!-%!(+A+&2!-*+!1%(4&-0%/!%1!6.;'(%79)-,!<D)*+4+!B=8!!

!

!
!

Scheme 4 

!

E))%(70/5! -%! &! 50A+/! )%/,07+(&-0%/:! 70&40/+! 2a! $&,! +H)297+7! 1(%4! -*0,! ,+(0+,! %1!

+H'+(04+/-,8!#*+!(+&)-0%/,!$+(+!(9/!9,0/5!>8>!+@90A&2+/-,!%1!9:!&/7!&-!10(,-!-*+.!$+(+!)&-&2.3+7!

6.!B!4%2`!F7<76&=>d]UMEF8!#*+! (+&)-0%/,!%1! -(0%H&70&40/+!2c! &/7! -+-(&&40/+!2d!5&A+! -&(5+-!
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'(%79)-,!10c,d! 0/!>J!&/7!>S`!.0+27,:!4&)(%).)2+,!12c,d!&,!$+22!&,!20/+&(!%205%4+(,!14c,d!&/7!

15d!$+(+!&2,%!%6-&0/+78!U/!-*+!)&,+!%1!-+-(&&40/+!2d!-*+!&''20)&-0%/!%1!?!+@90A&2+/-,!%1!9!&22%$+7!

-%!0/)(+&,+!-*+!.0+27!%1!10d! -%!?B`8!P%$+A+(:!1%(!70%H&70&40/+!2b! 0-!$&,!1%9/7!04'%,,062+!-%!

0,%2&-+!-*+!-&(5+-!)%4'%9/7!10b!0/!'9(+!,-&-+!6+)&9,+!0-!)%/-&0/+7!&740H-9(+,!h!'(%79)-,!%1!M:M;

70&(.2&-0%/!&/7!70&40/&-0%/!(+&)-0%/,8!#*+!&''20)&-0%/!%1! 2+,,!&4%9/-!%1! -*+!)&-&2.,-! <>!4%2`=!

707! /%-! 04'(%A+! -*+! ,0-9&-0%/8! #*+! )*&/5+! %1! ]UMEF! 205&/7! 1%(! &! 2+,,! &)-0A+! e&/-*'*%,!

,9''(+,,+7!-*+!9/7+,0(&62+!(+&)-0%/,!69-!-*+!,-&/7&(7!)&-&2.,-!2%&70/5!<B!4%2`=!-%5+-*+(!$0-*!-*+!

,-&/7&(7! (+&)-0%/! -04+! <JX! *=! 2+7!4&0/2.! -%!4%/%&(.2! 7+(0A&-0A+! %1! 70%H&70&40/+8! #*+! 9,+! %1!

4%(+!)&-&2.,-!<V!4%2`=!$&,!9/,9))+,,192!6+)&9,+!0-!'(%4%-+7!M:M;70&(.2&-0%/!'(%)+,,:!69-!-*+!

+4'2%.4+/-!%1!?!+@90A&2+/-,!%1!9!&/7!'(%2%/5+7!(+129H!<BO!*=!$0-*!B!4%2`!F7<76&=>de&/-*'*%,!

(+,92-+7!0/!>T`!.0+27!%1!'9(+!'(%79)-!10b8!a+!-+,-+7!-*+!,&4+!)%/70-0%/,!$0-*!-(0%H&70&40/+!2c!

&/7!0/)(+&,+7!-*+!.0+27!%1!10c!-%!?O`8!!

#*+! ).)203&-0%/! (+&)-0%/,! %1! 70&(.2! 7+(0A&-0A+,! 10b-d! $+(+! &))%4'20,*+7! 9/7+(! ,-&/7&(7!

)%/70-0%/,! <D)*+4+! O=! &/7! -*+0(! (+,92-,! $+(+! ,0402&(f! -*+! .0+27,! %1! -&(5+-! 4&)(%).)2+,! 12b-d!

(&/5+7!1(%4!>O!-%!?X`:!).)20)!%205%4+(,!<).)2%-+-(&4+(,!&/7!).)2%*+H&4+(,=!$+(+!%6-&0/+7!&,!

,07+!'(%79)-,! 0/!)%4'&(&62+!.0+27,8! U/! -*+!)&,+!%1! -*+! (+&)-0%/!%1!10b!$0-*!2b! ).)2%%205%4+(,!

13b! </c?:!O=!$+(+!1922.!,+'&(&-+7!1(%4!-*+! -&(5+-!).)2%704+(!11b:!$*02+! 0/!%-*+(! (+&)-0%/,! -*+!

1(&)-0%/,!)%/-&0/0/5!).)2%%205%4+(,!13c,d!)%/-&0/+7!&2,%!).)2%704+(,!11c,d!$*&-!-%!,%4+!+H-+/-!

7040/0,*+7! -*+! .0+27,! %1! -*+! -&(5+-!4&)(%).)2+,;).)2%704+(,8! #*0,!4&)(%).)203&-0%/!$&,!4%(+!

,9))+,,192! -*&/! -*&-!$0-*!N:N';60,<B;6(%4%60'*+/.2=!7+(0A&-0A+,!3!&/7!*+(+!/%!0/129+/)+!%1! -*+!

/&-9(+!%1!'%2.&40/+!$&,!/%-+78!!

!

!

!

Scheme 5 

!

P&A0/5! %6-&0/+7! 7&-&! %/! -*+! ,./-*+,0,! %1! -*+! 60'*+/.2;)%/-&0/0/5! 4&)(%).)2+,! via!

0/-+(4+70&-+! N:N';60,<6(%4%60'*+/.2='%2.&40/+,:! $+! -(0+7! &/! &2-+(/&-0A+! &''(%&)*:! 08+8! via!

0/-+(4+70&-+! 60,<'%2.&40/+=! ,96,-0-9-+7! 60'*+/.2,8! U/! -*0,! 4+-*%7! 0/-+(4+70&-+,! $+(+! /%-!

0,%2&-+7!6.!)%294/!)*(%4&-%5(&'*.!79+!-%!5(+&-!70110)92-0+,!)&9,+7!6.!-*+!'(+,+/)+!%1!&/!+H)+,,!
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%1! '%2.&40/+,! 0/! -*+! (+&)-0%/! 40H-9(+! $*0)*! '%,,+,,! A+(.! )2%,+! ^1! -%! -*&-! %1! 60,<'%2.&40/+=!

7+(0A&-0A+,!%1!60'*+/.2,8!!

!
Scheme 6 

!

#*+!(+&)-0%/,!%1!B:B';706(%4%60'*+/.2!1!$0-*!B!+@90A&2+/-,!%1!70;!&/7!'%2.&40/+,!2b-d!$+(+!

(9/! 0/! 6%020/5! 70%H&/+! <Q! c! X8J! G=! &/7! )&-&2.3+7! 6.! V! 4%2`! F7<76&=>d]UMEF:! -*+.! $+(+!

)%4'2+-+!0/!V;JX!*!<D)*+4+!S=8!U/-+(4+70&-+!B:B';60,<'%2.&40/+=!60'*+/.2,!16a-d!$+(+!&/&2.3+7!

6.!MG^!&/7!GELiU;#gR!4&,,;,'+)-(&! 0/! -*+! (+&)-0%/!40H-9(+,8!#*+/!?! +@90A&2+/-,! %1! B:B';

706(%4%60'*+/.2:!&770-0%/&2!)&-&2.,-!<V!4%2`=!&/7!70%H&/+!-%!4&K+!X8X>!G!,%29-0%/!$+(+!&77+7:!

&/7!-*+!(+&)-0%/,!$+(+!(+129H+7!1%(!?O;BX!*8!#&(5+-!).)2%704+(,!6b-d!$+(+!0,%2&-+7!6.!)%294/!

)*(%4&-%5(&'*.! %/! ,020)&! 5+28! #*+! 6+,-! (+,92-!$&,! %6-&0/+7! 1%(! -*+!4&)(%).)2+!6c! <>B`=:! -*+!

(+&)-0%/,!$0-*!70%H&70&40/+!2b!&/7!-+-(&&40/+!2d!5&A+!'%%(!.0+27,!%1!4&)(%).)2+,!<JJ!&/7!T`!

(+,'+)-0A+2.=8!U/!-*+,+!(+&)-0%/,!,96,-&/-0&2!&4%9/-,!%1!).)20)!%205%4+(,!%1!*05*+(!4&,,+,!$+(+!

%6-&0/+7! <9'! -%! ).)2%/%/&4+(!7b! </cV==:! %6A0%9,2.:! -*+.!$+(+! 1%(4+7! via! 0/-+(4+70&-+! 20/+&(!

%205%4+(,! )%/-&0/0/5! /! 60'*+/.2! &/7! /YJ! '%2.&40/+! 9/0-,8! U-! 0,! /%-&62+! -*&-! -*+! (+&)-0%/!$0-*!

-(0%H&70&40/+!2c! 5&A+! (0,+! -%! 20/+&(!%205%4+(,!17c!$0-*! -+(40/&2!60'*+/.2!$*0)*!$+(+! 1%(4+7!

79+!-%!-*+!(+79)-0%/!%1!-*+!6(%40/+!&-%48!!
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E! ,0402&(! (+&)-0%/! $0-*! -*+! 0,%4+(0)! ?:?';706(%4%60'*+/.2! 9! )%/79)-+7! 9/7+(! -*+! ,&4+!

)%/70-0%/,!5&A+!,%4+$*&-!7011+(+/-!(+,92-,!<D)*+4+!T=8!!

P>M e MP>

2b-d

F7<76&=>d]UMEF

BdB8O 4%2`

9

B +@90A8 ? +@90A8

F7<76&=>d]UMEF

VdW 4%2`

](

](

PM e MP>

MP>ePM

18b-d

in situ

](

](

P
M

M
P

e
P
M

e M
P

P
M

M
P

e
P
M

e M
P

11b: BB`

11c: JO`

11d: W`

/

13: / c >: ?

].;'(%79)-,f

P
M

M
P

e

12b: JO`

12c: ?W`

12d: BX`

11b Y 13b </c>=: >B`

13b </c>: ?=: ?>`

13c </c>: ?=: ?X`

!
!

Scheme 7 

 

U/-+(4+70&-+! ?:?';60,<'%2.&40/+=60'*+/.2,! 18b-d:! %6-&0/+7! in situ! 9,0/5! B! +@90A&2+/-,! %1!

)%((+,'%/70/5! 70;! &/7! '%2.&40/+,! 2b-d:! $+(+! &/&2.3+7! 6.! MG^! &/7! GELiU;#gR!

,'+)-(%,)%'.:!&/7!-*+.!$+(+!19(-*+(!(+&)-+7!$0-*!?!+@90A&2+/-,!%1!?:?';706(%4%60'*+/.28!#*+!6+,-!

(+,92-!$&,! (+)%(7+7! 1%(! -*+!4&)(%).)2+!11b!$0-*! 0-,! *05*+,-! BB`!.0+27:!$*+(+&,! -*+! .0+27,! %1!

)%4'%9/7,! 11c! &/7! 11d $+(+!49)*!4%(+!4%7+,-! <JO! &/7! W`! (+,'+)-0A+2.=8! U/! &22! )&,+,! -*+!

1%(4&-0%/! %1! -*+! 4&)(%).)2+,! 12! )%/-&0/0/5! %/+! ,+-! %1! 60'*+/.2! &/7! '%2.&40/+! 9/0-,! $&,!

%6,+(A+7:! &/7! $0-*! 2%/5+(! -(0%H&70&40/+! 2c! &/7! -+-(&&40/+! 2d! -*+0(! .0+27,! $+(+! &6%9-! BX`!

$*0)*! 0,! +@9&2! -%! -*+! .0+27,! %1! -*+,+! )%4'%9/7,!$*+/! -*+! (+&)-0%/,!$+(+! (9/!$0-*! +@904%2&(!

&4%9/-,!%1!,-&(-0/5!)%4'%9/7,8
?J
!P05*+(!4&,,!).)2%%205%4+(,!$+(+!&2,%!1%(4+7!0/!-*+!)&,+!%1!

70%H&70&40/+!2b!&/7!-(0%H&70&40/+!2c8!!

!

!

Conclusions 

!

E,!&! (+,92-!%1! -*+!+H'+(04+/-,!7+,)(06+7!&6%A+:!$+!)&/!%9-20/+! -*+!1%22%$0/5!5+/+(&2! 10/70/5,8!

#*+!,./-*+,0,!%1! -*+!4&)(%).)2+,!)%/-&0/0/5! -$%!60'*+/.2!&/7! -$%!'%2.&40/+!4%0+-0+,!)&/!6+!
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)&((0+7! %9-! 9,0/5! -$%! &''(%&)*+,f! via!N:N';60,<6(%4%60'*+/.2=! ,96,-0-9-+7! '%2.&40/+,! %(! via!

60,<'%2.&40/+=60'*+/.2,8! #*+! 10(,-! (%9-+! 0/! &! -$%;,-+'! A+(,0%/! &11%(7,! -&(5+-! 4&)(%).)2+,! 0/!

.0+27,! 9'! -%! ?X`:! ?:?';706(%4%60'*+/.2! '(%A070/5! 6+--+(! .0+27,! %1! -*+!4&)(%).)2+,! -*&/! B:B';

706(%4%60'*+/.28!g/+;,-+'!A+(,0%/!$0-*!in situ!%6-&0/+7!N:N';60,<6(%4%60'*+/.2=!7+(0A&-0A+!)&/!

6+! (+)%44+/7+7! %/2.! 1%(! -*+! ,./-*+,0,! %1! -*+! ).)2%704+(! $0-*! -$%! ?:?';60'*+/.2,! &/7! -$%!

-+-(&&40/+!)*&0/,!<.0+27!JW`=8!#*+!,+)%/7!&''(%&)*!via!60,<'%2.&40/+=60'*+/.2,!'(%A07+,!6+--+(!

