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&
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&
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dabiiq & iYiAV<9.n9s\leVJYJAV899so239nol9ne&

&

dabipy& mYmAV<9.n9s\leVLYLAV89'\(9<9ne&

&

dap& & LYMV<9.n9s\leVjYjKV'hén.nth(ol9ne&

&

daterpy& mYmAAV<9.n9s\leVLYLA/gAYLAAVte('\(9<9ne&

&

DBU& & <9.a.kjYJl89c\cloemRoRKf3n<ec.ne&

&

DCM& & <9chlo(oIeth.ne&

 

DMF& & N,NV<9Iéth\leQo(I.I9<e&

&

DMSO&& <9Iéth\les3lQoO\<e&

&

&

&
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&

&

dpbiiq& iYiAV'hen\leVJYJAV899so239nol9ne&

&

dpp& & LYMV'hen\leVjYjKV'hén.nth(ol9ne&

&

dppf& & jYjyV89sk<9'hen\l'hos'h9nolQe((ocene&

&

enPd(NO3)2& '.ll.<93I&éth\lXne<9.I9ne&89sn9t(.te&

&

Pd2(dba)3& t(9sk<98ena\l9<ene.cetonel&<9'.ll.<93I&

&

m­30& & I.c(oc\cle&]&8.se&<e&<''&.Nec&JK&.toIes&<.ns&l.&c9(conQé(ence&9nte(ne&

&
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&

&

&

mb­39  I.c(oc\cle&]&8.se&<e&<'8992&.Nec&JM&.toIes&<.ns&l.&c9(conQé(ence&9nte(ne&

&

mb­41&& I.c(oc\cle&]&8.se&<e&<'8992&.Nec&oj&.toIes&<.ns&l.&c9(conQé(ence&9nte(ne&

&

Ms­& & Iés\leV&

& ?"J$>LV&

phen  & jYjKV'hén.nth(ol9ne&

&
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 & Phos'h.te&9no(g.n923e&

&
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 & @9ng&?los9ng&Uet.thes9s&

&
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ROESY  @ot.t9on.l&n3cle.(&>Ne(h.3se(&%QQect&$'ect(osco'b&

 

terpy  & LYLA/gAYLAAVte('\(9<9ne&

&

Tf­& & t(9Ql.teV&
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&
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&
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&
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1 
Introduction générale 

&

1­Notions de chimie topologique 

1.1­Introduction à la topologie 

  1.1.1­Notions de base 

 

4.&to'olog9e&ejf&est&3ne&8(.nche&<es&I.théI.t923es&239&sA9nté(esse&.3O&'(o'(9étés&

<es& o8Zets& s389ss.nt& <es& <éQo(I.t9ons& cont9n3esY& cAestV]V<9(e& s.ns& <éch9(3(e& o3&

(ecolleIentR&%n&ch9I9eY& le&to'olog3e&sA9nté(esse&]& l.&s\nthXse&et&]& lAét3<e&<e&Ioléc3les&

<ont&l.&to'olog9e&est&non&t(9N9.leR&eLf&>n&<9t&<A3n&o8Zet&23A9l&.&3ne&to'olog9e&t(9N9.le&s9&3ne&

'(oZect9on&<e&nA9I'o(te&23elle&'(ésent.t9on&<e&cet&o8Zet&s3(&3n&'l.n&ne&coI'o(te&.3c3n&

c(o9seIent&o3&9nte(sect9onR&&

&

&

Figure 1. Représentation d’isomères topologiques. 

 

F9ns9& 9l& est& éN9<ent& 23e& lAo8Zet& k.l& k.''elé& .3ss9& np3<& t(9N9.ll& .& 3ne& to'olog9e&

t(9N9.leY&s.&(e'(ésent.t9on&'l.n.9(e&ne&coI'o(t.nt&.3c3n&c(o9seIentR&4Ao8Zet&k8lY&23.nt&]&

l39&'e3t&[t(e&o8ten3&]&'.(t9(&<e&lAo8Zet&k.l&en&.''l923.nt&3ne&<éQo(I.t9on&cont9n3e&k3ne&



28 

to(s9onlY& 9l& est& <onc& to'olog923eIent& 9<ent923e& ]& lAo8Zet& k.lR& %nQ9n& lAo8Zet& kclY& .''elé&

np3<&<e& t(XQleY& eJf& est& const9t3é&<3&I[Ie&éléIent&23e& les&o8Zets& k.l& et& k8l&I.9s& 9l& est&

9I'oss98le& <Aen& o8ten9(& 3ne& (e'(ésent.t9on& <.ns& 3n& 'l.n& eOeI'te& <e& c(o9seIent&

3n923eIent&'.(&<es&<éQo(I.t9ons&cont9n3esR&%n&eQQetY&'o3(&'.sse(&<e&lAo8Zet&kcl&]&lAo8Zet&

k.l&o3&k8lY&9l&Q.3<(.9t&co3'e(&le&np3<&en&3n&'o9ntY&le&<éno3e(&'39s&le&(eQe(Ie(R&>n&<9t&23e&

kcl&.&3ne&to'olog9e&non&t(9N9.le&et&23e&k.lY&k8l&et&kcl&sont&<es&9soIX(es&to'olog923esR&eof&Cl&

Q.3t&en&Q.9t&se&(e'(ésente(&les&o8Zets&coIIe&ét.nt&to3s&eOt([IeIent&<éQo(I.8les&'o3(&

N9s3.l9se(& 'l3s& Q.c9leIent& 23elles& sont& les& <éQo(I.t9ons& 'oss98les& 'o3(& '.sse(& <A3n&

9soIX(e&]&3n&.3t(eR&

Bo3s& Nenons& <AéNo23e(& les& np3<s& s9I'lesY& I.9s& 9l& eO9ste& <es& o8Zets& 'l3s&

coI'leOes& const9t3és& <e& 'l3s9e3(s& np3<sR& >n& .''elle& lien& 3n& enseI8le& <e& np3<sY&

t(9N9.3O& o3& nonY& ent(el.cés& les& 3ns& .3O& .3t(esR& =e3O& liens& 'e3Nent& [t(e& cons9<é(és&

coIIe&ét.nt&9<ent923es&s9&on&'e3t&'.sse(&<e&lA3n&]&lA.3t(e&s.ns&Q.9(e&se&t(.Ne(se(&.3c3n&

<es&noe3<sR&

&

&

Figure 2. Lien de Whitehead (a) et anneaux des Borromée (b). 

 

5n& eOeI'le& <e& l9en& 89en& conn3& et& (el.t9NeIent& 'e3& coI'leOe& est& le& l9en& <e&

Th9tehe.<& k.l& 239& est& 3n& ent(el.cs& <e& <e3O& .nne.3O& <ont& lA3n& .& s389& 3ne& to(s9onR& 5n&

.3t(e& lienY& eOt([IeIent& 'o'3l.9(eY& est& cel39& <es& .nne.3O& <es& Go((oIée& k8lR& Cl& est&

const9t3é&<e&t(o9s&.nne.3O&kt(o9s&np3<s&t(9N9.3Ol&ent(el.cés&ent(e&e3O&s.ns&23A.3c3n&ne&
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sA9nte('énXt(e& et& 9n<9ssoc9.8les& les& 3ns& <es& .3t(es& '.(& 3ne& <éQo(I.t9on& cont9n3eR& P.(&

cont(e&s9&3n&se3l&<es&.nne.3O&est&co3'é&.lo(s&les&<e3O&.3t(es&se(ont&l98é(ésR&

&

  1.1.2­Nomenclature d’Alexander­Briggs 

&

%n& to'olog9eY&'l3s9e3(s&noIencl.t3(es&ont&été&I9ses&.3&'o9nt&'o3(& (é.l9se(&3ne&

cl.ss9Q9c.t9on&<es&<9QQé(ents&o8Zets& to'olog923esR& 4A3ne&<e& cellesVc9& est& l.&noIencl.t3(e&

<AFleO.n<e(VG(9ggs& '38l9ée& en& jMLz& '.(& 0R& TR& FleO.n<e(& et& HR& G(9ggsR& emf& %lle& (este&

.3Zo3(<Ah39& l.& 'l3s& 3t9l9séeR& ?ette& noIencl.t3(e& Q.9t& 9nte(Nen9(& J& c.(.cté(9st923es&/& le&

noI8(e&<e&c(o9seIents&XY&l.&N.le3(&<e&lA9nN.(9.nt&go3(I.n<&m&et&le&noI8(e&<e&np3<s&n&

coI'os.nt&le&l9enR&%lle&se&note&so3s&l.&Qo(Ie&/&XmnR&4A9nN.(9.nt&go3(I.n<&m&co((es'on<&

.3&noI8(e&<e&<9Iens9ons&s3''léIent.9(es&nécess.9(es&]&3n&es'.ce&]&J&<9Iens9ons&en&

Qo(Ie& <e& s'hX(e& k_9g3(e& Jk.ll& 'o3(& \& 9nsc(9(e& le& l9en& s.ns& .No9(& .3c3ne& 9nte(sect9onR&

F9ns9&3n&9nN.(9.nt&go3(I.n<&<e&j&co((es'on<&N9s3elleIent&]&lA.Zo3t&<A3ne&.nse&s3(&3ne&

s'hX(e&ce&239&est&é239N.lent&.3&'.ss.ge&<A3ne&s'hX(e&]&3n&to(e&k_9g3(e&Jk8llR&

&

&

Figure 3. Représentations des espaces correspondant à un invariant gourmand (a) égal à 0, 

(b) égal à un et (c) égal à deux.  

&
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& F9ns9Y&<.ns&lAeOeI'le&le&'l3s&s9I'leY&cAest&]&<9(e&le&np3<&<e&t(XQle&k_9g3(e&j&kcllY&9l&

est&9I'oss98le&<A9nsc(9(e&ce&np3<&<.ns&3ne&s'hX(e&s.ns&9n<39(e&<e&c(o9seIentY&.lo(s&23e&

cel.&<eN9ent&'oss98le&<.ns&3n&to(eY&cAestV]V<9(e&.Nec&3n&9nN.(9.nt&go3(I.n<&ég.l&]&jR&>n&

'e3t& <Xs& lo(s& <éQ9n9(& le& np3<& <e& t(XQle& '.(& Jjj& o3& 'l3s& s9I'leIent& JjR& >n& .''elle& les&

np3<s&9nsc(9ts&<.ns&3n&to(e&les&np3<s&<3&to(eR&

&

Figure 4. Représentation du nœud de trèfle inscrit dans un tore 

 

1.2­Caténanes et rotaxanes 

  1.2.1­Définitions 

 

4es& c.tén.nes& et& les& (ot.O.nes& egf& sont& <e3O& Q.I9lles& <e& Ioléc3les& <ont& l.&

to'olog9e& est& non& t(9N9.le& et& <ont& l.& s\nthXse& (e'(ésente&3n& (éel& <éQ9& 'o3(& le& ch9I9ste&

to'olog3eR&?.tén.ne&est&le&te(Ie&3t9l9sé&en&ch9I9e&'o3(&<éQ9n9(&3n&l9enR&Cl&est&const9t3é&<e&

'l3s9e3(s&.nne.3O&ko3&np3<sl&ent(el.cés&ent(e&e3O&et&9n<9ssoc9.8les&les&3ns&<es&.3t(es&

'.(& 3ne& <éQo(I.t9on& cont9n3eR& 4AeOeI'le& le& 'l3s& s9I'leY& .323el& les& ch9I9stes& se& sont&

9nté(essés& t(Xs& tct& est& le& eLfc.tén.ne& k.3ss9& .''elé& l9en& <e& "o'Ql& k_9g3(e& mlR& Cl& sA.g9t&

coIIe&son&noI&lA9n<923e&<A3n&ent(el.cs&<e&<e3O&.nne.3OR&

 

Figure 5. Représentation d’un [2]caténane ou lien de Hopf. 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& 5n& (ot.O.ne& est& const9t3é& <A3n& .nne.3& enQ9lé& le& long& <A3n& .Oe& et& <ont& ch.23e&

eOt(éI9té&est&(el9ée&]&3n&g(o3'eIent&'l3s&Nol3I9ne3O&ko3&^8o3chon^l&23e&le&<9.IXt(e&

9nté(9e3(& <e& lA.nne.3& enQ9léR& F9ns9Y& lA.nne.3& ne& 'e3t& 'l3s& [t(e& <ésenQ9lé& <e& lA.OeR&

4AeOeI'le& le& 'l3s& s9I'le& est& cel39& <A3n& eLf(ot.O.ne& k_9g3(e& gl& const9t3é& <e& <e3O&

éléIents&/&3n&.Oe&et&3n&.nne.3R&=es&Ioléc3les&'l3s&coI'leOes&eO9stentY&<es&eJf(ot.O.nes&

o3&<es&eof(ot.O.nes&const9t3ées&(es'ect9NeIent&<e&J&o3&o&éléIentsY&23e&ce&so9t&<es&.Oes&

o3&<es&.nne.3O&et&]&l.&con<9t9on&23Aelles&'ossX<ent&.3&Io9ns&3n&.Oe&et&3n&.nne.3&et&23e&

le&o3&les&.nne.3O&ne&'39ssent&se&<ésenQ9le(R&

&

&

Figure 6. Représentation d’un [2]rotaxane. 

& &

& 5ne& (eI.(23e& 9I'o(t.nte& se& <o9t& <A[t(e& .Zo3tée& ]& ce& n9Ne.3& <e& lA9nt(o<3ct9onR&

$elon&l.&<éQ9n9t9on&<A3n&o8Zet&to'olog923eIent&non&t(9N9.lY&le&(ot.O.ne&se(.9t&<e&to'olog9e&

t(9N9.leY&c.(&en&ét9(.nt&lA.nne.3&9l&est&'oss98le&<e&le&<ésol9<.(9se(&<e&lA.OeR&Bé.nIo9nsY&s9&

les&g(o3'eIents&sto''e3(s&<e&lA.Oe&sont&s3QQ9s.IIent&Nol3I9ne3O&9l&est&'h\s923eIent&

9I'oss98le&<e&<ésenQ9le(&lA.nne.3&<e&lA.OeR&?e&<e(n9e(&'e3t&.lo(s&[t(e&.ss9I9lé&]&3n&.Oe&<e&

long3e3(& 9nQ9n9eY& ce&239& (en<& s.& to'olog9e& t(Xs&'(oche&<e& celle&<A3n& c.tén.neR&%n& eQQetY&

23e&lAon&Q.sse&gl9sse(&lA.nne.3&le&long&<A3n&.Oe&<e&long3e3(&9nQ9n9e&o3&<A3n&.3t(e&.nne.3Y&

on& ne& 'e3t& le& <ésenQ9le(R& >n& '.(le& <onc& <A3n& (ot.O.ne& coIIe& <A3n& o8Zet&

to'olog923eIent&non&t(9N9.l&'.(&.83s&<e&l.ng.geR&

&

&
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 1.2.2­Synthèses de caténanes par voie covalente 

 

4es& '(eI9X(es& s\nthXses& <e& c.tén.nes& ont& été& Qon<ées& s3(& <es& Iétho<es&

st.t9st923es&ne&con<39s.nt&'.s&]&<e&8ons&(en<eIentsR&FQ9n&<e&'(éo(g.n9se(&les&Ioléc3les&

et&.9ns9&Q.No(9se(&l.&Qo(I.t9on&<e&lAent(el.csY&<es&s\nthXses&<9(9gées&ont&été&<éNelo''éesR&

4.&'(eI9X(e&<e&ces&s\nthXses&ezf&<9(9gées&.&été&<éNelo''ée&'.(&le&g(o3'e&<e&HR&$h9ll&et&FR&

4qtt(9ngh.3s&k_9g3(e&zlY&I.9s&celleVc9&nécess9t.9t&<e&noI8(e3ses&ét.'es&et&nAoQQ(.9t&23A3n&

(en<eIent&glo8.l&Q.98leR&

&

Figure 7. Synthèse dirigée d’un [2]caténane selon Schill et Lüttringhaus. 

 

& P(Xs& <e& N9ngt& .ns& 'l3s& t.(<Y& ?R& >R& =9et(9chVG3cheche(& et& 0RVPR& $.3N.ge&

<éNelo''X(ent&3ne&no3Nelle&st(.tég9e&<e&s\nthXse&Qon<ée&s3(&lAeQQet templateY&eif&cAestV]V

<9(e& en& o(g.n9s.nt& <es& l9g.n<s& <e& t\'e& <e& LYMV<9'hén\leVjYjKV'hén.nth(ol9ne& k<''l&

.3to3(&<A3n&cent(e&Iét.ll923e&tét(.é<(923e&kle&c39N(e&kCl&<.ns&ce&c.slY&.Q9n&<Ao8ten9(&3n&

é<9Q9ce&Ioléc3l.9(e&<ont&les&<e3O&const9t3.nts&.c\cl923es&sont&ent(el.cés&et&Qo(Ie(ont&le&

eLfc.tén.ne&k_9g3(e&ik.ll&3ne&Qo9s&c\cl9sésR&&
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& %n&jMiMY&le&g(o3'e&<e&0R&_R&$to<<.(t&<éNelo''.&<es&st(.tég9es&<e&s\nthXse&Qon<ées&

s3(& les& 9nte(.ct9ons& ent(e& g(o3'eIents&πV<onne3(s& et&πV.cce'te3(s& .Q9n& <e& Qo(Ie(& <e&

I.n9X(e&eQQ9c.ce&<es&eLfc.tén.nes&eMf&k_9g3(e&ik8llR&

& F3&<é83t&<es&.nnées&jMMKY&les&g(o3'es&<e&?R&FR&"3nte(&et&_R&Dsgtle&<éNelo''X(ent&

3ne& st(.tég9e& <e& Qo(I.t9on& <A3n& eLfc.tén.ne& ejKf& k_9g3(e& ikcll& Qon<ée& s3(& 3n& eQQet&

template&Iett.nt&en&Ze3&<es&l9.9sons&h\<(ogXnes&ent(e&les&'(éc3(se3(s&<3&c.tén.neR&

&

Figure  8.  Différentes  approches  de  synthèses  de  [2]caténanes  fondées  sur :  (a)  la 

coordination autour d’un centre métallique (Sauvage, Dietrich­Buchecker, EFG7),  (b) des 

interactions  entre  groupements  π­donneur  et  π­accepteur  (Stoddart,  EFGF)  et  (c)  des 

liaisons hydrogènes (R=H, Hunter, R= OMe, Vögtle, EFFH). 

&

  1.2.3­Synthèses de caténanes par chimie de coordination 

 

4e&'.(.g(.'he&'(écé<ent&<éc(9t&<9QQé(entes&.''(oches&<e&s\nthXses&<e&c.tén.nes&

3t9l9s.nt&<es&.nne.3O&Qe(Iés&<e&Q.`on&coN.lenteY&I.9s&'l3s9e3(s&.3t(es&st(.tég9es&ont&été&

<éNelo''ées&'o3(&Qo(Ie(&<es&c.tén.nes&c\cl9sés&'.(&ch9I9e&<e&coo(<9n.t9onR&

5n&<es& .cte3(s&I.Ze3(s&<.ns& ce&<oI.9ne& est& le& l.8o(.to9(e& <3&P(oQR&UR& _3Z9t.& ]&

!oh\o&239&en&jMMo&(é.l9s.& l.&s\nthXse&'.(&.3toV.sseI8l.ge&<A3n&eLfc.tén.ne& ejjf& &<ont&

les& I.c(oc\cles& ét.9ent& c\cl9sés& ]& lA.9<e& <e& P<kCCl& s38st9t3é& en& 'os9t9ons& cis& '.(&

lAéth\lXne<9.I9neR&=.ns& l.& st(.tég9e& .<o'tée& '.(& ce& g(o3'eY& .3c3n& eQQet& template& nAest&

3t9l9séY& l.& Qo(I.t9on&<3& eLfc.tén.ne&nAest&'.s&3n9No23e&<3& Q.9t&<e& l.& l.89l9té&<es& l9.9son&

'\(9<9neV'.ll.<93IR&4e&c.tén.ne&Qo(Ié&est&en&é239l98(e&.Nec&le&I.c(oc\cle&Qe(Ié&'.(&le&

P<kCCl& k_9g3(e&MlR&=.ns& ce& c.s& l.& Qo(I.t9on&o3&non&<3& c.tén.ne&est& 9nQl3encée&'.(&<es&

Q.cte3(s&tels&23e&l.&concent(.t9on&o3&l.&'ol.(9té&<3&solN.nt&3t9l9séR&
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&

Figure 9. Equilibre entre le macrocycle et le [2]caténane auto­assemblé. 

&

& {3el23es& .nnées& 'l3s& t.(<Y& en& jMMzY& 3n& eLfc.tén.ne& .& été& s\nthét9sé& .3&

l.8o(.to9(e&en&3t9l9s.nt&l.&ch9I9e&<e&coo(<9n.t9on&.Q9n&<e&c\cl9se(&3n&<es&<e3O&.nne.3OR&
ejLf& 4.& Qe(Iet3(e& <3& c\cle& est& cette& Qo9sVc9& (é.l9sée& en& 3t9l9s.nt& <3& (3thén93IkCCl& et& ne&

(e'ose& <onc& '.s& s3(& 3n& é239l98(e& the(Io<\n.I923e& ent(e& 'l3s9e3(s& es'XcesR& 4.&

s\nthXse&coIIence&'.(&l.&Qo(I.t9on&<A3n&coI'leOe&<e&?3kCl&coI'(en.nt&3n&I.c(oc\cle&

et& 3n& l9g.n<& ]& 8.se& <e& <''& <ont& les& eOt(éI9tés& sont& (el9ées& ]& <e3O& 3n9tés LYL|/g|YL|&|V

te('\(9<9ne& kte('\lR& 5ne& Qo9s& ce& '(éc3(se3(& <e& c39N(e& kCl& o8ten3Y& le& (3thén93I& kCCl& est&

.Zo3té& 'o3(& Qe(Ie(& <e& Q.`on& 9((éNe(s98le& le& l9g.n<& .c\cl923e& et& con<39(e& .9ns9& .3&

eLfc.tén.ne&so3h.9té&k_9g3(e&jKlR&

&

Figure 10. Représentation d’un [2]caténane dont un des anneaux est cyclisé par chimie de 

coordination faisant intervenir [Ru(terpy)2]2+ . 

&

& 5ne& .3t(e& s\nthXse& (eI.(23.8le& <A3n& eLfc.tén.ne& <o38leIent& ent(el.cé& .& été&

(é.l9sée& .3& l.8o(.to9(e& en& coll.8o(.t9on& .Nec& lAé239'e& <3& P(oQR&UR& _3Z9t.R& ejJf& 4e& '(oZet&

N9s.9t& ]& lAo(9g9ne& l.& Qo(I.t9on&<A3n& eLfc.tén.ne& coI'(en.nt&<e3O&.nne.3O& s9I'leIent&
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ent(el.césR& 4.& st(.tég9e& cons9st.9t& ]& '(é'.(e(& <.ns& 3n& '(eI9e(& teI's& 3n& coI'leOe& <e&

c39N(e&kCl&coI'(en.nt&<e3O& l9g.n<s&]&8.se&<e&<''&'ossé<.nt&<es&'\(9<9nes&te(I9n.lesR&

4Aét.'e&s39N.nte&'e(Iett.9t&<e&c\cl9se(&ch.23e&l9g.n<&.Nec&<3&'.ll.<93I&kCClR&4es&l9.9sons&

'\(9<9neVP<& ét.nt& l.89lesY& le& '(o<39t& Qo(Ié& .& été& le& '(o<39t& the(Io<\n.I923eIent& le&

'l3s&st.8leR&=e&Q.`on&s3('(en.nteY&le&eLfc.tén.ne&N9sé&ne&Q3t&'.s&o8ten3Y&I.9s&3ne&es'Xce&

'l3s&st.8leY&3n&eLfc.tén.ne&<o38leIent&ent(el.cé&<ont&les&.nne.3O&sont&Qo(Iés&'.(&<e3O&

l9g.n<s&(el9és&ent(e&e3O&'.(&<e3O&9ons&P<kCCl&.&été&c.(.cté(9sé&k_9g3(e&jjlR&&

 

 

Figure 11. Obtention inattendue d’un [2]caténane doublement entrelacé. 

 

& F3& l.8o(.to9(eY& l.&s\nthXse&<A3n&eLfc.tén.ne&'.(&coo(<9n.t9on&.&été&(é.l9sée&'.(&

UR& Ge\le(& et& .lR& <3(.nt& s.& thXseR& ejof& 4e& l9g.n<& 3t9l9sé& est& 3ne& 89sV'o('h\(9ne& <e& a9nc&

const(39te&s3(&3ne&<''R&4.&'hén.nth(ol9ne&<e&ce& l9g.n<&est&<A.8o(<&coI'leOée&.Nec&<3&

c39N(e& kCl& Qo(I.nt& .9ns9& 3n& '(éVc.tén.neR& 4.& c\cl9s.t9on& est& (é.l9sée& en& .Zo3t.nt& <e3O&

é239N.lents& <e& LYMV<9'\(9<VoV\lVjYjKV'hén.nth(ol9neR& %n& eQQetY& ch.23e& '\(9<9ne& se& l9e& ]&

lA.toIe& <e& a9nc& <es& 'o('h\(9nes& Qo(I.nt& <es& l9.9sons& '\(9<9neVun& l.89lesY& <Ao}&

lAo8tent9on&<3&'(o<39t&the(Io<\n.I923eIent&le&'l3s&st.8leY&le&eLfc.tén.ne&k_9g3(e&jLlR&
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&

Figure  12.  [2]caténane  à  base  de  bis­porphyrines  de  Zn(II)  formé  par  chimie  de 

coordination. 

 

1.2.4­Synthèse des anneaux des Borromée 

 

& P(écé<eIIentY&'l3s9e3(s&t(.N.3O&h9sto(923es&(é.l9sés&'.(&<9QQé(ents&l.8o(.to9(es&

<.ns&le&<oI.9ne&<e&l.&s\nthXse&<es&c.tén.nes&ont&été&<éc(9tsR&Po3(&te(I9ne(&cette&'.(t9e&

(ése(Née& .3O& c.tén.nes&Ient9onnons& l.& s\nthXse& <e& lA3n& <es& 'l3s& conn3s& et& <es& 'l3s&

(e'(ésent.t9QsR&Cl&sA.g9t&<es&.nne.3O&<es&Go((oIée&<ont&l.&s\nthXse&.&été&(é.l9sée&'.(&le&

g(o3'e&<e&0R&_R&$to<<.(t&en&LKKoR&ejmf&@.''elons&23e&les&.nne.3O&<es&Go((oIée&sont&3n&

lien&<.ns&le23el&J&.nne.3O&sont&ent(el.cés&<e&telle&so(te&23e&lAo3Ne(t3(e&<A3n&se3l&l98X(e&

les&<e3O&.3t(esR&?e&l9en&est&<éQ9n9t&'.(&gLJ&<A.'(Xs&l.&noIencl.t3(e&FleO.n<e(VG(9ggsR&

& 4es& .nne.3O&<es&Go((oIée&'e3Nent& [t(e& (e'(ésentés&<e&'l3s9e3(s&I.n9X(esR& 4.&

Ie9lle3(e&Q.`on&<A.''(éhen<e(&le3(&géoIét(9e&nAest&'.s&l.&'(oZect9on&s3(&3n&'l.n&k_9g3(e&

jJk.ll&I.9s&l.&(e'(ésent.t9on&<.ns&lAes'.ce&k_9g3(e&jJk8llR&
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&

Figure 13. Différentes représentations des anneaux des Borromée.  

 

& 4.& st(.tég9e& <e& s\nthXse& 9I.g9née& '.(& le& g(o3'e& <e& 0R& _R& $to<<.(t& .& été& lA.3toV

.sseI8l.ge&via& lA3t9l9s.t9on&<A3n&Iét.l&<e&t(.ns9t9onY& le&a9nc&kCClY&coIIe&template et&<e&

Q(.gIents& Ioléc3l.9(es& con<39s.nt& ]& <es& 9nte(.ct9ons& πV<onne3(& πV.cce'te3(&

coo'é(.t(9cesR& F9ns9& ch.23e& c(o9seIent& N9s98le& s3(& l.& '(oZect9on& s3(& 3n& 'l.n& k_9g3(e&

jJk.ll&co((es'on<&]&3n&s9te&<e&coI'leO.t9on&o}& les&.toIes&<e&unkCCl&se(ont& l9ésY&<A3ne&

'.(t&]&3n&l9g.n<&89<ent.te&<e&Q.`on&exo&et&]&3n&l9g.n<&t(9<ent.te&<e&Q.`on&endoY&et&<A.3t(e&

'.(t&]&?_J$>JV&coIIe&s9O9XIe&l9g.n<&kheO.coo(<9n.t9onlR&

&

&

Figure 14. Représentation des différents éléments constitutifs de l’auto­assemblage. 

 

& 4es& '(éc3(se3(s& cho9s9s& 'o3(& les& .nne.3O& sont& l.& mYmAV89skoV

Iéth\l.I9no'henoO\lVLYLAV89'\(9<9ne& 'o3(& le& l9g.n<& eOoto'923e& et& l.& LYgV

<9Qo(I\l'\(9<9ne& 'o3(& Qo(Ie(& le& l9g.n<& en<oto'923e& k_9g3(e& jmlR& 4.& const(3ct9on& <es&

.nne.3O&<es&Go((oIée&se&(é.l9se(.&'.(&3ne&(é.ct9on&<e&con<ens.t9on&ent(e&les&Qonct9ons&

.l<éh\<es& et& les& Qonct9ons& .I9nes& 'o3(& c(ée(& <es& l9.9sons& 9I9ne& Qo(I.nt& .9ns9& les&

I.c(oc\cles& <és9(és& .Nec& L& l9g.n<s& 89<ent.tes& eOoto'923es& et& L& l9g.n<s& t(9<ent.tes&
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en<oto'923esR& $.ns& l.& '(ésence& <e& unkCClY& l.& (é.ct9on& <e& Qo(I.t9on& <es& 9I9nes& .3(.9t&

con<39t& ]& <es& 'ol\IX(esY& I.9s& .Nec& ce& template& elle& 9n<39t& l.& Qo(I.t9on& <A3n& é<9Q9ce&

coI'(en.nt& J& I.c(oc\cles& 9<ent923es& et& g& c.t9ons& Iét.ll923es& co((es'on<.nt& .3O&

.nne.3O&<es&Go((oIée&k_9g3(e&jmlR&

&

Figure 15. Formation des imines et construction des anneaux des Borromée dirigée par la 

présence de Zn(II) . 

&

2­Machines moléculaires 

  2.1­Définition 

 

  4es& '.(.g(.'hes& '(écé<ents& ont& '(ésenté& 'l3s9e3(s& s\nthXses& <e& c.tén.nes&

(é.l9sées&.3ss9&89en&'.(&No9e&coN.lente&23e&'.(&coo(<9n.t9onR&=.ns&ce&'.(.g(.'he&no3s&

.llons& eO.I9ne(& 23el23es&I.ch9nes&Ioléc3l.9(esR& Bo3s& '(ésente(ons& to3t& <A.8o(<& 3n&

eOeI'le& t(Xs& (e'(ésent.t9Q& <A3ne& I.ch9ne& Ioléc3l.9(e& n.t3(elle& '(ésente& <.ns& not(e&

co('sR&%ns39te&no3s&<éc(9(ons&23el23es&eOeI'les&<e&s\nthXses&<e&I.ch9nes&.(t9Q9c9elles&

(é.l9sées&'.(&<9QQé(ents&g(o3'esR&Po3(&ces&<e(n9e(s&eOeI'lesY&les&to'olog9es&non&t(9N9.les&

'(ésentées& .3& <é83t& <e& ce& ch.'9t(eY& coIIe& les& c.tén.nes& et& les& (ot.O.nesY& se(ont& ]&

no3Ne.3&éNo23éesR&

& =.ns& 3n& '(eI9e(& teI'sY& 9l& 'e3t& [t(e& 3t9le& <Aess.\e(& <e& <éQ9n9(& ce& 23Aest& 3ne&

I.ch9ne&Ioléc3l.9(e&<A.'(Xs&les&<9QQé(entes&<éQ9n9t9ons&<e&l.&l9tté(.t3(eR&ejgVjMf&>n&'e3t&l.&

conceNo9(& coIIe& ét.nt& é<9Q9ce& Ioléc3l.9(eY& <.ns& le23elY& 3n& s9gn.l& eOté(9e3(& 9n<39t& le&
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Io3NeIent&Iéc.n923e&(éNe(s98le&<A3n&coI'os.nt&'.(&(.''o(t&]&3n&.3t(eR&?e&s9gn.l&'e3t&

[t(e&<e&'l3s9e3(s&n.t3(es&/&élect(och9I923eY&'hotoch9I923eY&'.(&N.(9.t9on&<3&'"&o3&'.(&

éch.nge&<A3n&(é.ct9Q&ch9I923e&kéch.nge&<A9ons&'.(&eOeI'lelR&4e&Io3NeIent&9n<39t&'e3t&

[t(e&3ne&'9(o3ette&<.ns&le&c.s&<A3n&c.tén.neY&I.9s&'e3t&ég.leIent&[t(e&3ne&t(.nsl.t9on&

<.ns&le&c.s&<A3n&(ot.O.ne&k_9g3(e&jglR&

&

Figure 16. Mouvements possibles de pirouette (caténane et rotaxane) et de translation 

(rotaxane) effectués par une machine moléculaire. 

 

2.2­ Un exemple de machine moléculaire naturelle : l’ATP synthase 

 

FN.nt& <e& '(ésente(& ce(t.9nes& s\nthXses& (eI.(23.8les& <e& <9QQé(entes& I.ch9nes&

Ioléc3l.9(es& .(t9Q9c9ellesY& 9l& 'e3t& [t(e& 9nté(ess.nt& <e& sA.(([te(& s3(& 3ne& I.ch9ne&

Ioléc3l.9(e&n.t3(elle&23e&lAon&(et(o3Ne&<.ns&to3s&les&o(g.n9sIes&N9N.nts&et&239&est&]&l.&

8.se&<e&le3(s&&Qonct9onneIents&eQQ9c.cesY&9l&sA.g9t&<e&lAF!P&s\nth.seR&

4AF!P&s\nth.se&est&3ne&ena\Ie&const9t3ée&<e&'l3s9e3(s&'(oté9nes&239&.&'o3(&(cle&

<e&'(o<39(e&<es&Ioléc3les&<AF!P&k.<énos9ne&t(9'hos'h.tel&]&'.(t9(&<e&Ioléc3les&<AF=P&

k.<énos9ne&<9'hos'h.tel&et&<e&'hos'h.te&9no(g.n923e&kP9l&k_9g3(e&jzlR&

&

Figure 17. Transformation d’ADP en ATP par ajout de phosphate inorganique (Pi). 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& &

4es& Ioléc3les& <AF!P& Qo3(n9ssent& lAéne(g9e& nécess.9(e& .3& co('s& h3I.9n& <.ns&

'l3s9e3(s&No9es&Iét.8ol923esR&%n&eQQet&lAh\<(ol\se&<A3ne&Ioléc3le&<AF!P&en&F=P&est&3ne&

(é.ct9on& eOe(gon923e& 239& l98X(e& .ssea& <Aéne(g9e& 'o3(& 'e(Iett(e& .3O& (é.ct9ons&

en<e(gon923es&<3&Iét.8ol9sIe&<e&sAeQQect3e(R&4AF!P&s\nth.se&se&t(o3Ne&.3&n9Ne.3&<e&l.&

IeI8(.ne& 9nte(ne& <es&I9tochon<(9esR& ?ette&IeI8(.ne& 'e3t& .No9(& 3ne& 'l3s& o3&Io9ns&

g(.n<e& s3(Q.ce& s39N.nt& le& noI8(e& <e& c([tes& o3& <e& (e'l9s& 239& l.& Qo(IentR& F9ns9Y& s9& 3ne&

I9tochon<(9e&'ossX<e&3n&noI8(e&éleNé&<e&c([tesY&cel.&s9gn9Q9e&23e&l.&cell3le&.&3n&8eso9n&

<Aéne(g9e&9I'o(t.ntR&

4AF!P& s\nth.se& est& const9t3ée& <e& <e3O& '.(t9es& '(9nc9'.les& k_9g3(e& jilR& 4.&

'(eI9X(eY& F0& se& s9t3e& .3& cp3(& <e& l.& 89co3che& l9'9<923e& 239& const9t3e& l.& IeI8(.ne&

9nte(neR&%lle&est&const9t3ée&<es&so3sV3n9tés&'(oté923es&εY&γ&et&cjLR&F0&est&l.&'.(t9e&Io89leY&

.3ss9&.''elée&rotorY&<e&l.&Ioléc3leR&4.&<e3O9XIe&'.(t9e&<e&l.&Ioléc3leY&F1&est&s9t3ée&<.ns&

l.&I.t(9ce&I9tochon<(9.le&et&est&const9t3ée&<es&so3sV3n9tés&'(oté923es&.Y&8LY&δ, &lA&^.Oe^&γ&

.9ns9&23e&<e&l.&^(o3e^&αJβJR&F1 est&.''elée&stator&'.(&o''os9t9on&]&F0R&4es&te(Ies&rotor&et&

stator& sont& cho9s9s& '.(& .n.log9e& .3O& <9QQé(entes& '.(t9es& <A3n& Iote3(& (ot.t9QY& c.(& le&

Qonct9onneIent&<e&lAF!P&s\nth.se&'e3t&\&[t(e&.ss9I9le(&.3&n9Ne.3&Ioléc3l.9(eR&

 

Figure 18. Représentation de l’ATP synthase. 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& ?Aest&lAeO9stence&<A3n&g(.<9ent&<e&'(otons&<e&'.(t&et&<A.3t(e&<e&l.&IeI8(.ne&239&

N.& '(oNo23e(& le& '.ss.ge& <es& '(otons& <e& lAeOté(9e3(& Ne(s& lA9nté(9e3(& <e& l.& I.t(9ce&

I9tochon<(9.leR&?e&'.ss.ge&se&Q.9t&]&t(.Ne(s&3n&c.n.l&(el9é&.3&c\l9n<(e&cjL&et&'(oNo23e&l.&

(ot.t9on&<e&ce&<e(n9e(R&4A&^.Oe^&γ&ét.nt&sol9<.9(e&<e&cjLY&9l&s389t&3n&Io3NeIent&<e&(ot.t9on&

]&lA9nté(9e3(&<e&α3βJR&4.&(ot.t9on&<A3n&to3(&coI'let&<3&rotor&<.ns&le&stator&'(oNo23e&3n&

ch.ngeIent& <e& conQo(I.t9on& <es& t(o9s& so3sV3n9tés&αβ& k_9g3(e& jMl& 239& '.ssent& to3(& ]&

to3(& <e& lAét.t& o3Ne(tY& 'e(Iett.nt& lA9nse(t9on& <A3ne& Ioléc3le& <AF=P& et& <A3n& 'hos'h.te&

9no(g.n923eY&]&lAét.t&&^se((é^&239&enQe(Ie&lAF=P&et&P9Y&et&enQ9n&]&lAét.t&Qe(Ié&239&'(oNo23e&

l.&Q9O.t9on&<e&P9&s3(&lAF=P&'o3(&Qo(Ie(&lAF!PR&5n&no3Ne.3&'.ss.ge&]&l&|ét.t&o3Ne(t&l98X(e(.&

.9ns9&3ne&Ioléc3le&<AF!PR&>n&o8t9ent&.3&8o3t&<A3n&to3(&<e&rotor&coI'let&l.&l98é(.t9on&<e&

t(o9s&Ioléc3les&<AF!PR&

&

&

Figure 19. Représentation schématique des différentes conformations des sous­unités α3β3. 