.0+27,!%1!,%4+!).)2%704+(,:!&/7!0/!-*0,!)&,+!-*+!7+'+/7+/)+!%1!-*+!(+,92-!%/!-*+!/&-9(+!%1!,-&(-0/5!

)%4'%9/7,! 0,! '(%/%9/)+7f! B:B';706(%4%60'*+/.2! 5&A+! >B`! .0+27! %1! -*+!4&)(%).)2+!$0-*! -$%!

-(0%H&70&40/+!)*&0/,:!$*+(+&,!?:?';706(%4%60'*+/.2!&11%(7+7!-*+!).)2%704+(!$0-*!70%H&70&40/+!

0/!-*+!*05*+,-!.0+27!<BB`=8!a+!,9''%,+!-*&-!-$%!4&0/!1&)-%(,!5%A+(/!-*+!(+,92-,!%1!-*+,+!-$%;,-+'!

,./-*+,+,f! -*+!)%/1%(4&-0%/&2! 1&)-%(,!%1!70;!&/7!'%2.&40/+!)*&0/,!&-! -*+!4&)(%).)203&-0%/!,-+'!

&/7!-*+!&)-0A0-.!%1!-*+!6(%40/+!&-%4!0/!B:B';!&/7!?:?';706(%4%60'*+/.2,!0/!)%4'+-0-0A+!&40/&-0%/!

&/7! (+79)-0%/! (+&)-0%/,! &-! 6%-*! ,-+',! %1! -*+! '(%)+,,+,8! #*+! &''20)&-0%/! %1! 4%(+! '%$+(192!

,+'&(&-0%/!-+)*/0@9+,!20K+!PFLQ!4&.!9/7%96-+72.!0/)(+&,+!-*+!.0+27,!%1!-*+!-&(5+-!4&)(%).)2+,8!!

!

!

Experimental Section 

!

General. E22! )*+40)&2,!$+(+! '9()*&,+7! 1(%4!E27(0)*! &/7!E)(%,! )%4'&/0+,! &/7! 9,+7!$0-*%9-!

19(-*+(! '9(010)&-0%/8! ?:?';i06(%4%60'*+/.2! 9! $&,! ,./-*+,03+7! 1(%4! >;6(%4%/0-(%6+/3+/+!

&))%(70/5!-%!&!'(%)+79(+!7+,)(06+7!0/!(+18!?B8!F7<76&=>!$&,!,./-*+,03+7!&))%(70/5!-%!&!7+,)(06+7!

4+-*%78
?O
! Q%44+()0&2! 70%H&/+! $&,! 70,-022+7! %A+(! M&gP! &/7! ,%7094! 9/7+(! &(5%/:!

70)*2%(%4+-*&/+!&/7!4+-*&/%2!$+(+!70,-022+7!'(0%(!-%!9,+8!Q%294/!)*(%4&-%5(&'*.!$&,!)&((0+7!

%9-!9,0/5!,020)&!5+2!<BX;SX!4K4=!'9()*&,+7!1(%4!R29K&8!
J
P!&/7!

J?
Q!MG^!,'+)-(&!$+(+!(+50,-+(+7!

0/!QiQ2?!9,0/5!](9K+(!EA&/)+!BXX!,'+)-(%4+-+(!&-!BXX!&/7!JXX8S!GP3!(+,'+)-0A+2.8!Q*+40)&2!

,*01-!A&29+,! !&(+!50A+/! 0/!''4!&/7!)%9'20/5!)%/,-&/-,!J! 0/!P38!GELiU;#gR!4&,,!,'+)-(&!%1!

'%,0-0A+!0%/,!$+(+!(+)%(7+7!$0-*!](0K+(!j2-(&12+H!,'+)-(%4+-+(!9,0/5!J:V:W;-(0*.7(%H.&/-*(&)+/+!

&,!4&-(0H!&/7!F_k,!&,!0/-+(/&2!,-&/7&(7,8!D'+)-(&2!7&-&!1%(!)%4'%9/7,!6b,c:!7c!</c>=!&(+!50A+/!

0/!(+18!?X:!&/7!,'+)-(&2!7&-&!1%(!)%4'%9/7,!11a-d:!12b-d!&/7!13c!</c>=!&(+!50A+/!0/!(+18!?J8!!

D-&/7&(7!4+-*%7! 1%(! -*+! ,./-*+,0,! %1!N:N';60,<6(%4%60'*+/.2='%2.&40/+,! 3a-d! &/7! 10b-d8! E!

-$%;/+)K!12&,K!+@90''+7!$0-*!&!4&5/+-0)!,-0((+(:!129,*+7!$0-*!7(.!&(5%/!$&,!)*&(5+7!$0-*!B:B';

706(%4%60'*+/.2! 1! %(! ?:?';706(%4%60'*+/.2! 9! <>8>!44%2:! SVS!45=:! F7<76&=>! <X8XB!44%2:! >?!

45=:!]UMEF!<X8XBO!44%2:!>V!45=:!&6,%29-+!70%H&/+!<JX!42=:!-*+!40H-9(+!$&,!,-0((+7!1%(!>!40/:!

-*+/!&''(%'(0&-+!'%2.&40/+!2a-d!<J!44%2=!$&,!&77+7:!1%22%$+7!6.!t]9gM&!<?!44%2:!>WX!45=8!

#*+! (+&)-0%/! 40H-9(+! $&,! (+129H+7! 1%(! JX! *:! )%%2+7! -%! &460+/-! -+4'+(&-9(+:! 102-+(+7! &/7!

+A&'%(&-+7!in vacuo8!#*+!(+,079+!$&,!)*(%4&-%5(&'*+7!%/!,020)&!5+2!9,0/5!&!,+@9+/)+!%1!+29+/-,f!

QP>Q2>:!QP>Q2>dG+gP!OXXfJ!h!?fJ:!QP>Q2>dG+gPdMP?&@!JXXf>XfJ!h!JXfBfJ8!!

!

N
1
,N

3
-Bis(4'-bromobiphenyl-4-yl)propane-1,3-diamine (3a)! $&,! ,./-*+,03+7! 1(%4! J:?;

'(%'&/+70&40/+!<2a=!<TB!45=8!_29+/-!QP>Q2>:!QP>Q2>;G+gP!OXXfJ:!.0+27!J?O!45!<>O`=:!'&2+;

 Page 108 ARKAT USA, Inc. 



Issue in Honor of Prof. Usein M. Dzhemilev  ARKIVOC 2011 (viii) 99-122!

.+22%$!)(.,-&2,:!48'8!>XW;>JX
%
Q8!

J
P!MG^! !J8WW!<@90/-+-:!

?
J!c!S8T!P3:!>P=:!?8?>!<-:!

?
J!c!S8T!P3:!

BP=:!S8SV!<7:!
?
J!c!V8T!P3:!BP=:!T8?V!<7:!

?
J!c!V8B!P3:!BP=:!T8BX!<7:!

?
J!c!V8T!P3:!BP=:!T8BW!<7:!

?
J!c!

V8B!P3:!BP=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!
J?
Q!MG^! !>W8J!<JQ=:!B>8X!<>Q=:!JJ?8?!<BQ=:!J>X8X!

<>Q=:! J>T8V! <VQ=:! J>W8X! <>Q=:! J?J8T! <BQ=:! JBX8X! <>Q=:! JBT8S! <>Q=I!P^GD!GELiU;#gR!m/zf!

)&2)78!1%(!Q>TP>O](>M>!O?O8X?VB![GYP\
Y
:!1%9/7!O?O8X?OW8!!

N
1
,N

1'
-(Biphenyl-4,4'-diyl)bis(N

3
-(4'-bromobiphenyl-4-yl)propane-1,3-diamine) (4a)! $&,!

%6-&0/+7!&,!-*+!,+)%/7!'(%79)-! 0/!-*+!,./-*+,0,!%1!)%4'%9/7!3a8!_29+/-!QP>Q2>;G+gP!>XXfJ:!

.0+27!?O!45!<W`=:!'&2+;.+22%$!52&,,.!,%2078!
J
P!MG^! !J8WV!<@90/-+-:!

?
J!c!S8S!P3:!BP=:!?8?J!<-:!

?
J!

c!S8B!P3:!BP=:!?8?>!<-:!
?
J!c!S8B!P3:!BP=:!?8VX!<6(!,:!>P=:!?8WJ!<6(!,:!>P=:!S8SS!<7:!

?
J!c!V8O!P3:!

BP=:!S8ST!<7:!
?
J!c!V8O!P3:!BP=:!T8?O;T8B>!<4:!J>P=:!T8BW!<7:!

?
J!c!V8>!P3:!BP=I!

J?
Q!MG^! !>W8>!

<>Q=:!BJ8W! <>Q=:!B>8J! <>Q=:!JJ?8J! <BQ=:!JJ?8>! <BQ=:!J>X8X! <>Q=:!J>T8>! <BQ=:!J>T8V! <VQ=:!J>W8X!

<>Q=:! J?J8T! <BQ=:! J?>8X! <>Q=:! JBX8J! <>Q=:! JBS8T! <>Q=:! JBT8V! <>Q=I!P^GD!GELiU;#gR!m/zf!

)&2)78!1%(!QB>PBJ](>MB!TOW8JSWV![GYP\
Y
:!1%9/7!TOW8JSS>8!

N,N'-(2,2'-(Ethane-1,2-diylbis(oxy))bis(ethane-2,1-diyl))bis(4'-bromobiphenyl-4-amine) (3b)!

$&,! ,./-*+,03+7! 1(%4! 70%H&70&40/+! 2b! <JBV! 45=8! U,%2&-+7! 1(%4! -*+! (+&)-0%/! 40H-9(+! 6.!

-(+&-4+/-!$0-*!QP>Q2>8!F&2+;.+22%$!)(.,-&2,:!48'8!JVB;JVO
%
Q8!

J
P!MG^! !?8?B! <-:!

?
J!c!O8>!P3:!

BP=:!?8ST!<,:!BP=:!?8T?!<-:!
?
J!c!O8>!P3:!BP=:!B8>J!<6(!,:!>P=:!S8SO!<7:!

?
J!c!V8S!P3:!BP=:!T8?O!<7:!

?
J!

c!V8T!P3:!VP=:!T8BT!<7:!
?
J!c!V8?!P3:!BP=I!

J?
Q!MG^! !B?8B!<>Q=:!SW8S!<>Q=:!TX8?!<>Q=:!JJ?8?!<BQ=:!

J>X8X! <>Q=:! J>T8T! <BQ=:! J>T8V! <BQ=:! J>W8X! <>Q=:! J?J8T! <BQ=:! JBX8J! <>Q=:! JBT8W! <>Q=I! P^GD!

GELiU;#gR!m/zf!)&2)78!1%(!Q?XP?J](>M>g>!SXW8XTO>![GYP\
Y
:!1%9/7!SXW8XTVB8!

N,N'-(3,3'-(2,2'-Oxybis(ethane-2,1-diyl)bis(oxy))bis(propane-3,1-diyl))bis(4'-bromobi 

phenyl-4-amine) (3c)!$&,!,./-*+,03+7!1(%4!-(0%H&70&40/+!2c!<>>X!45=8!_29+/-!QP>Q2>;G+gP!

>XXfJ;JXXfJ:! .0+27! >?O! 45! <?B`=:! '&2+;.+22%$! )(.,-&2,:! 48'8! JXB;JXO
%
Q8!

J
P! MG^! ! J8WJ!

<@90/-+-:!
?
J!c!S8J!P3:!BP=:!?8>T!<-:!

?
J!c!S8O!P3:!BP=:!?8S?!<-:!

?
J!c!O8V!P3:!BP=:!?8S>;?8SS!<4:!BP=:!

?8SW;?8T?!<4:!BP=:!B8>?!<6(!,:!>P=:!S8SO!<7:!
?
J!c!V8O!P3:!BP=:!T8?V!<7:!

?
J!c!V8T!P3:!BP=:!T8?W!<7:!

?
J!c!V8O!P3:!BP=:!T8BW!<7:!

?
J!c!V8T!P3:!BP=I!

J?
Q!MG^! !>V8W!<>Q=:!BJ8T!<>Q=:!SW8T!<>Q=:!TX8>!

<>Q=:!TX8O!<>Q=:!JJ>8W!<BQ=:!JJW8T!<>Q=:!J>T8O!<BQ=:!J>T8S!<BQ=:!J>V8?!<>Q=:!J?J8S!<BQ=:!JBX8J!

<>Q=:!JBV8J!<>Q=I!P^GD!GELiU;#gR!m/zf!)&2)78!1%(!Q?BP?W](>M>g?!SVJ8J?>T![GYP\
Y
:!1%9/7!

SVJ8J?BO8!

N
4
,N

4'
-Bis[3-[2-[2-[3-(4'-bromobiphenyl-4-ylamino)propoxy]ethoxy]ethoxy]propyl]-bi 

phenyl-4,4'-diamine (4c)!$&,!%6-&0/+7!&,!-*+!,+)%/7!'(%79)-!0/!-*+!,./-*+,0,!%1!)%4'%9/7!3c8!

_29+/-! QP>Q2>;G+gP! OXfJ:! .0+27! JX>! 45! <JW`=:! '&2+;.+22%$! 52&,,.! ,%2078!
J
P! MG^! ! J8WX!

<@90/-+-:!
?
J!c!S8J!P3:!VP=:!?8>O!<-:!

?
J!c!S8?!P3:!BP=:!?8>S!<-:!

?
J!c!S8?!P3:!BP=:!?8SJ!<-:!

?
J!c!O8W!P3:!

VP=:!?8SJ;?8SO!<4:!VP=:!?8ST;?8TJ!<4:!VP=:!B8XT!<6(!,:!BP=:!S8SB!<7:!
?
J!c!V8B!P3:!BP=:!S8SO!<7:!

?
J!

c!V8S!P3:!BP=:!T8??;T8BJ!<4:!J>P=:!T8BV!<7:!
?
J!c!V8O!P3:!BP=I!

J?
Q!MG^! !>V8W!<>Q=:!>W8X!<>Q=:!

BJ8O!<>Q=:!BJ8V!<>Q=:!SW8S!<BQ=:!TX8J!<BQ=:!TX8O!<BQ=:!JJ>8V!<BQ=:!JJ?8X!<BQ=:!JJW8S!<>Q=:!J>S8V!

<BQ=:!J>T8B!<BQ=:!J>T8O!<BQ=:!J>V8O!<>Q=:!J?X8>!<>Q=:!J?J8O!<BQ=:!JBX8J!<>Q=:!JBS8V!<>Q=:!JBV8>!

<>Q=I!P^GD!GELiU;#gR!m/zf!)&2)78!1%(!QOSPSW](>MBgS!JXOJ8?OVB![GYP\
Y
:!1%9/7!JXOJ8?O?>8!

N
1
,N

1'
-(Ethane-1,2-diyl)bis[N

3
-(4'-bromobiphenyl-4-yl)propane-1,3-diamine] (3d)! $&,!

,./-*+,03+7!1(%4!-+-(&&40/+!2d!<JTB!45=8!_29+/-!QP>Q2>;G+gP;MP?&@!JXXf>XfJ:!.0+27!JB>!45!

 Page 109 ARKAT USA, Inc. 



Issue in Honor of Prof. Usein M. Dzhemilev  ARKIVOC 2011 (viii) 99-122!

<>>`=:!'&2+;.+22%$!)(.,-&2,:!48'8!JOV;JSX
%
Q8!

J
P!MG^! !J8VJ!<@90/-+-:!

?
J!c!S8S!P3:!BP=:!>8TO!<,:!

BP=:!>8TT!<-:!
?
J!c!S8S8!P3:!BP=:!?8>>!<-:!

?
J!c!S8S!P3:!BP=:!S8S?!<7:!

?
J!c!V8T!P3:!BP=:!T8?S!<7:!

?
J!c!

V8B!P3:!VP=:!T8BT!<7:!
?
J!c!V8S!P3:!BP=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^! !>W8B!<>Q=:!

B>8T! <>Q=:! BV8>! <>Q=:! BW8B! <>Q=:! JJ>8W! <BQ=:! JJW8W! <>Q=:! J>T8T! <VQ=:! J>V8O! <>Q=:! J?J8S! <BQ=:!

JBX8J! <>Q=:! JBV8>! <>Q=I! P^GD!GELiU;#gR!m/zf! )&2)78! 1%(! Q?>P?T](>MB! S?O8J?VO! [GYP\
Y
:!

1%9/7!S?O8J?OT8!

N
1
,N

1'
-(Biphenyl-4,4'-diyl)bis[N

3
-[2-[3-(4'-bromobiphenyl-4-ylamino)propylamino]ethyl] 

propane-1,3-diamine] (4d)!$&,!%6-&0/+7!&,! -*+! ,+)%/7!'(%79)-! 0/! -*+! ,./-*+,0,!%1! )%4'%9/7!

3d8!_29+/-!QP>Q2>;G+gP;MP?&@!JXXf>Xf>:!.0+27!VS!45!<JV`=:!'&2+;.+22%$!)(.,-&2,:!48'8!JSB;

JSO
%
Q8!

J
P!MG^! !J8TW!<@90/-+-:!

?
J!c!O8V!P3:!VP=:!>8T?!<,:!VP=:!>8TO!<-:!

?
J!c!S8B!P3:!VP=:!?8>X!<-:!

?
J!c!O8W!P3:!VP=:!S8SJ!<7:!

?
J!c!V8>!P3:!BP=:!S8SB!<7:!

?
J!c!V8T!P3:!BP=:!T8?>;T8?W!<4:!J>P=:!T8BS!

<7:!
?
J!c!V8?!P3:!BP=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^! !>W8?!<>Q=:!>W8O!<>Q=:!B>8S!<>Q=:!

B>8V! <>Q=:! BV8J! <BQ=:! BW8B! <BQ=:! JJ>8V! <BQ=:! JJ?8X! <BQ=:! JJW8T! <>Q=:! J>S8W! <BQ=:! J>T8S! <VQ=:!

J>V8>! <>Q=:!J?X8?! <>Q=:!J?J8O! <BQ=:!JBX8J! <>Q=:!JBS8W! <>Q=:!JBV8>! <>Q=I!P^GD!GELiU;#gR!

m/zf!)&2)78!1%(!QO>PSO](>MV!WOW8?SWW![GYP\
Y
:!1%9/7!WOW8?TB?8!

N
1
-(2-(3-Aminopropylamino)ethyl)-N

3
-(4'-bromobiphenyl-4-yl)propane-1,3-diamine (5d)! $&,!

%6-&0/+7! &,! -*+! -*0(7! '(%79)-! 0/! -*+! ,./-*+,0,! %1! )%4'%9/7!3d8! _29+/-!QP>Q2>;G+gP;MP?&@!

JXfBfJ:!.0+27!J?J!45! <?>`=:!'&2+;.+22%$!%028!
J
P!MG^! !J8S>! <@90/-+-:!

?
J!c!S8T!P3:!>P=:!J8VX!

<@90/-+-:!
?
J!c!S8B!P3:!>P=:!>8ST!<-:!

?
J!c!S8S!P3:!>P=:!>8T>!<,:!BP=:!>8T>;>8TT!<4:!BP=:!?8>J!<-:!

?
J!c!

S8O!P3:!>P=:!S8S?!<7:!
?
J!c!V8>!P3:!>P=:!T8?S!<7:!

?
J!c!V8>!P3:!>P=:!T8?T!<7:!

?
J!c!V8J!P3:!>P=:!T8BS!

<:
?
J!c!V8J!P3:!>P=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^! !>W8J:!?>8V:!BX8>:!B>8B:!BT8S:!BT8V:!

BW8J:!BW8>:!JJ>8T!<>Q=:!JJW8S:!J>T8B!<BQ=:!J>V8J:!J?J8B!<>Q=:!JBX8X:!JBV8JI!P^GD!GELiU;#gR!

m/zf!)&2)78!1%(!Q>XP?X](MB!BXO8JSOB![GYP\
Y
:!1%9/7!BXO8JSTX8!

N,N'-[2,2'-[Ethane-1,2-diylbis(oxy)]bis(ethane-2,1-diyl)]bis(3'-bromobiphenyl-3-amine) (10b)!

$&,!,./-*+,03+7!1(%4!?:?;706(%4%60'*+/.2!9! <X8TO!44%2:!>?B!45=!&/7!70%H&70&40/+!2b! <X8>O!

44%2:!?T!45=!0/!-*+!'(+,+/)+!%1!F7<76&=>!<S!45=!&/7!e&/-*'*%,!<S8O!45=!0/!70%H&/+!<>8O!42=:!

&1-+(! BS! *! (+129H8! _29+/-! QP>Q2>;G+gP! OXXfJ;>XXfJ:! .0+27! BJ!45! <>T`=:! '&2+;.+22%$! 52&,,.!

,%2078!
J
P!MG^! !?8?S!<-:!

?
J!c!O8>!P3:!BP=:!?8SV!<,:!BP=:!?8TB!<-:!O8>!P3:!BP=:!B8JW!<6(!,:!>P=:!S8S>!

<77:!
?
J!c!V8X!P3:!

B
J!c!>8>!P3:!>P=:!S8TT!<-:!

B
J!c!J8S!P3:!>P=:!S8VV!<7:!

?
J!c!T8S!P3:!>P=:!T8>>!<-:!

?
J!

c!T8V!P3:!>P=:!T8>O!<-:!
?
J!c!T8T!P3:!>P=:!T8BJ;T8BS!<4:!BP=:!T8SW!<-:!

B
J!c!J8S!P3:!>P=I!

J?
Q!MG^! !

B?8O! <>Q=:! SW8S! <>Q=:! TX8>! <>Q=:! JJJ8S! <>Q=:! JJ>8S! <>Q=:! JJS8S! <>Q=:! J>>8T! <>Q=:! J>O8T! <>Q=:!

J>W8T! <>Q=:! J>W8W! <>Q=:! J?X8X! <>Q=:! J?X8J! <>Q=:! JBX8V! <>Q=:! JB?8V! <>Q=:! JBV8S! <>Q=I! P^GD!

GELiU;#gR!m/zf!)&2)78!1%(!Q?XP?J](>M>g>!SXW8XTO>![GYP\
Y
:!1%9/7!SXW8XT?W8!

N
3
,N

3'
-Bis[2-[2-[2-(3'-bromobiphenyl-3-ylamino)ethoxy]ethoxy]ethyl]biphenyl-3,3'-diamine 

(14b)!$&,! %6-&0/+7! &,! -*+! ,+)%/7! '(%79)-! 0/! -*+! ,./-*+,0,! %1! )%4'%9/7!10b8! _29+/-!QP>Q2>;

G+gP!JXXfJ:!.0+27!S!45!<O`=:!'&2+;.+22%$!52&,,.!,%2078!
J
P!MG^! !?8?B!<-:!

?
J!c!O8X!P3:!BP=:!

?8?O!<-:!
?
J!c!O8X!P3:!BP=:!?8SS!<,:!VP=:!?8T>!<-:!

?
J!c!O8X!P3:!BP=:!?8T?!<-:!

?
J!c!O8X!P3:!BP=:!S8OV!

<77:!
?
J!c!V8X!P3:!

B
J!c!J8V!P3:!>P=:!S8SJ!<77:!

?
J!c!V8>!P3:!

B
J!c!J8O!P3:!>P=:!S8TS!<6(!,:!>P=:!S8TW!

<6(!,:!>P=:!S8VT!<7:!
?
J!c!T8>!P3:!>P=:!S8VW!<7:!

?
J!c!T8T!P3:!>P=:!T8J?;T8>W!<4:!SP=:!T8BX;T8BS!<4:!

BP=:!T8SV!<-:!
B
J!c!J8V!P3:!>P=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^! !B?8O!<BQ=:!SW8S!<BQ=:!
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TX8?!<BQ=:!JJJ8T!<>Q=:!JJ>8X!<BQ=:!JJ>8T!<>Q=:!JJS8S!<>Q=:!JJS8V!<>Q=:!J>>8T!<>Q=:!J>O8V!<>Q=:!

J>W8B!<>Q=:!J>W8T!<>Q=:!J?X8X!<>Q=:!J?X8J!<>Q=:!J?X8>!<>Q=:!JBX8V!<>Q=:!JB>8W!<>Q=:!JB?8W!<>Q=:!

JBV8B!<>Q=:!JBV8S!<>Q=I!P^GD!GELiU;#gR!m/zf!)&2)78!1%(!QBVPO?](>MBgB!WXT8>B?B![GYP\
Y
:!

1%9/7!WXT8>BTW8!

N,N'-[3,3'-[2,2'-Oxybis(ethane-2,1-diyl)bis(oxy)]bis(propane-3,1-diyl)]bis(3'-bromo 

biphenyl-3-amine) (10c)! $&,! ,./-*+,03+7! 1(%4! ?:?;706(%4%60'*+/.2! 9! <X8TO!44%2:! >?B!45=!

&/7!-(0%H&70&40/+!2c!<X8>O!44%2:!OO!45=!0/!-*+!'(+,+/)+!%1!F7<76&=>!<S!45=!&/7!e&/-*'*%,!<S8O!

45=! 0/!70%H&/+! <>8O!42=8!_29+/-!QP>Q2>;G+gP!>XXfJ:!.0+27!OW!45! <?O`=:!'&2+;.+22%$!52&,,.!

,%2078!
J
P!MG^! !J8WX!<@90/-+-:!

?
J!c!S8J!P3:!BP=:!?8>V!<-:!

?
J!c!S8B!P3:!BP=:!?8SJ!<-:!

?
J!c!O8V!P3:!

BP=:!?8S>h?8SO!<4:!B =:!?8STh?8TJ!<4:!B =:!B8>>!<6(!,:!> =:!S8S>!<77:!
?
J!c!V8J!P3:!

B
J!c!>8?!P3:!

>P=:!S8TO!<6(!,:!> =:!S8VS!<7:!
?
J!c!T8B!P3:!>P=:!T8>?!<-:!

?
J!c!T8V!P3:!>P=:!T8>T!<-:!

?
J!c!T8V!P3:!>P=:!

T8BO!<7:!
?
J!c!T8W!P3:!>P=!T8BW!<7:!

?
J!c!T8V!P3:!>P=:!T8T?!<6(!,:!> =I!

J?
Q!MG^! !>W8X!<> =:!BJ8V!

<> =:! SW8T! <> =:! TX8>! <> =:! TX8S! <> =:! JJJ8>! <> =:! JJ>8>! <> =:! JJO8W! <> =:! J>>8S! <> =:! J>O8T!

<> =:! J>W8S! <> =:! J>W8W! <> =:! J?X8X! <> =:! J?X8J! <> =:! JBX8T! <> =:! JBB8X! <> =:! JBV8W! <> =I!

P^GD!GELiU;#gR!m/zf!)&2)78!1%(!Q?BP?V](>M>g?!SVX8J>BW![G\
Y
:!1%9/7!SVX8J>V?8!

N
3
,N

3'
-Bis[3-[2-[2-[3-(3'-bromobiphenyl-3-ylamino)propoxy]ethoxy]ethoxy]propyl] 

biphenyl-3,3'-diamine (14c) $&,!%6-&0/+7!&,!-*+!,+)%/7!'(%79)-!0/!-*+!,./-*+,0,!%1!)%4'%9/7!

10c8!_29+/-!QP>Q2>;G+gP!TOfJ;OXfJ:!.0+27!>O!45!<JW`=:!'&2+;.+22%$!52&,,.!,%2078!
J
P!MG^! !

J8VW!<@90/-+-:!
?
J!c!O8W!P3:!VP=:!?8>S!<-:!