 

& ?e&Io3NeIent&(ot.t9Q&.&'3&[t(e&o8se(Né&'.(&le&g(o3'e&<e&UR&bosh9<.&]&!oh\oR&eLKf&

Po3(&cel.Y&les&so3sV3n9tés&'(oté923es&essent9elles&.3&Io3NeIent&αJβJγ&ont&été&9solées&et&

<é'osées& s3(& 3ne& s3(Q.ce& en& Ne((e& en& Q9O.nt& .3& '(é.l.8le& 3n& long& Q9l.Ient& <A.ct9ne&

Ql3o(escentR&4o(s23e&le&<9s'os9t9Q&est&'longé&<.ns&3ne&sol3t9on&<AF!PY&le&s\stXIe&est&I9s&

en&Io3NeIent&et&ce&<e(n9e(&est&o8se(N.8le&'.(&I9c(osco'9e&]&Ql3o(escenceR&

& $9& .3c3n&g(o3'e&nA.& enco(e&'3& s\nthét9se(&3ne&I.ch9ne&Ioléc3l.9(e&<A3ne& telle&

coI'leO9téY& <e&noI8(e3ses&I.ch9nes&Ioléc3l.9(es& .(t9Q9c9elles& ont& N3& le& Zo3(& .3& co3(s&

<es&<e(n9X(es&.nnéesR&



42 

2.3­Les machines moléculaires artificielles&

    2.3.1­Introduction 

 

  &?es& <e(n9X(es& .nnéesY& 3n& <oI.9ne& <e& l.& ch9I9e& .& conn3& 3n& <éNelo''eIent&

s'ect.c3l.9(e&/& lAél.8o(.t9on& &et& lAét3<e&<e&s\stXIes&Ioléc3l.9(es&<\n.I923es&<ont&3ne&

'.(t9e& 'e3t& [t(e& I9se& en& Io3NeIent& '.(& (.''o(t& ]& 3ne& .3t(e& so3s& lA9nQl3ence& <A3n&

st9I3l3s&eOté(9e3(R&?e&Io3NeIent&<o9t&[t(e&cont(clé&et&<e&g(.n<e&.I'l9t3<e&.Q9n&<e&se&

<9st9ng3e(&<es&Io3NeIents&<es&Ioléc3les&9n<39ts&'.(&lA.g9t.t9on&the(I923eR&4e&st9I3l3s&

eOté(9e3(&3t9l9sé&'e3t&[t(e&<e&n.t3(e&ch9I923e&k'.(&N.(9.t9on&<3&'"&o3&.Zo3t&<A3n&(é.ct9Q&

89en&'(éc9slY&'hotoch9I923eY&the(I923e&o3&enco(e&élect(och9I923eR&&

?es&Ioléc3les&239&'(ésentent&'l3s9e3(s&géoIét(9es&o3&ét.ts&st.8les&'o3N.nt&[t(e&

9nte(conNe(t9s& <e& Q.`on& (éNe(s98le& '.(& lA3t9l9s.t9on& <es& <9QQé(ents& '(océ<és& c9tés&

'(écé<eIIentY&sont&.''elées&^machines moléculaires^R&ejgVjMf&

4e& <éNelo''eIent& (.'9<e& <e& ce& <oI.9ne& 'e3t& [t(e& I9s& en& (el.t9on& .Nec& l.&

<éco3Ne(te& et& 3ne& Ie9lle3(e& coI'(éhens9on& <e& noI8(e3O& s\stXIes& Ioléc3l.9(es&

89olog923es& <\n.I923es& <ont& les& Io3NeIents& cont(clés& co((es'on<ent& ]& <9QQé(entes&

Qonct9ons&89olog923es&9I'o(t.ntesR&4AeOeI'le&<e&lAF!PVs\nth.se&.&été&N3&'(écé<eIIentY&

I.9s&les&h9nés9nes&'e3Nent&ég.leIent&[t(e&c9téesR&?es&'(oté9nes&sont&en&eQQet&c.'.8les&<e&

se& <é'l.ce(& en& ^I.(ch.nt^& s3(& <es& I9c(ot383les& et& t(.ns'o(tent& s3(& <e& long3es&

<9st.nces&<es&coI'osés&9I'o(t.nts&<.ns&l.&cell3leR&&

4A9soIé(9s.t9on& 'hotoch9I923e& <e& <o38les& l9.9sons& ?r?& est& 3n& eOeI'le& <e&

(é.ct9ons& 3t9l9sées& '.(& 'l3s9e3(s& é239'es& .Q9n& <e& Iett(e& en& Io3NeIent& 'l3s9e3(s&

Q(.gIents&<A3ne&Ioléc3leR&%n&'.(t9c3l9e(& lA.ao8enaXne&et& le& st9l8XneY& selon& l.& long3e3(&

<Aon<e& <A9((.<9.t9onY& con<39sent& '(éQé(ent9elleIent& .3O& conQo(I.t9ons& cis& o3& trans 

k_9g3(e&LKlR&&

&

Figure 20. Photoisomérisations du stilbène et de l’azobenzène. 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 2.3.2­Exemples de machines moléculaires artificielles 

&

& 5n& eOeI'le&'.(t9c3l9X(eIent&<éIonst(.t9Q& <e&I.ch9ne&Ioléc3l.9(e& est& l|3n&<es&

<e3O& '(eI9e(s& Iote3(s& (ot.t9Qs& 3n9<9(ect9onnels& & <éNelo''é& '.(& le& g(o3'e& <e& GR& 4R&

_e(9ng.&en&jMMM&.3&I[Ie&IoIent&23e&cel39&(é.l9sé&<.ns&le&g(o3'e&<e&!R&@R&~ell\R&eLjf&F&

lAét.t&9n9t9.lY&ch.23e&Io9t9é&<e&l.&Ioléc3le&'(ésente&3ne&hél9c9té&<(o9te&knotée&Pl&9I'osée&

'.(&lAencoI8(eIent&sté(923e&<e&l.&Ioléc3le&k_9g3(e&LjlR&?ette&'(eI9X(e&Qo(Ie&st.8le&.&

3ne&conQo(I.t9on&transR&&

&

&

Figure 21. Différentes étapes du fonctionnement du rotor moléculaire unidirectionnel. 

&

F'(Xs&9((.<9.t9on&]&LiK&nIY&l.&<o38le&l9.9son&?r?&sA9soIé(9se&<e&Q.`on&(.'9<e&ket&

(éNe(s98lel& 'o3(& <onne(& l.& Qo(Ie& kMYMlcis­2& khél9c9té& g.3cheY& notée&Ml& 9nst.8le& <e& l.&

Ioléc3leR& 4.& '(ésence& <es& <e3O& cent(es& sté(éogXnes& s3(& ch.c3ne& <es& Io9t9és& <e& l.&

Ioléc3le&'(oNo23e&3ne&9nNe(s9on&<Ahél9c9té&.'(Xs&9soIé(9s.t9onR&%n&ch.3QQ.nt&]&LK&�?&l.&

Qo(Ie& kPYPlcis­2& st.8le& khél9c9té& <(o9tel& est& o8ten3eR& 5ne& no3Nelle& 9soIé(9s.t9on&

'(oNo23e& ]& no3Ne.3& 3ne& (ot.t9on& <e& l.& Ioléc3le& <.ns& le& I[Ie& sens& 'o3(& <onne(& l.&
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Qo(Ie&trans­2& 9nst.8le&<e& l.&Ioléc3le&<ont& lAhél9c9té&est& 9nNe(sée&'.(&ch.3QQ.ge&]&gK&�?&

'o3(&(et(o3Ne(&l.&Qo(Ie&9n9t9.le&st.8le&trans­1 <e&l.&Ioléc3leR&4e&Io3NeIent&<e&(ot.t9on&

3n9<9(ect9onnelle&'e3t&.9ns9&se&(é'éte(&'l3s9e3(s&Qo9sR&

 

& 5n&.3t(e&eOeI'le&9I'o(t.nt&<e&Iote3(&(ot.t9Q&3n9<9(ect9onnel&.&été&(é.l9sé&<.ns&

le&l.8o(.to9(e&<e&=R&4e9gh&en&LKKJR& eLLf&?e&Iote3(&est&3n&eJfc.tén.ne&const9t3é&<e&<e3O&

I.c(oc\cles& 9<ent923es& enQ9lés& ]& t(.Ne(s& 3n& .3t(e&I.c(oc\cle& 'l3s& g(.n<Y& coI'o(t.nt&

23.t(e& st.t9ons& et& Zo3.nt& 3n& (cle& 9<ent923e& ]& cel39& <A3n& (.9l& <.ns& 3ne& n.Nette& k_9g3(e&

LLk.llR& %n& eQQetY& les& .nne.3O& Nont& eQQect3e(&<es&Io3NeIents& <e& t(.nsl.t9on& le& long&<e&

lA.nne.3&cent(.l&<.ns&3ne&se3le&<9(ect9onR&&

  4.& I9se& en& I.(che& <e& l.& n.Nette& est& 8.sée& s3(& les& 'hotoV9soIé(9s.t9ons&

s3ccess9Nes& ket& sélect9Nesl& <es& <o38les& l9.9sons& & ?r?& <e& <e3O& <es& 23.t(e& st.t9ons& <e&

lA.nne.3&/&les&st.t9ons&notées&A&et&B&s3(&le&schéI.&c9V<esso3s&k_9g3(e&LLk8llR&4.&'(eI9X(e&

ét.'e&est&lA9((.<9.t9on&]&JmK&nI&<e&A&239&'.sse&<e&l.&conQ9g3(.t9on&E&]&Z&l98é(.nt&.9ns9&le&

'(eI9e(& I.c(oc\cle&M1  239& nA.& le& cho9O& 23e& <A.lle(& <.ns& le& sens& .nt9ho(.9(e& ks3(& le&

schéI.lR&&

4.& <e3O9XIe& ét.'e& est& lA9((.<9.t9on& <e& B& ]& Lmo& nI& 239& l98X(e& le& <e3O9XIe&

I.c(oc\cle&M2R& ?el39Vc9& est& ]& son& to3(& 8lo23é& '.(& lA.3t(e& .nne.3& et& se& <é'l.ce& <onc&

ég.leIent& <.ns& le& sens& .nt9ho(.9(eR& 4.& t(o9s9XIe& ét.'e& est& lA9((.<9.t9on& <e& A  et& B&

9nst.nt.néIent&'o3(& l98é(e(&]&no3Ne.3&ces&<e3O&st.t9onsY& Q.9s.nt&.9ns9&se&<é'l.ce(&M1&

<.ns&le&sens&.nt9ho(.9(e&et&M2&<.ns&le&sens&ho(.9(eR&&

%n&(é'ét.nt&ces&t(o9s&ét.'esY&on&<é'l.ce&cette&Qo9s&M2&<e&Q.`on&3n9<9(ect9onnelle&

<.ns&le&sens&.nt9ho(.9(e&et&M1&<.ns&le&sens&.nt9ho(.9(e&'39s&ho(.9(eR&G9en&23e&le&'(9nc9'e&

<e& ce&Iote3(&Ioléc3l.9(e&3n9<9(ect9onnel&est& 9nté(ess.ntY& son& (en<eIent&est&<éceN.nt&

c.(&s3(&3n&c\cle&<e&g&ét.'es&s3ccess9NesY&se3leIent&jz�&<es&Ioléc3les&ont&eQQect3é& le&

to3(&coI'let&<e&I.n9X(e&3n9<9(ect9onnelleR&
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Figure 22. (a)  Formule et (b) représentation d’un cycle de rotation du moteur. 

 

  Bo3s& clo(ons& ce& '.(.g(.'he& en& c9t.nt& lA3ne& <es& <e3O& '(eI9X(es& I.ch9nes&

Ioléc3l.9(es& s\nthét9séeR& Cl& sA.g9t&<A3n& eLfc.tén.ne&'9(o3ett.nt&<ont& le&Io3NeIent&est&

9n<39t& '.(& le& ch.ngeIent& <Aét.t& <AoO\<.t9on& <3& c39N(eR& ?e& t(.N.9l& .& été& (é.l9sé& .3&

l.8o(.to9(e& '.(& FR& 49No(e9l& et& .lR& en& jMMoR& eLJf& 4e& eLfc.tén.ne& est& cons9t3é& <e& <e3O&

I.c(oc\cles& ent(el.cés&/& le& '(eI9e(& est& Qon<é& s3(& 3ne& 3n9té& 89<ent.te& LYMV<9'hén\leV

jYjKV'hén.nth(ol9ne& k<''l& c\cl9sée& '.(& 3ne& ch.9ne& 'ol\éth\lXnegl\col& et& le& secon<&

9nco('o(e&3ne&<''&89<ent.te&et&3ne&3n9té&&t(9<ent.te&LYLA/gAYLAAVte('\(9<9ne&kte('\lR&&

4e&'(9nc9'e&<3&Io3NeIent&k_9g3(e&LJl&est&Qon<é&s3(&les&Io<es&<e&coo(<9n.t9on&

'(éQé(ent9els& <3& c39N(eR& F3& '(eI9e(& <eg(é& <AoO\<.t9onY& le& c39N(ekCl& '(éQé(ent9elleIent&

tét(.coo(<9né& est& coo(<9né& .3O& <e3O& 3n9tés& <''& 89<ent.tesR& 4.&I9se& en&I.(che& <e& l.&

I.ch9ne& est& 9n<39te& '.(& t(.nsQe(t& <Aélect(ons& en& oO\<.nt& le& c39N(ekCl& en& c39N(ekCClY&

'(éQé(ent9elleIent& 'ent.coo(<9néR& 4e& coI'leOe& <e& c39N(ekCCl& tét(.coo(<9né& 9nst.8le& se&

(é.((.nge& '.(& 3n& Io3NeIent& <e& '9(o3ette& .Q9n& <e& Qo(Ie(& le& coI'leOe& <e& c39N(ekCCl&

'ent.coo(<9né&st.8le&Iett.nt&en&Ze3&3ne&3n9té&<''&<A3ne&'.(t&et&l.&te('\&<A.3t(e&'.(tR&?e&

Io3NeIent& est& (éNe(s98le& '.(& (é<3ct9on& <3& c39N(ekCCl& en& c39N(ekCl& coIIe& cel.& est&

schéI.t9sé&c9V<esso3s&k_9g3(e&LJlR&&&
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&

Figure 23. Principe du mouvement du [2]caténane pirouettant selon l’état d’oxydation du 

cuivre. 

 

    2.3.3­Les navettes moléculaires  

& &

Bo3s& .Nons& N3& <.ns& le& '.(.g(.'he& '(écé<ent& 23el23es& eOeI'les& <e& I.ch9nes&

Ioléc3l.9(esR&Bo3s&.llons&I.9nten.nt&no3s&9nté(esse(&]&3ne&.3t(e&c.tégo(9e&<e&I.ch9nes&

Ioléc3l.9(es/& les& navettes  moléculairesY& cAestV]V<9(e& 3n& (ot.O.ne& <ont& lA.nne.3& N.&

eQQect3e(&<es&Io3NeIents&<e&t(.nsl.t9on&le&long&<e&lA.OeR&

4e&'(eI9e(&eOeI'le&co((es'on<&]&l.&'(eI9X(e&n.Nette&Ioléc3l.9(e&(é.l9sée&'.(&le&

g(o3'e&<e&0R&_R&$to<<.(t&en&jMMoR&eLof&Cl&sA.g9t&<A3n&eLf(ot.O.neY&coI'osé&<A3n&I.c(oc\cle&

tét(.c.t9on923e& '.3N(e& en& élect(ons& π& enQ9lé& le& long& <A3n& .Oe& const9t3é& <e& 23.t(e&

éléIents& <9st9ncts&/& 3ne& 3n9té& 8ena9<9neY& 3ne& 3n9té& <9'hénol& et& <e3O& g(o3'eIents&

encoI8(.ntsY&eI'[ch.nt&le&^<ésenQ9l.ge^R&=e&Q.`on&s'ont.néeY&le&I.c(oc\cle&'.3N(e&en&

élect(ons&π&se&'l.ce&.3to3(&<e&l.&st.t9on&8ena9<9neY& l.&'l3s&(9che&en&élect(ons&π k_9g3(e&

Lok.llR&&



47 

4AoO\<.t9on&<3&Q(.gIent&8ena9<9ne&ch.(ge&'os9t9NeIent&cette&st.t9on&(e'o3ss.nt&

.9ns9& le& I.c(oc\cle& 239& se& <é'l.ce& .lo(s& 'o3(& se& 'os9t9onne(& .3to3(& <e& l.& st.t9on&

<9'hénol&k_9g3(e&Lok8llR&Po3(&<é'l.ce(&le&I.c(oc\cle&Ne(s&s.&'os9t9on&<e&<é'.(t&9l&s3QQ9t&

.lo(s&<e&(é<39(e&l.&8ena9<9ne&oO\<ée&.Q9n&<Aen&Q.9(e&]&no3Ne.3&le&'l3s&(9che&en&élect(ons&

πR&&

 

Figure  24.  Représentation  des  deux  positions  stables  du  macrocycle  selon  l’état 

d’oxydation. 

 

& >n& N9ent& <e& No9(& 3n& eOeI'le& <e& n.Nette& <ont& le& s9gn.l& eOté(9e3(& 9n<39s.nt& le&

Io3NeIent&est&élect(och9I923eR&4.&n.Nette&(é.l9sée&'.(&le&g(o3'e&<e&BR&B.h.sh9I.&en&

jMMz& ]& B.g.s.h9& est& cont(clée& 'hotoch9I923eIentR& eLmf& %lle& est& const9t3ée& <A3n& .Oe&

'ossé<.nt& 3n& g(o3'eIent& .ao8enaXne& en& conQ9g3(.t9on& trans& k_9g3(e& Lmk.ll& enQ9lé& ]&

t(.Ne(s&3ne&αVc\clo<eOt(9neR&$o3s&lAeQQet&<A3ne&9((.<9.t9on&en&l3I9X(e&3lt(.N9olette&kJgK&

nIl& le& g(o3'eIent& .ao8enaXne& '.sse& <e& l.& conQ9g3(.t9on& trans& ]& l.& conQ9g3(.t9on& cis 

k_9g3(e&Lmk8llY&le&(en<.nt&9ncoI'.t98le&.Nec&l.&Qo(Ie&<e&l.&c.N9té&<e&l.&c\clo<eOt(9neY&ce&

239& ent(.9ne& le& <é'l.ceIent& <e& celleVc9R& 4e& Iéc.n9sIe& <e& 'hoto9soIé(9s.t9on& est&

(éNe(s98leY& et& lA9((.<9.t9on& en& l3I9X(e& N9s98le& koJK& nIl& 'e(Iet& <e& (eNen9(& ]& lA9soIX(e&

trans&239&'e3t&]&no3Ne.3&se&'l.ce(&<.ns&l.&c.N9té&<e&l.&c\clo<eOt(9neR&&
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&

Figure  25.  Représentation  des  deux  isomères  possibles  et  des  deux  positions  de  la 

cyclodextrine. 

&

& 4e& g(o3'e& <A"R& 4R& Fn<e(son& .& (é.l9séY& en& LKKLY& l.& s\nthXse& <A3ne& n.Nette&

Ioléc3l.9(e& 8.sée& s3(& le&I[Ie&'(9nc9'e&<e&'hotoV9soIé(9s.t9onY&I.9s& en&3t9l9s.nt& <es&

st9l8Xnes& k_9g3(e& Lgl& ]& l.& 'l.ce& <es& .ao8enaXnesR& eLgf& 4Ao8tent9on& <3  transVst9l8Xne& se&

Q.9s.nt&'.(&9((.<9.t9on&Ne(s&Lgm&nI&et&celle&<3&cisVst9l8Xne&]&JoK&nIR&&

&

Figure 26. Représentation du [2]rotaxane et schéma des deux positions stables suivant  la 

configuration du stilbène. 

& &

  5ne& I.ch9ne& Ioléc3l.9(e& .& été& (é.l9sée& .3& 4?>U& en& LKKK& '.(& UR& ?ons3elo&

09Iénea& et& .lRR& eLzf& ?elleVc9& 'o3((.9t& [t(e& <éQ9n9e& coIIe& ét.nt& 3n& <9IX(e& <e& n.Nettes&

Ioléc3l.9(esR&4Aé<9Q9ce&Ioléc3l.9(e&est&const9t3é&<e&<e3O&.Oes&'ossé<.nt&<e3O&chél.tes&

k3ne& 3n9té& 'hén.nth(ol9ne& et& 3ne& 3n9té& te('\(9<9nel& et& <ont& lA3ne& <es& eOt(éI9té& est&

(el9ée&<e&Q.`on&coN.lente&]&3n&I.c(oc\cle&coI'o(t.nt&3ne&3n9té&'hén.nth(ol9ne&k_9g3(e&

Lzk.llR& 4es& <e3O& IonoIX(es& sont& enQ9lés& lA3n& <.ns& lA.3t(e& en& '(ésence& <e& c39N(ekCl&

coI'leOé&]&<e3O&3n9tés&'hén.nth(ol9ne&/&celle&s3(&lA.Oe&<A3n&'.(t&et&celle&<3&I.c(oc\cle&

<A.3t(e&'.(tR&&
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?ette& I.ch9ne& Ioléc3l.9(eY& (.''elle& le& Qonct9onneIent& <A3n& I3scleY& c.(& ses&

Io3NeIents&sont&seI8l.8les&]&3ne&cont(.ct9on&et&3n&ét9(eIentR&%lle&est&I9se&en&.ct9on&

'.(& 3n& éch.nge& <A9on&Iét.ll923e& k_9g3(e& Lzk8llR& F9ns9& en& <éIét.ll.nt& le& coI'leOe& <e&

c39N(ekCl& et& en& .Zo3t.nt& <3& a9nckCCl& lAes'Xce& st.8le& ne& se(.& 'l3s& tét(.coo(<9née& I.9s&

'ent.coo(<9néY& cAestV]V<9(e& 23e& le& a9nckCCl& se(.& coI'leOé& ]& lA3n9té& 'hén.nth(ol9ne& <3&

I.c(oc\cle&et&]&lA3n9té&te('\(9<9ne&<e&lA.OeR&>n&.&<onc&3n&Io3NeIent&<e&cont(.ct9on&en&

'.ss.nt&<3&c39N(ekCl&.3&a9nckCClR&4e&s\stXIe&est&89en&s�(&(éNe(s98leY&et&9l&s3QQ9t&<e&ch.nge(&

]&no3Ne.3&<e&Iét.l&'o3(&(et(o3Ne(&l.&'os9t9on&<e&<é'.(tR&&

&

Figure  27.  Formule  (a)  et  représentations  des  positions  étirée  et  contractée  du  muscle 

moléculaire (b). 

&&

& 5n&.3t(e&t\'e&<e&n.Nette&cont(clé&cette&Qo9s&'.(&le&'"&.&été&I9s&.3&'o9nt&en&LKKo&

'.(& le&g(o3'e&<e&=R&4e9gh&]&%<9I8o3(gR& eLif&4.&n.Nette&est&3n& eLf(ot.O.ne&const9t3é&<e&

<e3O&s9tes&239&oQQ(ent&'otent9elleIent&<es& l9.9son&h\<(ogXnes&.Nec& les& Qonct9ons&.I9<e&

<3&I.c(oc\cleR&4e&'(eI9e(&s9te&est&3n&g(o3'e&s3cc9n.I9<e&239&.&3ne&géoIét(9e&.<é23.te&

'o3(&se&l9e(&.3O&Qonct9ons&.I9<e&<3&I.c(oc\cle&k_9g3(e&Lik.llR&4e&<e3O9XIe&s9te&cont9ent&

3ne& Qonct9on& 'hénol& 239& nAen& Q.9t& n9& 3n& 8on& <onne3(& n9& 3n& 8on& .cce'te3(& <e& l9.9sons&

h\<(ogXneR& $o3s& cette& Qo(Ie& st.8leY& le& I.c(oc\cle& est& loc.l9sé& .3to3(& <3& g(o3'e&

s3cc9n.I9<eR&4.&n.Nette&est&I9se&en&Io3NeIent&'.(&.Zo3t&<A3ne&8.se&239&N.&t(.nsQo(Ie(&

l.& Qonct9on& 'hénol& <3& <e3O9XIe& s9te& en& Qonct9on& 'hénol.te& 239& est& 3n& t(Xs& '39ss.nt&

.cce'te3(&<e& l9.9son&h\<(ogXneR&4e&I.c(oc\cle&N.&'o3No9(&se& l9e(&'l3s&Q.No(.8leIent&]&
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ce&<e3O9XIe&s9te&et&sA\&<é'l.ce(.&'o3(& Qo(Ie(&3n&no3Nel&ét.t&st.8le&k_9g3(e&Lik8llR&4e&

Io3NeIent& est& (éNe(s98leY& c.(& lA.Zo3t& <A3n& é239N.lent& <A.c9<e& t(9Ql3o(o.cét923e& k!_FlY&

t(.nsQo(Ie(.&le&'hénol.te&en&'hénol&et&le&I.c(oc\cle&(eto3(ne(.&]&s.&'(eI9X(e&'os9t9on&

.3to3(&<3&g(o3'e&s3cc9n.I9<eR&

&

&

Figure 28. Navette moléculaire contrôlée par variation du pH et dont les positions stables 

sont définies par les liaisons hydrogène formées entre l’axe et le macrocycle. 

&

& Bo3s& .Nons& N3& .3& t(.Ne(s& <e& ces& <9QQé(ents& eOeI'lesY& 'l3s9e3(s& N.(9étés& <e&

I.ch9nes&Ioléc3l.9(es&s\nthét9sées&<.ns&<9QQé(ents&l.8o(.to9(es&et&<ont&l.&n.t3(e&I[Ie&

<3& Qonct9onneIent& est& <9QQé(enteR& Bo3s& Ne((ons& <.ns& les& ch.'9t(es& s39N.nts& <e& ce&

I.n3sc(9t&3ne& Q.I9lle&<e&I.ch9nes&Ioléc3l.9(esY&8.sée& s3(& les&Io<es&<e&coo(<9n.t9on&

'(éQé(ent9els&<3&c39N(eR&&
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2&

Essais de synthèse d’un [3]caténane de symétrie d’ordre 3 : 633 

&

1­Introduction 

  1.1­ Présentation du projet 

&

=e'39s&'l3s9e3(s&<écenn9esY&3ne&g(.n<e&N.(9été&<e&eLfc.tén.nes&.&été&s\nthét9sée&

<.ns& <9QQé(ents& g(o3'esR& >n& .& N3& <.ns& lA9nt(o<3ct9on& 23A3n& eJfc.tén.ne& ]& s\Iét(9e&

<Ao(<(e&J&/&gLJ&kles&.nne.3O&<es&Go((oIéel&.&été&(éceIIent&s\nthét9sé&'.(&le&g(o3'e&<e&

$to<<.(tR&ejf&U.9s&l.&s\nthXse&<A3n&eJfc.tén.ne&]&s\Iét(9e&<Ao(<(e&J&/&gJJ&(este&enco(e&3n&

Né(9t.8le& <éQ9& s\nthét923eR& Cl& no3s& .& seI8lé& sé<39s.nt& <Aess.\e(& <Aél.8o(e(& cette&

Ioléc3le&<e&to'olog9e&9né<9te&k_9g3(e&jlR&

&

Figure 1. Schéma d’un [3]caténane à symétrie d’ordre 3. 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&& Cl&\&.&'l3s&<e&Lm&.nsY&l.&s\nthXse&.3&l.8o(.to9(e&<A3n&<es&'(eI9e(s&eLfc.tén.ne&eLf&

ét.9t&Qon<ée&s3(&3ne&s\nthXse&<9(9gée&3t9l9s.nt&le&c39N(ekCl&'o3(&'(éV.sseI8le(&3n&é<9Q9ce&

Ioléc3l.9(e&const9t3é&<e&<e3O&l9g.n<s&.c\cl923esR&4.&c\cl9s.t9on&est&(é.l9sée&ens39te&.Nec&

<es&ch.9nes&'ol\éth\lXne&gl\col&'.(&(é.ct9on&<e&T9ll9.Ison&<.ns&<es&con<9t9ons&<e&h.3te&

<9l3t9on&k_9g3(e&LlR&

&

Figure  2.  Synthèse  dirigée  d’un  [2]caténane  via  une  pré­organisation  autour  d’un  ion 

métallique. 

&

=es&ess.9s&<e&coo(<9n.t9on&<e& l.&LYMV<9'hén\leVjYjKV'hen.nth(ol9ne&.3to3(&<A3n&

Iét.l& <e& t(.ns9t9on& ]& géoIét(9e& oct.é<(923e& ont& été& eQQect3és& .Q9n& <Ao8ten9(& 3n& t(9'le&

ent(el.csY&I.9s&ce&l9g.n<&est&t(o'&encoI8(.nt&'o3(&(é.l9se(&3n&tel&coI'leOeR&&

Po3(& (éso3<(e& ce& '(o8lXIeY& 3n& no3Ne.3& t\'e& <e& l9g.n<& est& nécess.9(eR& ?el39Vc9&

<o9t&[t(e&Io9ns&encoI8(.nt&23e&l.&LYMV<9'hén\leVjYjKV'hen.nth(ol9ne&et&[t(e&<e&n.t3(e&

en<oc\cl923eY& cAestV]V<9(e& 23A3ne& Qo9s& le& l9g.n<& c\cl9séY& le&Iét.l& so9t& ]& lA9nté(9e3(& <e& l.&

c.N9té&<e&lA.nne.3&Qo(IéR&&

&

  1.2­ Développement d’un nouveau type de ligand 

&

FQ9n&<e&(é'on<(e&.3&'(eI9e(&c(9tX(e&<A3n&Io9n<(e&encoI8(eIent&sté(923eY&9l&Q.3t&

eOcl3(e&to3te&s38st9t3t9on&en&α&<es&.toIes&<A.aote&<.ns&les&l9g.n<s&89<entésY&cAest&]&<9(e&

.3O& 'os9t9ons& g& et& gA& 'o3(& l.& LYLAV89'\(9<9ne& et& .3O& 'os9t9ons& L& et& M& 'o3(& l.& jYjKV

'hen.nth(ol9ne& k_9g3(e& Jk.llR& 5n& l9g.n<& <e& n.t3(e& en<oto'923e& est& 3ne& <e3O9XIe&

con<9t9onR&HéoIét(923eIentY&cette&con<9t9on&ne&'e3t&[t(e&(es'ectée&en&s38st9t3.nt&ces&
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chél.tes&<.ns& les&.3t(es&'os9t9onsY& so9t&o&et&oA&'o3(& l.&LYLAV89'\(9<9ne&et&J&et&i&'o3(& l.&

jYjKV'hen.nth(ol9ne&k_9g3(e&Jk8llR&&

&

Figure  3.  Représentations  des  ligands  2,9­dianisyle­1,10­phenanthroline  et  3,8­dianisyle­

1,10­phenanthroline. 

 

Po3(&(eI'l9(&ces&con<9t9onsY&no3s&.Nons&'ensé&]&<es&Ioléc3les&hété(oc\cl923es&

.aotées& '(oche& <es& '\(9<9nesY& les& 239nol9nesR& 4.& JYJAV899so239nol9ne& k_9g3(e& ol& est& non&

s38st9t3ée&en&α&<e&lA.aote&et&les&s38st9t3.nts&'l.cés&.3O&'os9t9ons&i&et&iA&<e&l.&Ioléc3le&

Qo(Ient& le&I[Ie&.ngle&<e&gK�&23e& ce3O&<es&'os9t9ons&L& et&M&<.ns& l.&Ioléc3le&<e&LYMV

<9.n9s\leVjYjKV'hen.nth(ol9ne&k<.'lR&&

=e&'l3sY&le&s9te&<e&coo(<9n.t9on&<3&l9g.n<&est&Io9ns&encoI8(é&23e&<.ns&le&c.s&<3&

<.'R&%n&eQQetY&on&'.sse&<A3ne&<9st.nce&<e&z&n&ent(e&les&g(o3'eIents&.n9s\les&'o(tés&'.(&

l.&'hén.nth(ol9ne& ]&jj&n&<.ns& le& c.s&<e& l.&899so239nol9nes& k_9g3(e&olR& eJf&F9ns9Y& l.&iYiAV

<9.n9s\leVJYJAV899so239nol9ne&ét.nt&en<oto'923e&et&non&encoI8(ée&seI8le&[t(e&le&l9g.n<&

.''(o'(9é& 'o3(& Qo(Ie(& 3n& t(9'le& ent(el.csR& %n& o3t(eY& les& g(o3'eIents& .n9s\les&

'e(Iett(ont&<e&Qonct9on.l9se(&le&l9g.n<&.Q9n&<e&le&c\cl9se(&'o3(&o8ten9(&le&eJfc.tén.neR&
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&

Figure  4.  Représentations  des  ligands  (a)  2,9­dianisyle­1,10­phenanthroline  (dap)  et  (b) 

8,8’­dianisyle­3,3’­biisoquinoline (dabiiq). 

 

4.& s\nthXse& <e& ce& l9g.n<& .& été& <éNelo''ée& .3& l.8o(.to9(e& '.(& _.89en&=3(ol.& et&

>l9Ne(& Tenge(& et& coI'te& c9n2& ét.'es& ]& '.(t9(& <e& l.& LV8(oIo8ena\l.I9neR& eJf& 4e&

(en<eIent& glo8.l& <e& cette& s\nthXse& est& <e& Jm�R& Cl& est& t(Xs& s.t9sQ.9s.nt& et& 'e(Iet& <e&

s\nthét9se(& l.& iYiAV<9.n9s\lVJYJAV899so239nol9ne& ]& lAéchelle& <e& 'l3s9e3(s& g(.IIesR& 4e&

schéI.&<e&s.&s\nthXse&est&'(ésenté&c9V<esso3s&k_9g3(e&mlR&

&

Figure 5.  Synthèse de  la dabiiq : a) SOCl2 dans diéthyl éther,  reflux 30 min. puis pyridine 

dans le toluène, 56%. b) H2SO4 concentré, 25 °C, 16 h, 100%. c) Tf2O dans pyridine, 0 °C puis 

TA, 16 h, 95%. d) acide p­anisyleboronique, Pd2(dba)3, HP(tBu)3BF4, DBU, KF dans THF, 25 

°C, 2 h, 90%. e) Pd(dppf)Cl2, Zn, KI dans DMF, 90 °C, 7 h, 80%. 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=es&coI'leOes&hoIole't923es&]&géoIét(9e&oct.é<(923e&.Nec&_ekCCl&et&@3kCCl&ont&

été&o8ten3s&.Nec&ce&l9g.n<&k_9g3(e&glR&eoYmf&&

&

Figure 6. Structure du complexe [Fe(dabiiq)3]2+[PF6­]2. 