?
J!c!S8?!P3:!BP=:!?8>T!<-:!

?
J!c!S8J!P3:!BP=:!?8OSh?8S>!<4:!

JS =:!?8SOh?8SW!<4:!V =:!B8JS!<6(!,:!B =:!S8OS!<7:!
?
J!c!V8>!P3:!>P=:!S8OV!<7:!

?
J!c!V8?!P3:!>P=:!

S8TB!<6(!,:!> =:!S8TV!<6(!,:!> =:!S8VB!<7:!
?
J!c!T8O!P3:!>P=:!S8VV!<7:!

?
J!c!T8>!P3:!>P=:!T8JW!<-:!

?
J!c!

T8V!P3:!>P=:!T8>J!<-:!
?
J!c!V8>!P3:!>P=:!T8>O!<-:!

?
J!c!V8J!P3:!>P=:!T8BB!<7:!

?
J!c!T8J!P3:!>P=:!T8BV!

<7:!
?
J!c!S8V!P3:!>P=:!T8TJ!<6(!,:!> =I!

J?
Q!MG^! !>W8X!<> =:!>W8J!<> =:!BJ8V!<B =:!SW8T!<B =:!TX8>!

<B =:!TX8S!<B =:!JJJ8>!<> =:!JJJ8O!<> =:!JJJ8S!<> =:!JJ>8>!<> =:!JJO8W!<> =:!JJS8>!<> =:!J>>8S!

<> =:!J>O8T!<> =:!J>W8?!<> =:!J>W8S!<> =:!J>W8W!<> =:!J?X8X!<> =:!J?X8J!<> =:!JBX8T!<> =:!JB?8X!

<> =:!JBB8X!<> =:!JBV8T!<> =:!JBW8X!<> =I!P^GD!GELiU;#gR!m/zf!)&2)78! 1%(!QOSPSV](>MBgS!

JXOX8?OXS![G\
Y
:!1%9/7!JXOX8?OJS8!

N
1
,N

1'
-(Ethane-1,2-diyl)bis[N

3
-(3'-bromobiphenyl-3-yl)propane-1,3-diamine] (10d)! $&,!

,./-*+,03+7!1(%4!?:?;706(%4%60'*+/.2!9!<J8J!44%2:!?B?!45=!&/7!-+-(&&40/+!2d!<X8O!44%2:!VT!

45=!0/!-*+!'(+,+/)+!%1!F7<76&=>!<J>!45=!&/7!]UMEF!<JB!45=!0/!70%H&/+!<O!42=8!_29+/-!QP>Q2>;

G+gP;MP?&@!JXXf>XfJ:!.0+27!V>!45!<>S`=:!'&2+;.+22%$!52&,,.!,%2078!
J
P!MG^! !J8VJ!<@90/-+-:!

?
J!c!S8O!P3:!BP=:!>8TS!<,:!BP=:!>8TV!<-:!

?
J!c!S8S!P3:!BP=:!?8>?!<-:!

?
J!c!S8O!P3:!BP=:!S8SJ!<77:!

?
J!c!

V8J!P3:!
B
J!c!J8O!P3:!>P=:!S8TO!<6(!,:!>P=:!S8VT!<7:!

?
J!c!T8S!P3:!>P=:!T8>?!<-:!

?
J!c!T8V!P3:!>P=:!T8>T!

<-:!
?
J!c!T8V!P3:!>P=:!T8BO!<7:!

?
J!c!V8J!P3:!>P=:!T8BW!<7:!

?
J!c!T8T!P3:!>P=:!T8T>!<6(!,:!>P=:!MP!

'(%-%/,!$+(+!/%-!&,,05/+7I!
J?
Q!MG^! !>W8B!<>Q=:!B>8T!<>Q=:!BV8J!<>Q=:!BW8?!<>Q=:!JJJ8>!<>Q=:!

JJ>8>!<>Q=:!JJS8X!<>Q=:!J>>8S!<>Q=:!J>O8T!<>Q=:!J>W8S!<>Q=:!J>W8W!<>Q=:!J?X8X!<BQ=:!JBX8T!<>Q=:!

JB?8W! <>Q=:! JBV8W! <>Q=I! P^GD!GELiU;#gR!m/zf! )&2)78! 1%(! Q?>P?T](>MB! S?O8J?VO! [GYP\
Y
:!

1%9/7!S?O8J?TX8!

N
1
,N

1'
-(Biphenyl-3,3'-diyl)bis[N

3
-[2-[3-(3'-bromobiphenyl-3-ylamino)propylamino]ethyl] 

propane-1,3-diamine] (14d) $&,!%6-&0/+7!&,!-*+!,+)%/7!'(%79)-!0/!-*+!,./-*+,0,!%1!)%4'%9/7!
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10d8!_29+/-!QP>Q2>;!G+gP;MP?&@!JXXf>Xf>:!.0+27!SV!45!<>V`=:!'&2+;.+22%$!52&,,.!,%2078!
J
P!

MG^! !J8TW!<@90/-+-:!
?
J!c!O8V!P3:!VP=:!>8TB!<,:!VP=:!>8TO!<-:!

?
J!c!S8B!P3:!VP=:!?8>J!<-:!

?
J!c!O8T!

P3:!VP=:!S8OT!<7:!
?
J!c!T8V!P3:!>P=:!S8OW!<7:!

?
J!c!V8>!P3:!>P=:!S8T?!<6(!,:!>P=:!S8TW!<6(!,:!>P=:!S8VO!

<7:!
?
J!c!T8>!P3:!>P=:!S8VW!<7:!

?
J!c!S8V!P3:!>P=:!T8JT;T8>W!<4:!SP=:!T8B?!<7:!

?
J!c!S8W!P3:!>P=:!T8BT!

<:
?
J!c!T8T!P3:!>P=:!T8TJ!<6(!,:!>P=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^! !>W8B!<>Q=:!>W8O!

<>Q=:! B>8T! <BQ=:! BV8J! <BQ=:! BW8B! <BQ=:! JJJ8O! <>Q=:! JJJ8S! <BQ=:! JJ>8>! <>Q=:! JJS8X! <>Q=:! JJS8?!

<>Q=:!J>>8S!<>Q=:!J>O8T!<>Q=:!J>W8?!<>Q=:!J>W8S!<>Q=:!J>W8W!<>Q=:!J?X8J!<BQ=:!JBX8T!<>Q=:!JB>8W!

<>Q=:! JB?8W! <>Q=:! JBV8T! <>Q=:! JBV8W! <>Q=I! P^GD!GELiU;#gR!m/zf! )&2)78! 1%(! QO>PSO](>MV!

WOW8?SWW![GYP\
Y
:!1%9/7!WOW8?SS>8!

N
3
,N

3'
-(3,3'-[Ethane-1,2-diylbis(azanediyl))bis(propane-3,1-diyl)]bis[N

3'
-[3-[2-[3-(3'-

bromobiphenyl-3-ylamino)propylamino]ethylamino]propyl]biphenyl-3,3'-diamine]! <15d)!

%6-&0/+7!&,!-*+!-*0(7!'(%79)-!0/!-*+!,./-*+,0,!%1!)%4'%9/7!10d8!_29+/-!QP>Q2>;!G+gP;MP?&@!

JXXf>Xf?:!.0+27!J>!45!<J>`=:!'&2+;.+22%$!52&,,.!,%2078!
J
P!MG^! !J8TT!<6(!,:!J>P=:!>8T>!<6(!,:!

>BP=:!?8>X!<6(!,:!J>P=:!S8OO!<7:!
?
J!c!T8S!P3:!BP=:!S8OT!<7:!

?
J!c!V8X!P3:!>P=:!S8T>!<6(!,:!>P=:!S8TT!

<6(!,:!BP=:!S8VB!<7:!
?
J!c!V8O!P3:!>P=:!S8VT!<7:!

?
J!c!T8X!P3:!BP=:!T8JB;T8>V!<4:!VP=:!T8B>!<7:!

?
J!c!

V8X!P3:!>P=:!T8BS!<7:!
?
J!c!T8T!P3:!>P=:!T8SW!<6(!,:!>P=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^!

! >W8B! <>Q=:! >W8O! <BQ=:! B>8V! <SQ=:! BV8>! <SQ=:! BW8B! <SQ=:! JJJ8>! <>Q=:! JJJ8S! <BQ=:! JJJ8T! <BQ=:!

JJ>8?!<>Q=:!JJS8X!<>Q=:!JJS8?!<BQ=:!J>O8V!<>Q=:!J>W8B!<BQ=:!J>W8T!<>Q=:!J>W8W!<>Q=:!J?X8X!<>Q=:!

J?X8J! <BQ=:! JBX8V! <>Q=:! JB?8X! <BQ=:! JBB8X! <>Q=:! JBV8T! <BQ=:! JBW8X! <>Q=!P^GD!GELiU;#gR!

m/zf!)&2)78!1%(!QT>PW?](>MJ>!J>V?8SXJ?![GYP\
Y
:!1%9/7!J>V?8OWTX8!

!

Standard method for the synthesis of cyclic dimers 6a-d and 11b-d via isolated N,N'-

bis(bromobiphenyl)polyamines (3a-d) and (10b-d) 

E! -$%;/+)K! 12&,K! +@90''+7!$0-*! &!4&5/+-0)! ,-0((+(:! 129,*+7!$0-*! 7(.! &(5%/!$&,! )*&(5+7!$0-*!

N:N';60,<6(%4%60'*+/.2='%2.&40/+,!3a-d!&/7!10b-d! <J!+@90A8=:!F7<76&=>! <V!4%2`=:!]UMEF!<W!

4%2%`=:! &6,%29-+! 70%H&/+! <-%! 4&K+! X8X>! G! )%/)8=:! -*+! 40H-9(+! $&,! ,-0((+7! 1%(! >! 40/:! -*+/!

&''(%'(0&-+!'%2.&40/+!2a-d!<J!+@90A8=!$&,!&77+7:!1%22%$+7!6.!t]9gM&!<?!+@90A8=8!#*+!(+&)-0%/!

40H-9(+! $&,! (+129H+7! 1%(! ?X;BX! *:! )%%2+7! -%! &460+/-! -+4'+(&-9(+:! 102-+(+7! &/7! +A&'%(&-+7! in 

vacuo8! #*+! (+,079+! $&,! )*(%4&-%5(&'*+7! %/! ,020)&! 5+2! 9,0/5! &! ,+@9+/)+! %1! +29+/-,f! QP>Q2>:!

QP>Q2>dG+gP!>XXfJ!h!?fJ:!QP>Q2>dG+gPdMP?&@!JXXf>XfJ!h!JXfBfJ8!!

6,10,19,23-Tetraazapentacyclo[22.2.2.2
2,5

.2
11,14

.2
15,18

]tetratriaconta-1(26),2,4,11,13,15,17,24, 

27,29,31,33-dodecaene (6a)! $&,! ,./-*+,03+7! 1(%4! )%4'%9/7! 3a! <X8?! 44%2:! JTO! 45=:! J:?;

70&40/%'(%'&/+!2a! <X8?!44%2:!>?!45=! 0/! -*+!'(+,+/)+!%1!F7<76&=>! <JB!45=:!]UMEF! <JT!45=:!

t]9gM&!<WX!45=:!0/!JO!42!70%H&/+8!U,%2&-+7!&,!&!40H-9(+!$0-*!).)20)!-+-(&4+(!7a!</c?=!_29+/-!

QP>Q2>dG+gP!TOfJ:!.0+27!<1%(! -*+!40H-9(+=!V!45!<S`=!
J
P!MG^! !J8WT!<6(!,:!BP=:!?8?X!<6(!,:!

VP=:!S8B>! <7:!
?
J!c!V8O!P3:!VP=:!T8XT! <7:!

?
J!c!V8O!P3:!VP=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!

MG^! !>W8>!<>Q=:!B>8>!<BQ=:!JJ?8>!<VQ=:!J>T8>!<VQ=:!@9&-+(/&(.!)&(6%/,!$+(+!/%-!7+-+)-+7I!GD!

GELiU;#gR!m/zf!)&2)78!1%(!Q?XP??MB!BBW8>T![GYP\
Y
:!1%9/7!BBW8>O8!

6,10,19,23,32,36,45,49-Octaazanonacyclo[48.2.2.2
2,5

.2
11,14

.2
15,18

.2
24,27

.2
28,31

.2
37,40

.2
41,44

]-

octahexaconta-1(52),2,4,11,13,15,17,24,26,28,30,37,39,41,43,50,53,55,57,59,61,63,65,67-
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tetracosaene (7a, n=3)!$&,!0,%2&-+7!-%5+-*+(!$0-*!).)20)!704+(!6a8!
J
P!MG^! !J8WT!<6(!,:!VP=:!

?8?X!<6(!,:!JSP=:!S8SJ!<7:!
?
J!c!V8B!P3:!JSP=:!T8?T!<7:!

?
J!c!V8B!P3:!JSP=:!MP!'(%-%/,!$+(+!/%-!

&,,05/+7I!
J?
Q!MG^! !>W8>!<BQ=:!B>8>!<VQ=:!JJ?8J!<JSQ=:!J>T8>!<JSQ=:!@9&-+(/&(.!)&(6%/,!$+(+!

/%-!7+-+)-+7I!GD!GELiU;#gR!m/zf!)&2)78!1%(!QSXPSOMV!VWT8O?![GYP\
Y
:!1%9/7!VWT8OT8!

9,12,27,30-Tetraoxa-6,15,24,33-tetraazapentacyclo[32.2.2.2
2,5

.2
16,19

.2
20,23

]tetratetraconta-

1(36),2,4,16,18,20,22,34,37,39,41,43-dodecaene (6b)!$&,!,./-*+,03+7!1(%4!)%4'%9/7!3b!<X8JV!

44%2:! JJX! 45=:! 70%H&70&40/+! 2b! <X8JV! 44%2:! >T! 45=! 0/! -*+! '(+,+/)+! %1! F7<76&=>! <V! 45=:!

]UMEF! <JX!45=:! t]9gM&! <O>!45=:! 0/!W!42!70%H&/+8!_29+/-!QP>Q2>dG+gP!OXfJ:! .0+27!JX!45!

<W`=8!!

10,13,16,33,36,39-Hexaoxa-6,20,29,43-tetraazapentacyclo[42.2.2.2
2,5

.2
21,24

.2
25,28

]-

tetrapentaconta-1(46),2,4,21,23,25,27,44,47,49,51,53-dodecaene (6c) $&,! ,./-*+,03+7! 1(%4!

)%4'%9/7! 3c! <X8?! 44%2:! >XO! 45=:! -(0%H&70&40/+! 2c! <X8?! 44%2:! SO! 45=! 0/! -*+! '(+,+/)+! %1!

F7<76&=>!<JB!45=:!]UMEF!<JT!45=:! t]9gM&!<WX!45=:!0/!JO!42!70%H&/+8!_29+/-!QP>Q2>dG+gP!

OXfJ:!.0+27!BB!45!<>X`=8!

N,N'-[Oxybis(ethane-2,1-diyloxypropane-3,1-diyl)]dibiphenyl-4-amine (8c)! $&,! %6-&0/+7! &,!

-*+!,+)%/7!'(%79)-!0/!-*+!,./-*+,0,!%1!)%4'%9/7!6c8!_29+/-!QP>Q2>dG+gP!JXXfJ:!.0+27!>O!45!

<JS`=:!,205*-2.!6+05+!52&,,.!,%2078!
J
P!MG^! !J8WJ!<@90/-+-:!

?
J!c!O8W!P3:!BP=:!?8>V!<-:!

?
J!c!S8O!P3:!

BP=:!?8OW;?8SO!<4:!VP=:!?8ST;?8T>!<4:!BP=:!B8XO!<6(!,:!>P=:!S8ST!<7:!
?
J!c!V8S!P3:!BP=:!T8>B!<-:!

?
J!

c!T8W!P3:!>P=:!T8?V!<-:!
?
J!c!T8T!P3:!BP=:!T8B?!<7:!

?
J!c!V8O!P3:!BP=:!T8OB!<7:!

?
J!c!T8V!P3:!BP=I!

J?
Q!

MG^! ! >W8J! <>Q=:! BJ8T! <>Q=:! SW8T! <>Q=:! TX8>! <>Q=:! TX8S! <>Q=:! JJ>8W! <BQ=:! J>O8W! <>Q=:! J>S8>!

<BQ=:! J>T8V! <BQ=:! J>V8S! <BQ=:! J>W8V! <>Q=:! JBJ8?! <>Q=:! JBV8X! <>Q=I!P^GD!GELiU;#gR!m/zf!

)&2)78!1%(!Q?BPBJM>g?!O>O8?JJT![GYP\
Y
:!1%9/7!O>O8?XW>8!

Cyclic oligomers 7c, (n=3, 5)! $+(+! 0,%2&-+7! &,! &! 40H-9(+! 0/! -*+! ,./-*+,0,! %1! )%4'%9/7! 6c8!

_29+/-! QP>Q2>dG+gP! >XfJ;JXfJ:! .0+27! OX!45! <>?`=8!
J
P!MG^! ! J8VV! <@90/-+-:!

?
J! c! O8V! P3:!

B</YJ=P=:!?8>V!<6(!,:!B</YJ=P=:!?8OS;?8SB!<4:!V</YJ=P=:!?8SV!<6(!,:!B</YJ=P=:!S8S>!<7:!
?
J!c!V8J!

P3:!B</YJ=P=:!T8?B!<7:!
?
J!c!V8J!P3:!B</YJ=P=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^! !>W8J!

<></YJ=Q=:! BJ8W! <></YJ=Q=:! SW8T! <></YJ=Q=:! TX8>! <></YJ=Q=:! TX8S! <></YJ=Q=:! JJ?8X! <B</YJ=Q=:!

J>T8X! <B</YJ=Q=:! J>V8S! <></YJ=Q=:! JBT8X! <></YJ=Q=I! GD! GELiU;#gR! m/zf! )&2)78! 1%( 

QVVPJ>JMVgJ>!JBVJ8WJ![GYP\
Y
:!1%9/7!JBVJ8VO!<7c:!/c?=I!m/zf!)&2)78!1%( QJ?>PJVJMJ>gJV!>>>>8?S!

[GYP\
Y
:!1%9/7!>>>>8>J!<7c:!/cO=8!

6,10,13,17,26,30,33,37-Octaazapentacyclo[36.2.2.2
2,5

.2
18,21

.2
22,25

]octatetraconta-1(40),2,4,18, 

20,22,24,38,41,43,45,47-dodecaene (6d) $&,!,./-*+,03+7!1(%4!)%4'%9/7!3d! <X8>S!44%2:!JTO!

45=:!-+-(&&40/+!2d!<X8>S!44%2:!BO!45=!0/!-*+!'(+,+/)+!%1!F7<76&=>!<J>!45=:!]UMEF!<JB!45=:!

t]9gM&!<TO!45=:! 0/!J?!42!70%H&/+8!_29+/-!QP>Q2>dG+gPdMP?&@!JXXf>Xf>;JXXf>Xf?:!.0+27!?W!

45!<>?`=:!'&2+;.+22%$!)(.,-&2,:!48'8!WW;JXX
%
Q8!

J
P!MG^! !J8TV!<@90/-+-:!

?
J!c!S8B!P3:!VP=:!>8TO!

<,:!VP=:!>8TS!<-:!
?
J!c!S8>!P3:!VP=:!?8JV!<-:!

?
J!c!S8B!P3:!VP=:!S8OO!<7:!

?
J!c!V8S!P3:!VP=:!T8>B!<7:!

?
J!c!

V8S!P3:!VP=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!
J?
Q!MG^! !>W8B!<BQ=:!B?8J!<BQ=:!BV8J!<BQ=:!BW8X!

<BQ=:! JJ?8J! <VQ=:! J>T8X! <VQ=:! J?X8B! <BQ=:! JBT8X! <BQ=I! P^GD! GELiU;#gR!m/zf! )&2)78! 1%(!

QBXPOTMV!SBW8BTXS![GYP\
Y
:!1%9/7!SBW8BT>O8!
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Synthesis of cyclic dimer (6c) via in situ obtained compound (3c).!E!-$%;/+)K!12&,K!+@90''+7!

$0-*!&!4&5/+-0)!,-0((+(:!129,*+7!$0-*!7(.!&(5%/!$&,!)*&(5+7!$0-*!B:B';706(%4%60'*+/.2!1!<J8>O!

44%2:!?WX!45=:!F7<76&=>! <J>!45=:!]UMEF!<JB!45=:!&6,%29-+!70%H&/+! <O!42=:! -*+!40H-9(+!$&,!

,-0((+7! 1%(!>!40/:! -*+/! -(0%H&70&40/+!2c! <X8O!44%2:!JJX!45=!$&,!&77+7:! 1%22%$+7!6.! t]9gM&!

<JBB! 45=8! #*+! (+&)-0%/! 40H-9(+! $&,! (+129H+7! 1%(! JX! *:! )%%2+7! -%! &460+/-! -+4'+(&-9(+:! -*+/!

F7<76&=>! <?O!45=:!]UMEF!<B>!45=:!&6,%29-+!70%H&/+!<>X!42=!$+(+!&77+7:! -*+!(+&)-0%/!40H-9(+!

$&,!,-0((+7!1%(!>!40/:! -(0%H&70&40/+!2c! <X8TO!44%2:!JOO!45=!$&,!&77+7:!1%22%$+7!6.! t]9gM&!

<>XX!45=8!#*+! (+&)-0%/!40H-9(+!$&,! (+129H+7! 1%(!?O!*:!)%%2+7! -%!&460+/-! -+4'+(&-9(+:! 102-+(+7!

&/7! +A&'%(&-+7! in vacuo8! #*+! (+,079+!$&,! )*(%4&-%5(&'*+7!%/! ,020)&! 5+2! 9,0/5! &! ,+@9+/)+!%1!

+29+/-,f! QP>Q2>:! QP>Q2>dG+gP! >XXfJ! h! ?fJ8! Q%4'%9/7! 8c! $&,! 0,%2&-+7! $0-*! +29+/-!

QP>Q2>dG+gP!TOfJ!<TB!45:!>V`=:!).)20)!704+(!6c!$&,!0,%2&-+7!$0-*!+29+/-!QP>Q2>dG+gP!OXfJ!

<JT!45:!O`=:!&!40H-9(+!%1!).)20)!704+(!6c!&/7!).)20)!-(04+(!7c!</!c!>=!$&,!0,%2&-+7!$0-*!+29+/-!

QP>Q2>dG+gP!>XfJ!<?B!45:!W`=8!!

10,13,16,33,36,39,56,59,62-Nonaoxa-6,20,29,43,52,66-hexaazaheptacyclo [65.2.2.2
2,5

.2
21,24

. 

2
25,28

.2
44,47

.2
48,51

]henoctaconta-1(69),2,4,21,23,25,27,44,46,48,50,67,70,72, 74,76,78,80-

octadecaene (7c, n=2)f!
J
P!MG^! !J8VV!<6(!,:!J>P=:!>8?O!<6(!,:!J>P=:!?8OV;?8SO!<4:!>BP=:!?8SV!

<6(! ,:! J>P=:! S8S>! <7:!
?
J! c! V8?! P3:! J>P=:! T8?B! <7:!

?
J! c! V8?! P3:! J>P=:! MP! '(%-%/,! $+(+! /%-!

&,,05/+7I!
J?
Q!MG^! !>W8J!<SQ=:!BJ8V!<SQ=:!SW8T!<SQ=:!TX8>!<SQ=:!TX8S!<SQ=:!JJ?8X!<J>Q=:!J>S8W!

<J>Q=:!J>W8X!<SQ=:!JBT8X!<SQ=I!GD!GELiU;#gR!m/zf!)&2)78!1%( QSSPWJMSgW!JJJJ8SV![GYP\
Y
:!

1%9/7!JJJJ8T?8 

10,13,30,33-Tetraoxa-7,16,27,36-tetraazapentacyclo[35.3.1.1
2,6

.1
17,21

.1
22,26

]-tetratetraconta-

1(41),2(44),3,5,17(43),18,20,22(42),23,25,37,39-dodecaene (11b=! $&,! ,./-*+,03+7! 1(%4!

)%4'%9/7! 10b! <X8J! 44%2:! SX! 45=:! 70%H&70&40/+! 2b! <X8J! 44%2:! JO! 45=! 0/! -*+! '(+,+/)+! %1!

F7<76&=>!<B8O!45=:!]UMEF!<O8O!45=:! t]9gM&!<>W!45=:!0/!O!42!70%H&/+8!_29+/-!QP>Q2>dG+gP!

JXXfJ;TOfJ:!.0+27!JS!45!<>T`=8!!

10,13,30,33,50,53,70,73-Octaoxa-7,16,27,36,47,56,67,76-octaazanonacyclo [75.3.1.1
2,6

.1
17,21

. 

1
22,26

.1
37,41

.1
42,46

.1
57,61

.1
62,66

]octaoctaconta-1(81),2(88),3,5,17(87),18,20, 22(86),23,25,37(85), 

38,40,42(84),43,45,57(83),58,60,62(82),63,65,77,79-tetracosaene (13b, n=3)! $&,! %6-&0/+7! &,!

-*+!,+)%/7!'(%79)-! 0/! -*+!,./-*+,0,!%1!)%4'%9/7!10b8!_29+/-!QP>Q2>dG+gP!OXfJ:!.0+27!V!45!

<J?`=:!'&2+;.+22%$!52&,,.!,%2078!
J
P!MG^! !?8?J!<-:!

?
J!c!O8>!P3:!JSP=:!?8S>!<,:!JSP=:!?8SV!<-:!

?
J!c!

O8>!P3:!JSP=:!S8OS!<7:!
?
J!c!T8O!P3:!VP=:!S8TW!<,:!VP=:!S8VV!<7:!

?
J!c!T8?!P3:!VP=:!T8JO!<-:!

?
J!c!T8V!

P3:!VP=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!
J?
Q!MG^! !B?8O!<VQ=:!SW8S!<VQ=:!TX8>!<VQ=:!JJJ8W!<VQ=:!

JJ>8J!<VQ=:!JJS8T!<VQ=:!J>W8B!<VQ=:!JB>8V!<VQ=:!JBV8B!<VQ=:!P^GD!GELiU;#gR!m/zf!)&2)78!1%(!

QT>PVWMVgV!JJW?8SVX?![GYP\
Y
:!1%9/7!JJW?8STOV8!

Cyclic oligomers (13b, n=3, 5)!$+(+!0,%2&-+7!&,!&!40H-9(+!0/!&!,+'&(&-+!1(&)-0%/!0/!-*+!,./-*+,0,!

%1! ).)20)! 704+(! 11b8! _29+/-! QP>Q2>dG+gP! >XfJ:! .0+27! JJ! 45! <JV`=8!Cyclic hexamer! 13b!

</cO=f!
J
P!MG^! !?8?J!<6(!,:!>BP=:!?8S?!<,:!>BP=:!?8SV!<6(!,:!>BP=:!?8WV!<6(!,:!J>P=:!S8OT!<7:!

?
J!c!

V8J!P3:!J>P=:!S8TV!<,:!J>P=:!S8VV!<7:!
?
J!c!T8?!P3:!J>P=:!T8JS!<-:!

?
J!c!T8S!P3:!J>P=I!

J?
Q!MG^! !

B?8O!<J>Q=:!SW8T!<J>Q=:!TX8>!<J>Q=:!JJJ8W!<J>Q=:!JJ>8X!<J>Q=:!JJS8V!<J>Q=:!J>W8B!<J>Q=:!JB>8V!
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<J>Q=:! JBV8B! <J>Q=I!GD!GELiU;#gR!m/zf! )&2)78! 1%(!QJXVPJ??MJ>gJ>! JTWX8X>! [GYP\
Y
:! 1%9/7!