&

  1.3­ Tentatives de synthèse du [3]caténane par RCM 

&

4.& Qo(I.t9on& <e& cet& ent(el.cs& ]& t(o9s& éléIents& 'e(I9s& <AenN9s.ge(& l.& s\nthXse&

<A3n& eJfc.tén.neR& ?e& '(oZet& Q3t&Iené& <e& _R& =3(ol.& et& >R&Tenge(R& 4e3(& st(.tég9e& Q3t& <e&

Qo(Ie(&<A.8o(<&3n&s\stXIe&const9t3é&<e&t(o9s&l9g.n<s&]&8.se&<e&<'8992&Qonct9onn.l9sées&

.Nec& <es& oléQ9nes& te(I9n.les& .3to3(& <A3n& cent(e& Iét.ll923e& oct.é<(923eR& 4.& <e(n9X(e&

ét.'e& eQQect3ée& s3(& 3n& tel& coI'leOe& cons9st.9t& en& 3ne& t(9'le& (é.ct9on& <e& Iét.thXse&

c\cl9s.nte& k@?UlR&U.lhe3(e3seIent&celleVc9&.8o3t9t&]&3n&Iél.nge&<e&<9Ne(s&coI'leOes&

c\cl9sésY&s.ns&Qo(Ie(&le&coI'osé&so3h.9té&k_9g3(e&zlR&

&

Figure 7. Tentatives de formation d’un [3]caténane par voie covalente. 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 1.4­ Projet de synthèse du [3]caténane par coordination 

 

F3& (eg.(<& <es& <9QQ9c3ltés& (encont(ées& .Nec& l.&Iétho<e& <e& c\cl9s.t9on& '.(& @?UY&

3ne&.3t(e&st(.tég9e&.&été&cho9s9eR&?elleVc9&s39t&le&I[Ie&'(9nc9'e&Z3s23A]&l.&<e(n9X(e&ét.'eY&

ce'en<.nt& l.& c\cl9s.t9on& ne& se(.& 'l3s& (é.l9sée& '.(& l9.9son& coN.lente& I.9s& '.(&

coo(<9n.t9onR&?ette&st(.tég9e&.&<éZ]&été&.<o'tée&9l&\&.&23el23es&.nnées&.3&t(.Ne(s&<A3ne&

coll.8o(.t9on& ent(e& not(e& l.8o(.to9(e& et& le& g(o3'e& <e& UR& _3Z9t.& ]& !oh\oR& egf& ?Aest& 'l3s&

'(éc9séIent&?R&>R&=9et(9chVG3cheche(&et&GR&?ol.sson&239&se&sont&9I'l923és&<.ns&ce&'(oZetR&

5n& l9g.n<&Io<él9sé& '.(& UR& _3Z9t.& .N.9t& été& s\nthét9sé& ]& cet& eQQetR& F'(Xs& 3ne& s\nthXse&

I3lt9ét.'e& <3& l9g.n<Y& le& '(éVc.tén.ne& .& été& '(é'.(é& .Nec& ?3kClR& 4Aét.'e& Q9n.le& .& été& l.&

c\cl9s.t9on& '.(& coo(<9n.t9on& <es& '\(9<9nes& te(I9n.les& ]& lA.9<e& <e& kenlP<kB>JlL& 'o3(&

.8o3t9(&.3&eLfc.tén.ne&<és9(é&k_9g3(e&ilR&&

&

&

Figure 8. Synthèse d’un [2]caténane via une cyclisation par chimie de coordination. 

 

FQ9n&<e& (é.l9se(& l.& s\nthXse&<A3n& eJfc.tén.ne& ]& s\Iét(9e& <Ao(<(e&JY& 3n&no3Ne.3&

l9g.n<& .& été& 9I.g9né& et& Io<él9sé& en& .ssoc9.t9on& .Nec& le& g(o3'e& <e& U.hoto& _3Z9t.& en&

sA9ns'9(.nt&<e&ce&<e(n9e(&eOeI'le&k_9g3(e&Mk.llR&&
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4e& no3Ne.3& chél.te& est& ]& 8.se& <e& <'8992& .Q9n& <e& 'e(Iett(e& 3n& t(9'le& ent(el.cs&

.3to3(& <A3n& cent(e& Iét.ll923e& oct.é<(923eR& Cl& & 'ossX<e& ég.leIent& <es& g(o3'eIents&

'\(9<9ne&te(I9n.3O&.3to(9s.nt&3ne&c\cl9s.t9on&'.(&coo(<9n.t9on&.Nec&enP<kB>JlL&k_9g3(e&

Mk8llR&=e&'l3sY&3ne&l9.9son&éth\n\le&est&9nco('o(ée&.3&l9g.n<&<e&Q.`on&]&ce&23e&l.&<9st.nce&

ent(e& les&'\(9<9nes& te(I9n.les& so9t& 9<ent923e&]& celle&eO9st.nte&<.ns& le& l9g.n<&]&8.se&<e&

<''R&

&

Figure  9.  (a)  Ligand  cible  à  base  de  dpbiiq  pour  la  synthèse  du  [3]caténane;  (b) 

modélisation du [3]caténane à symétrie d’ordre 3 fermé par chimie de coordination. 

 

2­Synthèse du ligand 

& 2.1­Mise au point de la stratégie de synthèse 

 

4.&st(.tég9e&cho9s9e&'o3(&l.&s\nthXse&<3&l9g.n<&est&conNe(gente&.Nec&<A3n&ccté&le&

Q(.gIent&const(39t& s3(& l.&<'8992&et&<e& lA.3t(e& l.&^Z.I8e^&<e& l.&Ioléc3le& k_9g3(e&jKlR&4.&

(é.ct9on& clé& <e& l.& s\nthXse& est& 3ne& <o38le& (é.ct9on& <e& co3'l.ge& <e& $3a3h9& ent(e& l.&

899so239nol9ne& Qonct9onn.l9sée&.Nec&<e3O& t(9Ql.tes&et& l.&^Z.I8e^& Qonct9onn.l9sée&.Nec&3n&

8(oIeR&?ette&<e(n9X(e&'.(t9e&<e&l.&Ioléc3le&'e3t&[t(e&'(é'.(ée&en&L&ét.'es&]&'.(t9(&<A3n&

'(o<39t&coIIe(c9.lR&4.&Q(.gIent&const(39t&s3(&l.&<'8992&est&'(é'.(ée&en&L&ét.'es&]&'.(t9(&

<e& l.&iYiAV<9\<(oO\'hen\leVJYJAV899so239nol9neY&elle&I[Ie&o8ten3e&'.(&<é'(otect9on&<e&

l.& <.8992R& FN.nt& <e& coIIence(& cette& s\nthXse& 'l3s9e3(s& g(.IIes& <e& <.8992& ont& été&

s\nthét9sés&en&s39N.nt&l.&'(océ<3(e&9n<923ée&'(écé<eIIentR&
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&

Figure 10. Stratégie de synthèse convergente du ligand cible. 

 

& 2.2­Détail des étapes de synthèse 

&

4.&'(eI9X(e&ét.'e&<e&l.&s\nthXse&est&l.&<é'(otect9on&<es&g(o3'eIent&IéthoO\&<3&

l9g.n<& <.8992& en& g(o3'eIents& 'hénol& .Nec& <3& chlo(3(e& <e& '\(9<9n93IY& ]& teI'é(.t3(e&

éleNée& et& .3& I9c(oVon<eR& 4.& Ioléc3le& <é'(otégée& est& o8ten3e& .Nec& 3n& t(Xs& 8on&

(en<eIent&<e&Mi�&k_9g3(e&jjlR&

NN

O O

N N

NN

B BO
O O

O

+

OBr

N

OBr

I
N

+

OBr

(commercial)
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HO OH
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&

Figure 11. Déprotection des groupements méthoxy. 

 

=.ns&3ne&<e3O9XIe&ét.'e&les&<e3O&Qonct9ons&'hénol&sont&t(.nsQo(Iées&en&t(9Ql.te&

'.(&.ct9on&<e&lA.nh\<(9<e&t(9Ql923e&<.ns&l.&'\(9<9ne&.Nec&3n&(en<eIent&<e&Mm�&k_9g3(e&

jLlR& 4es& Qonct9ons& t(9Ql.te&'e(Iett(ont&'.(& l.& s39te&<es& (é.ct9ons&<e& co3'l.ges&<e& t\'e&

$3a3h9&.Nec&<es&c.t.l\se3(s&.3&'.ll.<93IR&

&

Figure 12. Formation des fonctions triflate. 

 

P.(&.9lle3(sY&le&oV8(oIo'hén\léthe(Y&3n&'(o<39t&coIIe(c9.lY&est&Qonct9onn.l9sé&en&

'os9t9on&para&<es&oO\gXnes&.Q9n&<e&'o3(s39N(e&l.&const(3ct9on&<e&l.&Ioléc3le&<.ns&cette&

<9(ect9onR& 5ne& Qonct9on& 9o<3(e& .& été& 9nt(o<39te& sélect9NeIent& <.ns& cette& 'os9t9on& '.(&

lA.ct9on& <e& C?l& <.ns& lA.c9<e& .cét923e& egf& con<39s.nt& .3& oV8(oIoVoAV9o<o'hén\léthe(& 8 

kzJ�l&k_9g3(e&jJlR&&

&

Figure 13. Fonctionnalisation du 4­bromophényléther en position par de l’oxygène. 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4.&(é.ct9on&<e&co3'l.ge&<e&$onog.sh9(.&est&eOt([IeIent&sélect9Ne&en& Q.Ne3(&<e&

lA9o<e&'.(&(.''o(t&]&<A.3t(es&<é(9Nés&8(oIés&o3&chlo(ésR&?ette&sélect9N9té&no3s&'e(Iet&<e&

(é.l9se(&cette&(é.ct9on&.Nec&3n&é239N.lent&<e&oVéth\n9l'\(9<9ne&k'(o<39t&coIIe(c9.ll&et&

<Ao8ten9(&le&coI'osé&9 .Nec&3n&(en<eIent&.cce't.8le&<e&go�&k_9g3(e&jolR&

&

Figure 14. Couplage de Sonogashira et ajout de la liaison éthynyle. 

&

4Aét.'e& s39N.nte& cons9ste& ]& co3'le(& le& <é(9Né& 9  '(écé<eIIent& s\nthét9sé& ]& l.&

899so239nol9ne&7R& Pl3s9e3(s& ess.9s& N9s.nt& ]& s38st9t3e(& le& 8(oIe& <3& coI'osé&9& '.(& <es&

Qonct9ons& este(& o3& .c9<e& 8o(on923e& se& sont& (éNélés& <éceN.ntsR& 4.& sol3t9on& Q3t& <e&

s38st9t3e(& les& Qonct9ons& t(9Ql.te& <e& 7& '.(& <es& Qonct9ons& este(s& 8o(on923es& ]& lA.9<e& <e&

89sk'9n.col.tol<98o(.ne&k_9g3(e&jmlR&4Aeste(&8o(on923e&10 est&o8ten3&I.9s&ne&'e3t&[t(e&

'3(9Q9é&en&(.9son&<e&s.&t(o'&Q.98le&st.89l9té&s3(&s3''o(t&ch(oI.tog(.'h923eR&

&

Figure 15. Formation des esters boroniques à partir de fonctions triflate. 

 

FNec& le& <9este(& 8o(on923e& <e& l.& 899so239nol9ne& 10& no3s& .Nons& eQQect3é& 3ne&

(é.ct9on& <e& co3'l.ge& <e& $3a3h9& <.ns& <es& con<9t9ons& cl.ss923es& 'o3(& o8ten9(& le& l9g.n<&

c98le&11&.Nec&3n&(en<eIent&<e&oL�&s3(&les&<e3O&<e(n9X(es&ét.'esR&4e&(en<eIent&glo8.l&

est&<e&ji�&s3(&les&g&ét.'es&]&'.(t9(&<e&l.&<.8992R&
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&

Figure 16. Double couplage de Suzuki conduisant à la formation du ligand cible EE. 

 

3­Chimie de coordination du ligand 

& 3.1­Préparation de complexes homoleptiques  

 

4.&ch9I9e&<e&coo(<9n.t9on&<3& l9g.n<&11& .&été&ét3<9ée&.Nec&'l3s9e3(s&Iét.3O&<e&

t(.ns9t9on& ]& géoIét(9e& oct.é<(923eR& 4es& '(eI9e(s& tests& ont& été& (é.l9sés& .Nec& <es&

coI'leOes&<e&(3thén93IkCCl&tels&23e&@3?lLk<Isolo&et&@3k<Isolg&I.9s&I.lhe3(e3seIent&

le&'(o<39t&o8ten3&est&3n&sol9<e&(o3ge&soI8(e&9nsol38leR&?e&sol9<e&est&'(o8.8leIent&3n&

'(o<39t& <e& 'ol\Ié(9s.t9on& ent(e& le& (3thén93I& et& les& <9QQé(ents& no\.3O& '\(9<9n923es&

'(ésents& <.ns& le& l9g.n<& l9g.n<R& Bo3s& .Nons& .lo(s& 3t9l9sé& 3n& Iét.l& 'l3s& l.89le& .Q9n& <e&

coI'leOe(& 3n923eIent& l.& '.(t9e& 899so239nol9ne& k8992l& et& non& les& '\(9<9nes& te(I9n.les&

.Q9n& <Ao8ten9(& 3n& '(o<39t& the(Io<\n.I923e& et& non& '.s& c9nét923e& coIIe& no3s&

s3''osons&[t(e&le&c.s&.Nec&le&(3thén93IkCClR&

5n&coI'leOe&]&8.se&<e&Qe(kCCl&.&été&'(é'.(é&.Nec&_ekG_olLRg"LKR&Pl3s9e3(s&ess.9s&

ont&été&nécess.9(es&'o3(&coI'leOe(& le& l9g.n<Y& c.(& cel39Vc9& est& 9nsol38le&<.ns& l.&'l3'.(t&

<es&solN.ntsR&_9n.leIentY&le&chlo(oQo(Ie&.&été&3t9l9sé&'o3(&<9sso3<(e&]&ch.3<&le&l9g.n<Y&et&

3ne&Qo9s&cel39Vc9&tot.leIent&<9sso3tY&3ne&sol3t9on&<3&sel&<e&Qe(kCCl&<.ns&lA.céton9t(9le&.&été&

.Zo3tée& ent(.9n.nt& l.& colo(.t9on& <e& l.& sol3t9on& en& (o3ge& o(.ngéY& c.(.cté(9st923e& <es&

coI'leOes&<e&Qe(&]&8.se&<e&8992R&emf&F'(Xs&'3(9Q9c.t9on&s3(&colonne&et&éch.nge&<e&cont(eV

.n9on&kG_oV&]&P_gVlY& le&'(o<39t&[122+][PF6­]2&est&o8ten3&.Nec&3n&t(Xs&8on&(en<eIent&<e&

NN

B BO
O O

O

OBr

N

2 eq.

Pd(PPh3)4
Na2CO3

tol / H2O / EtOH

 6   :   2   :   1

NN

O O

N N

42% sur les
 2 étapes

10 9 11
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Mz�R&4e&s'ect(e&<e&I.sse&%$VU$&et&les&s'ect(es&@UB&j"&j=&et&L=&sont&coI'.t98les&.Nec&

l.&st(3ct3(e&'(o'osée&<3&coI'leOe&<e&_ekCCl&k_9g3(e&jzlR&

&

Figure 17. Formation du complexe de Fe(II) 6EHHI86JK;L8H. 

 

4e& Qe(kCCl& & ét.nt& 3n& c.t9on& l.89leY& 9l& seI8l.9t& 9nté(ess.nt& <e& s\nthét9se(& 3n& tel&

coI'leOe&.Nec&3n&Iét.l&<e&l.89l9té&9nte(Ié<9.9(eY&les&ess.9s&.Nec&le&(3thén93IkCCl&.\.nt&

écho3éR&4e&co8.lt&no3s&.&seI8lé&[t(e&3n&8on&coI'(oI9sY&c.(&so3s&l.&Qo(Ie&<e&co8.ltkCCl&

ce&c.t9on&est&l.89le&et&'e(Iet&<e&Qo(Ie(&le&coI'leOe&hoIole't923eR&Cl&est&'oss98le&.lo(s&

<AoO\<e(&le&co8.ltkCCl&en&co8.ltkCCCl&'o3(&o8ten9(&3n&c.t9on&(el.t9NeIent&9ne(teR&&

4.&I.(che& ]& s39N(e& est& s9I9l.9(e& ]& l.& (é.ct9on& <e& coI'leO.t9on& .3& Qe(kCClR& !o3t&

<A.8o(<& le& l9g.n<& 11& est& <9sso3t& <.ns& le& chlo(oQo(Ie& ]& ch.3<Y& '39s& 3ne& sol3t9on& <e&

?okB>JlLRg"LK& <.ns& lA.céton9t(9le& est& .Zo3téeR& Cl& en& (és3lte& 3ne& colo(.t9on& Z.3ne& <e& l.&

sol3t9on&co((es'on<.nt&.3&coI'leOe&<e&co8.ltkCCl&hoIole't923eR&4Aét.'e&<AoO\<.t9on&est&

(é.l9sée&'.(&lA.Zo3t&<A3ne&sol3t9on&<e&e?ekB>JlgfRkB"olL&<.ns&lA.céton9t(9leR&4.&Qo(I.t9on&

<A3n& '(éc9'9té& o(.ngeY& co((es'on<.nt& .3& coI'leOe& hoIole't923e& <e& co8.ltkCCCl 

[133+][PF6­]3&est&o8ten3&.Nec&3n&(en<eIent&<e&iL�&.'(Xs&éch.nge&<e&&cont(e&.n9on&et&

'3(9Q9c.t9on& s3(& colonne& k_9g3(e&jilR& 4]& .3ss9& l.& Qo(I.t9on&<3& coI'leOe&est& conQ9(Iée&

'.(&s'ect(oIét(9e&<e&I.sse&%$VU$R&
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&

Figure 18. Formation du complexe de Co(III) 6E77I86JK;L87. 

&

4es&s'ect(es&@UB&j"&j=&et&L=&k?>$b&et&@>%$bl&<es&coI'leOes&hoIole't923es&<e&

_ekCCl& et& ?okCCCl& sont& coI'.t98les& .Nec& les& st(3ct3(es& <e& [122+][PF6­]2& et& [133+][PF6­]3&

'ost3léesR&4es& 9I'3(etés&'(ésentes& s3(& le& s'ect(e&<3& coI'leOe&<e& co8.lt& kCCCl& se(.9ent&

<3es&]&l.&'(ésence&<A3ne&Q.98le&23.nt9té&<e&co8.lt&kCCl&non&oO\<éR&

&

3.2­Caractérisation par spectroscopie RMN du ligand et des complexes 

&

4es&s'ect(es&@UB&j"&<3& l9g.n<& l98(e&11& et&<es&<e3O&coI'leOes& [122+][PF6­]2& et&

[133+][PF6­]3&est&'.(t9c3l9X(eIent&<éIonst(.t9Ne&k_9g3(e&jilR&%n&eQQetY&ce(t.9ns&'(otons&

ont&.''(oO9I.t9NeIent& le&I[Ie&<é'l.ceIent&ch9I923e&<.ns& le& l9g.n<& l98(e&et&<.ns& l.&

Ioléc3le&coI'leOée&.lo(s&23e&<A.3t(es&sont&Qo(teIent&8l9n<ésR&Cl&sA.g9t&<es&'(otons&239&

se&s9t3ent&<.ns&les&ccnes&<e&8l9n<.ge&c(éés&'.(&les&co3(.nts&<e&c\cles&<es&g(o3'eIents&

'hén\les&<3&coI'leOeR&&
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&

&

Figure 19. Agrandissements des spectres RMN de EE, 6EHHI86JK;L8H et 6E77I86JK;L87. 

&

Bo3s&const.tons&23e& to3s& les&'(otons&s9t3és&]&'(oO9I9té&<3&Iét.lY&.3&cent(e&<e&

lAent(el.csY&sont& les&'l3s&8l9n<és&et&<onc& les&'l3s&.QQectés&'.(& les&co3(.nts&<e&c\cleR&P.(&

.9lle3(sY& 'l3s& l.& <9st.nce& ent(e& le& '(oton& et& le& cent(e& <e& lAent(el.cs& .3gIenteY& 'l3s& le&

8l9n<.ge& <9I9n3eR& P.(& eOeI'le& le& '(oton& "j& en& 'os9t9on& α& <e& lA.toIe& <A.aote& <e& l.&

899so239nol9ne& s389t& 3n& <é'l.ceIent& ch9I923e& <AenN9(on& jRm& ''IY& .lo(s& 23A9l& est&

(es'ect9NeIent&<e&KRMY&KRi&et&KRJm&''I&'o3(&les&'(otons&".Y&"8&et&"c&et&23A9l&<9s'.(.dt&

'o3(&les&'(otons&les&'l3s&élo9gnés&<3&cent(e&"<Y&"eY&"Q&et&"gR&
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& 3.3­Chimie de coordination utilisant le palladium(II) 

    en collaboration avec le groupe du Prof. M. Fujita et travail réalisé à Tokyo 

 

4es&coI'leOes&hoIole't923es&<e&_ekCCl&et&?okCCCl&ét.nt&o8ten3sY&l.&c\cl9s.t9on&<e&

ch.c3n& <es& l9g.n<s& '.(& coo(<9n.t9on& .3& P<kCCl& .& été& ent(e'(9se& .Q9n& <Ao8ten9(& le&

eJfc.tén.ne& <e& s\Iét(9e& <Ao(<(e& JR& %O'é(9Ient.leIentY& les& coI'leOes& ont& été&I9s& en&

sol3t9on& <.ns& le& =U$>V<gY& '39s& 3n& coI'leOe& <e& P<kCCl& <ont& <e3O& 'os9t9ons& cis& sont&

'(otégées&k'.ll.<93I&89sVkéth\lXne&<9.I9nel&89sVn9t(.tel&est&.Zo3téR&4e&'(o<39t&8(3t&<e&l.&

(é.ct9on&.&été&.n.l\sé&'.(&@UB&j"&et&9l&est&.''.(3&23e&'l3s9e3(s&es'Xces&ét.9ent&Qo(IéesR&

?es&es'Xces&'e3Nent&co((es'on<(e&]&<9QQé(entes&'oss989l9tés&<e&coI'leOe(&le&'.ll.<93I&

.Nec&les&'\(9<9nes&te(I9n.les&<es&<9QQé(ents&l9g.n<sR&&

&

&

Figure 20. Obtention des dimères EM-*/#*EMN. 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4e&Iél.nge&(é.ct9onnel&.&.lo(s&été&ch.3QQé&]&iK&�?&.Q9n&<e&Q.No(9se(&l.&Qo(I.t9on&

<e&lAes'Xce&the(Io<\n.I923eIent&l.&'l3s&st.8le&23e&lAon&'ens.9t&[t(e&le&eJfc.tén.ne&<e&

s\Iét(9e&<Ao(<(e&JR&Cl&sAest&.Né(é&I.lhe3(e3seIent&23e&les&es'Xces&Qo(Iées&ont&été&les&

coI'leOes&14a&et&14b&<9IX(es&<e&stpch9oIét(9e&Iét.lxl9g.n<&L/L&.9ns9&23e&le&coI'leOe&

Ukt(9sVkéth\lXne<9.I9nellnt& k.Nec& Ur_ekCCl& o3& ?okCCCll& k_9g3(e& jMlR& ?ette& <e(n9X(e&

es'XceY&eOt([IeIent&st.8leY&est&s.ns&<o3te&le&'39ts&the(Io<\n.I923e&<e&l.&(é.ct9on&et&

ent(.9ne&l.&<écoI'leO.t9on&<3&_ekCCl&o3&<3&?okCCCl&t(o'&l.89lesR&

&

& 3.4­Conclusion 

 

?ont(.9(eIent& ]& nos& .ttentesY& l.& coI'leO.t9on& .3& '.ll.<93IkCCl& nA.& '.s& Qo(Ié&

23.nt9t.t9NeIent&lAes'Xce&so3h.9téeR&4.&Qo(I.t9on&]&teI'é(.t3(e&.I89.nte&<e&'l3s9e3(s&

es'Xces&secon<.9(es&.&nécess9té&<e&ch.3QQe(&le&Iél.nge&.Q9n&<e&Q.c9l9te(&l.&Qo(I.t9on&<3&

'(o<39t& the(Io<\n.I923e& <e& l.& (é.ct9onR& 4.& n.t3(e& (éNe(s98le& <es& l9.9sons& P<VB& ]&

teI'é(.t3(e& éleNée& .Nec& 3n& Iét.l& cent(.l& (el.t9NeIent& l.89le& <éIont(e& 23e& lAeQQet&

template& 3t9l9sé& <.ns& not(e& st(.tég9e& <e& s\nthXse& <9s'.(.dt& tot.leIent& .3& '(oQ9t& <A3n&

'hénoIXne& <A&^.3toV.sseI8l.ge^& ezf& con<39s.nt& .3O&Ioléc3les& the(Io<\n.I923eIent&

les& 'l3s& st.8lesR& 4e& eJfc.tén.ne& <e& s\Iét(9e& <Ao(<(e& J& nAen& Q.9t&I.lhe3(e3seIent& '.s&

'.(t9eR& =e& 'l3sY& to3s& les& tests& <e& coI'leO.t9on& .Nec& le& (3thén93IkCCl& .\.nt& écho3éY& ce&

'(oZet& .& été& .8.n<onné& .3& '(oQ9t& <e& l.& s\nthXse& <A.3t(es& Ioléc3les& to'olog923eIent&

.tt(.\.ntesR&
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3 
Synthèses de complexes fondés sur des dérivés d’isoquinoline 

1­Synthèse d’un pseudo­[3]rotaxane 

& 1.1­Introduction 

 

& Bo3s&.Nons&N3&<.ns&le&ch.'9t(e&'(écé<ent&23e&lAét.'e&<e&Qe(Iet3(e&<es&c\cles&'.(&

coo(<9n.t9on&s3(&les&coI'leOes&hoIole't923es&[122+][PF6­]2&et&[123+][PF6­]3&ne&<onn.9t&

'.s& les& (és3lt.ts& es'é(ésR& Cl& .& '.(3& 9nté(ess.nt& <Aess.\e(& <e& (eI'l.ce(& 3n& <es& t(o9s&

l9g.n<s&.c\cl923es&'.(&3n&I.c(oc\cleY&.Q9n&<e&(é<39(e& le&noI8(e&<e&'(o<39ts&'oss98lesR&

4e& Qe(kCClY& sAét.nt& .Né(é& t(o'& l.89leY& le& co8.ltkCCl& .& été& cho9s9& 'o3(& '(é'.(e(& ce& no3Nel&

ent(el.csR&?el39Vc9&'o3((.&.lo(s&[t(e&oO\<é&en&co8.ltkCCCl&.'(Xs&Qo(I.t9on&<e&cet&ent(el.cs&

.Q9n&<Ao8ten9(&3n&coI'leOe&'l3s&st.8le&kIét.l&cent(.l&Io9ns&l.89lelR&

& 4e& '(9nc9'e& <e& cette& s\nthXse& est& lAenQ9l.ge& <e& <e3O& l9g.n<s& ]& t(.Ne(s& 3n&

I.c(oc\cle& coo(<9né& ]& 3n& .toIe& <e& ?okCClR& 4.& '(eI9X(e& ét.'e& cons9ste& ]& cho9s9(& 3n&

I.c(oc\cle&]&8.se&<e&<'8992&<ont&l.&c9(conQé(ence&9nte(ne&est&s3QQ9s.IIent&g(.n<e&'o3(&

'e(Iett(e&<A\&enQ9le(&<e3O&l9g.n<s&11R&=es&I.c(oc\cles&]&8.se&<e&<'8992&et&coI'o(t.nt&

(es'ect9NeIent& JM& et& oj& .toIes& <.ns& le3(s& c9(conQé(ence& 9nte(ne& ont& <éZ]& été&

s\nthét9sésR& ejf&=es&ét3<es&(écentes&(é.l9sées&.3&4?>U&ont&Iont(é&23e& le&I.c(oc\cle&]&

oj&.toIes&ét.9t&.ssea&l.(ge&'o3(&23e&<e3O&l9g.n<s&]&8.se&<e&<'8992&so9ent&enQ9lésY&eLf&cAest&

<onc&ce&I.c(oc\cle&239&.&été&(eten3R&

& 4.& st(.tég9e& ]& .<o'te(& 'o3(& ce& <o38le& enQ9l.ge& est& 9<ent923e& ]& celle& 3t9l9sée& <e&

I.n9X(e& cl.ss923e&'o3(& les& enQ9l.ges& s9I'les& .3& l.8o(.to9(eY& eJf& '.(& cont(e&<.ns& ce& c.s&

'(éc9sY& 3n& coI'os.nt& s3''léIent.9(e& est& I9s& en& Ze3& k_9g3(e& jk.llR& F9ns9Y& 'o3(& 3n&

enQ9l.ge& cl.ss923e& .3& c39N(ekClY& 3n& <o38le& ent(el.cs& est& o8ten3Y& .lo(s& 23A3n& t(9'le&

ent(el.cs& est& o8ten3& via  3n& <o38le& enQ9l.ge& .3& co8.ltkCCl& o3& .Nec& 3n& .3t(e& cent(e&

Iét.ll923e&oct.é<(923e&k_9g3(e&jk8llR&
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Figure 1. Schéma représentant le principe des réactions d’enfilage : (a) réaction de simple 

enfilage au cuivre(I) menant à un pseudo­[2]rotaxane et (b) réaction de double enfilage au 

cobalt(II) menant à un pseudo­[3]rotaxane. 

 

& 1.2­Synthèse du macrocycle 

&

& 4.& s\nthXse& <3& I.c(oc\cle& .& été& <éc(9te& <.ns& l.& l9tté(.t3(eR& ejf& %lle& coI'te& J&

ét.'es&]&'.(t9(&<3&89s'hénolVF&coIIe(c9.l&et&<3&<é(9Né&<9'hénol&<e&l.&899so239nol9ne&6 

k_9g3(e&LlR&4.&'(eI9X(e&ét.'e&est&3ne&<o38le&s38st9t3t9on&n3cléo'h9le&s3(&le&89s'hénolVF&

.Nec&le&LVkLVchlo(oéthoO\léth.nol&.Q9n&<e&le&'(olonge(&'.(&L&ch.9nes&éth\lXne&gl\colR&4e&

'(o<39t&15& est&o8ten3&.Nec&3n& (en<eIent& t(Xs&Io\en&<e&oK�R&%ns39te& l.& s38st9t3t9on&
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<es&<e3O& Qonct9ons&.lcools&'.(&<es&8(oIes&se& Q.9t&en&<e3O&ét.'esR&4.&'(eI9X(e&est&3ne&

.ct9N.t9on&<es&.lcools&'.(&<es&Qonct9ons&Iés\l.tes&'.(&.Zo3t&<e&chlo(3(e&<e&Iés\le&]&K&�?R&

F'(Xs& 3ne& eOt(.ct9on& en& 'h.se& .23e3se& .Q9n& <e& se& <é8.((.sse(& <es& 9ons& chlo(3(esY& le&

'(o<39t&8(3t&est&<9sso3t&<.ns&lA.cétoneY&3n&eOcXs&<e&8(oI3(e&<e&l9th93I&est&.Zo3té&et&l.&

(é.ct9on& est& 'o(tée& ]& é83ll9t9on& 'en<.nt& jg& he3(esR& 4e& <é(9Né& <98(oIé&16  est& o8ten3&

.'(Xs&ch(oI.tog(.'h9e&.Nec&3n&8on&(en<eIent&kiL�lR&4.&<e(n9X(e&ét.'e&est&3ne&<o38le&

(é.ct9on&<e&T9ll9.Ison&<.ns&<es&con<9t9ons&<e&h.3te&<9l3t9on&ent(e&le&'(o<39t&<98(oIé&

16&et&le&<é(9Né&<9'hénol&<e&l.&899so239nol9ne&6&en&'(ésence&<e&c.(8on.te&<e&cés93I&]&gm&

�?&<.ns&le&=U_&.nh\<(eR&F'(Xs&'l3s9e3(s&ch(oI.tog(.'h9es&s3(&colonnesY&le&I.c(oc\cle&

17&est&o8ten3&.Nec&3n&(en<eIent&<e&gL�R&

&

&

Figure 2. Synthèse du macrocycle EO. a) Cs2CO3 dans DMF, 60 °C, 16 h, 40%. b) MsCl, Et3N 

dans CH2Cl2, 0 °C, 4 h puis LiBr dans acétone, reflux, 16 h, 82%. c) Cs2CO3 dans DMF (haute 

dilution), 65 °C, 80 h, 62%. 

&

& 1.3­Synthèse du pseudo­[3]rotaxane 

 

  4.&(é.ct9on&<e&<o38le&enQ9l.ge&.Nec&le& l9g.n<&11&'(écé<eIIent&s\nthét9sé&.&été&

eQQect3ée&k_9g3(e&JlR&

HO OH
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O
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&

Figure 3. Réaction de double enfilage au cobalt menant à la formation de 6EG7I86JK;L87 

&

& ?ette& (é.ct9on& <e& coI'leO.t9on& se& Q.9t& en& t(o9s& ét.'esR& 4.& '(eI9X(e& est& l.&

coI'leO.t9on& <3& I.c(oc\cle& 17& .Nec& le& co8.ltkCClR& 4e& I.c(oc\cle& est& to3t& <A.8o(<&

sol389l9sé&<.ns& le&chlo(oQo(IeY&'39s&3ne&sol3t9on&<e&?oCCkB>JlLRg"L>&<.ns& lA.céton9t(9le&

est& .Zo3téeR& >n& o8t9ent& .9ns9& 3ne& sol3t9on& Z.3ne& cl.9(& co((es'on<.nt& .3& coI'leOe&

coI'o(t.nt&3ne&Ioléc3le&<e&I.c(oc\cleY&3n&.toIe&<e&?okCClY&et&<es&Ioléc3les&<Ae.3&o3&

<A.céton9t(9leR& F'(Xs& JK& I9n3tes& <A.g9t.t9onY& 3ne& sol3t9on& <3& l9g.n<& 11  <.ns& le&

chlo(oQo(Ie& est& .Zo3tée& '(oNo23.nt& lA.''.(9t9on& <A3ne& co3le3(& Z.3neVo(.ngeR& 4.&

<e(n9X(e&ét.'e&est&lAoO\<.t9on&<3&?okCCl&en&?okCCCl&en&3t9l9s.nt&e?ekB>JlgfRkB"olL&k.''elé&

?FB&<e&I.n9X(e&.8(égée&'o3(&?e(93I&FIIon93I&B9t(.tel&coIIe&oO\<.ntR&5ne&Qo9s&ce&

<e(n9e(&.Zo3téY&3n&'(éc9'9té&o(.nge&est& Qo(IéR&4es&solN.nts&sont&ens39te&éN.'o(és&et& le&

'(o<39t&est&sol389l9sé&<.ns&3n&Iél.nge&Ue?Bx"L>&m/L&et&3ne&sol3t9on&s.t3(ée&<e&~P_g&

est& .Zo3tée& .Q9n& <e& (é.l9se(& lAéch.nge& <3& cont(eV.n9onR& F'(Xs& 3ne& '3(9Q9c.t9on& '.(&

ch(oI.tog(.'h9e& s3(& colonne& <e& s9l9ceY& .Nec& coIIe& él3.ntY& 3n& Iél.nge& <e& solN.nts&

.<.'té&.3&coI'leOe&<e&co8.lt&t(9N.lent&o8ten3&k.cétonexe.3xsol3t9on&s.t3(ée&<e&~B>J&

zK/m/KRJlY& '39s& 3n& no3Nel& éch.nge& <e& cont(eV.n9onY& le& '(o<39t& '3(& [183+][PF6­]3& est&

o8ten3&.Nec&3n&(en<eIent&<e&zm�R&

&

&

&
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& 1.4­Caractérisation par spectroscopie RMN 1H 

 

  4A9<ent9té& <3& '(o<39t& .& '3& [t(e& conQ9(Iée& '.(& s'ect(oIét(9e& <e& I.sse& et& '.(&

s'ect(osco'9e& @UB& j"& <e& Q.`on& ]& .tt(983e(& les& s9gn.3O& <3s& .3O& <9QQé(ents& '(otons& <3&

coI'leOe&k_9g3(e&olR&&

&

Figure 4. Spectres RMN 1H et indexation des protons du pseudo­[3]rotaxane EG7I et de ses 

précurseurs organiques, le ligand acyclique EE et le macrocycle EO. 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& Botons&23e&ch.c3n&<es&s9gn.3O&est&<é<o38léY&cel.&ét.nt&<3&.3&Q.9t&23e&les&

l9g.n<s&'e(<ent&le3(&s\Iét(9e&3ne&Qo9s&enQ9lés&]&t(.Ne(s&le&I.c(oc\cleR&%n&eQQetY&3ne&Qo9s&le&

coI'leOe& Qo(IéY& 3ne& Io9t9é& <e& l.& Ioléc3le& se& (et(o3Ne& ]& '(oO9I9té& <e& lA3n9té&

899so239nol9ne&<3&I.c(oc\cle&.lo(s&23e&lA.3t(e&Q.9t&Q.ce&.3&Q(.gIent&9ss3&<3&89s'hénolVF&

et&s389t&.9ns9&Io9ns&<AeQQets&l9és&.3O&ccnes&<e&8l9n<.gesR&

@eI.(23ons& ég.leIentY& coIIe& <.ns& le& c.s& <es& coI'leOes& hoIole't923es& <e&

_ekCCl& et& <e& ?okCCCl& (é.l9sés& '(écé<eIIent& .Nec& le& I[Ie& l9g.n<Y& 23e& <es& 8l9n<.ges&

9I'o(t.nts& 9nte(N9ennent& 3ne& Qo9s& le& coI'leOe& Qo(IéR& %n& ce& 239& conce(ne& les& l9g.n<s&

.c\cl923es&<e&lAent(el.csY&les&'(otons&jY&gY&zY&.Y&8&et&c&sont&t(Xs&Qo(teIent&8l9n<ésY&ce&239&

s9gn9Q9e& 23A9ls& se& t(o3Nent& <.ns& les& ccnes& <e& 8l9n<.ges& <es& no\.3O& .(oI.t923es& <es&

.3t(es& Ioléc3les& coI'os.nt& lAent(el.csR& & ?ec9& est& 89en& en& .cco(<& .Nec& l.& st(3ct3(e&

'ost3léeR&

4es& '(otons& o& et& mY& s9t3és& <.ns& le& ^<os^& <e& lA3n9té& 899so239nol9ne& ne& sont& '.s&

.QQectés&'.(& les&co3(.nts&<e&c\clesY&et& le3(s&s9gn.3O&ne&s389ssent&<onc&'.s&<e&N.(9.t9on&

9I'o(t.nte&<e&<é'l.ceIent&ch9I923eR&%n&o3t(eY&les&s9gn.3O&<es&'(otons&<Y&eY&QY&g&et&h&ne&

sont&'.s&<é'l.cés&c.(&9ls&sont&.ssea&élo9gnés&<3&cent(e&Iét.ll923e&'o3(&ne&'.s&se&t(o3Ne(&

<.ns&les&<9QQé(ents&ccnes&<e&8l9n<.gesR&Botons&ég.leIent&3n&él.(g9sseIent&<3&s9gn.l&<3&

'(oton& h& et& <.ns& 3ne& Io9n<(e& Ies3(e& cel39& <3& '(oton& gR& ?et& él.(g9sseIent& 'o3((.9t&

'(oNen9(& <e& t(.ces& <e& co8.ltkCCl& l98(e& k?oLt&/& cent(e& '.(.I.gnét923el& <.ns& l.& sol3t9on&

I[Ie& .'(Xs& oO\<.t9on& .3& ?FBR& %n& eQQet& ce&Iét.l& l.89le& 'e3t& .lo(s& se& coo(<9ne(& et& se&

<écoo(<9ne(& .3O& '\(9<9nes& te(I9n.les& <3& l9g.n<& '(oNo23.nt& .9ns9& 3ne& (é.ct9on&

<Aéch.nge& lent& 'en<.nt& lA.239s9t9on& <3& s'ect(e& et& 3n& él.(g9sseIent& 9I'o(t.nt& <es&

s9gn.3OR&

?once(n.nt& le&I.c(oc\cleY& les&'(otons& les&'l3s&8l9n<és& sont& &IjY&Ic&et&I<R&4es&

'(otons&I.&et&I8&ne&s389ssent&'.s&<e&8l9n<.ge&9I'o(t.ntR&%nQ9nY&les&'(otons&IoY&ImY&Ig&

et&Iz& sont& t(Xs& Qo(teIent& <é8l9n<ésY& cec9& ét.nt& l9é& <A3ne& '.(t& ]& le3(& élo9gneIent& <es&

<9QQé(ents&ccnes&<e&8l9n<.ge&et&<A.3t(e&'.(t&]& l.&'(oO9I9té&<3&cent(e&Iét.ll923e&?okCCCl&

élect(oV.tt(.cte3(R&

&

&

&
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& 1.5­Conclusions et perspectives 

 

4.&s\nthXse&<A3n&coI'leOe&<e&co8.ltkCCCl&cons9st.nt&en&3n&<o38le&enQ9l.ge&<e&<e3O&

l9g.n<s& ]& t(.Ne(s& 3n& I.c(oc\cle& .\.nt& été& (é.l9sée& .Nec& s3ccXsY& 'l3s9e3(s& 'oss989l9tés&

sAoQQ(.9ent&]&no3sR&

F& '.(t9(& <e& ce& no3Ne.3& coI'leOeY& no3s& 'o3((9onsY& en& .Zo3t.nt& <es& 8o3chons& ]&

lAeOt(éI9té& <e& ch.c3n&<es& l9g.n<sY& Qo(Ie(&3n& eJf(ot.O.neR& 4A3t9l9s.t9on&<e&'o('h\(9nes&

coIIe& 8o3chons& seI8le& [t(e& 3ne& 8onne& .lte(n.t9Ne& ét.nt& <onné& l.& '(ésence& <es&

'\(9<9nes&te(I9n.les&s3(&les&l9g.n<s&k_9g3(e&mlR&eof&

&

Figure 5. Représentation d’un [3]rotaxane qui serait obtenu à partir de 6EG7I86JK;L87*après 

l’ajout de bouchons porphyriniques (M= Ru, Zn….). 