JTWX8JB8!

11,14,17,36,39,42-Hexaoxa-7,21,32,46-tetraazapentacyclo[45.3.1.1
2,6

.1
22,26

.1
27,31

]-tetrapentaconta- 

1(51),2(54),3,5,22(53),23,25,27(52),28,30,47,49-dodecaene (11c) $&,! ,./-*+,03+7! 1(%4!

)%4'%9/7!10c!<X8XVO!44%2:!OV!45=:!-(0%H&70&40/+!2c!<X8XVO!44%2:!JW!45=!0/!-*+!'(+,+/)+!%1!

F7<76&=>!<B!45=:!]UMEF!<O!45=:!t]9gM&!<>S!45=:!0/!B!42!70%H&/+8!_29+/-!QP>Q2>dG+gP!TOfJ;

OXfJ:!.0+27!JW!45!<?X`=8!!

Cyclic oligomers 13c (n=3, 5)!$+(+!0,%2&-+7!&,!&!40H-9(+!0/!&!,+'&(&-+!1(&)-0%/!0/!-*+!,./-*+,0,!

%1!).)20)!704+(!11c:!)%/-&0/,!&2,%!).)20)!704+(!11c8!_29+/-!QP>Q2>dG+gP!OXfJ;JXfJ:!.0+27!?X!

45!<BV`=8!
J
P!MG^! !J8VT!<@90/-+-:!

?
J!c!O8O!P3:!B</YJ=P=:!?8>?!<-:!

?
J!c!S8X!P3:!B</YJ=P=:!?8O>;

?8SX!<4:!V</YJ=P=:!?8SJ;?8SS!<4:!B</YJ=P=:!S8OO!<7:!
?
J!c!S8S!P3:!></YJ=P=:!S8TS!<6(!,:!></YJ=P=:!

S8VS!<7:!
?
J!c!T8O!P3:!></YJ=P=:!T8JT!<-:!

?
J!c!T8?!P3:!></YJ=P=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!

MG^! !>W8J!<></YJ=Q=:!BJ8V!<></YJ=Q=:!SW8T!<></YJ=Q=:!TX8>!<></YJ=Q=:!TX8S!<></YJ=Q=:!JJJ8S!

<B</YJ=Q=:!JJS8>!<></YJ=Q=:!J>W8?!<></YJ=Q=:!JB>8W!<></YJ=Q=:!JBV8T!<></YJ=Q=I!GD!GELiU;

#gR!m/zf! )&2)78! 1%(! QVVPJ>JMVgJ>! JBVJ8WJ! [GYP\
Y
:! 1%9/7! JBVJ8VO! <13:! /c?=I!m/zf! )&2)78! 1%(!

QJ?>PJVJMJ>gJV!>>>>8?S![GYP\
Y
:!1%9/7!>>>>8>B!<13:!/cO=8!

7,11,14,18,29,33,36,40-Octaazapentacyclo[39.3.1.1
2,6

.1
19,23

.1
24,28

]octatetraconta-1(45),2(48), 

3,5,19(47),20,22,24(46),25,27,41,43-dodecaene (11d)! $&,! ,./-*+,03+7! 1(%4! )%4'%9/7! 10d!

<X8JW!44%2:! J>X!45=:! -+-(&&40/+!2d! <X8JW!44%2:! ??!45=! 0/! -*+!'(+,+/)+!%1!F7<76&=>! <W!45=:!

]UMEF! <JJ!45=:! t]9gM&! <OO!45=:! 0/! JX!42! 70%H&/+8!_29+/-!QP>Q2>dG+gPdMP?&@! JXXf>Xf?:!

.0+27!?J!45!<>O`=8!!

7,11,14,18,29,33,36,40,51,55,58,62,73,77,80,84-Hexadecaazanonacyclo [83.3.1.1
2,6

.1
19,23

.1
24,28

. 

1
41,45

.1
46,50

.1
63,67

.1
68,72

]hexanonaconta-1(89),2(96),3,5,19(95),20,22,24(94),25,27,41(93),42,44, 

46(92),47,49,63(91),64,66,68(90),69,71,85,87-tetracosaene (13d, n=3)! $&,! %6-&0/+7! &,! &!

40H-9(+! $0-*! ).)20)! )%4'%9/7! 11d! 0/! &! ,+'&(&-+! 1(&)-0%/8! _29+/-! QP>Q2>dG+gPdMP?&@!

JXXf>OfO:!.0+27!<1%(!&!40H-9(+=!?B!45!<>V`=8!
J
P!MG^! !J8TO!<6(!,:!JSP=:!>8TX!<6(!,:!?>P=:!?8JS!

<6(!,:!JSP=:!S8O?!<6(!,:!VP=:!S8TS!<6(!,:!VP=:!S8VS!<6(!,:!VP=:!T8JO!<6(!,:!VP=:!MP!'(%-%/,!$+(+!/%-!

&,,05/+7I!
J?
Q!MG^! !>W8B!<VQ=:!B>8T!<VQ=:!BV8J!<VQ=:!BW8>!<VQ=:!JJJ8O!<VQ=:!JJJ8S!<VQ=:!JJS8>!

<VQ=:!J>W8B!<VQ=:!JB>8W!<VQ=:!JBV8V!<VQ=I!GD!GELiU;#gR!m/zf!)&2)78!1%(!QVXPJJ?MJS!J>WT8W?!

[GYP\
Y
:!1%9/7!J>WT8VB8!

!

Standard method for the synthesis of cyclic dimers 11a,c,d via in situ obtained N,N'-

bis(bromobiphenyl)polyamines (10a,c,d)!

E!-$%;/+)K!12&,K!+@90''+7!$0-*!&!4&5/+-0)!,-0((+(:!129,*+7!$0-*!7(.!&(5%/!$&,!)*&(5+7!$0-*!?:?';

706(%4%60'*+/.2!9!<J8>O!44%2:!?WX!45=:!F7<76&=>!<J>!45=:!]UMEF!<JB!45=:!&6,%29-+!70%H&/+!

<O!42=:! -*+!40H-9(+!$&,! ,-0((+7! 1%(! >!40/:! -*+/! &''(%'(0&-+! '%2.&40/+!2a,c,d! <X8O!44%2=!$&,!

&77+7:! 1%22%$+7!6.! t]9gM&! <JBB!45=8!#*+! (+&)-0%/!40H-9(+!$&,! (+129H+7! 1%(! JX!*:! )%%2+7! -%!

&460+/-! -+4'+(&-9(+:! -*+/!F7<76&=>! <?B!45=:!]UMEF! <BJ!45=:! &6,%29-+! 70%H&/+! <>X!42=!$+(+!

&77+7:!-*+!(+&)-0%/!40H-9(+!$&,!,-0((+7!1%(!>!40/:!&''(%'(0&-+!'%2.&40/+!2a,c,d!<X8S!44%2=!$&,!

&77+7:!1%22%$+7!6.!t]9gM&!<JTX!45=8!#*+!(+&)-0%/!40H-9(+!$&,!(+129H+7!1%(!?X;BX!*:!)%%2+7!-%!
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&460+/-! -+4'+(&-9(+:! 102-+(+7! &/7! +A&'%(&-+7! in vacuo8! #*+! (+,079+! $&,! )*(%4&-%5(&'*+7! %/!

,020)&! 5+2! 9,0/5! &! ,+@9+/)+! %1! +29+/-,f! QP>Q2>:! QP>Q2>dG+gP! >XXfJ! h! ?fJ:!

QP>Q2>dG+gPdMP?&@!JXXf>XfJ!h!JXfBfJ8!!

7,11,22,26-Tetraazapentacyclo[25.3.1.1
2,6

.1
12,16

.1
17,21

]tetratriaconta-1(31),2(34),3,5,12(33),13,15, 

17(32),18,20,27,29-dodecaene (11a)! $&,! ,./-*+,03+7! 1(%4! J:?;70&40/%'(%'&/+! 2a8! _29+/-!

QP>Q2>dG+gP!>XXfJ:!.0+27!J>!45!<O`=8!!

7,11,22,26,37,41-Hexaazaheptacyclo[40.3.1.1
2,6

.1
12,16

.1
17,21

.1
27,31

.1
32,36

]henpentaconta-1(46), 

2(51),3,5,12(50),13,15,17(49),18,20,27(48),28,30,32(47),33,35,42,44-octadecaene (13a, n=2)!

$&,!%6-&0/+7!&,!-*+!,+)%/7!'(%79)-!0/!-*+!,./-*+,0,!%1!).)20)!704+(!11a!&/7!0,%2&-+7!&,!&!40H-9(+!

$0-*!0-!0/!&!,+'&(&-+!1(&)-0%/8!_29+/-!QP>Q2>dG+gP!JXXfJ:!.0+27!<1%(!&!40H-9(+=!?O!45!<JO`=8!
J
P!

MG^! !J8W?!<@90/-+-:!
?
J!c!S8?!P3:!SP=:!?8>W!<-:!

?
J!c!S8?!P3:!J>P=:!?8S?!<6(!,:!SP=:!S8OV!<7:!

?
J!c!

T8S!P3:!SP=:!S8TS!<6(!,:!SP=:!S8WX!<7:!
?
J!c!T8T!P3:!SP=:!T8>X!<-:!

?
J!c!T8V!P3:!SP=I!

J?
Q!MG^! !>W8J!

<?Q=:! BJ8W! <SQ=:! JJJ8T! <SQ=:! JJJ8V! <SQ=:! JJS8S! <SQ=:! J>W8O! <SQ=:! JB>8V! <SQ=:! JBV8B! <SQ=I!GD!

GELiU;#gR!m/zf!)&2)78!1%(!QBOPBWMS!ST?8BX![GYP\
Y
:!1%9/7!ST?8B>8!

Cyclic dimer (11b)!$&,! ,./-*+,03+7! 1(%4!70%H&70&40/+!2b8!_29+/-!QP>Q2>dG+gP!TOfJ:!.0+27!

>B!45!<V`=8!!

10,13-Dioxa-7,16-diazatricyclo[15.3.1.1
2,6

]docosa-1(21),2(22),3,5,17,19-hexaene (12b)! $&,!

%6-&0/+7!&,!-*+!,+)%/7!'(%79)-!0/!-*+!,./-*+,0,!%1!).)20)!704+(!11b _29+/-!QP>Q2>dG+gP!JXXfJ:!

.0+27!JO!45!<JX`=8!!

Cyclic oligomers (13b, n=2, 3)!$&,! %6-&0/+7! &,! &! ,+'&(&-+!40H-9(+! 0/! -*+! ,./-*+,0,! %1! ).)20)!

704+(!11b8!_29+/-!QP>Q2>dG+gP!OXfJ;>XfJ:!.0+27!>X!45!<T`=8!!

Cyclic dimer (11d) $&,! ,./-*+,03+7! 1(%4! -+-(&&40/+! 2d8! _29+/-! QP>Q2>dG+gPdMP?&@!

JXXf>OfO:!.0+27!S?!45!<JW`=8!

7,11,14,18-Tetraazatricyclo[17.3.1.1
2,6

]tetracosa-1(23),2(24),3,5,19,21-hexaene (12d=! $&,!

%6-&0/+7! &,! -*+! ,+)%/7! '(%79)-! 0/! -*+! ,./-*+,0,! %1! ).)20)! 704+(! 11d _29+/-!

QP>Q2>dG+gPdMP?&@!JXXf>XfJ;JXXf>Xf>:!.0+27!?X!45!<JV`=8!!

7,11,14,18,29,33,36,40,51,55,58,62-Dodecaazaheptacyclo-[61.3.1.1
2,6

.1
19,23

.1
24,28

.1
41,45

.1
46,50

] 

doheptaconta-1(67),2(72),3,5,19(71),20,22,24(70),25,27,41(69),42,44,46(68),47,49,63,65-

octadecaene (13d, n=2)!$&,!%6-&0/+7!&,!&!40H-9(+!$0-*!).)20)!704+(!11d!0/!&!,+'&(&-+!1(&)-0%/8!

_29+/-!QP>Q2>dG+gPdMP?&@!JXXf?OfV:!.0+27!<1%(!&!40H-9(+=!?V!45!<J>`=8!
J
P!MG^! !J8TV!<6(!

,:!J>P=:!>8TX!<6(!,:!>BP=:!?8JV!<-:!
?
J!c!T8X!P3:!J>P=:!S8OO!<6(!,:!SP=:!S8TT!<6(!,:!SP=:!S8VT!<7:!

?
J!c!

S8>!P3:!SP=:!T8JS!<-:!
?
J!c!S8W!P3:!SP=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^! !>W8B!<SQ=:!B>8S!

<SQ=:! BV8X! <SQ=:! BW8>! <SQ=:! JJJ8O! <J>Q=:! JJS8>! <SQ=:! J>W8?! <SQ=:! JB>8V! <SQ=:! JBV8T! <SQ=I!GD!

GELiU;#gR!m/zf!)&2)78!1%(!QSXPVOMJ>!WT?8TX![GYP\
Y
:!1%9/7!WT?8TB8!

 

Standard method for the synthesis of cyclic dimers 6b-d and 11b-d via in situ obtained 

bis(polyamine) substituted biphenyls (16b-d) and (18b-d)!

E!-$%;/+)K!12&,K!+@90''+7!$0-*!&!4&5/+-0)!,-0((+(:!129,*+7!$0-*!7(.!&(5%/!$&,!)*&(5+7!$0-*!B:B';

706(%4%60'*+/.2!1!%(!?:?';706(%4%60'*+/.2!9!<X8>O!44%2:!TV!45=:!F7<76&=>!<S!45=:!]UMEF!<T!

45=:!&6,%29-+!70%H&/+! <>8O!42=:! -*+!40H-9(+!$&,!,-0((+7! 1%(!>!40/:! -*+/!&''(%'(0&-+!'%2.&40/+!
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2b-d!<J!44%2=!$&,!&77+7:!1%22%$+7!6.!t]9gM&!<T>!45=8!#*+!(+&)-0%/!40H-9(+!$&,!(+129H+7!1%(!

JX!*:!)%%2+7! -%!&460+/-! -+4'+(&-9(+:!X8>O!42!%1! -*+! (+&)-0%/!40H-9(+!$&,! -&K+/! 1%(!MG^!&/7!

4&,,;,'+)-(%,)%'0)!0/A+,-05&-0%/,!%1!)%4'%9/7,!16!&/7!18:!-*+/!F7<76&=>!<>V!45=:!]UMEF!<?B!

45=:! &6,%29-+! 70%H&/+! <JX! 42=! $+(+! &77+7:! -*+! (+&)-0%/! 40H-9(+! $&,! ,-0((+7! 1%(! >! 40/:! B:B';

706(%4%60'*+/.2! 1! %(! ?:?';706(%4%60'*+/.2! 9! <X8S! 44%2:! JVT! 45=! $&,! &77+7:! 1%22%$+7! 6.!

t]9gM&! <JTX! 45=8! #*+! (+&)-0%/! 40H-9(+! $&,! (+129H+7! 1%(! ?X;BX! *:! )%%2+7! -%! &460+/-!

-+4'+(&-9(+:! 102-+(+7! &/7! +A&'%(&-+7! in vacuo8!#*+! (+,079+!$&,! )*(%4&-%5(&'*+7!%/! ,020)&! 5+2!

9,0/5! &! ,+@9+/)+! %1! +29+/-,f! QP>Q2>:! QP>Q2>dG+gP! >XXfJ! h! ?fJ:! QP>Q2>dG+gPdMP?&@!

JXXf>XfJ!h!JXfBfJ8!!

N,N'-Bis[2-[2-(2-aminoethoxy)ethoxy]ethyl]biphenyl-4,4'-diamine (16b)!$&,!%6-&0/+7!in situ!

1(%4!70%H&70&40/+!2b!<J44%2:!JBV!45=8!
J
P!MG^! !>8V>!<-:!

?
J!c!O8J!P3:!BP=:!?8>W!<-:!

?
J!c!O8>!

P3:!BP=:!?8BV!<-:!
?
J!c!O8>!P3:!BP=:!?8OW;?8S?!<4:!VP=:!?8SW!<-:!

?
J!c!O8>!P3:!BP=:!S8SB!<7:!

?
J!c!V8S!

P3:!BP=:!T8?B!<7:!
?
J!c!V8S!P3:!BP=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^! !BJ8O!<>Q=:!B?8O!

<>Q=:! SW8O! <>Q=:! TX8>! <BQ=:! T?8B! <>Q=:! JJ?8B! <BQ=:! J>T8X! <BQ=:! J?X8V! <>Q=:! JBS8T! <>Q=I! GD!

GELiU;#gR!m/zf!)&2)78!1%(!Q>BP?WMBgB!BBT8?X![GYP\
Y
:!1%9/7!BBT8?>8!

Cyclic dimer 6b!$&,!,./-*+,03+7!1(%4!)%4'%9/7!16b8!_29+/-!QP>Q2>dG+gP!TOfJ:!.0+27!JS!45!

<JJ`=8!

9,12,27,30,45,48-Hexaoxa-6,15,24,33,42,51-hexaazaheptacyclo-[50.2.2.2
2,5

.2
16,19

.2
20,23

2
34,37

.2
38,41

] 

hexahexaconta-1(54),2,4,16,18,20,22,34,36,38,40,52,55,57,59,61,63,65-octadecaene (7b, n=2)!

$&,! %6-&0/+7! &,! -*+! ,+)%/7! '(%79)-! 0/! -*+! ,./-*+,0,! %1! ).)20)! 704+(!6b8! QP>Q2>dG+gP! TOfJ:!

.0+27!JB!45!<W`=8!

A mixture of cyclic oligomers (7b, n=2-4) $&,!%6-&0/+7!&,!&!,+'&(&-+!1(&)-0%/!0/!-*+!,./-*+,0,!

%1!).)20)!704+(!6b8!_29+/-!QP>Q2>dG+gP!OXfJ:!.0+27!JT!45!<JJ`=8!!

9,12,27,30,45,48,63,66-Octaoxa-6,15,24,33,42,51,60,69-octaazanonacyclo-[68.2.2.2
2,5

.2
16,19

. 

2
20,23

.2
34,37

.2
38,41

.2
52,55

.2
56,59

]octaoctaconta-1(72),2,4,16,18,20,22,34,36,38, 

40,52,54,56,58,70,73,75,77,79,81,83,85,87-tetracosaene (7b:!n=3)8!
J
P!MG^! !?8?J!<-:!

?
J!c!O8X!

P3:!JSP=:!?8SB!<,:!JSP=:!?8T>!<-:!
?
J!c!O8X!P3:!JSP=:!S8OW!<7:!

?
J!c!V8S!P3:!JSP=:!T8>T!<7:!

?
J!c!V8S!

P3:! JSP=:!MP!'(%-%/,!$+(+! /%-! &,,05/+7I!
J?
Q!MG^! !B?8T! <VQ=:! SW8S! <VQ=:! TX8?! <VQ=:! JJ?8O!

<JSQ=:! J>T8J! <JSQ=:! J?X8V! <VQ=:! JBS8S! <VQ=I! GD! GELiU;#gR! m/zf! )&2)78! 1%(! QT>PVWMVgV!

JJW?8SV![GYP\
Y
:!1%9/7!JJW?8S>8!

9,12,27,30,45,48,63,66,81,84-Decaoxa-6,15,24,33,42,51,60,69,78,87-decaazaundecacyclo 

[86.2.2.2
2,5

.2
16.19

.2
20,23

.2
34,37

.2
38,41

.2
52,55

.2
56,59

.2
70,73

.2
74,77

]decahecta-1(90),2,4,16,18,20,22,34,36, 

38,40,52,54,56,58,70,72,74,76,88,91,93,95,97,99,101,103,-105,107,109-triacontaene (7b: n=4=8!
J
P!MG^! !?8?J!<-:!

?
J!c!O8X!P3:!>XP=:!?8SB!<,:!>XP=:!?T>!<-:!

?
J!c!O8X!P3:!>XP=:!S8S>!<7:!

?
J!c!V8O!

P3:!>XP=:!T8?>!<7:!
?
J!c!V8O!P3:!>XP=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^! !B?8T!<JXQ=:!

SW8T!<JXQ=:!TX8?!<JXQ=:!JJ?8O!<>XQ=:!J>T8J!<>XQ=:!J?X8V!<JXQ=:!JBS8T!<JXQ=I!GD!GELiU;#gR!

m/zf!)&2)78!1%(!QWXPJJJMJXgJX!JBWJ8VO![GYP\
Y
:!1%9/7!JBWJ8TV8!

Cyclic oligomers (7b, n=3-8)! $+(+! %6-&0/+7! &,! &! ,+'&(&-+! 1(&)-0%/! 0/! -*+! ,./-*+,0,! %1! ).)20)!

704+(! 6b8! _29+/-! QP>Q2>dG+gP! >XfJ:! .0+27! B?! 45! <>W`=8! 7b:! /lBf!
J
P! MG^! ! ?8??! <6(! ,:!

B</YJ=P=:!?8SO! <,:!B</YJ=P=:!?8TJ! <6(! ,:!B</YJ=P=:!?8WW! <6(! ,:!></YJ=P=:!S8SO! <7:!
?
J!c!V8>!P3:!
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B</YJ=P=:! T8?O! <7:!
?
J! c! V8>!P3:! B</YJ=P=I!

J?
Q!MG^! ! B?8S! <></YJ=Q=:! SW8S! <></YJ=Q=:! TX8>!

<></YJ=Q=:!JJ?8B!<B</YJ=Q=:!J>T8X!<B</YJ=Q=:!J?X8T!<></YJ=Q=:!JBS8T!<></YJ=Q=I!GD!GELiU;

#gR!m/zf! )&2)78! 1%(! QJXVPJ??MJ>gJ>! JTWX8X! [GYP\
Y
:! 1%9/7! JTVW8W! 7b! </cO=I!m/zf! )&2)78! 1%(!

QJ>SPJOOMJBgJB!>XVV8>![GYP\
Y
:! 1%9/7!>XVV8X!7b! </cS=I!m/zf!)&2)78! 1%(!QJBBPJTTMJSgJS!>?VS8B!

[GYP\
Y
:!1%9/7!>?VS8J!<7b:!/cT=I!m/zf!)&2)78!1%(!QJS>PJWWMJVgJV!>SVB8O![GYP\

Y
:!1%9/7!>SVB8J!

<7b:!/cV=8!

N
4
,N

4'
-Bis(3-(2-(2-(3-aminopropoxy)ethoxy)ethoxy)propyl)biphenyl-4,4'-diamine (16c)! $&,!

%6-&0/+7!in situ!1(%4!-(0%H&70&40/+!2c!<J44%2:!>>X!45=8!
J
P!MG^! !J8ST!<@90/-+-:!

?
J!c!S8O!P3:!

BP=:!J8VO!<@90/-+-:!
?
J!c!O8>!P3:!BP=:!>8TJ!<-:!

?
J!c!S8T!P3:!BP=:!?8>X!<-:!

?
J!c!S8B!P3:!BP=:!?8OX!<-:!

?
J!

c!S8>!P3:!BP=:!?8O>;?8SB! <4:!>XP=:!S8OW! <7:!
?
J!c!V8S!P3:!BP=:! T8?X! <7:!

?
J!c!V8S!P3:!BP=:!MP!

'(%-%/,!$+(+!/%-!&,,05/+7I!
J?
Q!MG^! !>W8X! <>Q=:!??8>! <>Q=:!?W8?! <>Q=:!BJ8T! <>Q=:!SW8?! <>Q=:!

SW8S!<>Q=:!TX8X!<>Q=:!TX8J!<>Q=:!TX8O!<BQ=:!JJ>8W!<BQ=:!J>S8W!<BQ=:!J?X8?!<>Q=:!JBS8W!<>Q=I!GD!

GELiU;#gR!m/zf!)&2)78!1%(!Q?>POOMBgS!OWJ8BJ![GYP\
Y
:!1%9/7!OWJ8?V8!

Cyclic dimer (6c) $&,!,./-*+,03+7!1(%4!)%4'%9/7!16c8!_29+/-!QP>Q2>dG+gP!OXfJ;>XfJ:!.0+27!

BS!45!<>B`=8!

Cyclic trimer (7c, n=2)!$&,!%6-&0/+7!&,!-*+!,+)%/7!'(%79)-!0/!-*+!,./-*+,0,!%1!).)20)!704+(!6c8!

_29+/-!QP>Q2>dG+gP!>XfJ:!.0+27!V!45!<B`=8!

Oligomers (17c, n=1-4) $+(+! 0,%2&-+7!&,! ,+'&(&-+!40H-9(+! 0/! -*+! ,./-*+,0,!%1!).)20)!704+(!6c8!

_29+/-!QP>Q2>dG+gP!JXfJ;OfJ:!.0+27!WB!45!<OX`=8!J8VJ!<6(!,:!>P=:!J8VV!<@90/-+-:!
?
J!c!O8X!P3:!

<B/Y>=P=:!>8WW!<6(!,:!>P=:!?8>?!<-:!
?
J!c!O8>!P3:!<B/Y>=P=:!B8OW!<6(!,:!<>/YJ=P=:!S8S>!<7:!

?
J!c!V8J!

P3:!B/P=:!S8TX!<7:!
?
J!c!V8S!P3:!>P=:!T8>B!<-:!

?
J!c!V8X!P3:!JP=:!T8?B!<7:!

?
J!c!V8J!P3:!B/P=:!T8?V!<-:!

?
J!c!T8T!P3:!>P=:!T8B>!<7:!

?
J!c!V8O!P3:!>P=:!T8O>!<7:!

?
J!c!T8O!P3:!>P=:!'(%-%/,!%1!MP>!5(%9'!$+(+!

/%-! &,,05/+7I!
J?
Q!MG^! !>S8S! <JQ=:!>V8V! <JQ=:!>W8X! <>/Q=:!?W8T! <JQ=:! BJ8S! <JQ=:! BJ8T! <>/Q=:!

SW8S! <></YJ=Q=:! TX8J! <></YJ=Q=:! TX8O! <></YJ=Q=:! JJ>8W! <B/Q=:! JJ?8O! <>Q=:! J>S8X! <>Q=:! J>S8W!

<B/Q=:! J>T8T! <>Q=:! J>V8O! <>Q=:! J>W8X! <JQ=:! J?X8>! <>/Q=:! JBS8W! <></YJ=Q=:! -$%! &(%4&-0)!

@9&-+(/&(.! )&(6%/,! $+(+! /%-! 7+-+)-+7I! GD! GELiU;#gR!m/zf! )&2)78! 1%(! QBBPS?MBgS! TB?8BT!

[GYP\
Y
:!1%9/7!TB?8BB!<17c:!/cJ=I!m/zf!)&2)78!1%(!QSSPW?MSgW!JJJ?8TX![GYP\

Y
:!1%9/7!JJJ?8SO!

17c!</c>=I!m/zf!)&2)78!1%(!QVVPJ>?MVgJ>!JBV?8W?![GYP\
Y
:!1%9/7!JBV?8VO!17c!</c?=I!m/zf!)&2)78!

1%(!QJJXPJO?MJXgJO!JVOB8JO![GYP\
Y
:!1%9/7!JVOB8XJ!17c!</cB=8!

N
1
,N

1'
-(Biphenyl-4,4'-diyl)bis[N

3
-[2-(3-aminopropylamino)ethyl]propane-1,3-diamine] (16d)!