&

4A.3t(e& 'oss989l9té& ét.9t& l.& Qo(I.t9on& <A3n& eJfc.tén.ne& '.(& coo(<9n.t9on& <A3n&

coI'leOe&<e&'.ll.<93IkCCl&Z3<9c9e3seIent&cho9s9&k_9g3(e&glR&emf 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Figure  6.  Représentation  d’un  [3]caténane  qui  serait  obtenu  par  coordination  d’un 

complexe de palladium(II) adéquat au complexe 6EG7I86JK;L87. 

&

G9en& 23e& les& '(eI9e(s& (és3lt.ts& .Nec& <es& 'o('h\(9nes& <e& (3thén93I& <.ns& le&

'(eI9e(&c.s&et&le&coI'leOe&kenlP<kB>JlL&<.ns&le&secon<&c.s&nAont&'.s&<onné&<e&(és3lt.ts&

s.t9sQ.9s.ntsY&<A.3t(es&'o('h\(9nes&o3& coI'leOes&<e&'.ll.<93I&(estent& enco(e&]& teste(R&

P.(& eOeI'leY& 3ne& 'o('h\(9ne& .Nec& 3n& Iét.l& Io9ns& 9ne(te& 23e& le& @3CCY& coIIe& le& a9nc&

'o3((.9t&[t(e&3t9l9séeR&4A3t9l9s.t9on&<A3ne&'o('h\(9neY&<ont&les&s38st9t3.nts&.3O&'os9t9ons&

meso&se(.9ent&Io9ns&encoI8(ésY&est&ég.leIent&]&cons9<é(e(R&Bo3s&'o3((9ons&ég.leIent&

enN9s.ge(&lA3t9l9s.t9on&<e&coI'leOes&<e&P<CC&conten.nt&<es&'hos'h9nes&et&non&<es&.I9nesY&

cellesVc9& 'o3N.nt& Qo(Ie(& <es& coI'leOes& the(Io<\n.I923eIent& st.8les& .Nec& le& Iét.l&

cent(.lR&&

 

2­Complexes de Pd(II) à base de dabiiq 

  2.1­Synthèse d’un complexe de Pd(II) à base de dabiiq 

 

& 4Ao8tent9on& 9n.tten<3e& <es& coI'leOes& <9IX(es& <e& '.ll.<93I& coI'(en.nt& <e3O&

l9g.n<s&et&<e3O&.toIes&<e&'.ll.<93IkCCl&14a&et&14b&<.ns&le&ch.'9t(e&'(écé<ent&.&con<39t&

]&no3s&9nte((oge(&s3(&l.&géoIét(9e&<es&coI'leOes&<e&P<kCClR&=es&ét3<es&ont&été&Ienées&

s3(& l.& JYJAV899so239nol9nes& non& s38st9t3ée& en& 'os9t9ons& i& et& iA& .Nec& <es& coI'leOes& <e&
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'l.t9ne&et&ont&<éIont(é&23e&l.&géoIét(9e&<e&coo(<9n.t9on&'o3N.9t&se&<éQo(Ie(R&eof&$e(.9tV

9l& <Xs& lo(s& 'oss98le& <Ao8ten9(& <es& ent(el.cs& .Nec& 3n& coI'leOe& <e& '.ll.<93IkCCl&

coI'o(t.nt&<e3O&l9g.n<s&<é(9Nés&<e&l.&<'8992&k_9g3(e&zlR&4A3t9l9s.t9on&<e&tels&coI'leOes&

'o3((.9t&en&eQQet&con<39(e&]&l.&Qo(I.t9on&<e&no3Ne.3&c.tén.nesR&&

 

Figure  7.  Représentation  des  deux  complexes  pouvant  être  obtenus  par  complexation du 

palladium(II) à deux ligands dérivés de la dpbiiq. 

 

4.&s\nthXse&<A3n&tel&coI'leOe&se&Q.9t&t(Xs&s9I'leIent&]&'.(t9(&<e&l.&iYiAV<9.n9s\leV

JYJAV899so239nol9ne& 5& '(écé<eIIent& s\nthét9sée& ]& lAéchelle& <e& 'l3s9e3(s& g(.IIes&

k_9g3(e&ilR&

&

Figure 8. Synthèse du complexe de Pd(II)*6EFHI8P6JK;L8H à partir de dabiiq. 

 

& 4e& l9g.n<& <.8992& 5& est& <A.8o(<& sol389l9sée& <.ns& le& <9chlo(oIéth.neY& '39s& 3ne&

sol3t9on& <e& P<kUe?BloRkG_oVlL& <.ns& le& =U_& est& .Zo3tée& so3s& .(gonY& '(oNo23.nt&

9IIé<9.teIent& 3ne& colo(.t9on& Z.3ne& <e& l.& sol3t9onR& F'(Xs& <e3O& he3(es& <A.g9t.t9on& ]&

teI'é(.t3(e& .I89.nteY& 3n& '(éc9'9té& Z.3ne& co((es'on<.nt& .3& coI'leOe& .tten<3& sAest&
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Qo(IéR& >n& o8t9ent& .'(Xs& '3(9Q9c.t9on& '.(& l.N.ges& s3ccess9Qs& .3& <9chlo(oIéth.neY& '39s&

.'(Xs& 3n& éch.nge& <e& cont(eV.n9on& le& coI'leOe& [192+].[PF6­]2  .Nec& 3n& (en<eIent& <e&

mg�R&=es&Ionoc(9st.3O&ont&été&o8ten3s&'.(&<9QQ3s9on&lente&<Aéthe(&<99so'(o'\l923e&<.ns&

lA.céton9t(9leR&4.&st(3ct3(e&@6&<e&[192+].[PF6­]2  est&(e'(ésentée&s3(&l.&_9g3(e&MR&

&

Figure 9. Différentes vues de la structure du complexe 6EFHI8P6JK;L8H. 

&

& H(�ce& ]& l.& st(3ct3(e& c(9st.llog(.'h923e& [192+].[PF6­]2    k_9g3(e& Mk8lYkcllY& no3s&

const.tons&23e&l.&coo(<9n.t9on&<es&<e3O&Ioléc3les&<e&<.8992&se&Q.9t&<e&telle&so(te&23A3n&

ent(el.cs& se& Qo(IeR& >n& 'e3t& (eI.(23e(& s3(& l.& N3e& k.l& 23e& les& 'l.ns& Io\ens& <es&

899so239nol9nes&Qo(Ient&3n&.ngle&<9X<(e&<AenN9(on&oi&�Y&conQ9(I.nt&.9ns9&l.&<éQo(I.t9on&

<e&l.&géoIét(9e&<e&coo(<9n.t9on&no(I.leIent&'l.n&c.((é&<3&'.ll.<93IR&

&Bo3s& 'o3Nons& ég.leIent& s3''3te(& k_9g3(e& Mk.ll& 23e& <es& 9nte(.ct9ons& en& !&

eO9stent&ent(e& les&g(o3'eIents&.n9s\les&<es&<e3O&Ioléc3lesR&?el.&s9gn9Q9e&23A3n&'(oton&

kδtl&<A3n&g(o3'eIent&.n9s\le&est&en&9nte(.ct9on&.Nec&le&cent(e&<3&no\.3&.(oI.t923e&kδVl&

<3&g(o3'eIent&.n9s\le& l39& Q.9s.nt& Q.ceR&%n&eQQetY& les&'(otons&sont&(el.t9NeIent&'(oches&

<es&.toIes&<e&c.(8one&<e&ces&no\.3O&.(oI.t923es&kJYKzi&n&et&JYKMi&nl&et&Qo(Ient&.Nec&



83 

ce3OVc9&3n&.ngle&<e&im& �R& 4A.ngle&<9X<(e&ent(e& le&'l.n&Io\en&<e& l.&899so239nol9ne&et& le&

g(o3'eIent& .n9s\le& Ies3(e& .9ns9& Z3s23A]& gj& �& .Q9n& <A.No9(& l.& conQo(I.t9on&

éne(gét923eIent&l.&'l3s&st.8leR&

& Cl& .& seI8lé& Z3<9c9e3O& <Aét3<9e(& l.& coo(<9n.t9on& <3& 'l.t9ne& .Nec& le&I[Ie& l9g.n<&

<.8992R&4.&(é.ct9on&se&Q.9t&en&<e3O&ét.'es&s3ccess9Nes&coIIe&<éc(9tes&<.ns&l.&l9tté(.t3(eR&
egf& Bo3s& coo(<9nons& <A.8o(<& 3n& l9g.n<& 'o3(& o8ten9(& le& coI'leOe& 202+  k_9g3(e& jKlR&

4Ao8tent9on&<e& ce&<e(n9e(& .& été& conQ9(Iée&'.(&@UB& j"R& & 4.&<e3O9XIe&ét.'e& cons9ste& ]&

coo(<9ne(&3n&<e3O9XIe& l9g.n<&s3(& le&'l.t9neY&I.9s& l.& (é.ct9on&nA.&'.s&e3& l9e3&<.ns&nos&

con<9t9ons&o'é(.to9(esR&?ec9& est& s.ns&<o3te&<�&.3& Q.9t&23e& cont(.9(eIent&.3&'.ll.<93I&

'l3s& l.89leY& le&'l.t9ne&c(ée&<es& 9nte(.ct9ons& t(o'& Qo(tes&.Nec& les& l9g.n<s&'o3(&'e(Iett(e&

3ne&<éQo(I.t9on&<e&l.&géoIét(9e&<e&coo(<9n.t9on&'l.n&c.((éeR&5ne&.3t(e&'oss989l9té&est&

23e&les&l9.9sons&PtV?l&sont&t(o'&Qo(tes&'o3(&les&con<9t9ons&eO'é(9Ient.les&3t9l9sées&

&

Figure  10.  Synthèse  du  complexe  Pt(dabiiq)Cl2  6HQHI86JK;L8  et  échec  de  la  formation  de 

Pt(dabiiq)2. 

 

  2.2­Conclusions et perspectives 

&

& %n& o8ten.nt& 3ne& st(3ct3(e& c(9st.llog(.'h923e& <3& coI'leOe& hoIole't923e& <e&

P<kCCl& conten.nt& <e3O& <.8992Y& no3s& .Nons& .c239s& l.& ce(t9t3<e& 23e& l.& géoIét(9e& <e&

coo(<9n.t9on&<3&'.ll.<93I&'o3N.9t&se&<éQo(Ie(&s3QQ9s.IIent&'o3(&'e(Iett(e&lAent(el.cs&

<es&<e3O&l9g.n<s&coo(<9nés&]&cel39Vc9R&?el.&o3N(e&l.&No9e&]&<es&'(oZets&'o3N.nt&Iett(e&en&

Ze3&le&'.ll.<93I&coIIe&Iét.l&cent(.l&lo(s&<e&l.&Qo(I.t9on&<e&c.tén.nes&o3&<e&(ot.O.nes&

et&Iett.nt&]&'(oQ9t&le&c.(.ctX(e&(el.t9NeIent&l.89le&<3&'.ll.<93IkCClR&
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3­Une nouvelle famille de chélates tridentés 

  3.1­ Synthèse du ligand 

&

& 4o(s&<e&l.&s\nthXse&<e&l.&<.8992Y&9l&no3s&.&seI8lé&9nté(ess.nt&<e&t9(e(&'.(t9e&<e&l.&

géoIét(9e& '.(t9c3l9X(e& <e& l.& iVpV.n9s\le9so239nol9ne& s38st9t3ée& en& 'os9t9on& JR& Po3(& ce&

Q.9(eY&no3s&const(39t&]&'.(t9(&<e&cette&9so239nol9ne&3n&l9g.n<&t(9<enté&non&encoI8(.nt&et&

<ont& lAo(9ent.t9on& <es& s38st9t3.nts& Q.c9l9te(.9t& 3ne& éNent3elle& c\cl9s.t9on& a  posterioriR&

4Ao8Zect9Q& seI8l.9t& s9I'le& et& ne& nécess9t.9t& 23e& 'e3& <Aét.'es& <e& s\nthXseR& 4.& st(.tég9e&

.<o'tée& cons9st.9t& ]& '.(t9(& <3&<é(9Né&<A9so239nol9ne&4& <A3ne&'.(t& et& <A3ne&'\(9<9ne&<9V

s38st9t3ée& en& 'os9t9ons& L& et& g& <A.3t(e& '.(t& .Q9n& <Ao8ten9(& l.& LYgV89skiVkpV

.n9s\lel9so239nol9nVJV\ll'\(9<9ne&so3h.9tée&k_9g3(e&jjlR&

&

Figure 11. Stratégie de synthèse de la 2,6­bis(8­(p­anisyle)isoquinolin­3­yl) pyridine HH*

& Bo3s&.Nons&cho9s9&les&s38st9t3.nts&R&et&R’&.<é23.ts&'o3(&co3'le(&les&9so239nol9nes&

]& l.& '\(9<9ne& <9ss38st9t3éeR& Pl3s9e3(s& con<9t9ons& <e& (é.ct9ons& <e& co3'l.ges& Q3(ent&

testéesY& I.9s& .3c3n& (és3lt.t& '(o8.nt& ne& Q3t& o8ten3Y& le& '(oZet& Q3t& <onc& I9s& <e& ccté&

'(oN9so9(eIentR& ?Aest& Q9n.leIent& 3n& .n& 'l3s& t.(<& 23e& les& 8onnes& con<9t9ons& Q3(ent&

t(o3Nées&en&sA9ns'9(.nt&<e&(és3lt.ts&<e&l.&l9tté(.t3(eR&ezf&4.&89sV9so239nol9ne'\(9<9ne&22 .&

été& o8ten3e en& <e3O& ét.'es& ]& '.(t9(& <e& lA9so239nol9ne&4R& 4.& '(eI9X(e& ét.'e& cons9ste& ]&

s38st9t3e(& le& g(o3'eIent& t(9Ql.te& '.(& 3n& g(o3'eIent& t(9Iéth\leét.9nR& & 4.& (é.ct9on& se&

<é(o3le&so3s&.(gon&<.ns&le&<9IéthoO\éth.ne&k=U%l&]&(eQl3O&en&'(ésence&<AheO.Iéth\le&

<9ét.9nY&<A9o<3(e&<e&'ot.ss93I&et&<e&P<kPPhJlo&coIIe&c.t.l\se3(R&%n&lA.8sence&<e&~CY&le&

c.t.l\se3(&se&<ég(.<e&et&le&'(o<39t&<e&(é<3ct9on&k"&en&'os9t9on&Jl&est&o8ten3R&4e&(cle&<e&

N

N

N

O O

N

O

OTf

N

O

R'

NR R

4

22

+

(2 eq.)
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~C& est& <e& 'e(Iett(e& 3n& éch.nge& <e& l9g.n<& ent(e& lA9o<e& et& le& t(9Ql.teY& 'e3& l.89leY& .'(Xs&

lA.<<9t9on& oO\<.nteR& eif& F9ns9& l.& (é.ct9on& se& 'o3(s39t& .Nec& 3ne& t(.nsIét.ll.t9on& s39N9e&

<A3ne& él9I9n.t9on& (é<3ct(9ce& 'o3(& con<39(e& .3& kiVkpV.n9s\lel9so239nol9nVJV\llét.9n&21&

so3h.9té&.Nec&iK�&<e&(en<eIent&k_9g3(e&jLlR&&

&

Figure  12.  Synthèse  de  la  2,6­di(8­(p­anisyle)isoquinolin­3­yl)pyridine  HH  à  partir  du 

produit M précédemment synthétisé. 

& 4.& <e3O9XIe& ét.'e& cons9ste& ]& eQQect3e(& 3ne& <o38le& (é.ct9on& <e& co3'l.ge& selon&

$t9lleR& 4.& (é.ct9on& ent(e& l.& LYgV<99o<o'\(9<9ne& et& le& <é(9Né& st.nn\lé  21& <.ns& le& =U%& ]&

(eQl3O&en&'(ésence&<e&P<kPPhJlo&coIIe&c.t.l\se3(&est&coI'lXte&.'(Xs&oi&hR&4e&'(o<39t&

22&so3h.9té&est&o8ten3&.'(Xs&'3(9Q9c.t9on&.Nec&3n&(en<eIent&<e&mi�R&

 

  3.2­Chimie de coordination du ligand 

&

4e&coI'o(teIent&<e&ce&no3Ne.3& l9g.n<&N9s&]&N9s&<e& l.&ch9I9e&<e&coo(<9n.t9on&.&

été&ét3<9ée&.Nec&<9QQé(ents&Iét.3O&<e&t(.ns9t9onR&%n&'.(t9c3l9e(Y&<es&coI'leOes&<e&_ekCCl&

k_9g3(e&jJl&et&<e&@3kCCl&k_9g3(e&jol&ont&été&s\nthét9sésR&

&

Figure 13. Synthèse du complexe de FeII 6H7HI86JK;L8H. 

N

N

N

O O

N

O

OTf

N

O

SnMe3
NI I(SnMe3)2, KI

Pd(PPh3)4

DME, 90 °C, 18 h

Pd(PPh3)4

DME, 90 °C, 48 h

80% 58%

4 21 22
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& 4e&'(eI9e(&coI'leOe& (é.l9sé&est&3n&coI'leOe&hoIole't923e&<e&_eCCR& 4.& (é.ct9on&

est&9IIé<9.te&ent(e&3ne&sol3t9on&<e&_ekG_olLRg"L>&<.ns&lA.céton9t(9le&et&3ne&sol3t9on&<3&

l9g.n<&22&<.ns& le&<9chlo(oIéth.neR&4e&Iél.nge&.&été&.g9té&<e3O&he3(es&]& teI'é(.t3(e&

.I89.nte&et&.'(Xs&t(.9teIent&et&3ne&'3(9Q9c.t9on&(.'9<e&'.(&ch(oI.tog(.'h9e&s39N9e&<A3n&

éch.nge&<e&cont(eV.n9onY& le&coI'leOe&<e&Qe(&[232+][PF6­]2 est&o8ten3&23.nt9t.t9NeIent&

kMM�lR&

&

Figure 14. Synthèse du complexe de RuII 6HMHI86JK;L8H. 

 

& 4.&s\nthXse&<A3n&coI'leOe&.n.log3e&]&8.se&<e&@3kCCl&.&ég.leIent&été&tentéeR&4.&

(é.ct9on&.&cette&Qo9s&été&(é.l9sée&<.ns&lAéth\lXne&gl\col&.3&Qo3(&]&I9c(oVon<esY&]&'39ss.nce&

I.O9I.le& kmKK& Tl& 'en<.nt& t(o9s& co3(tes& 'é(9o<es& <e& m& I9n3tes& ch.c3neR& F'(Xs& 3n&

t(.9teIent&et&3ne&'3(9Q9c.t9on&'.(&ch(oI.tog(.'h9e&s39N9e&<A3n&éch.nge&<e&cont(eV.n9onY&

le&coI'leOe&[242+][PF6­]2*so3h.9té&est&o8ten3&.Nec&3n&(en<eIent&<e&zm�R&

& 4.&c(9st.ll9s.t9on&<e&ces&<e3O&coI'leOes&sAest&.Né(ée&(el.t9NeIent&.9sée&]&(é.l9se(Y&

cec9& ét.nt& 'e3tV[t(e& <�& .3& c.(.ctX(e& (el.t9NeIent& (9g9<e& <3& l9g.n<& coI'os.nt& le&

coI'leOeR&4.&st(3ct3(e&@6&<éte(I9née&k_9g3(e&jml&Iont(e&23e&l.&<9st.nce&sé'.(.nt&les&

.toIes&<e&c.(8one&<es&Qonct9ons&.n9s\les&<e&ch.23e&l9g.n<&est&ég.le&]&se3leIent&gRMo&nR&

4es&<9QQé(entes&N3es&'(ésentées&c9V<esso3s& 9n<923ent&23e& l.&<9s'os9t9on&<es& l9g.n<s&est&

telle& 23e& l.& c.tén.t9on& <e& l.& Ioléc3le& seI8le& .lo(s& t(Xs& '(o8.8le& s9& les& Qonct9ons&

te(I9n.les&<e&celleVc9&sont&Z3<9c9e3seIent&Io<9Q9éesR&&
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Figure 15. Différentes vue de la structure cristallographique de  6H7HI86JK;L8H. 

 

  3.3­Conclusion et perspectives 

 

& F3c3n&'(oZet&nA.&'o3(&le&IoIent&été&ent(e'(9s&.Nec&ce&no3Ne.3&l9g.n<Y&I.9s&les&

st(3ct3(es& c(9st.llog(.'h923es& (éceIIent& o8ten3es& no3s& l.9ssent& 9I.g9ne(& 'l3s9e3(s&

3t9l9s.t9ons& 'oss98les& <e& '.(t& s.& géoIét(9e& '.(t9c3l9X(eR& 5ne& 'oss989l9té& se(.9t& <e&

coI'leOe(& ce& l9g.n<& .Nec& 3n& I.c(oc\cle& conten.nt& <e3O& chél.tes&/& 3ne& jYjKV

'hén.nth(ol9ne&et&3ne&LYLA/gAYLAAVte('\(9<9neR&F9ns9Y&3ne&Qo9s&le&l9g.n<&9nco('o(é&<.ns&3n&

I.c(oc\cleY&3n&c.tén.ne&'9(o3ett.nt& Q.9s.nt& 9nte(Nen9(&<e3O& Qo(Ies&<9QQé(entesY&'ent.V&

et& heO.coo(<9né& se(.9t& o8ten3R& 5ne& .3t(e& 9<éeY& 'l3s& .I89t9e3se&I.9s& 'e3tV[t(e&Io9ns&

(é.l9ste& se(.9t& l.& s\nthXse& <A3n& 'ol\VeLfc.tén.ne& '.(& Qonct9onn.l9s.t9on& .<é23.te& <es&

8(.s& <3& l9g.n<sR& %nQ9n& 9l& se(.9t& t(Xs& 9nté(ess.nt& 'o3(& coIIence(& <e& Qo(Ie(& 3n&

eLfc.tén.ne&coI'osés&<e&<e3O&I.c(oc\cles&9nco('o(.nt&ce&l9g.n<&c\cl9sé&'.(&@?UR&eMf&
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4 
Navettes moléculaires rapides 

1­Présentation du projet 

  1.1­Description du principe du mouvement 

 

& 4Ao8Zect9Q&<e&ce&'(oZet&est& l.&s\nthXse&et& lA.n.l\se&<es&'(o'(9étés&<\n.I923es&<e&

'l3s9e3(s& n.Nettes& Ioléc3l.9(es& (.'9<esR& ?oIIe& no3s& lA.Nons& N3& <.ns& lA9nt(o<3ct9on&

géné(.leY& les&Iétho<es& <e& s\nthXse& les& 'l3s& 'e(Qo(I.ntes& 'o3(& Qo(Ie(& <es& (ot.O.nes&

sont&Qon<ées&s3(&les&eQQets&templatesR&4.&'(eI9X(e&s\nthXse&<éc(9te&3t9l9s.9t&le&c39N(ekCl&ejf&

et&<.ns&les&.nnées&239&ont&s39N9Y&'l3s9e3(s&I.ch9nes&Ioléc3l.9(es&3t9l9s.nt&?3kCl&ont&été&

I9ses&.3&'o9nt&.3& l.8o(.to9(eR&4.& Qo(ce&Iot(9ce&nécess.9(e&]& l.&I9se&en&Io3NeIent&<e&

ces&s\stXIes&Ioléc3l.9(es&est& l.&coo(<9n.t9on&'(éQé(ent9elle&<3&c39N(e&selon&son&<eg(é&

<AoO\<.t9onY& ?3kCl& ét.nt& géné(.leIent& .3& cent(e& <A3n& 'ol\X<(e& <e& coo(<9n.t9on&

tét(.é<(923e&et&?3kCCl&<.ns&3n&enN9(onneIent&'ent.V&o3&heO.coo(<9néR&&

& =.ns&les&n.Nettes&Ioléc3l.9(esY&eLVif&3n&.nne.3&'e3t&gl9sse(&<e&I.n9X(e&cont(clée&

le& long& <e& lA.Oe& s3(& le23el& 9l& .& été& enQ9léR& ?e& Io3NeIent& 'e3t& [t(e& <e& 'l3s& o3& Io9ns&

g(.n<e& .I'l9t3<e& selon& l.& t.9lle& <es& Q(.gIents& o(g.n923es& 239& sont& 3t9l9sés& 'o3(&

const9t3e(&lA.OeR&&4es&n.Nettes&Ioléc3l.9(es&s\nthét9sées&.3&4?>U&sont&const9t3ées&<e&o&

'.(t9es&'(9nc9'.le&/&3n&I.c(oc\cle&coI'o(t.nt&3ne&3n9té&chél.t.nteY&<e3O&g(o3'eIents&

Nol3I9ne3O&239& Zo3ent& le&(cle&<e&8o3chons&et&eI'[chent& le&<ésenQ9l.ge&<e& lA.nne.3Y&et&

3n&.Oe&coI'o(t.nt&'l3s9e3(s& l9g.n<sR&=.ns& le& c.s&<A3n&n.Nette&]&<e3O&st.t9onsY& cet&.Oe&

coI'o(te&<e3O&chél.tes&/&3n&l9g.n<&89<ent.te&et&3n&l9g.n<&t(9<ent.teR&&

4e& '(9nc9'e& <3&Io3NeIent& <e& ces& n.Nettes& est& Qon<é& s3(& lAét.t& <AoO\<.t9on& <3&

c39N(eR& F9ns9Y& ?3kCl& 239& est& '(éQé(ent9elleIent& tét(.coo(<9né& est& coI'leOé& .3& l9g.n<&

89<ent.te& <e& lA.Oe& <A3ne& '.(t& et& ]& cel39& <3& I.c(oc\cle& <A.3t(e& '.(tR& 4.& I9se& en&

Io3NeIent& est& .lo(s& 9n<39te& '.(& lAoO\<.t9on& <3& c39N(ekCl& en& c39N(ekCCl& 239& <eN9ent&

'(éQé(ent9elleIent& 'ent.coo(<9néR& 4e& I.c(oc\cle& N.& se& <é'l.ce(& Z3s23A]& l.& <e3O9XIe&
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st.t9on&'o3(&Qo(Ie(& le&no3Nel&ét.t&st.8le&<e& l.&Ioléc3leY&o}& le&?3kCCl&est&coI'leOé&]& l.&

st.t9on&89<ent.te&<3&I.c(oc\cle&<A3ne&'.(t&&et&]&l.&st.t9on&t(9<ent.te&<e&lA.Oe&<A.3t(e&'.(t&

k_9g3(e& jlR& 4e&Io3NeIent& est& (en<3& (éNe(s98le& en& (é<39s.nt& ?3kCCl& en& ?3kClR& 4.& Qo(ce&

Iot(9ce&<e&ce&Io3NeIent&est&l.&<9QQé(ence&<Aéne(g9e&ent(e&lAét.t&9nst.8le&engen<(é&'.(&le&

ch.ngeIent& <Aét.t& <AoO\<.t9on& <3& c39N(e& et& lAét.t& st.8le& Ne(s& le23el& le& s\stXIe& N.& se&

<é'l.ce(R&

&

Figure 1. Principe du déplacement du macrocycle dans une navette à deux stations suivant 

le  degré  d’oxydation  du  cuivre.  Les  indices  MR  et  RM  correspondent  respectivement  au 

passage de la forme tétra­ vers la forme penta coordinée et inversement. 

 

  1.2­Première navette moléculaire à base de cuivre 

 

4.&'(eI9X(e&n.Nette&Ioléc3l.9(e&Qon<ée&s3(&l.&ch9I9e&<e&coo(<9n.t9on&<3&c39N(e&.&

été& s\nthét9sée& .3& 4?>U& en& jMMz& '.(& PR& H.N9�.& et& .lR& k_9g3(e& LlR& eMf& Cl& sA.g9t& <A3n&

eLf(ot.O.ne&const9t3é&<A3ne&'.(t&<A3n&I.c(oc\cle&km­30l&'ossé<.nt&JK&.toIes&<.ns&s.&

c9(conQé(ence&9nté(9e3(e&et&coI'o(t.nt&3ne&3n9té&coo(<9n.nte&]&8.se&<e&LYMV<9'hén\leV

jYjKV'hén.nth(ol9ne&k<''l&ejKf&et&<A.3t(e&'.(t&<A3n&.Oe&coI'osé&<A3n&l9g.n<&89<ent.te&]&

8.se& <e& jYjKV'hén.nth(ol9ne& k'henl& et& <A3n& Q(.gIent& t(9<ent.te& ]& 8.se& <e& LYLA/gAYLAAV

te('\(9<9ne&kte('\lR&
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Figure 2. Représentation des deux états stables de la navette moléculaire. 

&

& FQ9n& <e& ^N9s3.l9se(^& l.& I9se& en& Io3NeIent& <e& l.& n.NetteY& 3ne& techn923e&

<Aélect(och9I9e&est&3t9l9séeY&l.&Nolt.I'é(oIét(9e&c\cl923eR&5n&Iont.ge&]&t(o9s&élect(o<es&

est& 3t9l9sé& ]& cet& eQQetR& 4e& '(9nc9'e& est& <A.''l923e(& 3n& co3(.nt& ent(e& 3ne& élect(o<e& <e&

t(.N.9l&kt\'923eIent&3n&<9s23e&<e&'l.t9nel&et&3ne&élect(o<e&<e&(éQé(ence&kQ9l&<A.(gent&'.(&

eOeI'lel&et&.9ns9&<e&(é.l9se(&<es&oO\<.t9ons&et&<es&(é<3ct9ons&<es&es'Xces&]&lA9nte(Q.ce&

élect(o<eVsol3t9onR&4A9ntens9té&est&.lo(s&Ies3(ée&ent(e&lAélect(o<e&<e&t(.N.9l&et&l.&cont(eV

élect(o<e&kQ9l&<e&'l.t9ne&'.(&eOeI'lelR&?el.&'e(Iet&<e&t(.ce(&<es&co3(8es&co((es'on<.nt&

]&lA9ntens9té&en&Qonct9on&<3&'otent9el&.''l923é&<.ns&3n&s\stXIe&élect(och9I923e&so3I9s&

]&3n&8.l.\.ge& en&'otent9elR&>n&o8se(Ne&.9ns9& l.& (é'onse&élect(och9I923e&<e& l.&n.Nette&

Ioléc3l.9(e&.'(Xs&oO\<.t9on&et&(é<3ct9on&s3ccess9NesR&&

Cl& est& 'oss98le& <AéN.l3e(& l.& 23.nt9té& <e& coI'leOes& .\.nt& e3& le& teI's& <e& se&

(é.((.nge(& .'(Xs& oO\<.t9on& et& (é<3ct9on& c.(& les& 'otent9els& <es& co3'les& (e<oO&

?3kCClx?3kCl& tét(.V& et& 'ent.coo(<9nés& sont& t(Xs& <9QQé(entsR& >n& 'e3t& .9ns9& Ies3(e(& l.&

N9tesse& <e& <é'l.ceIent& <3& I.c(oc\cle&m­30& <A3ne& st.t9on& ]& lA.3t(eY& o3& .3& Io9ns& en&

o8ten9(&3ne&est9I.t9on&en&Q.9s.nt&N.(9e(&l.&N9tesse&<e&8.l.\.ge&<e&'otent9elsR&&
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%n& eQQet& lo(s& <e& l.& '(eI9X(e& '.(t9e& <3& 8.l.\.geY& le& coI'leOe& <e& c39N(ekCl&

tét(.coo(<9né&?3CBo&se(.&oO\<é&ce&239&ent(.9ne(.&l.&Qo(I.t9on&<3&coI'leOe&<e&c39N(ekCCl&

tét(.coo(<9né&?3CCBo&9nst.8leR&$39N.nt&l.&N9tesse&<e&8.l.\.ge&cho9s9e&on&l.9sse&.lo(s&'l3s&

o3& Io9ns& <e& teI's& .3& coI'leOe& oO\<é& 'o3(& se& (é.((.nge(& so3s& s.& Qo(Ie& st.8le&

'ent.coo(<9née&?3CCBmR&&

4o(s&<3&8.l.\.ge&Ne(s&les&'otent9els&nég.t9Qs&les&N.g3es&<e&(é<3ct9ons&o8se(Nées&

co((es'on<ent& so9t& ]& l.& (é<3ct9on& <e& ?3CCBo& s9& le& coI'leOe& nA.& '.s& e3& le& teI's& <e& se&

(é.((.nge(& so9t& ]& celle& <e& ?3CCBm& sA9l& .& été& .ssea& (.'9<eR& >n& 'e3t& <onc& en& <é<39(e& en&

Q.9s.nt&N.(9e(&l.&N9tesse&<e&8.l.\.ge&le&teI's&nécess.9(e&.3&coI'leOe&'o3(&se&(é.((.nge(&

et&<onc&l.&const.nte&<e&N9tesse&<3&Io3NeIent&<3&I.c(oc\cle&le&long&<e&lA.OeR&

 Dans le cas de la navette moléculaire synthétisée par P. H.N9�.&et&.lRY&le&Io3NeIent&

est&I.lhe3(e3seIent& t(o'& lent&'o3(&'o3No9(&[t(e&o8se(Né&'.(&3n&8.l.\.ge&cl.ss923e&]&

jKKIDxs&k_9g3(e&Jk.llR&>n&o8se(Ne&3n923eIent&l.&N.g3e&co((es'on<.nt&]&lAoO\<.t9on&<e&

?3CBo&et&l.&N.g3e&<e&(é<3ct9on&<e&?3CCBoR&&

FQ9n&<e&'o3No9(&<onne(&3ne&est9I.t9on&<e&l.&N9tesse&<e&<é'l.ceIent&<e&l.&n.Nette&

l.& sol3t9on& conten.nt& le& coI'leOe& est& oO\<ée& '.(& élect(ol\seY& '39s& <es& Nolt.IIét(9es&

c\cl923es& sont& eQQect3ées& .'(Xs& 3ne& he3(e& k_9g3(e& Jk8llY& <e3O& he3(es& k_9g3(e& Jkcll& et&

23.t(e& he3(es& k_9g3(e& Jk<llR& >n& o8se(Ne& .lo(s& 23AenN9(on& l.&Io9t9é& <es& coI'leOes& se&

sont&(é.((.ngés&en&<e3O&he3(esY& les&N.g3es&<e&(é<3ct9on&<e&?3CCBo&et&?3CCBm&ét.nt&.lo(s&

'(es23e&9<ent923esY&et&23A.3&8o3t&<e&23.t(e&he3(esY&l.&I.Zo(9té&<es&coI'leOes&ont&e3&le&

teI's&<e&se&(é.((.nge(R&&

4.& sol3t9on& s389t& ens39te& 3ne& (é<3ct9on& élect(ol\t923eY& et& 3n& Nolt.IIog(.IIe&

est& eQQect3é& ]& l.& s39te& k_9g3(e& JkellR& Cl& nA\& .& 'l3s& <e& coI'leOe& 'ent.coo(<9néY& ce& 239&

s9gn9Q9e&23e&le&Io3NeIent&<e&l.&te('\&]&l.&'hen&sAest&Q.9t&8e.3co3'&'l3s&(.'9<eIent&23e&

le&Io3NeIent&.lle(&.ll.nt&<e&l.&'hen&]&l.&te('\R&&
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Figure 3. Voltammogrammes de la première navette à deux stations (a) sur le complexe de 

cuivre(I),  puis  (b)  sur  le  complexe  de  cuivre(II)  après  oxydation  par  électrolyse  pendant 

une heure à 1 V, (c) 2 h après électrolyse, (d) 4 h après électrolyse et (e) après réduction 

électrolytique du complexe de cuivre(II) pendant 1 h à ­0,3 V (v = 100 mV/s). 

 

=A.'(Xs&ces&Nolt.IIog(.IIesY&on&'e3t&<é<39(e&les&teI's&<e&<eI9V(é.ct9on&tSETHU&

et&les&const.ntes&<e&N9tesses&k&'o3(&les&Io3NeIents&<e&t(.nsl.t9on&se&<é(o3lent&.3&se9n&

<e&l.&n.NetteR&&

V&Po3(&le&Io3NeIent&<e&t(.nsl.t9on&<e&'hen&]&te('\Y&.'(Xs&oO\<.t9on&on&.&/&&

tMRSETHU&�&L&h&et&kMR&�&jRm×jKVo&sVj&

V&Po3(&le&Io3NeIent&<e&t(.nsl.t9on&<e&te('\&]&'henY&.'(Xs&(é<3ct9on&on&.&/&&

tRMSETHU&�&jKK&s&et&kRM&�&jKVL&sVj&

&

& Bo3s& (eI.(23ons& 23e& le& teI's& nécess.9(e& .3& s\stXIe& 9nst.8le& ?3CCBo& 'o3(& se&

(éo(g.n9se(Y& est& 89en& 'l3s& long& 23e& 'o3(& le& s\stXIe& 9nst.8le& ?3CBmR& Cl& .''.(.dt& 23A3n&

s\stXIe& ]& 8.se& <e& c39N(ekCCl& .& 8eso9n& <e& 'l3s& <e& teI's& 'o3(& se& (é.((.nge(& 23A3n&

coI'leOe&<e&c39N(ekClR&=e&'l3s&le&g(.n<&encoI8(eIent&<e&l.&'hen&'.(&(.''o(t&]&l.&te('\&

.&ég.leIent&3ne& 9nQl3ence&s3(& l.&N9tesse& t(Xs& lente&<e& t(.nsl.t9on&<e&'hen&]& te('\R&?es&
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o8se(N.t9ons& co((o8o(ent& celles& (é.l9sées& en& jMMo& .3& l.8o(.to9(e& lo(s& <e& lAét3<e&

élect(och9I923e&<3&c.tén.ne&^]&8.sc3le^R&ejjf&

   

  1.3­Objectif du projet 

&

& 4e&83t&<3&'(oZet&'(ésenté&<.ns&ce&ch.'9t(e&est&<e&(é.l9se(&3ne&n.Nette&Ioléc3l.9(e&

Qon<ée& s3(& le&I[Ie& '(9nc9'eY& cAestV]V<9(e& les&Io<es& <e& coo(<9n.t9on& '(éQé(ent9els& <3&

c39N(eY&en&ess.\.nt&<A.Iél9o(e(&les&c.(.cté(9st923es&c9nét923es&<e&lA.nc9enne&n.Nette&/&l.&

lente3(& <es& Io3NeIents& <e& t(.nsl.t9onR& =es& ét3<es& (écentes& ont& '(o3Né& 23e& les&

(é.((.ngeIents& '(oNo23és& '.(& les& (é.ct9ons& <Aéch.nges& <e& l9g.n<s& <.ns& les&I.ch9nes&

Ioléc3l.9(es&sont&so3Nent&l9és&]&lAencoI8(eIent&sté(923e&<es&l9g.n<s&3t9l9sésR&ejLVjof&Cl&.&

seI8lé&nécess.9(e&<e&<éNelo''e(&3ne&no3Nelle&sé(9e&<e&I.ch9nes&Ioléc3l.9(es&<ont& le&

I.c(oc\cle&Ne((.9t&son&3n9té&chél.t.nte&Io<9Q9ée&.Q9n&<e&l.&(en<(e&l.&Io9ns&encoI8(.nte&

'oss98leR&?oIIe&on&lA.&N3&<.ns&le&<e3O9XIe&ch.'9t(e&<e&ce&I.n3sc(9tY&l.&899so239nol9ne&

'(ésente&to3tes&les&23.l9tés&(e239ses&'o3(&(eI'l.ce(&l.&<''&.3&se9n&<A3n&I.c(oc\cle&.Q9n&

<e& <9I9n3e(& lAencoI8(eIent& sté(923e& .3to3(& <3& cent(e&Iét.ll923e& <e& l.& n.NetteR& =es&

tests& (é.l9sés& s3(& <es& 'se3<o(ot.O.nes& '9(o3ett.nts& ont& 'e(I9s& <e& Né(9Q9e(& 23e& le&

(eI'l.ceIent& <A3n& I.c(oc\cle& ]& 8.se& <''& k.''elé& m­30l& '.(& 3n& I.c(oc\cle& .Nec&

<'8992& coIIe& 3n9té& chél.t.nte& .''o(t.9t& 3n& ch.ngeIent& s9gn9Q9c.t9Q& en& te(Ie& <e&

(.'9<9té&<e&(é.((.ngeIentR&&

&

2­Une nouvelle navette moléculaire à deux stations 

& 2.1­Conception de la navette moléculaire 

&

4e& cho9O& <A3n& no3Ne.3&I.c(oc\cle& 3t9l9sé& 'o3(& s\nthét9se(& l.& no3Nelle& n.Nette&

Ioléc3l.9(e& .& été& <9cté& '.(& 'l3s9e3(s& cons9<é(.t9onsR& 4.& '(eI9X(e& con<9t9on& 9I'l923e&

23A9l&9ncl3e&lA3n9té&chél.t.nte&<'8992R&4Aes'.ceIent&ent(e&les&s38st9t3.nts&'os9t9onnés&en&

i& et& iA& ét.nt& (el.t9NeIent& g(.n<Y& l.& c9(conQé(ence& se& <eN.9t& <A[t(e& .ssea& g(.n<e& 'o3(&

(eQe(Ie(& le& I.c(oc\cle& en& l39& <onn.nt& 3ne& géoIét(9e& c9(c3l.9(e& et& .9ns9& 'e(Iett(e&
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lAenQ9l.ge&<e&lA.OeR&P.(&.9lle3(sY&l.&t.9lle&<3&I.c(oc\cle&ne&<eN.9t&'.s&eOcé<e(&l.&t.9lle&<es&

8o3chons&.Q9n&<A.ss3(e(&lA9ntég(9té&<3&(ot.O.neR&

4e&I.c(oc\cle&sélect9onné&coI'o(te&JM&.toIes&<.ns&s.&c9(conQé(ence&9nte(ne&et&

coI'o(te&le&Q(.gIent&coo(<9n.nt&<'8992&k_9g3(e&ok.llR&?e&I.c(oc\cle&.8(égé&mb­39R&

&

&

Figure  4.  Structure  et  représentation  schématique  (a)  du  nouveau macrocycle 9NL7F  à 

base de dpbiiq et (b) du macrocycle 9L7Q plus encombrant à base de dpp.  

 

4A.Oe&<3&eLf(ot.O.ne&se&(.''(oche&<e&cel39&3t9l9sé&'o3(&l.&'(eI9X(e&n.Nette&.Nec&

le&I[Ie& t\'e&<e&8o3chonsY&I.9s& l.&'.(t9e& cent(.le&est&Io<9Q9ée&.Q9n&<e& le& (en<(e&'l3s&

(9g9<eR&?ec9&.Q9n&<Ao8ten9(&3ne&N9tesse&<es&Io3NeIents&<e&t(.nsl.t9on&<e&lA.nne.3&le&long&

<e&lA.Oe&I.lg(é&to3t&o8se(N.8les&]&lA.9<e&<es&Iétho<es&cl.ss923es&<e&lAélect(och9I9eR&=e&

'l3sY&.Nec&3n&g(o3'eIent&es'.ce3(&(9g9<e&ent(e&les&<e3O&st.t9onsY&l.&<9st.nce&(éelleIent&

'.(co3(3e&'.(&lA.nne.3&est&I9e3O&cont(olléeY&9l&ét.9t&<onc&9nté(ess.nt&<e&s\nthét9se(&3n&

no3Nel&.Oe&'l3s&(9g9<eR&

4.&'(é'.(.t9on&et&lAét3<e&<e&<e3O&n.Nettes&3t9l9s.nt&le&I[Ie&.Oe&I.9s&coI'o(t.nt&

ch.c3ne& 3n&I.c(oc\cle& <9QQé(ent& 'e(Iett(.& en& o3t(e& <e& <éIont(e(& les& <9QQé(ences& <e&

coI'o(teIent& c9nét923e& 23e& 'e3t& 9n<39(e& le& (eI'l.ceIent& <3& Q(.gIent& <''& '.(& le&

Q(.gIent&<'8992&.3&se9n&<e&lA.nne.3R&4A.Oe&<e&l.&n.Nette&se&coI'ose&<e&<e3O&8o3chons&

(el9és&]&3ne&'.(t9e&cent(.le&coI'o(t.nt&<e3O&g(o3'es&chél.t.ntsY&3ne&<''&<A3ne&'.(t&et&

3ne&te('\&<A.3t(e&'.(t&k_9g3(e&mlR&
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&

Figure 5. Formule et représentation de l’axe utilisé pour les deux navettes. 

 

& 4es&<e3O&'(eI9X(es&Ioléc3les&c98les&<e&ce&'(oZet&sont&les&eLf(ot.O.nes&coI'osés&

<3&I[Ie&.Oe&(e'(ésenté&s3(&l.&Q9g3(e&m&enQ9lé&(es'ect9NeIent&<.ns&3n&I.c(oc\cle&]&8.se&

<e&<'8992&k_9g3(e&gk.ll&'o3(&le&'(eI9e(&et&]&8.se&<e&<''&'o3(&le&secon<&k_9g3(e&gk8llR&

&

&

Figure  6.  Formules  et  représentations  schématiques  des  deux  rotaxanes  cibles.  Afin  de 

différencier  les  différentes  formes  tétra­  et  penta­coordinées  des  navettes,  on  utilise 

respectivement les indices M et R dans les numérotations de celles­ci. 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& 2.2­Synthèse des deux navettes moléculaires 

en collaboration avec Fabien Durola 

 

& & & 2.2.1­Synthèse du macrocycle à base de dpbiiq mb­39 

& &

4.&s\nthXse&<3&I.c(oc\cle&28 k_9g3(e&zl&.&<éZ]&été&<éc(9te&<.ns&l.&l9tté(.t3(eR&ejmf&

4.&st(.tég9e&3t9l9sée&Q.9t&9nte(Nen9(&le&<é(9Né&<9'hénol&6 <e&l.&899so239nol9ne&&<A3ne&'.(t&et&

3n&<é(9Né&<9h.logéné&27&<A.3t(e&'.(tR&?e&coI'osé&<9h.logéné&27&est&'(é'.(é&]&'.(t9(&<3&

89s'hénolVF& et& <3& jYoV<98(oIo83t.ne& '.(& 3ne& (é.ct9on& <e& <o38le& s38st9t3t9on&

n3cléo'h9le&<e&t\'e&T9ll9.IsonR&4Aét.'e&<e&c\cl9s.t9on&se&<é(o3le&<.ns&<es&con<9t9ons&<e&

h.3te& <9l3t9on& ent(e& les& coI'osés&6& et&27& 'o3(& <onne(& le& I.c(oc\cle& 28  .Nec& 3n&

(en<eIent&hono(.8le&<e&Jo�R&

&

Figure 7. Synthèse du macrocycle HG. a) Cs2CO3 dans DMF, 60 °C, 16 h, 48%. b) Cs2CO3 dans 

DMF (haute dilution), 65 °C, 96 h, 34%. 

&

&

&
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& & & 2.2.2­Synthèse de l’axe rigide à deux stations 

 

& 4.&st(.tég9e&3t9l9sée&'o3(& l.&s\nthXse&<e& lA.Oe&est&3ne&s\nthXse&conNe(genteY&c.(&

3n& 8on& noI8(e& <Aét.'es& 9n<é'en<.ntes& sont& nécess.9(es& 'o3(& .8o3t9(& ]& l.& Ioléc3le&

Q9n.leR&?ette&No9e&<e&s\nthXse&.&été&él.8o(ée&'.(&_R&=3(ol.&lo(s&<e&s.&thXse&.3&l.8o(.to9(eR&

4es& <9QQé(ents& Q(.gIents& sont& s\nthét9sés& ch.c3n& <e& le3(& ccté& .N.nt& <A[t(e& .sseI8lés&

ent(e&e3O&'.(&<es&(é.ct9ons&<e&co3'l.ges&c.(8oneVc.(8one&<e& t\'e&$t9lle&o3&$3a3h9R&4.&

Ioléc3le&c98le&est&<A.8o(<&3n&.Oe&coI'o(t.nt&les&<e3O&st.t9ons&et&3n&se3l&8o3chon&.Q9n&

<e&'e(Iett(e&lAenQ9l.ge&<es&I.c(oc\cles&I8VJM&et&IVJK&.N.nt&le&<e3O9XIe&8o3chonn.geR&

& 4.&'(eI9X(e&ét.'e&est& l.& Qo(I.t9on&<3&8o3chon&(el9é&]& l.&'hén.nth(ol9ne&'39s&]&

lA3n9té&te('\(9<9ne&3ne&Qo9s&lAenQ9l.ge&eQQect3é&k_9g3(e&ilR&

&

Figure 8. Synthèse du bouchon à chaine iodée 7QP 

&

& 4e& oVkt(9skoVte(tV83t\l'hén\lelIéth\lel'hénol& nAest& '.s& coIIe(c9.lY& I.9s& s.&

s\nthXse&se&Q.9t&Q.c9leIent&]&'.(t9(&<e&'(o<39ts&<9s'on98les&et&en&g(.n<es&23.nt9tésR& ejgf&

=es& stochs& 9I'o(t.nts& <e& ce& 8o3chon& ont& été& s\nthét9sés& .3& l.8o(.to9(eY& no3s&

'e(Iett.nt& le& c.s& éché.ntY& <Aen& 3t9l9se(& en& l.(ge& eOcXsR& 4.& '(eI9X(e& ét.'e& est& 3ne&

s38st9t3t9on& n3cléo'h9le& ent(e& le& 8o3chon& et& le& LVkLVkLVchlo(oéthoO\léthoO\léth.nollR&

Po3(&cette&ét.'eY&l.&8.se&3t9l9sée&est&le&c.(8on.te&<e&cés93IY&c.(&elle&est&.ssea&Qo(te&'o3(&

<é'(otone(& l.& Qonct9on&'hénol&I.9s&'.s& .ssea&'o3(&<é'(otone(& lA.lcool& .l9'h.t923eR& 4e&

'(o<39t&29&est&.9ns9&o8ten3&.Nec&3n&t(Xs&8on&(en<eIent&<e&MK�R&&

& 4.&<e3O9XIe&ét.'e&cons9ste&]&s38st9t3e(& l.& Qonct9on&.lcool&<e& l.&ch.9ne&éth\lXne&

gl\col&<3&8o3chon&'.(&3n&9o<e&v&cec9&.Q9n&<e&(é.l9se(&ens39te&3ne&s38st9t3t9on&n3cléo'h9le&

.Nec&l.&Qonct9on&.lcool&<e&l.&'hén.nth(ol9ne&.s\Iét(923eR&4.&s38st9t3t9on&<e&lA.lcool&<3&

coI'osé&29&'.(&3n&9o<e&se&Q.9t&<.ns&3n&'(eI9e(&teI's&'.(&3ne&.ct9N.t9on&<e&l.&Qonct9on&
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.lcool& en& Qonct9ons& Iés\l.te& '.(& lA.ct9on& <3& chlo(3(e& <e& Iés\le& en& '(ésence& <e&

t(9éth\le.I9neR& 4es& <9QQé(entes& so3(ces& <A9ons& chlo(3(es& sont& él9I9nées& '.(& 'l3s9e3(s&

l.N.ges&]& lAe.3&s3ccess9QsY&'39s& le&'(o<39t&8(3t&est&<9sso3t&<.ns& lA.cétone&et& le&Iél.nge&

(é.ct9onnel&est&'o(té&]&(eQl3O&en&'(ésence&<e&9o<3(e&<e&so<93IR&4e&'(o<39t& 9o<é&30&est&

.lo(s&o8ten3&.'(Xs&'3(9Q9c.t9on&.Nec&3n&(en<eIent&<e&Mm�R&

&

Figure 9. Synthèse du fragment phénanthroline 77. 

 

& 4.& s\nthXse& <3& Q(.gIent& 'hén.nth(ol9ne& est& eQQect3ée& '.(.llXleIent& ]& celle& <3&

8o3chonR& &4Aét.'e&cleQ&<e& l.&s\nthXse&est&3ne&(é.ct9on&I9se&.3&'o9nt&'.(&?R&>R&=9et(9chV

G3cheche(& ejzf& Qon<ée& s3(& l.& Qo(I.t9on& in  situ& <A3n& o(g.nol9th9en& .(oI.t923eR& ?el39Vc9&

.tt.23e& l.& 'hén.nth(ol9ne& en& α& <e& lA.aote& .Q9n& <e& con<39(e& ]& 3n& c\cle& .aoté& non&

.(oI.t923e& et& <onc& Io9ns& (é.ct9Q& 23e& l.& 'hén.nth(ol9ne& <e& <é'.(tR& F9ns9Y& en& Q.9s.nt&

(é.g9(& 3n& é239N.lent& <Ao(g.nol9th9enY& se3l& 3n& ccté& <e& l.& 'hén.nth(ol9ne& est&&

Qonct9onn.l9sé& ce& 239& 'e(Iet& <A.ccé<e(& ]& 3ne& 'hén.nth(ol9ne& .s\Iét(923eR& Po3(&

'(é'.(e(&le&coI'osé&31Y&lAo(g.nol9th9en&est&Qo(Ié&'.(&(é.ct9on&<e&tertV83t\lel9th93I&s3(&

le&pV8(oIo'hénol&'(otégéY&<.ns&le&!"_&]&Vzi&�?R&5ne&Qo9s&cet&o(g.nol9th9en&Qo(Ié&9l&est&

.Zo3té& ]& K& �?& ]& l.& jYjKV'hén.nth(ol9ne& .Q9n& <e& l.& s38st9t3e(& <A3n& se3l& cctéR& 4e& '(o<39t&

o8ten3&est&3n&c\cle&.aoté&non&.(oI.t923e&s38st9t3é&en&α&<e&lA.aoteR&4.&(é.(oI.t9s.t9on&
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se&Q.9t&'.(&.Zo3t&<e&Un>L&.3&8(3t&(é.ct9onnel&'en<.nt&le&t(.9teIent&<e&l.&(é.ct9on&'o3(&

con<39(e&.3&coI'osé&.s\Iét(923e&31 .Nec&3n&(en<eIent&t(Xs&co((ect&<e&gz�R&&

4.& I[Ie& (é.ct9on& est& 3t9l9sée& 'o3(& s38st9t3e(& <9QQé(eIIent& lA.3t(e& ccté& <e& l.&

'hén.nth(ol9ne&31Y& .Nec&cette& Qo9s&3n&o(g.nol9th9en& Qo(Ié&'.(&.ct9on&<3&G349&s3(& le&pV

<98(oIo'hénol&<.ns&<3&<9éth\le&éthe(R&4e&'(9nc9'e&<e&l.&(é.ct9on&est&9<ent923e&I.9s&3n&

c\cle& .(oI.t923e& 'o(t.nt& 3n& 8(oIe& est& .Zo3té& ]& l.& 'hén.nth(ol9ne& 'o3(& <onne(& le&

coI'osé&32&.Nec&3n&8on&(en<eIent&kiK�lR&

4Aét.'e& s39N.nte& cons9ste& ]& <é'(otége(& le& coI'osé& 32& ]& lA.9<e& <A.c9<e&

chlo(h\<(923e&en&23.nt9té&c.t.l\t923e&<.ns&le&Iéth.nol&'o3(&o8ten9(&l.&'hén.nth(ol9ne&

.s\Iét(923e&<9Qonct9onn.l9sée&33 .Nec&3n&(en<eIent&<e&MK�&k_9g3(e&MlR&

Po3(& lA.sseI8l.ge& <3& 8o3chon& 30& et& <e& l.& st.t9on& 'hén.nth(ol9ne& 33Y& 3ne&

(é.ct9on&<e&s38st9t3t9on&n3cléo'h9le&<e&t\'e&&T9ll9.Ison&<.ns&<es&con<9t9ons&cl.ss923es&

est&(é.l9séeR&4e&<eI9V.Oe&conten.nt& le& Q(.gIent&'hén.nth(ol9ne&34 est&o8ten3&.Nec&3n&

(en<eIent&Io\en&<e&og�R&4e&8(oIe&est&ens39te&s38st9t3é&'.(&3n&este(&8o(on923e&'.(&

3ne&(é.ct9on&<e&U9\.3(.&en&'(ésence&<e&<98o(.neY&<A.cét.te&<e&so<93I&et&<e&P<k<''Ql?lL&

en&23.nt9té&c.t.l\t923e&<.ns&le&<9oO.ne&]&iK&�?R&4Aeste(&8o(on923e&35&o8ten3&se&<ég(.<e&

(.'9<eIent& .3ss9& 89en& s3(& s9l9ce& 23e& s3(& .l3I9neR& $.& '3(9Q9c.t9on& nAest& <onc& '.s&

enN9s.ge.8leY&ce'en<.nt& le&s'ect(e&@UB&j"&<3&8(3t&(é.ct9onnel&ne&'(ésent.nt&23e&t(Xs&

'e3&<A9I'3(etésY&9l&.&été&3t9l9sé&.3ss9tct&23e&'oss98le&s.ns&'3(9Q9c.t9on&'(é.l.8le&k_9g3(e&

jKlR&&

&

Figure 10. Synthèse du demi­axe 7R contenant la station dpp. 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& Po3(&Qo(Ie(&le&Q(.gIent&te('\(9<9ne&<e&lA.Oe&l.&Ioléc3le&<e&<é'.(t&3t9l9sée&est&l.&

mYmAAV<98(oIoVLYLA&/gAYLAAVte('\(9<9neR& $.& s\nthXse& .& été& <éc(9te& et& <éNelo''ée& '.(& GR&

?ol.sson&et&.lR&lo(s&<e&s.&thXse&.3&l.8o(.to9(e&k_9g3(e&jjlR&ejzf&4.&Ioléc3le&est&o8ten3e&en&

t(o9s& ét.'esR& 4.& '(eI9X(e& ét.'e& cons9ste& ]& t(.nsQo(Ie(& lA9o<e& <e& l.& mV8(oIoVLV

9o<o'\(9<9ne& en& o(g.noét.9n& en& Qo(I.nt& to3t& <A.8o(<& 3n& o(g.nol9th9en& '.(& .ct9on& <3&

G349& en& eOcXsR& ?el39Vc9& .tt.23e& sélect9NeIent& lA9o<e& s9t3é& en& 'os9t9on& α& <e& lA.aoteY& et&

l.9sse&le&8(oIe&Io9ns&(é.ct9Q&9nch.ngéR&4e&chlo(3(e&<e&t(9Iéth\leét.9n&est&ens39te&.Zo3té&

'o3(&<onne(&.'(Xs&t(.nsIét.ll.t9on&et&'3(9Q9c.t9on&(.'9<e&s3(&colonne&lAo(g.noét.9n&36&

so3h.9téR& =A3n& .3t(e& cctéY& .Q9n& <Aéch.nge(& les& <e3O& 8(oIes& <e& l.& LYgV<98(oIo'\(9<9ne&

'.(&<es&9o<esY&cette&<e(n9X(e&est&I9se&en&sol3t9on&<.ns&<e&lA.c9<e&9o<h\<(923e&.23e3O&]&

mz�&.Nec&3n&l.(ge&eOcXs&<A9o<3(e&&<e&so<93I&et&ch.3QQée&]&(eQl3OR&4.&LYgV<99o<o'\(9<9ne&

37& est& o8ten3e& .Nec& 3n& (en<eIent& <e& zK�& .'(Xs& 3ne& '3(9Q9c.t9on& s3cc9ncte& '.(&

eOt(.ct9on&.3&<9chlo(oIéth.ne&et&l.N.ge&]&lAéthe(&<9éth\l923eR&

&

Figure 11. Synthèse de la 5,5’’­dibromo­2,2’ :6’,2’’­terpyridine 7G. a) BuLi dans le toluène, ­

78 °C, 2 h, puis Me3SnCl, 1 h, 97%. b) NaI dans HIaq 57%, reflux 7 h, 70%. c) Pd(PPh3)4 dans 

le toluène, reflux, 16 h, 90%. 

&

& 4es&'(éc3(se3(s&o(g.noét.9n&36  kL&e2Rl& et& l.&LYgV<99o<o'\(9<9ne&37  kj&e2Rl& sont&

I9s& ]& (é.g9(& selon& 3ne& (é.ct9on& <e& co3'l.ge& <e& $t9lle& c.t.l\sée& '.(& P<kPPhJlo& <.ns& le&

tol3Xne&]&(eQl3OR&4.&te('\(9<9ne&38&so3h.9tée&est&o8ten3e&.Nec&3n&t(Xs&8on&(en<eIent&<e&

MK�R&%n&eQQetY&le&co3'l.ge&<e&lAo(g.noét.9n&est&sélect9Q&en&Q.Ne3(&<e&lA9o<e&'.(&(.''o(t&.3&

8(oIe&et&l.&te('\(9<9ne&38&est&<onc&t(Xs&I.Zo(9t.9(eIent&Qo(IéeR&

&

N

Br
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N Br

N

Br
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& & FQ9n&<e&const(39(e&lA.3t(e&Io9t9é&<e&lA.Oe&conten.nt&l.&te('\(9<9neY& 9l&no3s&

Q.3t& (.Zo3te(& ]& l.& te('\(9<9ne& 38& 3n& g(o3'eIent& 'hénol& '(otégé& '.(& 3n& g(o3'e& !"P&

k_9g3(e& jLlR& 4A.c9<e& 8o(on923e& co((es'on<.nt& 'o3(& l.& (é.ct9on& <e& co3'l.ge& nAeO9st.nt&

'.sY& no3s& .Nons& 3t9l9sé& 3n& '(o<39t& coIIe(c9.lY& le& pV8(oIo'hénol& '(otégé& .Nec& 3n&

g(o3'eIent& !"PY& .Q9n& <e& s\nthét9se(& ce& coI'osé& o(g.no8o(éR& 4.& '(océ<3(e& est&

cl.ss923e& ejif& et& (e'ose& s3(& lA3t9l9s.t9on& <e& G349& 'o3(& Qo(Ie(& en& '(eI9e(& l9e3& 3n&

o(g.nol9th9en& ]& Vzi�?Y& 239& (é.g9t& ens39te& .Nec& Gk>9P(lJ& 'o3(& Qo(Ie(& lAeste(& 8o(on923e&

co((es'on<.ntR& ?e& <e(n9e(& est& .lo(s& h\<(ol\sé& en& I9l9e3& & .c9<e& 'o3(& Qo(Ie(& .Nec& 3n&

(en<eIent&co((ect&<e&ij�&lA.c9<e&8o(on923e&39&so3h.9téR&&

&

Figure 12. Synthèse de la terpyridine asymétrique MQ. 

&

Cl& (este& enco(e&]& s38st9t3e(&3n&<es&8(oIes&<e& l.& te('\(9<9ne& s\Iét(923e&38&via&

3ne&(é.ct9on&<e&co3'l.ge&<e&t\'e&$3a3h9&'o3(&o8ten9(&le&<eI9&.Oe&(eche(chéR&5ne&se3le&

<es&'os9t9ons&8(oIées&<eN.nt& [t(e& s38st9t3éeY& l.& (é.ct9on& se(.& st.t9st923eR&Bo3s& .Nons&

3t9l9sé& 3n& é239N.lent& <A.c9<e& 8o(on923e& 39& 'o3(& 3n& é239N.lent& <e& te('\(9<9ne&

s\Iét(923e&38R&4.&(é.ct9on&est&c.t.l\sée&'.(&P<kPPhJlo&en&'(ésence&<e&B.L?>J&<.ns&3n&

Iél.nge& tol3Xnexe.3xéth.nolR& 4.& te('\(9<9ne& .s\Iét(923e& 40  est& o8ten3e& .Nec& 3n&

(en<eIent&<e&Ji�Y&ce&239&est&.cce't.8le&c.(&l.&(é.ct9on&ét.nt&st.t9st923e&le&(en<eIent&

théo(923e&I.O9I.l&<e&l.&(é.ct9on&ne&'e3t&eOcé<e(&mK�R&

OTHP

Br

OTHP

(HO)2B

N

N N
Br Br

N

N N
Br

39

40

38

OTHP

i) BuLi 

   THF, -78 °C, 20 min

ii) B(OiPr)3 

    -78 °C, 1 h

iii) HCl 0,1 M

     H2O/Et2O

Pd(PPh3)4, Na2CO3

Toluène/H2O/EtOH
90 °C, 2 h

81%

38%
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&

Figure 13. Synthèse de l’axe MH. 

 

& 4A.sseI8l.ge&<es&<e3O&Io9t9és&<e&lA.Oes&35&et&40&est&(é.l9sé&'.(&3ne&(é.ct9on&<e&

co3'l.ge&<e&$3a3h9&<.ns&<es&con<9t9ons&cl.ss923es&.Nec&P<kPPhJlo&coIIe&c.t.l\se3(&et&

B.L?>J& <.ns& 3n& Iél.nge& tol3Xnexe.3xéth.nolR& 4e& '(o<39t& 8(3t& est& '3(9Q9é& '.(&

ch(oI.tog(.'h9e& et& on& o8t9ent& lA.Oe& (9g9<e& '(otégé& 41R& 4Aét.'e& s39N.nte& cons9ste& ]&

<é'(otége(&le&g(o3'eIent&!"P&<e&I.n9X(e&cl.ss923e&en&I9l9e3&.c9<e&.Nec&3ne&23.nt9té&

c.t.l\t923e& <A.c9<e& chlo(h\<(923e& en&I9l9e3&Iéth.nol923eR& & 4e& '(o<39t& .\.nt& 3ne& t(Xs&

Q.98le& sol389l9téY& 3ne& Q(.ct9on& .& '3& [t(e& 'e(<3e& 'en<.nt& l.& '3(9Q9c.t9on& s3(& colonneY&

eO'l923.nt&3n&(en<eIent&Io\en&'o3(&ce&t\'e&<e&(é.ct9on&<e&zM�R&

&

&

&

&

&
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& & & 2.2.3­Synthèse des deux navettes moléculaire 254+ et 264+ 

& &

4.& st(.tég9e& <e& s\nthXse& <es& <e3O& eLf(ot.O.nes& s39t& <e3O& No9es9<ent923esR& 4.&

'(eI9X(e& est& 3ne& (é.ct9on&<e& coI'leO.t9on& .3& c39N(ekCl& '(oNo23.nt& lAenQ9l.ge& <e& lA.Oe&

<.ns& le&I.c(oc\cle& k_9g3(e&joRk.llR&4.&<e3O9XIe&ét.'e&cons9ste&]&.Zo3te(&3n&<e3O9XIe&

8o3chon&s3(&lA.Oe&.'(Xs&le&'(eI9e(&enQ9l.ge&eQQect3éY&eI'[ch.nt&.9ns9&to3t&<ésenQ9l.ge&<e&

lA.nne.3&k_9g3(e&jok8llR&

&

Figure 14. Synthèse des [2]rotaxanes rigides à deux stations suivant la même procédure. a) 

étape d’enfilage : [Cu(MeCN)4]+.(PF6)­ dans CH2Cl2/MeCN, TA, 30 min, puis ajout de MH dans 

CH2Cl2. b) étape de bouchonnage : 7Q, Cs2CO3, ascorbate de sodium dans DMF, 50 °C, 20 h, 

(i) 31 et (ii) 32%. 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& 4es&'se3<oV(ot.O.nes&434+&et&444+&sont&Qo(Iés&]&'.(t9(&<e&lA.Oe&42&<A3ne&'.(t&et&

<3&I.c(oc\cle&co((es'on<.nt&<A.3t(e&'.(t&k(es'ect9NeIent&28&et&le&m­30lR&4.&so3(ce&<e&

c39N(ekCl&3t9l9sée&est&le&coI'leOe&<e&c39N(ekCl&tét(.h9sV.céton9t(9le&heO.Ql3o(o'hos'h.teR&

FQ9n&<e& Q.No(9se(& l.&c(é.t9on&<3&coI'leOe&so3h.9té&et&non&3n&coI'leOe&Iett.nt&en& Ze3&

<e3O&.OesY&3n&'(otocole&.<.'té&.3O&(é.ct9ons&<AenQ9l.ge&.&été&s39N9R&4.&<éI.(che&]&s39N(e&

est&<e&coI'leOe(&to3t&<A.8o(<&le&c39N(ekCl&.Nec& le&I.c(oc\cleR&Po3(&cel.Y& le&I.c(oc\cle&

est&sol389l9sé&<.ns&<3&<9chlo(oIéth.neY&'39s&3ne&sol3t9on&<e&c39N(ekCl&<.ns&lA.céton9t(9le&

est& .Zo3téeR& 4.& sol3t9on& o8ten3e& .& 3ne& co3le3(& o(.nge& cl.9(Y& c.(.cté(9st923e& <A3n&

coI'osé& coI'o(t.nt& 3n& I.c(oc\cleY& 3n& c39N(ekCl& et& <e3O& Ioléc3les& <A.céton9t(9le&

coo(<9néesR&4.&sol3t9on&est&.g9tée&JK&I9n3tesY&'39s&est&.Zo3tée&3ne&sol3t9on&<e&lA.Oe&42&

<.ns& le& <9chlo(oIéth.neR& Cl& en& (és3lte& 3ne& colo(.t9on& 8(3n& (o3ge& <e& l.& sol3t9on&

c.(.cté(9st923e& <es& coI'leOes& <e& c39N(ekCl& tét(.coo(<9nés& et& co((es'on<.nt& ]& l.&

Qo(I.t9on&<es&'se3<oV(ot.O.nes&434+&et&444+R&?es&<e3O&coI'osés&ét.nt&sens98les&]&lA.9(Y&

.3c3ne&'3(9Q9c.t9on&ne&'e3t&[t(e&enN9s.géeR&?e'en<.nt&on&'e3t&Né(9Q9e(&23e& l.&(é.ct9on&

<e&coI'leO.t9on&.&été&23.nt9t.t9Ne&'.(&ccIY&le&'(o<39t&Q9n.l&nAét.nt&'.s&l3I9nescent&so3s&

l3I9X(e&5D&.3&cont(.9(e&<e&ses&'(éc3(se3(s&o(g.n923esR&

& 4.& <e3O9XIe& ét.'e& <e& 8o3chonn.geY& est& eQQect3ée& <9(ecteIent& s.ns& t(.9teIent&

'(é.l.8le&<es&'(éc3(se3(s&o8ten3s&'(écé<eIIentR&4e&'(otocole&est&le&I[Ie&23e&'o3(&le&

'(eI9e(& 8o3chonn.geR& Cl& sA.g9t& <A3ne& (é.ct9on& <e& s38st9t3t9on& n3cléo'h9le& <e& t\'e&

T9ll9.Ison& en& '(ésence& <e& c.(8on.te& <e& cés93I& et& le& 8o3chon& Qonct9on.l9sé& '.(& 3ne&

ch.9ne& t(9éth\lXnegl\cole& 9o<ée&30R& 4.& (é.ct9on& sAo'X(e& <.ns& le& =U_& ]& ch.3<& kmK& �?l&