$&,!%6-&0/+7!in situ!1(%4!-+-(&&40/+!2d!<J44%2:!JTB!45=8!
J
P!MG^! !J8OV!<@90/-+-:!

?
J!c!S8W!P3:!

BP=:!J8TS!<@90/-+-:!
?
J!c!S8B!P3:!BP=:!>8SJ!<-:!

?
J!c!T8X!P3:!BP=:!>8ST!<,:!VP=:!>8SV;>8T>!<4:!VP=:!

?8JS!<-:!
?
J!c!S8B!P3:!BP=:!S8OW!<7:!

?
J!c!V8O!P3:!BP=:!T8?J!<7:!

?
J!c!V8O!P3:!BP=:!MP!'(%-%/,!$+(+!

/%-!&,,05/+7I!
J?
Q!MG^! !>W8O!<>Q=:!??8V!<>Q=:!BX8>!<>Q=:!B>8V!<>Q=:!BT8S!<>Q=:!BV8X!<>Q=:!BW8B!

<BQ=:!JJ>8W!<BQ=:!J>W8W!<BQ=:!J?X8B!<>Q=:!JBS8W!<>Q=I!GD!GELiU;#gR!m/zf!)&2)78!1%(!Q>VPOJMV!

BWW8B>![GYP\
Y
:!1%9/7!BWW8B?8!

Cyclic dimer (6d)! $&,! ,./-*+,03+7! 1(%4! )%4'%9/7! 16d8! _29+/-! QP>Q2>dG+gPdMP?&@!

JXXf>Xf?:!.0+27!J>!45!<T`=8!

6,10,13,17,26,30,33,37,46,50,53,57-Dodecaazaheptacyclo-[56.2.2.2
2,5

.2
18,21

.2
22,25

.2
38,41

.2
42,45

] 

doheptaconta-1(60),2,4,18,20,22,24,38,40,42,44,58,61,63,65,67,69,71-octadecaene (7d, n=2)!

 Page 118 ARKAT USA, Inc. 



Issue in Honor of Prof. Usein M. Dzhemilev  ARKIVOC 2011 (viii) 99-122!

$&,! %6-&0/+7! &,! -*+! ,+)%/7! '(%79)-! 0/! -*+! ,./-*+,0,! %1! ).)20)! 704+(! 6d8! _29+/-!

QP>Q2>dG+gPdMP?&@! JXXf>Xf?:! .0+27! S! 45! <B`=:! '&2+;.+22%$! 52&,,.! ,%2078!
J
P!MG^! ! J8TT!

<@90/-+-:!
?
J!c!S8O!P3:!J>P=:!>8T?!<,:!J>P=:!>8TS!<-:!

?
J!c!S8>!P3:!J>P=:!?8J?!<-:!

?
J!c!S8B!P3:!J>P=:!

S8SX!<7:!
?
J!c!V8O!P3:!J>P=:!T8??!<7:!

?
J!c!V8O!P3:!J>P=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^!

!>W8>!<SQ=:!B>8W!<SQ=:!BV8J!<SQ=:!BW8X!<SQ=:!JJ?8J!<J>Q=:!J>T8X!<J>Q=:!J?X8B!<SQ=:!JBT8X!<SQ=I!

P^GD!GELiU;#gR!m/zf!)&2)78!1%(!QSXPVOMJ>!WT?8TX>X![GYP\
Y
:!1%9/7!WT?8TX?W8!

N
3
,N

3'
-Bis[2-[2-(2-aminoethoxy)ethoxy]ethyl]biphenyl-3,3'-diamine (18b)! $&,! %6-&0/+7! in 

situ!1(%4!70%H&70&40/+!2b!<J44%2:!JBV!45=8!
J
P!MG^! !>8V?!<-:!

?
J!c!O8>!P3:!BP=:!?8?>!<-:!

?
J!c!

O8>!P3:!BP=:!?8BW!<-:!
?
J!c!O8>!P3:!BP=:!?8SJ;?8SO!<4:!VP=:!?8TJ!<-:!

?
J!c!O8>!P3:!BP=:!S8OV!<77:!

?
J!c!

V8X!P3:!
B
J!c!>8?!P3:!>P=:!S8VX!<-:!

B
J!c!J8W!P3:!>P=:!S8VW!<7:!

?
J!c!T8S!P3:!>P=:!T8JW!<-:!

?
J!c!T8V!P3:!

>P=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!
J?
Q!MG^! !BJ8O!<>Q=:!B?8B!<>Q=:!SW8S!<>Q=:!TX8>!<BQ=:!T?8B!

<>Q=:!JJ>8X!<BQ=:!JJS8T!<>Q=:!J>W8?!<>Q=:!JB>8V!<>Q=:!JBV8B!<>Q=I!GD!GELiU;#gR!m/zf!)&2)78!

1%(!Q>BP?WMBgB!BBT8?X![GYP\
Y
:!1%9/7!BBT8>T8!

Cyclic dimer (11b) $&,!,./-*+,03+7!1(%4!)%4'%9/7!18b8!_29+/-!QP>Q2>dG+gP!JXXfJ:!.0+27!SS!

45!<BB`=8!

Cyclic oligomers (13b, n=2, 3) $+(+!%6-&0/+7!&,!&! ,+'&(&-+! 1(&)-0%/! 0/! -*+! ,./-*+,0,!%1!).)20)!

704+(!11b8!_29+/-!QP>Q2>dG+gP!OXfJ:!.0+27!OS!45!<?>`=8!

Cyclic trimer (13b, n=2) $&,!0,%2&-+7!&,!&!40H-9(+!$0-*!).)20)!704+(!11b!0/!&!,+'&(&-+!1(&)-0%/8!

_29+/-!QP>Q2>dG+gP!>XfJ:!.0+27!BS!45!<>B`=8!

Macrocycle (12b)! $&,! %6-&0/+7! &,! -*+! ,+)%/7! '(%79)-! 0/! -*+! ,./-*+,0,! %1! ).)20)! 704+(! 11b8!

_29+/-!QP>Q2>dG+gP!>XfJ:!.0+27!>B!45!<JO`=8!

N
3
,N

3'
-Bis[3-[2-[2-(3-aminopropoxy)ethoxy]ethoxy]propyl]biphenyl-3,3'-diamine (18c)! $&,!

%6-&0/+7!in situ!1(%4!-(0%H&70&40/+!2c!<J44%2:!>>X!45=8!
J
P!MG^! !J8SB!<@90/-+-:!

?
J!c!S8O!P3:!

BP=:!J8VO!<@90/-+-:!
?
J!c!O8S!P3:!BP=:!>8TX!<-:!

?
J!cS8V!P3:!BP=:!?8>J!<-:!

?
J!c!O8O!P3:!BP=:!?8BO;?8SX!

<4:!>BP=:!S8OJ!<7:!
?
J!c!V8X!P3:!>P=:!S8T>!<,:!>P=:!S8VJ!<7:

!?
J!c!T8B!P3:!>P=:!T8J>!<-:!

?
J!c!T8T!P3:!

>P=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!
J?
Q!MG^! !>W8X!<>Q=:!??8>!<>Q=:!?W8B!<>Q=:!BJ8S!<>Q=:!SW8?!

<>Q=:!SW8S!<>Q=:!TX8X!<>Q=:!TX8J!<>Q=:!TX8O!<BQ=:!JJJ8B!<BQ=:!JJS8X!<>Q=:!J>W8>!<>Q=:!JB>8V!<>Q=:!

JBV8S!<>Q=I!GD!GELiU;#gR!m/zf!)&2)78!1%(!Q?>POOMBgS!OWJ8BJ![GYP\
Y
:!1%9/7!OWJ8?W8!

Cyclic dimer (11c)!$&,!,./-*+,03+7!1(%4!)%4'%9/7!18c8!_29+/-!QP>Q2>dG+gP!TOfJ;OXfJ:!.0+27!

>V!45!<JO`=8!

11,14,17-Trioxa-7,21-diazatricyclo[20.3.1.1
2,6

]heptacosa-1(26),2(27),3,5,22,24-hexaene (12c)!

$&,!%6-&0/+7!&,!-*+!,+)%/7!'(%79)-!0/!-*+!,./-*+,0,!%1!).)20)!704+(!11c8!_29+/-!QP>Q2>dG+gP!

JXXfJ:!.0+27!T>!45!<?W`=8!

Cyclic oligomers (13c, n=2, 3) $+(+!%6-&0/+7!&,! &! ,+'&(&-+! 1(&)-0%/! 0/! -*+! ,./-*+,0,!%1! ).)20)!

704+(!11c8!_29+/-!QP>Q2>dG+gP!>XfJ:!.0+27!OS!45!<?X`=8!!

11,14,17,36,39,42,61,64,67-Nonaoxa-7,21,32,46,57,71-hexaazaheptacyclo-[70.3.1.1
2,6

.1
22,26

. 

1
27,31

.1
47,51

.1
52,56

]henoctaconta-1(76),2(81),3,5,22(80),23,25,27(79),28,30,47(78),48,50,52(77), 

53,55,72,74-octadecaene (13c, n=2=8!
J
P!MG^! !J8VT!<@90/-+-:!

?
J!c!S8X!P3:!J>P=:!?8>B!<-:!

?
J!c!

S8>!P3:!J>P=:!?8O?;?8S>!<4:!>BP=:!?8S?;?8SV!<4:!J>P=:!B8XX!<6(!,:!SP=:!S8OO!<6(!,:!SP=:!S8TV!<,:!

SP=:!S8VV!<6(!,:!SP=:!T8JV!<-:!
?
J!c!T:T!P3:!SP=I!

J?
Q!MG^! !>W8X!<SQ=:!BJ8T!<SQ=:!SW8S!<SQ=:!TX8>!
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<SQ=:! TX8O! <SQ=:! JJJ8B! <SQ=:! JJJ8S! <SQ=:! JJS8J! <SQ=:! J>W8>! <SQ=:! JB>8W! <SQ=:! JBV8T! <SQ=I!GD!

GELiU;#gR!m/zf!)&2)78!1%(!QSSPWJMSgW!JJJJ8SV![GYP\
Y
:!1%9/7!JJJJ8S?8!

11,14,17,36,39,42,61,64,67,86,89,92-Dodecaoxa-7,21,32,46,57,71,82,96-octaazanonacyclo 

[95.3.1.1
2,6

.1
22,26

.1
27,31

.1
47,51

.1
52,56

.1
72,76

.1
77,81

]octahecta-1(101),2(108),3,5,22(107),23,25, 

27(106),28,30,47(105),48,50,52(104),53,55,72(103),73,75,77(102),78,80,97,99-tetracosaene 

(13c, n=3=8!
J
P!MG^! !J8VV!<@90/-+-:!

?
J!c!S8>!P3:!JSP=:!?8>O!<-:!

?
J!c!S8>!P3:!JSP=:!?8O?;?8S>!<4:!

?>P=:!?8S?;?8SV!<4:!JSP=:!B8XO!<6(!,:!VP=:!S8OT!<6(!,:!VP=:!S8TV!<,:!VP=:!S8VV!<6(!,:!VP=:!T8JW!<-:!
?
J!c!T8V!P3:!VP=I!

J?
Q!MG^! !>W8X!<VQ=:!BJ8T!<VQ=:!SW8S!<VQ=:!TX8>!<VQ=:!TX8O!<VQ=:!JJJ8O!<JSQ=:!

JJS8J!<VQ=:!J>W8>!<VQ=:!JB>8W!<VQ=:!JBV8T!<VQ=I!GD!GELiU;#gR!m/zf!)&2)78!1%(!QVVPJ>JMVgJ>!

JBVJ8WJ![GYP\
Y
:!1%9/7!JBVJ8V?8!

N
1
,N

1'
-(Biphenyl-3,3'-diyl)bis[N

3
-[2-(3-aminopropylamino)ethyl]propane-1,3-diamine] (18d)!

$&,!%6-&0/+7!in situ!1(%4!-+-(&&40/+!2d!<J44%2:!JTB!45=8!
J
P!MG^! !J8OV!<@90/-+-:!

?
J!c!T8X!P3:!

BP=:!J8TT!<@90/-+-:!
?
J!c!O8W!P3:!BP=:!>8S>!<-:!

?
J!c!T8X!P3:!BP=:!>8ST!<,:!VP=:!>8SV;>8T?!<4:!VP=:!

?8JV!<-:!
?
J!c!O8T!P3:!BP=:!S8O?!<7:!

?
J!cT8?!P3:!>P=:!S8TB!<,:!>P=:!S8V?!<7:!

?
J!c!T8?!P3:!>P=:!T8JO!<-:!

?
J!c!T8S!P3:!>P=:!MP!'(%-%/,!$+(+!/%-!&,,05/+7I!

J?
Q!MG^! !>W8O!<>Q=:!??8V!<>Q=:!BX8?!<>Q=:!

B>8T!<>Q=:!BT8T!<>Q=:!BV8J!<>Q=:!BW8O!<BQ=:!JJJ8B!<>Q=:!JJJ8O!<>Q=:!JJS8>!<>Q=:!J>W8?!<>Q=:!JB>8W!

<>Q=:!JBV8T!<>Q=I!GD!GELiU;#gR!m/zf!)&2)78!1%(!Q>VPOJMV!BWW8B>![GYP\
Y
:!1%9/7!BWW8BX!

Cyclic dimer (11d) $&,! ,./-*+,03+7! 1(%4! )%4'%9/7! 18d8! _29+/-! QP>Q2>dG+gPdGP?&@!

JXXf>Xf?:!.0+27!JB!45!<W`=8!

Macrocycle (12d) $&,! %6-&0/+7! &,! -*+! ,+)%/7! '(%79)-! 0/! -*+! ,./-*+,0,! %1! ).)20)! 704+(! 11d8!

_29+/-!QP>Q2>dG+gPdMP?&@!JXXf>XfJ;JXXf>Xf>:!.0+27!SO!45!<BX`=8!

!

!
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