'en<.nt& LK& hR& 5ne& Q.98le& 23.nt9té& <A.sco(8.te& <e& so<93I& est& .Zo3tée& 'o3(& éN9te(&

lAoO\<.t9on& <e& ?3kCl& en& ?3kCClR& =e& 'l3sY& l.& (é.ct9on& <o9t& .8sol3Ient& se& Q.9(e& en&I9l9e3&

.nh\<(e& c.(& le& c39N(ekCl& est& eOt([IeIent& sens98les& .3O& con<9t9ons& 8.s923esY& et& l.&

'(ésence&<Ae.3&ent(.9ne(.9t& l.& Qo(I.t9on&<A3n&eOcXs&<A9ons&>"V&et& celle&<Ah\<(oO\<e&<e&

c39N(eR&Cl&en&(és3lte(.9t&le&<ésenQ9l.ge&<e&lA.nne.3R&4es&(ot.O.nes&ont&'3&[t(e&'3(9Q9és&'.(&

ch(oI.tog(.'h9e& et& ont& été& o8ten3s& (es'ect9NeIent& .Nec& <es& (en<eIents& <e& JL�& et&

Jj�&'o3(&254+&et&264+R&

&

&
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& & & 2.2.4­Caractérisation par spectroscopie RMN 1H&&

&

Figure  15.  Spectres  RMN  1H  et  formules  du  [2]rotaxane  HRMI  et  de  ses  précurseurs 

organiques HG et MH. 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4.&co3le3(&<es&coI'leOe&<e&c39N(ekCl&9n<923.9t&23e&ce3OVc9&ét.9ent&tét(.coo(<9nés&

knotés&.Nec&lA9n<9ce&MlY&et&l.&s'ect(osco'9e&@UB&j"&kj=&et&L=l&no3s&'e(Iet&<e&conQ9(Ie(&

lAo8tent9on&<es& eLf(ot.O.nes&.9ns9&23e& l.& coo(<9n.t9on&<3&c39N(e&.3&n9Ne.3&<es&<''&<e&

lA.Oe&k_9g3(e&jmlR&%n&eQQet&s9&on&coI'.(e& les&s'ect(es&@UB& &<3&I.c(oc\cle&28Y&<e& lA.Oe&

non&8o3chonné&42&et&<3&(ot.O.ne&254+&o8ten3&]&'.(t9(&<e&ces&<e3O&'(éc3(se3(sY&Bo3s&

o8se(Nons&23e&les&'(otons&239&s389ssent&les&<é'l.ceIents&ch9I923es&les&'l3s&9I'o(t.nts&

lo(s&<e&l.&coI'leO.t9on&sont&ce3O&s9t3és&.3&n9Ne.3&<e&l.&'hén.nth(ol9ne&<e&lA.OeR&

4es& '(otons& <es& g(o3'eIents& es'.ce3(s& 'hén\lXnes& sont& les& 'l3s& 8l9n<ésR& ?el.&

sAeO'l923e& '.(& l.& loc.l9s.t9on& <e& lA.nne.3& .3& n9Ne.3& <e& l.& st.t9on& <''Y& 239& .& 'o3(&

consé23ence& <e& 'os9t9onne(& les& '(otons& oY&IY& oA& et&IA& <.ns& les& ccnes& <e& 8l9n<.ge& <es&

no\.3O&.(oI.t923es&<e&l.&<'8992&<3&I.c(oc\cleR&=e&l.&I[Ie&Q.`onY&les&'(otons&89jY&89g&

et& 89z& s389(ont& lAeQQet& <e& co3(.nt& <e& c\cle& <e& l.& <''& <e& lA.Oe& et& se(ont& ég.leIent&

Qo(teIent&8l9n<ésR&4es&'(otons&t'j&et&t'L&<e&l.&te('\(9<9ne&s389ssent&ég.leIent&3n&Qo(t&

8l9n<.ge&I.9s&Io9ns&s9gn9Q9c.t9Q&<3&Q.9t&<e&le3(&élo9gneIent&'l3s&g(.n<&'.(&(.''o(t&.3O&

ccnes&<e&8l9n<.ges&<3&I.c(oc\cleR&A contrarioY&les&'(otons&<e&l.&te('\(9<9ne&'(oches&<e&

lAeOt(éI9té&<e&lA.Oe&.9ns9&23e&ce3O&s9t3és&]&lA.((9X(e&<e&l.&899so239nol9ne&ne&s389ssent&'.s&

o3&t(Xs&'e3&<e&8l9n<.geR&

&

& 2.3­Etudes des propriétés dynamiques des deux navettes 

en collaboration avec Jean­Paul Collin et  Fabien Durola  

 

& =e&l.&I[Ie&Q.`on&23e&'o3(&l.&n.Nette&Ioléc3l.9(e&s\nthét9sée&'.(&PR&H.N9�.&et&.lRY&

les& N9tesses& <es& <é'l.ceIents& I9ses& en& Ze3& .3& se9n& <es& n.Nettes& Nont& 'o3No9(& [t(e&

o8se(Nées& '.(& élect(och9I9eY& et& 'l3s& '(éc9séIent& '.(& Nol.I'é(oIét(9e& c\cl923eR& >n&

'e3tY& en& Q.9s.nt& N.(9e(& le& 'otent9elY& '(oNo23e(& lAoO\<.t9on& <e& ?3kCl& en& ?3kCCl& o3& l.&

(é<3ct9on&<e&ce&<e(n9e(R&4Aét.t&st.8le&<A3n&coI'leOe&<e&c39N(ekCl&ét.nt&tét(.coo(<9né&et&

cel39& <A3n& coI'leOe&<e& c39N(ekCCl& ét.nt& 'ent.V& o3&heO.coo(<9néY& le&I.c(oc\cle& N.& [t(e&

I9s&en&Io3NeIent&et&se&'os9t9onne(.&.3&n9Ne.3&<e&l.&<''&<.ns&le&coI'leOe&<e&c39N(ekCl&

k_9g3(e&jgk.ll&et&.3&n9Ne.3&<e&l.&te('\&3ne&Qo9s&cel39Vc9&oO\<é&k_9g3(e&jgk8llR&



110 

&

Figure 16. Formules des deux états stables de la nouvelle navette à base de dpbiiq. 

& &

& 4.&I9se&en&Io3NeIent&<e& l.&n.Nette& s39t& le&I[Ie&schéI.&23e&'(écé<eIIentY&

cAestV]V<9(e&3n&schéI.&c.((é&]&o&ét.'esR&4.&'(eI9X(e&est&lAoO\<.t9on&élect(och9I923e&<3&

coI'leOe&tét(.coo(<9né&254+&en&2542+Y&ce&239&ent(.9ne&le&<é'l.ceIent&<3&I.c(oc\cle&<e&

l.&st.t9on&<''&]&l.&st.t9on&te('\&'o3(&Qo(Ie(&lAét.t&st.8le&2552+R&4.&t(o9s9XIe&ét.'e&est&l.&

(é<3ct9on& <3& coI'leOe& 'ent.coo(<9né& 2552+& en& 255+Y& ce& 239& Q9n.l.Ient& (econ<39t& le&

I.c(oc\cle&]&s.&'os9t9on&<e&<é'.(tR&?e&Iéc.n9sIe&est&schéI.t9sé&c9V<esso3s&k_9g3(e&jzlR&

&

Figure 17. Principe du mouvement de la navette moléculaire HRI. 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& Po3(&eQQect3e(&les&Ies3(es&<e&Nolt.IIét(9e&c\cl923eY&le&(ot.O.ne&est&<9sso3t&<.ns&

3n& sol3t9on& <e& sel& <e& Qon<& kBG3oG_ol& ]& 3ne& concent(.t9on& <e& KRj&U& <.ns& 3n&Iél.nge&

Ue?Bx?"L?lL& kM&/jlR& 4e& <9chlo(oIéth.ne& est& nécess.9(e& c.(& le& coI'leOe& .& 3n&

enN9(onneIent&o(g.n923e&t(o'&9I'o(t.nt&'o3(&[t(e&sol38le&<.ns&lA.céton9t(9le&se3lR&Bo3s&

.Nons& (é.l9sé& 3ne& sé(9e& <e& Nolt.IIog(.IIes& c\cl923es& k?Dl& en& Q.9s.nt& N.(9e(& les&

N9tesses&<e&8.l.\.ge&<e&mK&IDxs&]&jgKK&IDxsR&ejMVLKf&

& 4e&'(eI9e(&8.l.\.ge&]&mK&IDxs&k_9g3(e&jik.ll&'e(Iet&<Ao8se(Ne(&en&'(eI9e(&l9e3&

3ne&N.g3e&<AoO\<.t9on&]&KRJg&D&co((es'on<.nt&]&lAoO\<.t9on&<e&254+&en&2542+R&5ne&t(Xs&

'et9te& N.g3e& <e& (é<3ct9on& est& o8se(Née& Ne(s& KRJj& D& co((es'on<.nt& ]& l.& (é<3ct9on& <e&

lAes'Xce& tét(.coo(<9néeR& 4e& s9gn.l& '(9nc9'.l& <e& (é<3ct9on& se& t(o3Ne& ]& VKRKJ& D& et&

co((es'on<& ]& l.& (é<3ct9on& <e& 2552+R& ?el.& s9gn9Q9e& 23e& l.& 23.s9Vtot.l9té& <es& coI'leOes&

oO\<és& ont& e3& le& teI's& <e& se& (é.((.nge(& et& <onc& <AeQQect3e(& 3n& Io3NeIent& <e&

t(.nsl.t9on& <3& cent(e&Iét.ll923e& et& <3&I.c(oc\cle& <e& l.& st.t9on& <''& Z3s23A]& l.& st.t9on&

te('\R&

& FNec& 3ne& N9tesse& <e& 8.l.\.ge& <e3O& Qo9s& 'l3s& éleNée& kjKK&IDxsl& k_9g3(e& jik8llY&

3ne&.3gIent.t9on&<e&l.&t.9lle&<3&'9c&<e&(é<3ct9on&]&KRJj&D&s9gn9Q9e&23e&'e3&<e&coI'leOes&

2542+ ont&e3&le&teI's&<e&se&(é.((.nge(R&

& %n& '.ss.nt& ]& 3ne& N9tesse& <e& 8.l.\.ge& enco(e& s3'é(9e3(e& koKK& IDxsl& k_9g3(e&

jikcllY&<e3O&N.g3es&<e&(é<3ct9on&89en&<9st9nctes&et&<e&t.9lles&9<ent923es&sont&o8se(NéesR&

?el.&s9gn9Q9e&23A]&cette&N9tesse&<e&8.l.\.geY&9l&\&.&.3t.nt&<e&coI'leOes&oO\<és&239&ont&e3&

le& teI's& <e& se& (é.((.nge(& 23e& <e& coI'leOes& 239& nAont& '.s& e3& le& teI's& <AeQQect3e(&

lAéch.nge&<e&l9g.n<R&?ette&<onnée&no3s&'e(Iet&<Aest9Ie(&3n&teI's&<e&<eI9V(é.ct9on&<3&

(é.((.ngeIent& <es& coI'leOes& <e& c39N(ekCCl& .'(Xs& oO\<.t9on& <e& o& secon<esY&

co((es'on<.nt&]&3ne&const.nte&<e&N9tesse kMR&<e&enN9(on&KRLm&sVj&R&eLjYLLf&=es&Ies3(es&s3(&

'l3s9e3(s&c\cles&s3ccess9Qs&ont&été&eQQect3ées&.Q9n&<e&<éte(I9ne(&l.&const.nte&<e&N9tesse&

<3& (é.((.ngeIent& <es& coI'leOes& 3ne& Qo9s& (é<39tsR& ?e'en<.ntY& I[Ie& ]& t(Xs& g(.n<e&

N9tesseY& l.&N.g3e&<AoO\<.t9on&co((es'on<.nt&.3&coI'leOe&non&(é.((.ngé&25R+&nAest&'.s&

N9s98le& et& ne& 'e3t& no3s& 9n<923e(& 23A3ne& l9I9te& 9nQé(9e3(e& <e& l.& const.nte& <e& N9tesse&

co((es'on<.nteR&

& &
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&

Figure 18. Voltammogrammes cyclique obtenus avec des vitesses de balayages de (a) 50, 

(b) 100, (c) 400 et (d) 1600 mV/s entre ­0.5 V et 1.1 V. 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4.&<e(n9X(e&N9tesse&<e&8.l.\.ge&3t9l9sée&est&<e&jgKK&IDxs&et&on&o8se(Ne&s3(&le&?D&

k_9g3(e& jik<ll& 23e& l.& N.g3e& <e& (é<3ct9on& <es& coI'leOes& non& (é.((.ngés& est& <eNen3e&

'l3s&9I'o(t.nte&23e&celle&<es&coI'leOes&.\.nt&s389&le&(é.((.ngeIentR&Bo3s&<9st9ng3ons&

né.nIo9ns& to3Zo3(s& l.& N.g3e& <e& (é<3ct9on& <e  25R2+R& F9ns9Y&I[Ie& .Nec& 3ne& N9tesse& <e&

8.l.\.ge&t(Xs&éleNée&et&<onc&<.ns&3n&l.'s&<e&teI's&t(Xs&co3(t&3ne&'.(t9e&<es&coI'leOes&

ont&e3&le&teI's&<e&se&(é.((.nge(R&

& =es&Ies3(es& <e& Nolt.I'é(oIét(9e& c\cl923e& ont& été& eQQect3ées& s3(& le& coI'leOe&

25R2+ o8ten3& '.(& élect(ol\se& eOh.3st9Ne& kco3loIét(9e& ]& 'otent9el& cont(clé& <e& jRK& D& vs&

$?%lY&I.9s&I[Ie&<e&cette&Q.`on&.3c3ne&N.g3e&<AoO\<.t9on&co((es'on<.nt&.3&coI'leOe&

non&(é.((.ngé&25R+&nA.&'3&[t(e&o8se(NéR&Cl&en&(és3lte&23e&le&<é'l.ceIent&<3&I.c(oc\cle&

<e&l.&te('\(9<9ne&]&l.&'hén.nth(ol9neY&co((es'on<.nt&]&l.&(éo(g.n9s.t9on&<A3n&coI'leOe&

<e&?3kCl&'ent.coo(<9néY&est&8e.3co3'&t(o'&(.'9<e&'o3(&'o3No9(&[t(e&o8se(N.8le&.Nec&les&

N9tesses&'e(I9ses&.Nec&not(e&.''.(e9ll.geR&5ne&est9I.t9on&<e&l.&const.nte&<e&N9tesse&kRM&

I9n9I.le&<3&(é.((.ngeIent&<3&coI'leOe&<e&?3kCl&'ent.coo(<9né&&Ne(s& le&coI'leOe&<e&

?3kCl&tét(.coo(<9né&est&<e&mK&sVjR 

& =.ns&ce&'(oZet&no3s&No3l9ons&ég.leIent&Ies3(e(& lA9I'.ct&<3&I.c(oc\cle&]&8.se&

<e&<'8992&s3(&l.&c9nét923e&<3&Io3NeIent&<e&l.&n.Nette&Ioléc3l.9(e&'.(&(.''o(t&]&celle&]&

8.se& <e& m­30R& FQ9n& <e& Q.9(e& 3ne& coI'.(.9son& (9go3(e3seY& les& I[Ies& ét3<es&

élect(och9I923es& ont& été&Ienées& s3(& le& eLf(ot.O.ne& [26+][PF6­]R& Bo3s& .Nons& const.té&

23A.Nec&les&I[Ies&N9tesses&<e&8.l.\.ge&éleNéesY&.3c3n&(é.((.ngeIent&<3&coI'leOe&<e&

?3kCl& 'ent.coo(<9né&& Ne(s& le& coI'leOe& <e& ?3kCl& tét(.coo(<9né& nAest& N9s98leR& ?Aest&

se3leIent& .'(Xs& élect(ol\se& eOh.3st9Ne& et& 3n& teI's& <e& (é.((.ngeIent& <e& z& h& 23e& les&

'(o'o(t9ons&<Aes'Xce&(é.((.ngée&et&<Aes'Xce&non&(é.((.ngée&seI8lent&[t(e& 9<ent923esR&

?ec9&no3s&'e(Iet&<e&<onne(&3ne&est9I.t9on&<e&l.&const.nte&<e&N9tesse&<e&kMR&�&j×jKVm&sVjR&

&

& 2.4­Conclusions et perspectives 

&

& 5n&no3Ne.3&t\'e&<e&n.Nette&(.'9<e&.&été&con`3e&en&se&8.s.nt&s3(&lA3t9l9s.t9on&<A3n&

l9g.n<& chél.t.nt& non& encoI8(.nt& & 9nco('o(é& <.ns& le& I.c(oc\cleR& ?ec9& Q.c9l9te& les&

(é.ct9ons& <Aéch.nge& <e& l9g.n<sY& ce& 239& ent(.9ne& 3ne& N9tesse& <e& <é'l.ceIent& <3&

I.c(oc\cle&le&long&<e&lA.Oe&8e.3co3'&'l3s&(.'9<eR&4e&'(o8lXIe&<e&l.&lente3(&<3&s\stXIe&
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l9é&]&l.&'(eI9X(e&n.Nette&Ioléc3l.9(e&]&été&(ésol3Y&ce&239&'e(Iet&<A9I.g9ne(&l.&c(é.t9on&

<A3ne&n.Nette&(.'9<e&s3(&3ne&'l3s&long3e&<9st.nceR&>(&'o3(&.3gIente(&cette&<9st.nce&9l&

Q.3<(.9t& (eI'l.ce(& lA3n9té& pV'hén\lXne& ent(e& les& <e3O& st.t9ons& <e& l.& n.Nette& '.(& 3n&

g(o3'eIent& es'.ce3(& 'l3s& longR& Cnc9<eIIentY& <es& eOeI'les& <.ns& l.& l9tté(.t3(e& ont&

Iont(é& 23e& lA3t9l9s.t9on& <e& tels& g(o3'eIents& 9ne(tes& 9I'l923.9t& 3ne& éléN.t9on& <e& l.&

8.((9X(e&éne(gét923e&<A.ct9N.t9on&et&<onc&3n&(.lent9sseIent&<3&<é'l.ceIent&<e&lA.nne.3&

ent(e&les&st.t9onsR&eLJYLof&

4A9<ée& (eten3e&'o3(& éN9te(& lA.''.(9t9on&<e& ce& (.lent9sseIent& est& <A9nt(o<39(e& .3&

l9e3&<A3n&es'.ce3(&9ne(teY&3ne&st.t9on&9nte(Ié<9.9(e&Qon<ée&s3(&<es&hété(oc\cles&.aotés&

et& 239& 'e(Iett(.9t& 23el23e& so9t& le& <eg(é& <AoO\<.t9on& <3& c39N(e& l.& Qo(I.t9on& <A3n&

coI'leOe&9nte(Ié<9.9(eR&

4.&st.89l9té&<e&ce&<e(n9e(&<eN(.9t&[t(e&'l3s&Q.98le&23e&celle&<es&coI'leOes&Iett.nt&

en&Ze3&les&<e3O&st.t9ons&te(I9n.lesY&cAestV]V<9(e&l.&st.t9on&<''&'o3(&le&coI'leOe&<e&?3kCl&

et& l.& st.t9on& te('\&'o3(& le& coI'leOe&<e&?3kCClR& 4A3t9l9s.t9on&<A3n& l9g.n<& ]& 8.se&<e&LYLAV

89'\(9<9ne&k89'\l&seI8le&[t(e&3ne&sol3t9on&enN9s.ge.8leR&&

&

3­Une nouvelle navette moléculaire comportant deux stations bidentates&

& 3.1­Synthèse d’une navette moléculaire dpp­bipy 

en collaboration avec Fabien Durola 

3.1.1­Conception de la navette moléculaire rapide 

&

& 4.&s\nthXse&<e&cette&no3Nelle&n.Nette&N.&s39N(e&l.&I[Ie&st(.tég9e&23e&celle&<e&l.&

n.Nette&25n+Y&en&(eI'l.`.nt& lA3n9té&te('\(9<9ne&'.(&3n&Q(.gIent&89'\(9<9neR&=A3n&'o9nt&

<e&N3e&'3(eIent&'(.t923e&no3s&.llons&(é3t9l9se(&le&<eI9V.Oe&conten.nt&le&Q(.gIent&<''Y&

et& le& '(olonge(& '.(& 3ne& (é.ct9on& <e& co3'l.ge& <e& t\'e& $3a3h9& '.(& 3n& Q(.gIent& mYmAV

89'\(9<9ne&.s\Iét(923e&k_9g3(e&jMlR&
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&

Figure 19. Stratégie de synthèse de l’axe de la nouvelle navette 

 

& & 3.1.2­Synthèse de l’axe rigide à deux stations : dpp et bipy 

 

4es&no3Nelles&ét.'es&]&(é.l9se(&sont&celles&Ien.nt&]&l.&Qo(I.t9on&<e&l.&89'\(9<9ne&

.s\Iét(923eR& 4.& s\nthXse& 'e3t& se& Q.9(e& <e& Q.`on& .n.log3e& ]& celle& <e& l.& te('\(9<9ne&

.s\Iét(923e&40Y&et&les&I[Ies&'(éc3(se3(s&sont&3t9l9sésR&

&

&

Figure 20. Synthèse de la 5,5’­dibromo­2,2’­bipyridine MR. 

+
N N

BrBr

N

Br

I N

Br

SnMe3
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& 4.&'(eI9X(e&ét.'e&nécess9te&]&no3Ne.3&lA3t9l9s.t9on&<e&lAo(g.noét.9n&36&.9ns9&23e&

son&'(éc3(se3(Y&l.&mV8(oIoVLV9o<o'\(9<9neR&Cl&sA.g9t&<A3ne&(é.ct9on&<e&co3'l.ge&<e&t\'e&

$t9lle&<.ns&<es&con<9t9ons&h.89t3elles&.Nec&P<kPPhJlo&coIIe&c.t.l\se3(&<.ns&le&tol3Xne&]&

(eQl3O&'en<.nt&LK&hR&4.&mYmAV<98(oIoVLYLAV89'\(9<9ne&45& est&o8ten3e&.'(Xs&'3(9Q9c.t9on&

.Nec&gi�&<e&(en<eIent&k_9g3(e&LKlR&

&

&

Figure 21. Synthèse de la bipyridine asymétrique M;. 

 

& 4Aét.'e& s39N.nte& cons9ste& ]& Qo(Ie(& 3ne& 89'\(9<9ne& .s\Iét(923e& '.(& .Zo3t& <e&

lA.c9<e&8o(on923e&39&'(é.l.8leIent&Qo(Ié&k_9g3(e&LjlR&?ette&(é.ct9on&ét.nt&st.t9st923eY&

3n&se3l&é239N.lent&<A.c9<e&8o(on923e&est&3t9l9sé&et& le&(en<eIent&I.O9I3I&.tten<3& &ne&

'e3t&eOcé<e(&mK�R&?ette&(é.ct9on&est&3ne&(é.ct9on&<e&co3'l.ge&<e&t\'e&$3a3h9&(é.l9sée&

<.ns&les&I[Ies&con<9t9ons&23e&lo(s&<e&l.&Qo(I.t9on&<e&l.&te('\(9<9ne&.s\Iét(923e&40R&4.&

89'\(9<9ne&.s\Iét(923e&46&est&o8ten3e&.Nec&3n&(en<eIent&s.t9sQ.9s.nt&<e&Jg�R&

4.&s\nthXse&<e&ce&no3Nel&.Oe&(9g9<e&s39t&l.&I[Ie&st(.tég9e&23e&celle&3t9l9sée&'o3(&

'(é'.(e(& lA.Oe& 42& coI'o(t.nt& les& st.t9ons& <''& et& te('\R& 4.& '(eI9X(e& ét.'e& est& 3ne&

(é.ct9on& <e& co3'l.ge& <e& t\'e& $3a3h9& 'o3(& .sseI8le(& le& Q(.gIent& <''& et& l.& 89'\(9<9ne&

.s\Iét(923e& 46R& 4es& con<9t9ons& sont& les& I[Ies& 23e& '(écé<eIIentY& et& lA.Oe& 47&

coI'o(t.nt&les&<e3O&st.t9ons&te(I9né&'.(&3ne&Qonct9on&'hénol&'(otégée&est&o8ten3&.'(Xs&

ch(oI.tog(.'h9e& .Nec& 3n& t(Xs& 8on& (en<eIent& kMK�lR& 4Aét.'e& s39N.nte& est& l.&

<é'(otect9on& <3& g(o3'e& !"P& '.(& .ct9on& c.t.l\t923e& <e& lA.c9<e& chlo(h\<(923e& <.ns& le&

Iéth.nol& ]& (eQl3OR& 4A.Oe& <é'(otégé& 48& est& Q9n.leIent& o8ten3& .Nec& 3n& (en<eIent&

23.nt9t.t9Q&k_9g3(e&LLlR&

N N

BrBr

OTHP

(HO)2B

39

+
N N

Br OTHP

45 46

Pd(PPh3)4, Na2CO3

Toluène/H2O/EtOH

90 °C, 2.5 h
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Figure 22. Synthèse de l’axe à deux stations bidentates*MGP*

&

& & 3.1.3­Synthèse du [2]rotaxane 50+ 

& &

& ?e& eLf(ot.O.ne& est& s\nthét9sé& <e& Q.`on& .n.log3e& ]& celle& <e& l.& n.Nette&

'(écé<eIIent&'(ésentée&coI'o(t.nt&lA.Oe&<''Vte('\R&%n&eQQetY&<.ns&3n&'(eI9e(&teI'sY&

le&I.c(oc\cle&28&est&I9s&en&sol3t9on&<.ns&3ne&Q.98le&23.nt9té&<e&chlo(oQo(IeY&'39s&3ne&

sol3t9on& <e& e?3kUe?BloftRkP_glV& <.ns& lA.céton9t(9le& est& .Zo3tée& .Q9n& <Ao8ten9(& 3n&

coI'leOe& o(.nge& cl.9(& co((es'on<.nt& ]& 3n&I.c(oc\cle& coo(<9né& ]& 3n& ?3kCl& et& ]& <e3O&

Ioléc3les&<A.céton9t(9leR&F'(Xs&t(ente&I9n3tes&<A.g9t.t9on&]&teI'é(.t3(e&.I89.nteY&3ne&

sol3t9on&<e&lA.Oe&(9g9<e&48&<.ns&le&chlo(oQo(Ie&est&.Zo3téeY&ent(.9n.nt&l.&Qo(I.t9on&<A3n&

coI'leOe& 8(3nV(o3ge& co((es'on<.nt& .3& 'se3<oV(ot.O.ne&49+& so3h.9té& k_9g3(e& LJk.llR&

4e&chlo(oQo(Ie&.&été&3t9l9sé&'l3tct&23e&le&<9chlo(oIéth.ne&c.(&l.&sol389l9té&<e&lA.Oe&(9g9<e&
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est&Io9ns&g(.n<e&<.ns&ce&<e(n9e(Y&et&nécess9te&<e&t(o'&g(.n<s&Nol3Ies&<e&solN.ntsR&4es&

solN.nts& <e& (é.ct9on& ét.nt& éN.'o(ésY& le& '(o<39t& 8(3t& 38+& est& <9(ecteIent& 3t9l9sé& <.ns&

lAét.'e&s39N.nteY&c.(&ce&'(o<39t&nAest&'.s&.ssea&st.8le&'o3(&'o3No9(&s389(&3ne&'3(9Q9c.t9on&

'.(&ch(oI.tog(.'h9e&s3(&colonneY&les&(9s23es&<e&<ésenQ9l.ge&ét.nt&t(o'&g(.n<sR&&

&

Figure  23.  Synthèse  du  [2]rotaxane  rigide  à  deux  stations  dpp  bipy.  a)  étape  d’enfilage : 

[Cu(MeCN)4]+.(PF6)­ dans CHCl3/MeCN, TA, 30 min, puis ajout de MG dans CHCl3. b) étape de 

bouchonnage : 7Q, Cs2CO3, ascorbate de sodium dans DMF, 50 °C, 18 h, 15% 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4.& (é.ct9on& <e& 8o3chonn.ge& k_9g3(e& LJk8ll& est& 3ne& (é.ct9on& <e& s38st9t3t9on&

n3cléo'h9le&<e&t\'e&T9ll9.IsonR&4e&8o3chon&]&ch.9ne&9o<ée&30Y&<3&c.(8on.te&<e&cés93I&

et&3ne&Q.98le&23.nt9té&<A.sco(8.te&<e&so<93I&sont&.Zo3tés&.3&'se3<oV(ot.O.ne&49+&so3s&

.(gonY&'39s&3n&Q.98le&Nol3Ie&<e&=U_&est&.Zo3té&et&l.&(é.ct9on&est&.g9tée&]&mK&�?&'en<.nt&

ji& hR& F'(Xs& t(.9teIent& et& 'l3s9e3(s& '3(9Q9c.t9ons& '.(& colonnes& s3ccess9NesY& le&

eLf(ot.O.ne& so3h.9té& 50+& est& o8ten3& .Nec& 3n& Q.98le& (en<eIent& kjm�& s3(& les& <e3O&

<e(n9X(es& ét.'eslY& I.9s& en& 23.nt9té& s3QQ9s.nte& 'o3(& [t(e& c.(.cté(9sé& et& ét3<9é& '.(&

élect(och9I9e&kLo&IglR 

&

& & 3.1.4­Caractérisation par spectroscopie RMN 1H 

&

& 4e& coI'osé&50+& o8ten3& .& été& c.(.cté(9sé& '.(& s'ect(osco'9e& @UB& j"& j=& et& L=Y&

no3s&'e(Iett.nt&<A.tt(983e(&to3s&les&s9gn.3O&<es&'(otons&coIIe&9n<923é&]&l.&_9g3(e&LoR&

?ec9&conQ9(Ie&<e&Q.`on&ce(t.9ne&23elle&est&l.&Qo(Ie&<3&coI'leOe&o8ten3Y&et&en&'.(t9c3l9e(&

l.& loc.l9s.t9on& <3& I.c(oc\cleR& 4es& '(eI9X(es& o8se(N.t9ons& Iont(ent& 23e& les& s9gn.3O&

co((es'on<.nts&.3O&'(otons&89jY&89g&et&89z&<e&l.&899so239nol9ne&<3&I.c(oc\cle&ont&s389&

<es&8l9n<.ges&9I'o(t.ntsR&?ec9&.tteste&<e&l.&'(oO9I9té&<3&I.c(oc\cle&'.(&(.''o(t&.3&(.9lR&

%n&eQQetY& les&'(otons&s9t3és&Ne(s& lA9nté(9e3(&<e&l.&c.N9té&<3&I.c(oc\cle&se&t(o3Nent&<.ns&

les&ccnes&<e&8l9n<.ges&<es&c\cles&.(oI.t923es&<3&(.9lR&

& Bo3s& (eI.(23ons& ég.leIent& 23e& les& s9gn.3O& les& 'l3s& Qo(teIent& <é8l9n<és& <e&

lA.Oe&sont&ce3O&co((es'on<.nt&.3O&'(otons&<es&g(o3'eIents&'hén\lXnes&]&'(oO9I9té&<e&

l.&st.t9on&<''&<3&(.9lY&cAestV]V<9(e&les&'(otons&oY&IY&oA&et&IAR&?e&8l9n<.ge&N.&.3ss9&.QQecte(&

les&'(otons&8'j&et&8'L&les&'l3s&'(oches&<e&l.&<''&et&.''.(ten.nt&]&l.&89'\R&?ec9&est&<3&.3&

Q.9t&23e&le&I.c(oc\cle&est&coo(<9né&.3&n9Ne.3&<e&l.&<''R&%n&eQQetY&les&'(otons&oY&IY&oAY&IAY&

8'j& et& 8'L& s389ssent& to3s& <es& eQQets& <e& co3(.nts& <e& c\cles& '(oNen.nt& <es& no\.3O&

.(oI.t923es& <e& l.& <'8892& 9nco('o(ée& .3&I.c(oc\cle& et& 9nNe(seIent& 'o3(& les& '(otons&

89jY&89g&et&89z&N9s&]&N9s&<es&no\.3O&.(oI.t923es&<e&lA.OeR&

& &
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&

Figure  24.  Spectres  RMN  et  formules  du  [2]rotaxane  RQ&==I  et  de  ses  précurseurs 

organiques HG et MO. 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Bo3s&notons&enQ9n&23e&'l3s&les&'(otons&sont&élo9gnés&<e&l.&<''Y&'l3s&le3(s&s9gn.3O&

sont& Q.98leIent&8l9n<ésY&coIIe&'.(&eOeI'le&8'J&et&8'oR&Po3(& les&'(otons&enco(e&'l3s&

élo9gnés& <3& s9te& <e& coo(<9n.t9on& <3&I.c(oc\cleY& tels& 23e& 8'm& et& 8'gY& le& <é'l.ceIent&

ch9I923e&<e&le3(s&s9gn.3O&(este&9<ent923eR&?Aest&3n&.(g3Ient&s3''léIent.9(e&'(o3N.nt&

23e& le&I.c(oc\cle& est& 89en& 'os9t9onné& .3& n9Ne.3& <e& l.& <''& et& non& <e& l.& 89'\& <.ns& le&

coI'leOe&<e&c39N(ekClY&23e&lAon&'o3((.&note(&50&==+R&

 

& 3.2­Synthèse et étude de complexes modèles 

      3.2.1­Synthèse des complexes modèles 

&

& FN.nt& <Aét3<9e(& les& '(o'(9étés& <\n.I923es& <e& l.& n.Nette& 50&==+& no3NelleIent&

s\nthét9séeY&no3s&.Nons&'(é'.(é&<es&coI'leOes&Io<Xles&k_9g3(e&Lml&<ont&les&'(o'(9étés&

élect(och9I923es&<eN(.9ent&se&(.''(oche(&<e&celles&<es&<e3O&<9QQé(entes&Qo(Ies&50&==+ et&

50N)=2+&<3&eLf(ot.O.neR&

&

Figure 25. Formules des deux complexes modèles à synthétiser. 

 

& 4.&'(océ<3(e&3t9l9sée&'o3(&le3(&s\nthXse&est&9<ent923e&'o3(&les&<e3O&coI'leOesR&

%n& '(eI9e(& l9e3Y& le& I.c(oc\cle& 28& est& sol389l9sé& <.ns& le& <9chlo(oIéth.neY& '39s& 3ne&

sol3t9on&<e&e?3kUe?BloftRkP_glV&<.ns&lA.céton9t(9le&est&.Zo3tée&Ien.nt&]&l.&Qo(I.t9on&<3&

coI'leOe&o(.nge&cl.9(&cons9st.nt&en&3n&I.c(oc\cle&coo(<9né&]&3n&.toIe&<e&?3kCl&et&<e3O&
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Ioléc3les& <A.céton9t(9leR& F'(Xs& JK& I9n3tes& <A.g9t.t9on& ]& teI'é(.t3(e& .I89.nteY& 9l& est&

.Zo3té& 3ne& sol3t9on& <3& l9g.n<& .''(o'(9é&/& <.'& kLYMV<9.n9s\leVjYjKV'hén.nth(ol9nel& o3&

<.89'\& kmYmAV<9.n9s\leVLYLAV89'\(9<9nel& 'o3(& Qo3(n9(Y& .'(Xs& éN.'o(.t9on& <es& solN.ntsY&

(es'ect9NeIent&51+&et&52+&<e&Q.`on&23.nt9t.t9NeR&

 FN.nt&<e&s\nthét9se(&ces&coI'leOes&Io<XlesY&no3s&.Nons&'(é'.(é&les&'(éc3(se3(s&

o(g.n923esR&4.&s\nthXse&<3&I.c(oc\cle&28&.&été&<éc(9te&'(écé<eIIent&et&l.&Ioléc3le&<e&

<.'&.&<éZ]&été&s\nthét9sée&en&g(.n<es&23.nt9tés&.3&l.8o(.to9(eR&Cl&no3s&(est.9t&]&'(é'.(e(&

l.&Ioléc3le&<e&<.89'\R&

Po3(&s\nthét9se(&l.&Ioléc3le&<e&<.89'\Y&on&'.(t&<e&l.&mYmAV<98(oIoVLYLAV89'\(9<9ne&

45&23e&lAon&Q.9t&(é.g9(&.Nec&lA.c9<e&pV.n9s\le8o(on923e&'.(&3ne&(é.ct9on&<e&co3'l.ge&<e&

t\'e& $3a3h9& <.ns& les& con<9t9ons& cl.ss923es& <éc(9tes& '(écé<eIIentR& 4e& '(o<39t& o8ten3&

est& 9nsol38le& <.ns& l.& 'l3'.(t& <es& solN.nts& 3s3elsY& 9l& .& été& '3(9Q9é& '.(& '(éc9'9t.t9on& et&

l.N.ges& s3ccess9Qs& ]& lAe.3& <9st9llée& et& .3& <9chlo(oIéth.neR& Bo3s& .Nons& cons9<é(é& le&

'(o<39t&coIIe&ét.nt&3t9l9s.8le&23.n<&3n&se3l&s'ot&ét.9t&N9s98le&s3(&ccIR&4e&'(o<39t&.&été&

c.(.cté(9sé& '.(& @UB& j"& <.ns& le& <IsoV<g& ]& ch.3<R& Cl& .& été& Q9n.leIent& o8ten3& .Nec& 3n&

(en<eIent&t(Xs&Io\en&<e&og�&<3&Q.9t&<e&s.&Q.98le&sol389l9té&k_9g3(e&LglR&

&

Figure 26. Synthèse de la 5,5’-dianisyle-2,2’-bipyridine 53. 

&

      3.2.2­Étude électrochimique des complexes modèles 

en collaboration avec Jean­Paul Collin 

&

& 4es& Ies3(es& élect(och9I923es& eQQect3ées& ont& 'e(I9s& <Ao8ten9(& '(éc9séIent& les&

'otent9els&<e&<eI9VN.g3e&<es&co3'les&(e<oO&512+x51+&et&522+x52+R&FQ9n&<e&sA.QQ(.nch9(&

<3&'otent9el&'e3&st.8le&<e& l.&(éQé(ence&3t9l9sée&kQ9l&<A.(gentlY&3ne&(éQé(ence& 9nte(ne&est&

9nt(o<39te& <.ns& le& I9l9e3&/& le& coI'leOe& e>sktte('\lLfeP_gf& ktte('\& r& mYmAAV89sktol\lelV

LYLA&/gAYLAAVte('\(9<9nel&239&.&3n&co3'le&(e<oO&'(ésent.nt& le&<o38le&.N.nt.ge&<A[t(e&]& l.&

N N

BrBr

OH

(HO)2B

+
N N

OH

45 53

Pd(PPh3)4, Na2CO3

Toluène/H2O/EtOH

90 °C, 18 h

46%

HO
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Qo9s&(éNe(s98le&k23el23e&so9t&les&con<9t9ons&<e&N9tesse&<e&8.l.\.ge&le&'otent9el&(e<oO&ne&

N.(9e&'.sl&et&<A.No9(&3n&'otent9el&(e<oO&élo9gné&<e&cel39&<es&co3'les&]&ét3<9e(R&F9ns9&no3s&

éN9tons&<A.No9(&3ne& s3'e('os9t9on&'oss98le&<e&N.g3e&<AoO\<o(é<3ct9on&ent(e&<9QQé(ents&

co3'les& (e<oOR& 4e& 'otent9el& (e<oO& <3& co3'le& >sktte('\lLJtxLt& <e& (éQé(enceY& <.ns& nos&

con<9t9ons&o'é(.to9(esY&est&s9t3é&]&KRMK&D&vs&$?%/&&

E1/2 (OsIII/OsII) = 0.90 V @1 SCER&

& 4es&Ies3(es& eQQect3ées& '.(& Nolt.I'é(oIét(9e& c\cl923e& s3(& les& <e3O& coI'leOes&

Io<Xles&ont&con<39t&.3O&N.le3(s&s39N.ntes&<e&le3(&'otent9el&(e<oO&/&

E1/2 (512+/51+) = 0.34 V @1 SCE et&E1/2 (522+/52+) = 0.18 V @1 SCE 

&

&

Figure 27. Voltampérogrammes des complexes (a) REI et (b) RHI en présence du complexe 

de référence Os(tterpy)22+ et à une vitesse de balayage de 100 mV/s. 



124 

& &

4Aes'Xce&co((es'on<.nt&.3&'otent9el&(e<oO&<e&KRgJ&D&s3(&&l.&?D&k.l&est&le&coI'leOe&

<e& c39N(e& ?3k<.'lLtR& 4.& Qo(I.t9on& <e& ce& coI'leOe& eOt([IeIent& st.8le&

the(Io<\n.I923eIent&seI8le&<9QQ9c9le&]&eI'[che(&lo(s&<e&l.&s\nthXse&<e&51+R&

&

& 3.3­Étude électrochimique de la navette dpp­bipy 

en collaboration avec Fabien Durola 

&

& =.ns& les& I.ch9nes& Ioléc3l.9(es& s\nthét9sées& & '(écé<eIIent& <.ns& not(e&

l.8o(.to9(e&et&Qon<ées&s3(&les&Io<es&<e&coo(<9n.t9on&<3&c39N(ekClY&les&<e3O&ét.ts&st.8les&

<es& Ioléc3les& Qont& to3Zo3(s& 9nte(Nen9(& 3n& coI'leOe& <e& c39N(ekCl& tét(.coo(<9né& et& 3n&

coI'leOe& <e& c39N(ekCCl& 'ent.coo(<9néR& =.ns& ch.c3n& <es& c.sY& .3& Io9ns& 3n& l9g.n<&

89<ent.te&et&3n&l9g.n<&t(9<ent.te&ont&été&3t9l9sésR&&

FNec& cette& no3Nelle& n.NetteY& se3ls& <e3O& l9g.n<s& 89<ent.tes& sont& 3t9l9sés&/& 3n&

Q(.gIent&<''&et&3ne&3n9té&89'\R&=.ns&ce&c.s&'(éc9sY& les&<e3O&ét.ts&st.8les&<e&l.&n.Nette&

se(ont& <onc& tét(.coo(<9nés& k_9g3(e& LilY& <3& Io9ns& s9& on& ne& '(en<& en& coI'te& 23e& les&

.toIes&<A.aote&<es&chél.tesR&4.&<9QQé(ence&I.Ze3(e&ent(e& les&<e3O& Qo(Ies&st.8les&<e& l.&

n.Nette& est& <Ao(<(e& sté(923eR& %n& eQQetY& <A3n& ccté& lA3n9té& <''& est& eOt([IeIent&

encoI8(.nte& et&I.s23e& lA.toIe& <e& c39N(eY& lAeI'[ch.nt& .9ns9& <A9nte(.g9(& .Nec& <A.3t(es&

chél.tesY&.lo(s&23e&le&Q(.gIent&89'\&est&nonVencoI8(.nt&et&.3to(9se&l.&l98(e&(ot.t9on&<e&

l.& l9.9son& ?LV?LAR& ?ec9& 'e(Iet& .3& c39N(e& <e& se& coo(<9ne(& .Nec& <AéNent3elles& Ioléc3les&

<A.céton9t(9leR&

?ette& <9QQé(ence& I.Ze3(e& 9I'l923e& ég.leIent& 3ne& cons9<é(.t9on& <Ao(<(e&

the(Io<\n.I923eR& %n& eQQetY& 'o3(& les& n.Nettes& .\.nt& <e3O& ét.ts& st.8les& <3& t\'e&

e?3k<'8992lk<''lft& 'o3(& ?3kCl& et& e?3k<'8992lkte('\lfLt& 'o3(& ?3kCClY& l.& <9QQé(ence& <e&

'otent9els&ent(e&les&<e3O&co3'les&(e<oO&co((es'on<.nts&est&9I'o(t.nte&kKRJo&D&et&VKRKL&D&

vs&$?%&<.ns&?"J?B&(es'ect9NeIentlR&?el.&se&t(.<39t&'.(&3ne&Qo(ce&Iot(9ce&consé23ente&

kΔH�&�&KRJg&eDl&'o3(& les&Io3NeIents&<e&t(.nsl.t9on&ent(e& les&<e3O&ét.ts&st.8les&<e& l.&

n.Nette&3ne&Qo9s&le&st9I3l3s&élect(och9I923e&9nt(o<39tR&=.ns&le&c.s&<e&l.&no3Nelle&n.Nette&

coI'o(t.nt& 3n923eIent& <e3O& st.t9ons& 89<ent.tesY& no3s& no3s& .tten<ons& ]& 3ne& Qo(ce&
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Iot(9ce&'l3s&l9I9téeR&4Aét3<e&<es&'(o'(9étés&<\n.I923es&<éIont(e(.&s9&l.&'(ésence&<A3n&

l9g.n<& t(9<ent.te& est& nécess.9(e& .3& Io3NeIent& <3& I.c(oc\cle& <e& l.& st.t9on& <''& ]& l.&

st.t9on&89'\R&

&

Figure 28. Formules des deux états stables de la nouvelle navette. Les indices &== et N)=2 

indiquent la position du macrocycle sur le rail de la navette. 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& 4es& ét3<es& élect(och9I923es& eQQect3ées& s3(& cette& no3Nelle& n.Nette& ont& été&

eQQect3ées& '.(& Nolt.I'é(oIét(9e& c\cl923e& en& eQQect3.nt& <es& 8.l.\.ges& <e& 'otent9els&

ent(e&VKRo&D&et&KRim&D&et&]&<9QQé(entes&N9tessesR&

& FNec&l.&N9tesse&<e&8.l.\.ge&l.&'l3s&Q.98leY&cAestV]V<9(e&jKK&IDxs&k_9g3(e&LMk.llY&l.&

'(eI9X(e&N.g3e&o8se(Née&est&3ne&N.g3e&<AoO\<.t9on&s9t3ée&]&KRoj&D&et&co((es'on<.nt&]&

lAoO\<.t9on& <e&50&==+R& %n& eQQetY& le& 'otent9el& <AoO\<.t9on&Ies3(é& 'o3(& le& coI'leOe& test&

51+& est& ég.leIent& KRoj& DY& ce& 239& conQ9(Ie& 89en& l.& 'os9t9on& <3& I.c(oc\cle& <.ns& le&

coI'leOe&<e&?3kClR&&

4.&N.g3e&<e&(é<3ct9on&I.Zo(9t.9(e&est&s9t3ée&]&KRjJ&DR&>(&cette&N.le3(&co((es'on<&

eO.cteIent&.3&'otent9el&<e&(é<3ct9on&<3&coI'leOe&test&522+Y&ce&239&s9gn9Q9e&23e&l.&N.g3e&

<e&(é<3ct9on&l.&'l3s&9I'o(t.nte&co((es'on<&.3&coI'leOe&(é.((.ngéY&cAestV]V<9(e&.Nec&le&

I.c(oc\cle&s9t3é&.3&n9Ne.3&<e&l.&89'\R&5ne&N.g3e&<e&(é<3ct9on&'l3s&Q.98le&est&o8se(Née&]&

KRJ& D& co((es'on<.nt& .3& coI'leOe& 239& ne& sAest& '.s& (é.((.ngé& et& .3& (eto3(& <3& '9c&

<AoO\<.t9on&s9t3é&]&KRoj&DR&4.&?D&o8ten3&]&LKK&IDxs&k_9g3(e&LMk8ll&est&seI8l.8le&et&ne&

Iont(e&'.s&<e&nette&éNol3t9onR&

& �& 3ne& N9tesse& <e& 8.l.\.ge& 'l3s& éleNéeY& iKK& IDxs& k_9g3(e& LMkcllY& l.& N.g3e& <e&

(é<3ct9on& <e&50&==2+& <eN9ent& 'l3s& 9I'o(t.nteY& sAél.(g9t& et& coIIence& ]& se& s3'e('ose(&

.Nec&l.&N.g3e&<e&(é<3ct9on&<e&50N)=22+R&4es&<e3O&N.g3es&<e&(é<3ct9on&seI8lent&.No9(&l.&

I[Ie& 9I'o(t.nceY& ce& 239& s9gn9Q9e& 23e& le& teI's& <e& <eI9V(é.ct9on& <3& Io3NeIent& <e&

t(.nsl.t9on&'e3t&[t(e&est9Ié&]&'.(t9(&<e&ce&?D&]&enN9(on&jRL&secon<esR&Cl&en&est&<é<39t&3ne&

const.nte&<e&N9tesse&kMR�&KRi&sVjR&&&&

& �& N9tesse& <e& 8.l.\.ge& 'l3s& éleNéeY& 9c9& ]& jgKK&IDxs& k_9g3(e& LMk<llY& l.& N.g3e& <e&

(é<3ct9on& <3& coI'leOe& non& (é.((.ngé& <eN9entY& <e& Q.`on& log923e& et& .tten<3eY& 'l3s&

9I'o(t.nte&23e&celle&<3&coI'leOe&(é.((.ngéR&

F9ns9Y&9l&.&été&<éIont(é&23e&l.&'(ésence&<A3ne&st.t9on&t(9<ent.te&<.ns&les&n.Nettes&

Ioléc3l.9(es&nAest&'.s&3ne&con<9t9on&nécess.9(eY&3n&Io3NeIent&(.'9<e&<e&lA.nne.3&ét.nt&

9c9&(é.l9sé&ent(e&<e3O&st.t9ons&89<ent.tes&/&3ne&3n9té&LYMV<9'hén\leVjYjKV'hén.nth(ol9ne&

et&3n&Q(.gIent&LYLAV89'\(9<9neR&
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&

Figure 29. Voltammogrammes cyclique obtenus avec des vitesses de balayages de (a) 100, 

(b) 200, (c) 800 et (d) 1600 mV/s entre ­0,4 V et 0,85 V. 

& &
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&

& 3.4­Conclusions et perspectives 

&

& FNec& ces& <e3O& no3Nelles& n.Nettes& Ioléc3l.9(es& (.'9<esY& no3s& no3s& soIIes&

.QQ(.nch9s& <e& lA9ne(t9e& <e& lA.nc9enne& n.NetteR& Bo3s& .Nons& ég.leIent& '(o3Né& 23A3ne&

st.t9on&t(9<ent.te&nAest&'.s&9n<9s'ens.8le&'o3(&9n<39(e&3n&Io3NeIent&'.(&Io<9Q9c.t9on&

<3&<eg(é&<AoO\<.t9on&<e& lA.toIe&<e& c39N(eR&F9ns9Y& en& .Zo3t.nt&3ne&89'\& coIIe&st.t9on&

9nte(Ié<9.9(e& ]& l.& n.Nette& 254+Y& 3ne& no3Nelle& n.Nette& s3sce't98le& <e& '(ésente(& <es&

<é'l.ceIents& (.'9<es& s3(& long3e& <9st.nce& <eN9ent& enN9s.ge.8leY& et& cel.Y& s.ns&

(.lent9sseIent&not.8le&<3&Q.9t&<e&l.&'(ésence&<e&l.&st.t9on&89'\&9nte(Ié<9.9(eR&

&
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5 
Une nouvelle navette moléculaire rapide à longue distance 

1­Présentation du projet 

  1.1­Description du principe du mouvement 

&

& =.ns&ce&'(oZetY&lAo8Zect9Q&est&l.&s\nthXse&<A3ne&n.Nette&Ioléc3l.9(e&(.'9<e&<ont&le&

I.c(oc\cle&se&<é'l.ce(.9t&s3(&3ne&long3e&<9st.nceR&4e&'(9nc9'e&<3&Io3NeIent&eQQect3é&

'.(& le& I.c(oc\cle& I8VJM& est& Qon<é& ]& no3Ne.3& s3(& les& Io<es& <e& coo(<9n.t9on&

'(éQé(ent9els& <3& c39N(e& selon& son& <eg(é& <AoO\<.t9on& coIIe& <éc(9t& <.ns& le& ch.'9t(e&

'(écé<entR&?ette&no3Nelle&n.Nette&conse(Ne&les&st.t9ons&te(I9n.les&<e&l.&n.Nette&(.'9<e&]&

<e3O&st.t9ons&/&<''&et&te('\Y&ent(e&les23elles&est&9nsé(é&3n&es'.ce3(&Zo3.nt&ég.leIent&le&

(cle&<e&chél.teY&3ne&3n9té&89'\(9<9neR&&

 

Figure 1. Principe du mouvement de la navette longue distance. Les formes intermédiaires 

postulées sont représentées entre crochets. 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�& lAét.t& ?3kClY& l.& Qo(Ie& st.8le& <e& l.& n.Nette& est& celle& .\.nt& le& I.c(oc\cle&

'os9t9onné& .3& n9Ne.3& <e& l.& <''R& 4o(s23e& ce& coI'leOe& <e& c39N(ekCl& est& oO\<éY& le&

I.c(oc\cle&se&<é'l.ce&(.'9<eIent&Ne(s&l.&89'\(9<9neY&Io9ns&encoI8(.nte&et&'e(Iett.nt&

.3&c39N(ekCCl&<es&9nte(.ct9ons&.Nec&<AéNent3elles&Ioléc3les&<e&solN.ntsR&4.&st.89l9té&<e&ce&

coI'leOe&ét.nt&'l3s&Q.98le&23e&celle&Iett.nt&en&Ze3&3n&l9g.n<&89<ent.te&<A3ne&'.(t&et&3n&

l9g.n<&t(9<ent.te&<A.3t(e&'.(tY&le&I.c(oc\cle&'o3(s39t&son&Io3NeIent&Z3s23A]&l.&st.t9on&

te('\&'.(co3(.nt&.9ns9&lAenseI8le&<e&l.&<9st.nce&so3h.9tée&k_9g3(e&jlR&?e&Io3NeIent&est&

(en<3&(éNe(s98le&'.(&(é<3ct9on&<3&c39N(ekCCl&en&c39N(ekClR&

&

  1.2­Conception de la navette longue distance 

&

& 4.& n.Nette& ét.nt& Qon<ée& en& t(Xs& g(.n<e& '.(t9e& s3(& l.& n.Nette& (.'9<e& ]& <e3O&

st.t9onsY& s.& st(3ct3(e& en& est& t(Xs& '(ocheR& %n& eQQetY& le& se3l& éléIent& s3''léIent.9(e& '.(&

(.''o(t& ]& cette& <e(n9X(e& est& lA.Zo3t& ent(e& les& <e3O& st.t9ons& te(I9n.les& <A3ne& LYLAV

89'\(9<9ne&(el9ée&]&lA.Oe&'.(&les&'os9t9ons&m&et&mA&k_9g3(e&LlR&4es&<e3O&Qo(Ies&st.8les&<e&l.&

n.Nette&sont&<onc&seI8l.8les&]&celles&<e&lA.nc9enne&n.NetteY&I.9s&<Xs&lo(s&9nte(N9ent&3ne&

no3Nelle&Qo(Ie&9nte(Ié<9.9(e&Iett.nt&en&Ze3&l.&89'\(9<9neR&&

&

Figure 2. Formule de la navette moléculaire longue distance.  

 



133 

&

2­Synthèse de la navette longue distance   

en collaboration avec Fabien Durola 

& 2.1­Synthèse de l’axe rigide à trois stations 

 

  4.&s\nthXse&<e&lA.Oe&(9g9<e&]&t(o9s&st.t9ons&N.&t9(e(&'.(t9&<e&to3s&les&Q(.gIents&<éZ]&

s\nthét9sés& 'o3(& les& <e3O& n.Nettes& '(écé<entesR& 4e& '(o<39t& <e& <é'.(t& est& lA.Oe& 48&

coI'o(t.nt& 3ne& 3n9té& <''& (el9ée& ]& 3n& 8o3chonY& et& 3n& Q(.gIent& 89'\(9<9ne& .Nec& 3n&

g(o3'eIent&'hénol&coIIe&s38st9t3.ntR&

 

Figure 3. Synthèse de l’axe comportant les deux premières stations. 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 4.&'(eI9X(e&ét.'e&est&l.&t(.nsQo(I.t9on&<e&l.&Qonct9on&'hénol&en&Qonct9on&t(9Ql.teR&

4.&(é.ct9on&se&Q.9t&'.(&.ct9on&<e&lA.nh\<(9<e&t(9Ql923e&.Zo3té&lenteIent&<.ns&3ne&sol3t9on&

<9l3ée&<e&lA.Oe&48&<.ns&l.&'\(9<9ne&.nh\<(e&]&K�?R&5ne&Qo9s&le&(é.ct9Q&.Zo3téY&le&Iél.nge&

(é.ct9onnel&est&l.9ssé&so3s&.g9t.t9on&]&teI'é(.t3(e&.I89.nte&'en<.nt&jg&hR&4.&'(ésence&

<e&l.&Qonct9on&t(9Ql.te&.&'o3(&eQQet&<e&(en<(e&lA.Oe&sol38le&et&no3s&'e(Iet&<e&'3(9Q9e(& le&

'(o<39t&'.(&ch(oI.tog(.'h9e&s3(&colonneR&4A.Oe&54&est& &o8ten3&.'(Xs&'3(9Q9c.t9on&.Nec&

3n&(en<eIent&Io\en&<e&gL�&k_9g3(e&JlR&

& 4.&<e3O9XIe&ét.'e&est&3ne&(é.ct9on&<e&t\'e&U9\.3(.&cons9st.nt&]&Qo(Ie(&3n&este(&

8o(on923e&.Q9n&<e&'o3No9(&eQQect3e(&3ne&(é.ct9on&<e&co3'l.ge&o(g.noIét.ll923e&<e&t\'e&

$3a3h9R&%lle&se&<é(o3le&<.ns&le&<9oO.ne&.nh\<(eY&.Nec&le&89sk'9n.col.tol<98o(.ne&coIIe&

(é.ct9QY& en& '(ésence& <A.cét.te& <e& 'ot.ss93I& et& .Nec& P<k<''Ql?lL& coIIe& c.t.l\se3(R& 4.&

Qonct9on&t(9Ql.te&ét.nt&t(o'&'e3&l.89leY&<3&<''Q&est&.Zo3té&.Q9n&<AéN9te(&lAeI'o9sonneIent&

<3&c.t.l\se3(&'.(&les&g(o3'eIents&t(9Ql.tesR&4e&'(o<39t&55&o8ten3&nAest&'.s&.ssea&st.8le&

'o3(&[t(e&'3(9Q9é&'.(&colonneY&né.nIo9ns&son&s'ect(e&@UB&ét.nt&co((ectY&9l&est&3t9l9sé&tel&

23el&<.ns&l.&'(och.9ne&ét.'eR&

&

&

Figure 4. Synthèse de l’axe rigide comportant les trois stations. 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&

& 4Aét.'e& s39N.nte& cons9ste& ]& eQQect3e(& 3n& co3'l.ge& o(g.noIét.ll923e& <e& t\'e&

$3a3h9Y& <.ns& <es& con<9t9ons& cl.ss923esY& ent(e& lAeste(& 8o(on923e& Qo(Ié& et& lA3n9té&

te('\(9<9ne& s\nthét9sée& 'l3s& tct& 'o3(& l.& n.Nette& 50+R& 4A.Oe& (9g9<e& o8ten3& ét.nt&

(el.t9NeIent& long& et& coI'o(t.nt& jg& c\cles& .(oI.t923esY& 9l& est& (el.t9NeIent& <9QQ9c9le& ]&

sol389l9se(R& 4A.Oe& 56& '(otégé& '.(& l.& Qonct9on& !"P& est& o8ten3& .'(Xs& '3(9Q9c.t9on& '.(&

ch(oI.tog(.'h9e&.Nec&3n& (en<eIent& t(Xs& co((ect&<e&zm�&s3(& les&<e3O&ét.'esY& cAestV]V

<9(e& en& '(en.nt& en& coI'te& l.& Qo(I.t9on& <e& lAeste(& 8o(on923e& .9ns9& 23e& l.& (é.ct9on& <e&

co3'l.geR&

& 4.& <e(n9X(e& ét.'e& est& l.& <é'(otect9on& <3& g(o3'eIent& !"P& 239& se& Q.9t& <e& Q.`on&

h.89t3elleY& .Nec& 3ne& 23.nt9té& c.t.l\t923e& <A.c9<e& chlo(h\<(923e& <.ns& 3n& Iél.nge&

Iéth.nolxchlo(oQo(IeR&Cc9&lA3t9l9s.t9on&<3&chlo(oQo(Ie&]&l.&'l.ce&<3&<9chlo(oIéth.ne&est&

l9ée&.3O&<9QQ9c3ltés&(encont(ées&'o3(&sol389l9se(&le&'(o<39tR&F'(Xs&t(.9teIentY& le&'(o<39t&

<é'(otégé&57& est& o8ten3&.Nec&3n& (en<eIent&<e&MM�&k_9g3(e&olR& 4.&Ioléc3le&o8ten3e&

'(ésent.9t&3ne&t(o'&Q.98le&sol389l9té&'o3(&'o3No9(&[t(e&ch(oI.tog(.'h9éeR&

&

& 2.2­Synthèse du [2]rotaxane 

&

& 4.&I.(che&]& s39N(e&'o3(& l.& s\nthXse&<3& eLf(ot.O.ne&est& 9<ent923e&]& celle& s39N9e&

'o3(&l.&'(é'.(.t9on&<es&.nc9ennes&n.NettesR&Bo3s&.Nons&to3t&<A.8o(<&'(océ<é&]&lAét.'e&

<AenQ9l.ge&k_9g3(e&mk.llR&?elleVc9&<9QQX(e&<e&l.&Iétho<e&cl.ss923e&3t9l9séeR&&

%n& eQQetY& cette& Ioléc3le& .N.9t& été& s\nthét9sée& en& t(Xs& Q.98les& 23.nt9tés& '.(& _R&

=3(ol.& lo(s& <e& s.& thXse& et& les& ét.'es& c(9t923es& ét.9ent& les& ét.'es& <AenQ9l.ge& et& <e&

8o3chonn.geR& 4es& c.3ses& <e& ce&I.3N.9s& (en<eIent& lo(s& <es& <e(n9X(es& ét.'es& ont& été&

.tt(983ées& en& '.(t9c3l9e(& .3O& <9QQ9c3ltés& (encont(ées& 'o3(& sol389l9se(& lA.Oe& lo(s& <e& l.&

(é.ct9on&<e&coI'leO.t9on&.3&c39N(eR&&

&



136 

&

Figure  5.  Synthèse  de  la  navette  moléculaire  longue  distance.  (a)  enfilage :  HG  dans  le 

dichlorométhane +  [Cu(MeCN)4]+[PF6]­  dans  l’acétonitrile,  30 minutes,  puis  l’axe RO  avec 

TFA  (1  eq.)  dans  le  dichlorométhane,  16  h,  puis  traitement  avec  NH4OHaq.  (b) 

bouchonnage :  Cs2CO3,  ascorbate  de  sodium  dans  le  DMF,  50  °C,  16  h,  15%.  N.B. :  Les 

indices M  et R* sont  utilisés  dans  la  numérotation  des  produits  pour  désigner  les  formes 

tétra­ et penta­coordinées des complexes obtenus. 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4A.Iél9o(.t9on& '(o'osée& .& été& <A.Zo3te(& 3n& é239N.lent& <A.c9<e& t(9Ql3o(o.cét923e&

.Q9n&<e&sol389l9se(&le&'(o<39t&57&<.ns&le&<9chlo(oIéth.neR&=A3n&.3t(e&cctéY&le&I.c(oc\cle&

28& est& sol389l9sé& <.ns& le& <9chlo(oIéth.ne& et& 3ne& sol3t9on&<e& e?3kUe?BlofteP_gfV& <.ns&

lA.céton9t(9le&est&.Zo3tée&Qo(I.nt&le&coI'leOe&o(.nge&cl.9(&co((es'on<.nt&]&3ne&Ioléc3le&

<e& I.c(oc\cle& coo(<9née& ]& 3n& .toIe& <e& c39N(eR& F'(Xs& JK& I9n3tes& <A.g9t.t9on& ]&

teI'é(.t3(e& .I89.nteY& 3ne& sol3t9on& <e& lA.Oe& 57Y& enQ9n& sol389l9sé& <.ns& le&

<9chlo(oIéth.ne& g(�ce& ]& lA.Zo3t& <e& !_F& est& .Zo3tée& '(oNo23.nt& 3ne& colo(.t9on& 8(3nV

(o3ge& <e& l.& sol3t9onR& 4e&Iél.nge& (é.ct9onnel& est& .g9té& ens39te& 'en<.nt& jg& hY& '39s& les&

solN.nts& sont& éN.'o(és& et& le& (és9<3& sol9<e& est& t(.9té& '.(& 3n& l.N.ge& 8.s923e& conten.nt&

B"o>".2&.Q9n&<e&ne3t(.l9se(&le&!_FR&4Ao8tent9on&<3&'se3<oV(ot.O.ne&58M+&est&conQ9(Iée&

'.(&s'ect(oIét(9e&<e&I.sse&9n<923.nt&s.&'(ésence&23.s9VeOcl3s9Ne&k_9g3(e&mk.llR 

& 4e& 'se3<oV(ot.O.ne& 58M+& ét.nt& Qo(IéY& cel39Vc9& est& <9(ecteIent& 3t9l9sé& <.ns& l.&

(é.ct9on&<e&8o3chonn.ge&k_9g3(e&mk8llR&%n&eQQetY&9l&est&sens98le&]&lA.9(&et&ne&s3''o(te(.9t&

'.s& le&'.ss.ge& s3(&3ne&colonne&'o3(&[t(e&'3(9Q9éR&4.& (é.ct9on&<e&8o3chonn.ge&est&3ne&

(é.ct9on&<e&s38st9t3t9on&n3cléo'h9le&<e&t\'e&T9ll9.Ison&<.ns&les&con<9t9ons&h.89t3ellesR&

4es&solN.nts&ét.nt&éN.'o(ésY& le&'se3<oV(ot.O.ne&58M+&est&sol389l9sé&.Nec&3n&l.(ge&eOcXs&

<3&8o3chon&(el9é&]&3ne&ch.dne&9o<ée&30 <.ns&<3&=U_&.nh\<(e&en&'(ésence&<e&c.(8on.te&

<e&cés93I&et&<A.sco(8.te&<e&so<93I&'o3(&éN9te(&to3te&oO\<.t9on&<3&c39N(ekClR&?e&Iél.nge&

est&.g9té&]&mK&�?&'en<.nt&jg&hR&Cl&est&essent9el&<.ns&cette&ét.'e&23e&le&I9l9e3&(é.ct9onnel&

so9t& .nh\<(eY& les& coI'leOes& <e& c39N(e& ét.nt& (el.t9NeIent& Q(.g9les& en& I9l9e3& 8.s923eY&

not.IIent& ]& c.3se& <e& l.& Qo(I.t9on& <Ah\<(oO\<e& <e& c39N(e& en& '(ésence& <Ae.3R& F'(Xs&

t(.9teIent& et& 'l3s9e3(s& ch(oI.tog(.'h9es& s3(& colonneY& le& eLf(ot.O.ne&59M+& est& o8ten3&

.Nec& 3n& (en<eIent& <éceN.nt& <e& jm�Y& co((es'on<.nt& ]& 3ne& 23.nt9té& Io<este& <e&

'(o<39t&/&jj&IgR&

& Cl&est&9I'o(t.nt&<e&so3l9gne(&23e&'l3s9e3(s&ess.9s&ont&été&eQQect3é&.Q9n&<A.Iél9o(e(&

le& (en<eIent& k<éZ]& <o38lé& '.(& (.''o(t& .3O& ess.9s& 9n9t9.3Ol&I.9s& ce3OVc9& se& sont& to3s&

sol<és&'.(&<es&échecsY&no3s&l.9ss.nt&23e&'e3&<e&'(o<39t&<9s'on98le&'o3(&les&ét3<es&<es&

'(o'(9étés& <\n.I923es& <e& l.& n.Nette& '.(& élect(och9I9eR& Bé.nIo9nsY& ces& jj& Ig& <e&

'(o<39ts& se& (éNélX(ent& s3QQ9s.nts&'o3(&Iene(&]&89en&nos&ét3<esY& coIIe&no3s&.llons& le&

No9(& '.(& l.& s39teR& =e& 'l3s& ét.nt& <onné& le& noI8(e& t(Xs& 9I'o(t.nt& <Aét.'es& <e& s\nthXse&

nécess.9(es&]&lAél.8o(.t9on&<e&cette&n.Nette&kJK&sont&nécess.9(es&'o3(&s\nthét9se(&lA.Oe&]&

'.(t9(& <e& '(o<39ts& coIIe(c9.3OlY& to3te& 9<ée& <Ao't9I9se(& l.& Q9n& <e& l.& s\nthXse& .& été&

éc.(tée&'.(&I.n23e&<e&teI'sR&
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& 2.3­Caractérisation par spectroscopie RMN 1H 

&

Figure  6.  Spectres  RMN  1H  et  formules  du  [2]rotaxane  RFMI  et  de  ses  précurseurs 

organiques HG et R;. 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4Ao8tent9on& et& l.& '3(eté& <3& eLf(ot.O.ne& 59M+& ont& '3& [t(e& conQ9(Iées& '.(&

s'ect(osco'9e&@UB&j=&et&L=R&4A.tt(983t9on&<es&s9gn.3O&.3O&<9QQé(ents&'(otons&'e(Iet&en&

o3t(e&<e&<éte(I9ne(&l.&'os9t9on&<3&I.c(oc\cle&I8VJM&s3(&le&(.9lR&%n&eQQetY&notons&23e&les&

'(otons&239&s389ssent&les&8l9n<.ges&les&'l3s&9I'o(t.nts&sont&ce3O&s9t3és&Ne(s&lA9nté(9e3(&

<e& l.& c.N9té& <3& I.c(oc\cle& et& ce3O& <es& g(o3'eIents& 'hén\lXnes& (el9és& ]& lA3n9té& <''&

k_9g3(e&glR&4.&(.9son&en&.&<éZ]&été&Qo(I3lée&/&89jY&89g&et&89z&se&(et(o3Nent&<.ns&les&ccnes&

<e&8l9n<.ge&<es&g(o3'eIents&'hén\lXnesY&et&oY&IY&oAY&IA&sont&<.ns&les&ccnes&<e&8l9n<.ge&

<e& l.& <'8992&<3&I.c(oc\cleR&Botons& en&o3t(eY& 23e&'l3s& les& '(otons& sont& élo9gnés&<e& l.&

<''Y& 8'jY& 8'L& et& 8'J& '.(& eOeI'leY&Io9ns& le& 8l9n<.ge& est& 9I'o(t.ntY& Z3s23A]& sA.nn3le(&

'o3(&le&'(oton&8'oR&

 

3­Étude des propriétés dynamiques de la navette longue distance 

en collaboration avec Fabien Durola et Jean­Paul Collin 

 

3.1­Élaboration d’un nouveau complexe modèle 

&

& FN.nt& <e& (é.l9se(& lAét3<e& élect(och9I923e& <e& l.& n.Nette& long3e& <9st.nceY& 3n&

no3Ne.3& coI'leOe& Io<Xle& .& été& él.8o(é& ]& '.(t9(& <A3ne& mYmAAV<9.n9s\leVLYLA&/gAYLAAV

te('\(9<9ne&k_9g3(e&zlR&&

&

Figure 7. Formule du complexe test ;QHI. 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&

& 4.&'(océ<3(e&s39N9e&'o3(&l.&s\nthXse&<e&ce&coI'leOe&Io<Xle&est&9<ent923e&]&celle&

3t9l9sée&'o3(&51+&et&52+R&4e&I.c(oc\cle&28&est&to3t&<A.8o(<&sol389l9séY&'39s&3ne&sol3t9on&

<e& ?3CCkG_olL& <.ns& lA.céton9t(9le& est& .Zo3téeR& 4e& coI'leOe& Z.3ne& '�le& coI'osé& <A3n&

I.c(oc\cle& et& <A3n& ?3kCCl& est& Qo(IéY& et& l.& sol3t9on& est& .g9tée& JK& I9n3tesY& '39s& 3ne&

sol3t9on& <e& mYmAAV<9.n9s\leVLYLA&/gAYLAAVte('\(9<9ne& <.ns& le& <9chlo(oIéth.ne& est& .Zo3téeY&

Qo(I.nt& (.'9<eIent& 3n& coI'leOe& Ne(t& '�leY& co3le3(& c.(.cté(9st923e& <es& coI'leOes& <e&

c39N(ekCCl&'ent.coo(<9nésR&&

& 4e& 'otent9el& <e& <eI9VN.g3e& <3& co3'le& 602+x60+  .& été& <éte(I9né& '.(&

Nolt.I'é(oIét(9e& c\cl923eR& 4e& Qe((ocXne& est& .Zo3té& ]& l.& sol3t9on& coIIe& (éQé(ence&

9nte(ne&kson&'otent9el&<e&<eI9VN.g3e&est&E1/2(Fc+/Fco) = 0.4 V @1 SCEl&et&sA.ss3(e(&.9ns9&

<e&l.&Q9.89l9té&<e&l.&Ies3(eR&4e&'otent9el&(e<oO&<3&co3'le&602+x60+ &.&été&<éte(I9né&]&3ne&

N9tesse&<e&8.l.\.ge&<e&jKK&IDxs/&&

E1/2 (602+/60+) = ­0.02 V @1 SCER&

&

&

Figure  8.  Cyclovoltammogramme  du  complexe  ;QHI  en  présence  du  ferrocène  comme 

référence interne à une vitesse de balayge de 100 mV/s. 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3.2­Étude électrochimique de la navette à trois stations 

& & &

& Cnté(essons&no3s&I.9nten.nt&.3O&'(o'(9étés&<\n.I923es&<e& l.&no3Nelle&n.Nette&

594+& <ont& le&I.c(oc\cle& se& <é'l.ce& s3(& 3ne& long3e& <9st.nceR& 4.& Qo(ce&Iot(9ce& <e& son&

Io3NeIent& <e& t(.nsl.t9on& est& est9Iée& '.(& l.& <9QQé(ence& <e& st.89l9té& ent(e& l.& Qo(Ie&

9nst.8le& 5952+& et& l.& Qo(Ie& st.8le& <3& coI'leOe& 5952+& co((es'on<.nt& .3& Io<e& <e&

coo(<9n.t9on&'(éQé(ent9el&<3&c39N(e&selon&son&<eg(é&<AoO\<.t9onR&&

4.&Qo(Ie&st.8le&<3&coI'leOe&<e&c39N(ekCl&59M+Y&'(éQé(ent9elleIent&tét(.coo(<9néY&

Q.9t& 9nte(Nen9(& <e3O& l9g.n<s& 89<ent.tes&/& lA3n9té& <''& <e& lA.Oe& et& le& Q(.gIent& <'8992& <3&

I.c(oc\cleR& 5ne& Qo9s& oO\<éeY& le& I.c(oc\cle& se& <é'l.ce& Z3s23A]& l.& te('\(9<9neY& via& 3n&

coI'leOe& 9nte(Ié<9.9(e&Iett.nt&en& Ze3& l.&89'\(9<9ne&cent(.leY&et&con<39s.nt&]& l.& Qo(Ie&

st.8le&<3&coI'leOe&<e&c39N(ekCCl&59R2+Y&'(éQé(ent9elleIent&'ent.coo(<9né&k_9g3(e&zlR&

&

Figure  9.  Formules  des  deux  états  stables  du  [2]rotaxane  RF"I.  Les  indices  M  et  R* sont 

utilisés pour désigner les formes tétra­ et penta­coordinées des complexes obtenus. 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&

Figure 10. Voltammogrammes cycliques obtenus des navettes HRI et RFI et des complexes 

modèles REI,RHI et ;QHI à une vitesse de balayage de 100 mV/s. 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>n&3t9l9se&]&no3Ne.3&l.&Nolt.I'é(oIét(9e&c\cl923e&.Q9n&<e&<éte(I9ne(&le&teI's&<e&

<eI9V(é.ct9on&<3&Io3NeIent&<e&t(.nsl.t9on&<e&l.&n.Nette&Ioléc3l.9(e&.'(Xs&l.&I9se&en&

I.(che&<3& s\stXIe&'.(&élect(och9I9eR Pl3s9e3(s&8.l.\.ges& sont& (é.l9sés& ]&<es&N9tesses&

<9QQé(entes&et&le&'l3s&lentY&]&jKK&IDxs&<onne&3n&?D&.Nec&3ne&N.g3e&<AoO\<.t9on&]&KRoj&D&

ce&239&co((es'on<&eO.cteIent&.3&'otent9el&<AoO\<.t9on&<3&co3'le&(e<oO&512+x51+Y&cAestV

]V<9(e& ]& lAoO\<.t9on& <e& l.& Qo(Ie& 59M+  k_9g3(e& jKlR& ?el.& conQ9(Ie& l.& 'os9t9on& <3&

I.c(oc\cle&s3(&le&l9g.n<&<''&<.ns&l.&n.Nette&.3&'(eI9e(&<eg(é&<AoO\<.t9onR&4.&N.g3e&<e&

(é<3ct9on& se& t(o3Ne& ]& VKRKo& D& ce& 239& est& t(Xs& '(oche& <3& 'otent9el& <e& (é<3ct9on& <3&

coI'leOe&Io<Xle&602+ k_9g3(e&jKlR&?ette&N.g3e&<e&(é<3ct9on&est&celle&<3&coI'leOe&59R2+&

et&cel.&s9gn9Q9e&23e&l.&tot.l9té&<es&es'Xces&239&ont&été&oO\<ées&<3(.nt&ce&c\cle&ont&e3&le&

teI's&<e&se&(é.((.nge(&<e&so(te&23e&le&I.c(oc\cle&se&'l.ce&.3&n9Ne.3&<e&l.&te('\&.N.nt&

<A[t(e&(é<39te&et&<e&(eNen9(&]&le3(&'os9t9on&9n9t9.leR 

& %n&3t9l9s.nt&3ne&N9tesse&<e&8.l.\.ge&<e3O&Qo9s&'l3s&éleNée&k_9g3(e&jjk8llY&on&No9t&

.''.(.dt(e& 3n& no3Ne.3& '9c& <e& (é<3ct9on& Ne(s& KRJJ& DR& >n& .& N3& 23e& les& 'otent9els& <e&

(é<3ct9on&<es&co3'les&<es&coI'leOes&tests&]&8.se&<e&'hén.nth(ol9ne&51+ <e&89'\(9<9ne 

52+& sont& (es'ect9NeIent&KRLM&D&et&KRjL&DR&?ette&no3Nelle&N.g3e&co((es'on<&<onc& s.ns&

.I89g3�té&'oss98le&]&l.&(é<3ct9on&<3&coI'leOe&59M2+&239&nA.&<onc&'.s&e3&le&teI's&<e&se&

(é.((.nge(&.'(Xs&lAoO\<.t9on&<3&c39N(eR&

& %n&I3lt9'l9.nt&enco(e&'.(&<e3O&l.&N9tesse&<e&8.l.\.ge&koKK&IDxsl&k_9g3(e&jjkcllY&

no3s&(eI.(23ons&23e&l.&N.g3e&<e&(é<3ct9on&<es&coI'leOes&non&(é.((.ngés&<eN9ent&.3ss9&

9I'o(t.nte&23e&l.&'(eI9X(e&N.g3e&<e&(é<3ct9on&o8se(Née&co((es'on<.nt&.3O&Ioléc3les&

.\.nt&e3& le& teI's&<e&se&(é.((.nge(R&Bo3s&'o3Nons&est9Ie(&3n&teI's&<e&<eI9V(é.ct9on&

<AenN9(on& LRzm& secon<esR& Bo3s& en& <é<39sons& 3ne& .''(oO9I.t9on& <e& l.& const.nte& <e&

N9tesse&<e&<é'l.ceIent&<3&I.c(oc\cle&<e&l.&st.t9on&<''&]&l.&st.t9on&te('\/&kMR&�&KRo&sVjR&

&& F&iKK&IDxsY&l.&N.g3e&<e&(é<3ct9on&co((es'on<.nt&.3O&coI'leOes&non&(é.((.ngés&

<é'.sse& log923eIent& celle& <es& coI'leOes& 'ent.coo(<9nésR& =es& Ies3(es& ont& été&

eQQect3ées& ]& <es& N9tesses& <e& 8.l.\.ges& 'l3s& éleNées& I.9s& les& N.g3es& <e& (é<3ct9on&

sAél.(g9ssent&t(o'&'o3(&'o3No9(&en&t9(e(&<es&concl3s9ons&N.l.8lesR 

&
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&

Figure 11. Voltammogrammes cycliques obtenus avec des vitesses de balayage de (a) 100, 

(b) 200, (c) 400 et (d) 800 mV/s entre ­0.4 V et 0.9 V.  

&
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3.3­Conclusions 

&

& 4es&ét3<es&élect(och9I923es&ont&Iont(é&23A9l& \& .&3n&Io3NeIent&<e& t(.nsl.t9on&

(.'9<e&<e&lA.nne.3&le&long&<e&lA.Oe&<e&cette&no3Nelle&n.Nette&]&t(o9s&st.t9onsR&Po3(&'l3s&<e&

cl.(téY&lAenseI8le&<es&<onnées&the(Io<\n.I923es&et&c9nét923es&<es&<9QQé(entes&n.Nettes&

Ioléc3l.9(es&sont&cons9gnées&<.ns&le&!.8le.3&j&c9&<esso3sR&4.&N.le3(&ΔG° (e'(ésente&l.&

<9QQé(ence& <Aéne(g9e& ent(e& lAét.t& 9nst.8le& c(éé& .'(Xs& oO\<.t9onY& co((es'on<.nt& ]& 3n&

coI'leOe&<e&c39N(ekCCl&tét(.coo(<9néY&et&l.&Qo(Ie&st.8le&'ent.coo(<9née&<3&coI'leOeR&4.&

N.le3(&c9nét923e&kMR&co((es'on<&]&l.&const.nte&<e&N9tesse&<3&Io3NeIent&<e&t(.nsl.t9on&

eQQect3é&'.(&l.&n.Nette&.'(Xs&oO\<.t9on&<3&coI'leOeR&>n&ne&'e3t&<onne(&<Aest9I.t9on&<e&

l.& const.nte& <e& N9tesse& <.ns& le& sens& 9nNe(seY& le&Io3NeIent& co((es'on<.nt& ét.nt& t(o'&

(.'9<e&'o3(&lA.''.(e9ll.ge&élect(och9I923e&<ont&no3s&<9s'os9onsR&

Translation après oxydation  ΔG° kMR 

B.Nette&k<''Vte('\lkIVJKl&26n+& KRJM&eD& jKVm&sVj&

B.Nette&k<''Vte('\lkI8VJMl&25n+& KRJg&eD& KRLm&sVj&

B.Nette&k<''V89'\lkI8VJMl&50n+& KRLi&eD& KRi&sVj&

B.Nette&k<''V89'\Vte('\lkI8VJMl&59n+& KRom&eD& KRo&sVj&
&

Tableau 1. Données thermodynamiques et cinétiques des 4 navettes moléculaires. 

 

Bo3s& (eI.(23ons& to3t& <A.8o(<& l.& <9QQé(ence& <e& 'l3s& <e& o& o(<(es& <e& g(.n<e3(&

ent(e& les& const.ntes& <e& N9tesses& <es& n.Nettes& 26n+& et& 25n+& coI'o(t.nt& <es& .Oes&

9<ent923es& enQ9lés& (es'ect9NeIent& <.ns& les& I.c(oc\cles& 28& et&m­30R& ?ec9& est& <�& ]& l.&&

g(.n<e&<9QQé(ence&<AencoI8(eIent&ent(e&les&<e3O&chél.tes&9nco('o(és&<.ns&les&.nne.3OY&

ce&239&ent(.9ne&3ne&'l3s&o3&Io9ns&g(.n<e&8.((9X(e&<Aéne(g9e&ΔH�&]&Q(.nch9(&k_9g3(e&jLk.l&

et& k8llR& =e& 'l3s& l.& const.nte& <e& N9tesse& <e& l.& n.Nette&50n+& conten.nt& se3leIent& <e3O&

st.t9ons&89<ent.tes&est&'l3s&éleNée&23e&celle&<e&l.&n.Nette&<''Vte('\&25n+&s\nthét9sée&en&

'(eI9e(& l9e3R&>n&'e3t&s3''ose(&23e& le& (eI'l.ceIent&<e& l.& st.t9on& te('\&'.(& l.& st.t9on&

89'\&.8.9sse&l.&8.((9X(e&<Aéne(g9e&et&.ccélX(e&.9ns9&le&Io3NeIent&<e&t(.nsl.t9on&k_9g3(e&

jLkcllR&
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Botons&en&o3t(e&23e&l.&const.nte&<e&N9tesse&<e&l.&no3Nelle&n.Nette&59n+&est&'l3s&

éleNée&23e& l.&n.Nette&]&<e3O& st.t9ons&25n+& coI'o(t.nt& les&I[Ies& st.t9ons& te(I9n.lesY&

<''&et&te('\R&?el.&sAeO'l923e&'.(&le&Q.9t&23A3ne&Qo(Ie&9nte(Ié<9.9(e&<e&l.&n.Nette&est&I9se&

en& Ze3Y& celle& o}& le&I.c(oc\cle& est& 'os9t9onné& .3&n9Ne.3&<e& l.& 89'\Y& <ont& on& s.9t& 23e& le&

n9Ne.3&<Aéne(g9e&se&s9t3e&ent(e&les&<e3O&.3t(es&Qo(Ies&'oss98le&<e&l.&n.NetteY&et&Iett.nt&

'(o8.8leIent&en&Ze3&<es&8.((9X(es&<A.ct9N.t9on&Io9n<(es&k_9g3(e&jLk<llR&F9ns9Y&I[Ie&s9&

l.&<9st.nce&'.(co3(3e&ent(e&l.&st.t9on&<''&et&l.&st.t9on&te('\&est&'l3s&g(.n<e&<.ns&le&c.s&

<e& l.& n.Nette& coI'o(t.nt& t(o9s& st.t9onsY& l.& t(.nsl.t9on& <e& lA.nne.3& le& long& <e& lA.Oe& est&

Q.c9l9tée&'.(&lA9nt(o<3ct9on&<e&l.&89'\(9<9ne&239&9n<39t&.lo(s&3n&eQQet&c9nét923e&9I'o(t.ntR&&

&

Figure  12.  Représentations  des  diagrammes  réactionnels  pour  le  mouvement  de 

translation après oxydation du cuivre dans les navettes (a) H;"I, (b) HR"I, (c) RQ"I et (d) 

RF"I. 

 

>n& ne& 'e3t& '.s& o8se(Ne(& <e& N.g3e& <e& (é<3ct9on& co((es'on<.nt& ]& l.& Qo(Ie&

9nte(Ié<9.9(e&<e&cette&n.Nette&]&t(o9s&st.t9onsY&I.9s&on&ne&<o3te&'.s&<e&s.&'(ésence&]&3n&

23elcon23e&IoIent&ét.nt&<onné&l.&N9tesse&<3&Io3NeIent&<e&t(.nsl.t9onR&&

4.&89'\(9<9ne&seI8le&Q.No(9se(&le&Io3NeIent&<e&t(.nsl.t9on&<3&I.c(oc\cle&Ne(s&

l.&st.t9on&te(I9n.leY&l.&st.89l9té&<es&coI'leOes&l.&Iett.nt&en&Ze3&ét.nt&Io9ns&g(.n<e&23e&
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celle& <es& <e3O& Qo(Ies& st.8les& <e& l.& n.Nette& 59M+  et& 59R2+R& =A3ne& Q.`on& 9I.géeY& cette&

st.t9on& 9nte(Ié<9.9(e& se(t& ]& ^h39le(^& le& cheI9n&'e(Iett.nt& ]& lA.nne.3&<e& ^gl9sse(^&'l3s&

(.'9<eIentR 

%nQ9nY& 9l& est& 9I'o(t.nt& <e& note(& lA.3gIent.t9on& not.8le& <e& l.& <9st.nce& <e&

Io3NeIent&'.(co3(3e&'.(&lA.nne.3&ent(e&l.&'(eI9X(e&n.Nette&(.'9<e&'(ésentée&et&cette&

n.Nette&]&t(o9s&st.t9onsR&%n&eQQetY&<.ns&le&'(eI9e(&c.s&k_9g3(e&jLk.llY&l.&<9st.nce&sé'.(.nt&

les&<e3O&st.t9ons&est&est9Iée&]&enN9(on&jK&n&et&cette&<9st.nce&sAélXNe&]&LJ&n&<.ns&le&c.s&

<e& l.&n.Nette&]&t(o9s&st.t9ons&k_9g3(e&jLk8ll&selon&<es&est9I.t9ons&o8ten3es&]& lA.9<e&<3&

log9c9el&?heIJ=&<e&?heI>QQ9ceR&&

F&lA.Nen9(Y& 9l&se(.9t&t(Xs&9nté(ess.nt&<e&s\nthét9se(&3ne&n.Nette&]& long3e&<9st.nce&

<ont& lA.Oe& se(.9t& .n.log3e& ]& cel39& <e& l.& n.Nette&59n+&I.9s&<ont& le& Q(.gIent&89'\(9<9ne&

se(.9t& (eI'l.cé& '.(& 3n& es'.ce3(& 89'hén\le& 9ne(te& k_9g3(e& jLkcllR& >n& 'o3((.9t& .9ns9&

Ies3(e(& lA9I'.ct& c9nét923e& (éel& 9nt(o<39t& '.(& lA.Zo3t& <e& l.& st.t9on& 9nte(Ié<9.9(e&

89'\(9<9neR&&

5ne&.3t(e&'e(s'ect9Ne& 9nté(ess.nte&est& l.& s\nthXse&<A3ne&n.Nette& Qon<ée& s3(&3n&

.Oe&t(Xs&longY&'ossé<.nt&3n&noI8(e&consé23ent&<Ahété(oc\cles&.aotés&9nsé(és&ent(e&les&

st.t9ons& te(I9n.lesR&P.(&eOeI'le&'l3s9e3(s&'\(9<9nes&'o3((.9ent&[t(e& 9nsé(ées&s3(& lA.Oe&

k_9g3(e&jLk<llR&Bo3s&'o3Nons& .lo(s&no3s&<eI.n<e(& s9& cette& h\'othét923e&n.NetteY& 239&

se(.9t&.lo(s&s3(&3ne&<9st.nce&<e&'l3s9e3(s&n.noIXt(esY&'o3((.9t&[t(e&I9se&en&Io3NeIent&

et&s9&o39&]&23elle&N9tesseR&4es&.toIes&<A.aote&'e(Iett(.9ent&.lo(s&.3&Iét.l&<A[t(e&to3Zo3(s&

coo(<9né&'en<.nt&l.&tot.l9té&<3&<é'l.ceIent&<3&I.c(oc\cle&le&long&<e&lA.OeR&EN9<eIentY&

<A3n&'o9nt&<e&N3e&'3(eIent&'(.t923eY&<es&'(o8lXIes&<e&sol389l9té&se(.9ent&]&'(éNo9(&<3&

Q.9t&<e&l.&I.sse&éleNée&et&<e&lAh\<(o'h9l9e&<e&l.&Ioléc3leR&

&
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&

Figure 13. (a) et (b) Estimations des distances parcourues par les anneaux le long des axes 

des  navettes  HR"I  et  RF"I  entre  les  deux  stations  terminales.  (c)  Représentation  d’une 

navette  hypothétique  dont  l’espaceur  bipyridine  serait  remplacé  par  un  espaceur  inerte 

biphényle. (d) Représentation d’une navette hypothétique à très longue distance, dont l’axe 

comporterait nombre important d’unités chélatantes de type pyridine. 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Conclusion générale 

 

?e& t(.N.9l& <e& thXse& sA9nsc(9t& '(9nc9'.leIent& <.ns& le& <oI.9ne& <e& l.& ch9I9e&

to'olog923e&et&<es&I.ch9nes&Ioléc3l.9(esR& 4es&I.ch9nes&Ioléc3l.9(es&23e&no3s&.Nons&

s\nthét9sées& .3& l.8o(.to9(e& <3(.nt& cette& thXse& sont& <es& coI'leOes& <e& Iét.3O& <e&

t(.ns9t9onR&4e3(&I9se&en&p3N(e&.&nécess9té&l.&s\nthXse&<e&l9g.n<s&o(9g9n.3O&.9ns9&23e&l.&

coo(<9n.t9on& <e& <9QQé(ents& Iét.3O& <e& t(.ns9t9onR& 4Aét3<e& <es& I.ch9nes& Ioléc3l.9(es&

(é.l9sées& Q.9t& .''el& ]& <es& techn923es& <Aélect(och9I9e& et& 'l3s& '.(t9c3l9X(eIent& ]& l.&

Nolt.I'é(oIét(9e&c\cl923eR&

=e'39s& 'l3s9e3(s& .nnéesY& 8e.3co3'& <Ao8Zets& Ioléc3l.9(es& .\.nt& <es& to'olog9es&

9nté(ess.ntes&ont&été&'(é'.(és&et&ét3<9és&'.(&<9QQé(ents&g(o3'esR&P.(I9&les&eOeI'les&les&

'l3s& (e'(ésent.t9Qs& on& 'e3t& c9te(& le& np3<& <e& t(XQle& s\nthét9sé& '.(& ?R& >R& =9et(9chV

G3cheche(&.3&l.8o(.to9(e&et&.lR&en&jMiM&et&les&.nne.3O&<es&Go((oIée&'(é'.(és&'.(&<e&0R&

_R&$to<<.(t&et&.lR&en&LKKoR&?e'en<.ntY&l.&s\nthXse&<A3n&eJfc.tén.ne&]&s\Iét(9e&<Ao(<(e&J&

gJJ& (este& enco(e& 3n& <éQ9& 9n.ccoI'l9R& 4es& tent.t9Nes& N9s.nt& ]& Qo(Ie(& ce& eJfc.tén.ne& <e&

Q.`on& coN.lente& .\.nt& écho3é& 'o3(& le&IoIentY& 3ne& .''(oche& Qon<ée& s3(& l.& ch9I9e& <e&

coo(<9n.t9on& <3& '.ll.<93IkCCl& .& été& enN9s.géeR& ?ette& st(.tég9e& sA9ns'9(e& <e& l.& s\nthXse&

<A3n&eLfc.tén.ne&'.(&coo(<9n.t9on&(é.l9sée&'.(&GR&?ol.sson&et&.lR&en&coll.8o(.t9on&.Nec&le&

g(o3'e& <e& UR& _3Z9t.& ]& !oh\oR& 5n& no3Ne.3& l9g.n<& ]& 8.se& <e& iYiAV<9'hén\leVJYJAV

899so239nol9ne& kdpbiiql& et& 'ossé<.nt& <es& '\(9<9nes& te(I9n.les& .& été& s\nthét9sé& en& g&

ét.'es& ]& '.(t9(& <e& l.& iYiAV<9.n9s\leVJYJAV899so239nol9ne& kdabiiql& .Nec& 3n& (en<eIent&

s.t9sQ.9s.ntR&=es&coI'leOes&hoIole't923es&<e&_ekCCl&et&<e&?okCCCl&ont&été&'(é'.(és&.Q9n&

<e& '(éVo(g.n9se(& l.& Ioléc3le& .N.nt& <e& c\cl9se(& les& l9g.n<s& '.(& coo(<9n.t9on& via&

lA3t9l9s.t9on& <A3n& coI'leOe& <e& '.ll.<93IkCCl& .<.'téR& ?ont(.9(eIent& ]& nos& .ttentesY& le&

eJfc.tén.ne& .tten<3& nA.& '.s& été& Qo(Ié& 23.nt9t.t9NeIent& et& le& Iél.nge& (é.ct9onnel&

o8ten3& .& <3& [t(e& ch.3QQé& .Q9n& <e& Q.No(9se(& l.& Qo(I.t9on& <es& es'Xces& les& 'l3s& st.8les&

the(Io<\n.I923eIentR& Cl& sA.NX(e& 23e& les& es'Xces& Qo(Iées& sont& <es& <9IX(es& <e&

stpch9oIét(9e&Iét.lxl9g.n<&L/L&.9ns9&23e&le&coI'leOe&Ukt(9sVkéth\lXne<9.I9nellnt&k.Nec&

Ur_ekCCl& o3& ?okCCCllR& Bo3s& 'ensons& 23e& cette& <e(n9X(e& es'Xce& est& le& '39ts&

the(Io<\n.I923e&<e& l.&(é.ct9on&et&ent(.9ne& l.&<écoI'leO.t9on& &<3&_ekCCl&et&<3&?okCCCl&

(é<39s.nt& .nn9h9l.nt& lAeQQet& template& 3t9l9sé& lo(s& <e& l.& s\nthXse&'o3(& l.9sse(& 'l.ce& ]& 3n&
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eQQet& <A& ^.3toV.sseI8l.ge^R& ?e& '(oZet& .& été& .8.n<onné& s39te& .3O& échecs& <es& tests& <e&

coI'leO.t9on&<3&l9g.n<&.Nec&le&(3thén93IkCCl&239&.3(.9ent&'e(I9s&<Ao8ten9(&3n&coI'leOe&

s3QQ9s.IIent& st.8le& .Q9n& <e& ch.3QQe(& le& Iél.nge& en& éN9t.nt& to3te& <écoo(<9n.t9on& <3&

Iét.l&cent(.l&t(o'&9ne(teR&

Pl3s9e3(s& coI'leOes& 3t9l9s.nt& <es& <é(9Nés& <A9so239nol9ne& ont& ég.leIent& été&

'(é'.(ésR&=.ns&3n&'(eI9e(&teI'sY&3n&coI'leOe&<e&'.ll.<93IkCCl&.Nec&<e3O&Ioléc3les&<e&

dabiiq& .&été&s\nthét9sé&et&<es&c(9st.3O&ont&été&o8ten3sR&?ec9&no3s&.&'e(I9s&<Ao8se(Ne(&

<A3ne& '.(t& l.& Qo(I.t9on& <A3n& ent(el.cs& et& <A.3t(e& '.(t& 23e& l.& géoIét(9e& 'l.n& c.((é&

h.89t3elle&<e&l.&s'hX(e&<e&coo(<9n.t9on&<3&'.ll.<93I&ét.9t&<éQo(IéeR&5n&<o38le&enQ9l.ge&

.& ég.leIent& été& (é.l9sé& .3to3(& <A3n& co8.ltkCCClR& Cl& Iett.9t& en& Ze3& & 3n& I.c(oc\cle&

9nco('o(.nt&3ne&3n9té&dpbiiq&et&<e3O&l9g.n<s&9nco('o(.nt&3n&Q(.gIent&chél.t.nt&dpbiiq 

et& 'ossé<.nt& <es& '\(9<9nes& te(I9n.lesR& �& '.(t9(& <e& ce& coI'leOeY& <e3O& 'e(s'ect9Nes&

sAoQQ(ent& I.9nten.nt& ]& no3s&/& k9l& lA.Zo3t& <e& g(o3'eIents& encoI8(.nts& .3& n9Ne.3& <es&

'\(9<9nes& <es& l9g.n<s& 'e(Iett(.9t& <e& Qo(Ie(& 3n& eJf(ot.O.neY& k99l& l.& c\cl9s.t9on& <e& ces&

l9g.n<s& 'e(Iett(.9t& <Ao8ten9(& 3n& eJfc.tén.neR& %nQ9n& 3ne& no3Nelle& Q.I9lle& <e& chél.tes&

t(9<entés& .& été& <éNelo''ée& ]& '.(t9(& <e& l.& Ioléc3le& <A9so239nol9ne& et& <es& (é.ct9ons& <e&

coI'leO.t9on&.Nec& le&_ekCCl&et& le&?okCCCl&ont&été&(é.l9sées&.Nec&s3ccXsR&=es&c(9st.3O&ont&

été&o8ten3s&et& l.&st(3ct3(e&@6&<e&ces&coI'leOes&Iont(e&23e& les&.toIes&<AoO\gXne&<es&

g(o3'eIents&.n9s\les&sont&t(Xs&'(oches&les&3ns&<es&.3t(esR&4.&'e(s'ect9Ne&<e&Qo(Ie(&<es&

c.tén.nes& .Nec& <es& l9g.n<s& 9nco('o(.nt& ce& no3Ne.3& t\'e& <e& chél.te& seI8le& <onc& t(Xs&

'(oIette3seR& 4A.Zo3t&<e& co3(tes& ch.9nes& .lcén923es&'e(Iett(.9t&<e& c\cl9se(& ces& l9g.n<s&

.'(Xs&@?U&k@9ng&?los9ng&Uet.thes9slR&&

%n& ce& 239& conce(ne& les& I.ch9nes& Ioléc3l.9(esY& l.& s\nthXse& et& lAét3<e& <e& t(o9s&

n.Nettes& Ioléc3l.9(es& .& été& eQQect3éeR& 4es& n.Nettes& '(ésentées& 'ossX<ent& le& I[Ie&

I.c(oc\cle&9nco('o(.nt&3ne&3n9té&dpbiiq&non&encoI8(.nte&I.9s&en<oc\cl923eR&4A9I'.ct&

<e&ce&no3Ne.3&I.c(oc\cle& s3(& l.& c9nét923e&<e& s.& t(.nsl.t9on&'.(& (.''o(t&.3&'(écé<ent&

9nco('o(.nt& 3ne& 3n9té& chél.t.nte& <e& t\'e& LYMV<9'hén\leVjYjKV'hén.nth(ol9ne& kdppl& .&

<éZ]&été&'(o3NéR&4e&'(9nc9'e&<3&Io3NeIent&<3&I.c(oc\cle&est& le&I[Ie&<.ns& les& t(o9s&

n.Nettes&Ioléc3l.9(es&ét3<9ées&/&9l&est&Qon<é&s3(&les&Io<es&<e&coo(<9n.t9on&'(éQé(ent9els&

<3&c39N(eR&4A.Oe&<e&l.&'(eI9X(e&n.Nette&est&const9t3é&<e&<e3O&st.t9ons&/&3ne&3n9té&dpp&et&

3ne& LYLA/gAYLAAVte('\(9<9ne& kterpylR& 4.& I9se& en& I.(che& et& lAét3<e& <3& Io3NeIent& <3&

I.c(oc\cle& <e& l.& n.Nette& est& (é.l9sée& '.(& 3ne& techn923e& <Aélect(och9I9e&/& l.&

Nolt.I'é(oIét(9e& c\cl923eR& ?ette& Iétho<e& no3s& 'e(Iet& <Aest9Ie(& l.& const.nte& <e&
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N9tesse& <3& Io3NeIent& <e& t(.nsl.t9on& <3& I.c(oc\cle& <e& l.& dpp& ]& l.& terpy& .'(Xs&

oO\<.t9on&<3&?3kCl&en&?3kCClR&4.&N.le3(&o8ten3e&'o3(&ce&Io3NeIent&est&<e&KRLm&sVjR&4e&

Io3NeIent& 9nNe(seY& .'(Xs& (é<3ct9on& <3& c39N(ekCCl& en& c39N(ekClY& <e& t(.nsl.t9on& <3&

I.c(oc\cle&<e& l.&terpy& ]& l.&dpp&nA.&'3&[t(e&Ies3(ée&.Nec& lA.''.(e9ll.ge&<9s'on98le&.3&

l.8o(.to9(eR&4.&N.le3(&I9n9I.le&<e&l.&const.nte&<e&N9tesse&'o3(&ce&Io3NeIent&<e&(eto3(&

est& est9Iée& ]& mK& sVj& 'o3(& lAenseI8le& <es& n.Nettes& (é.l9séesR& 4.& N9tesse& (el.t9NeIent&

g(.n<e&<e&cette&n.Nette&no3s&.&'e(I9s&<AenN9s.ge(&l.&s\nthXse&<A3ne&.3t(e&n.NetteY&I.9s&

Qonct9onn.nt&s3(&3ne&<9st.nce&'l3s&g(.n<eR&Cl&Q.3t&'o3(&cel.&9nt(o<39(e&3n&es'.ce3(&ent(e&

les& <e3O& st.t9ons& te(I9n.les& <e& l.& n.NetteR& Cl& .& été& '(o3Né& <.ns& l.& l9tté(.t3(e& 23e&

lA3t9l9s.t9on&<A3n&es'.ce3(&9ne(te&(9s23e&<e&(.lent9(&cons9<é(.8leIent&le&Qonct9onneIent&

<e&l.&n.NetteR&Cl&.&été&<éc9<é&<A9nt(o<39(e&3n&es'.ce3(&.(oI.t923e&.aoté&239&Qo(Ie(.9t&3n&

coI'leOe& 9nte(Ié<9.9(e&23el23e& so9t& le&<eg(é&<AoO\<.t9on&<3&c39N(eR&4.& st.89l9té&<e& ce&

<e(n9e(&<eN(.9t&[t(e&'l3s&Q.98le&23e&celle&<es&coI'leOes&Iett.nt&en&Ze3&les&<e3O&st.t9ons&

te(I9n.lesR&4A9nt(o<3ct9on&<A3n&es'.ce3(&<e&t\'e&mYmAV89'\(9<9ne&kbipyl&seI8l.9t&[t(e&3n&

cho9O&'(oIette3(R&&

5ne& no3Nelle& n.Nette& <ont& lA.Oe& 9nco('o(.9t& 3ne& 3n9té&dpp et& 3ne& 3n9té&bipy& .&

<onc&été&s\nthét9séeR&4.&s\nthXse&<e&<9QQé(ents&coI'leOes&<e&(éQé(ence&Iett.nt&en& Ze3&

3ne&dpbiiq&et&3ne&dpp&o3&3ne&bipy (es'ect9NeIent&.&ég.leIent&été&(é.l9séeR&%n&eQQet&les&

'otent9els&(e<oO&<e&ces&coI'leOes&ne&<eN(.9ent&23e&'e3&<9QQé(e(&<e&cel39&<es&<9QQé(entes&

st.t9ons&<e&l.&no3Nelle&n.NetteR&4es&ét3<es&<e&Nolt.I'é(oIét(9e&c\cl923e&ont&'e(I9s&<e&

Né(9Q9e(& 23e& le&Io3NeIent& .& 89en& l9e3&I.lg(é& l.& '(ésence&<e&<e3O& g(o3'es& chél.t.nts&

89<entésR&4.&const.nte&<e&N9tesse&<3&Io3NeIent&<e&t(.nsl.t9on&<3&I.c(oc\cle&<e&l.&dpp&

]& l.&bipy&.'(Xs&oO\<.t9on&<3&c39N(ekCl&en&c39N(ekCCl&est&est9Iée&]&KRiK&sVjR&5ne&n.Nette&

(.'9<e& coI'(en.nt& <e3O& chél.tes& 89<entés& et& <ont& le& cont(cle& <3& Io3NeIent& est&

sté(923e&.&<onc&été&(é.l9séeR&4A.3gIent.t9on&<e&l.&N9tesse&<e&t(.nsl.t9on&'.(&(.''o(t&]&l.&

n.Nette&'(écé<ente&est&'(o8.8leIent& l9ée&]&3ne&éne(g9e&<A.ct9N.t9on&Io9n<(eR&4.&bipy&

seI8le&[t(e&le&chél.te&9<é.l&]&9nt(o<39(e&.Q9n&<e&(é.l9se(&3ne&n.Nette&s3(&3ne&'l3s&g(.n<e&

<9st.nceR&

5n&no3Nel& .Oe& coI'(en.nt& les& t(o9s&<9QQé(ents&g(o3'es& chél.t.nts&kdppY&bipy& et&

terpyl&.&<onc&été& s\nthét9séR&4es&<9QQ9c3ltés& (encont(ées&'o3(& le& sol389l9se(&eO'l923ent&

les& Q.98les& (en<eIents& o8ten3s& lo(s& <e& l.& (é.l9s.t9on& <3& (ot.O.neR& F'(Xs& 'l3s9e3(s&

'3(9Q9c.t9ons& '.(& ch(oI.tog(.'h9e& '.(& colonneY& 3ne& Q.98le& 23.nt9té& <e& '(o<39t& .& été&

o8ten3eY& I.9s& elle& sAest& .Né(é& [t(e& s3QQ9s.nte& 'o3(& (é.l9se(& les& eO'é(9ences& <e&



152 

Nolt.I'é(oIét(9e&c\cl923eR&?ellesVc9&ont&'e(I9s&<e&Iett(e&en&éN9<ence& le&<é'l.ceIent&

<e&lA.nne.3&le&long&<e&lA.Oe&<e&l.&n.NetteY&I.9s&se3ls&les&ét.ts&Iett.nt&en&Ze3&les&st.t9ons&

dpp& et& terpy& sont& N9s98les& s3(& le& Nolt.I'é(og(.IIeR& Cl& \& .& <onc&89en&3ne& t(.nsl.t9on&

ent(e&les&<e3O&st.t9onsY&I.9s&l.&Qo(Ie&9nte(Ié<9.9(e&9I'l923.nt&l.&bipy&ne&'e3t&[t(e&I9se&

en&éN9<enceR&Bé.nIo9ns&son&3t9l9té&ne&Q.9t&.3c3n&<o3teY&c.(&l.&N.le3(&<e&l.&const.nte&<e&

N9tesseY&est9Iée&]&KRoK&sVj&'o3(& le&Io3NeIent&<3&I.c(oc\cle&<e& l.&dpp&]& l.&terpyY& est&

s3'é(9e3(e& ]& celle& <e& l.& n.Nette& 'l3s& co3(te& 'ossé<.nt& les&I[Ies& st.t9ons& te(I9n.lesR&

F9ns9& lA.Zo3t&<A3n&es'.ce3(&bipy&.&'e(I9sY&en&.8.9ss.nt& lAéne(g9e&<A.ct9N.t9onY&<Ao8ten9(&

3ne&n.Nette& Qonct9onn.nt&s3(&3ne& long3e&<9st.nce&kLJ&n&cont(e&jK&n&'o3(& les&n.Nettes&

'(écé<entesl&et&<ont&l.&N9tesse&<e&t(.nsl.t9on&.&été&.3gIentéeR&&

>n&'e3t&.3ss9&9I.g9ne(&l.&(é.l9s.t9on&<A3ne&n.Nette&'ossé<.nt&les&I[Ies&st.t9ons&

te(I9n.les&et&'ossé<.nt&3n&noI8(e& 9I'o(t.nt&<e&c\cles&.aotés&<e& t\'e&'\(9<9ne&ent(e&

ellesR& 4.& <9st.nce& ]& '.(co3(9(& se(.9t& .lo(s& <e& 'l3s9e3(s& n.noIXt(es& et& on& 'e3t& se&

<eI.n<e(&.lo(s&sA9l&\&.3(.9t&89en&3n&Io3NeIent&ent(e&les&<e3O&st.t9ons&te(I9n.les&et&s9&

o39Y&]&23elle&N9tesseR&&

&
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Experimental Part 

 

Instrumentation 

& P(oton& B3cle.(& U.gnet9c& @eson.nce& kj"& BU@l& s'ect(.& Se(e& .c239(e<& on&
e9the(&.&G(3he(&FDFB?%&JKK&kJKK&U"alY&.&G(3he(&FDFB?%&oKK&koKK&U"al&o(&.&G(3he(&
FDFB?%&mKK&kmKK&U"al&s'ect(oIete(R&!he&s'ect(.&Se(e&(eQe(ence<&to&(es9<3.l&'(otonV
solNent& (eQe(ences& kj"/& ?=J?B/& jRMo& ''IY& .cetoneV<g/& LRKm& ''IY& =U$>V<g/& LRmK& ''IY&
?=L?lL/&mRJL&''IY&?=?lJ/&zRLg&''IlR&Cn&the&.ss9gneIentsY&the&cheI9c.l&sh9Qt&k�&9n&''Il&9s&
g9Nen&Q9(stY&QolloSe<Y&9n&8(.chetsY&8\&the&I3lt9'l9c9t\&oQ&the&s9gn.l&ks/&s9ngletY&</&<o38letY&t/&
t(9'letY&<</&<o38let&<o38letY&<t/&<o38let&t(9'letY&I/&I3lt9'letY&8/&8(o.<&s9gn.llY&the&n3I8e(&
oQ&'(otons& 9I'l9e<Y& the&N.l3e&oQ& the& co3'l9ng& const.nt& k9n&"e(tal& 9Q& .''l9c.8leY& .n<& the&
.ss9gnIentsY&Shen&<oneR&

& U.ss& s'ect(.& Se(e& o8t.9ne<& 8\& 3s9ng& .& DH& uFGV"_& k_FGl& s'ect(oIete(Y& .&
G(3he(& U9c(o!>_& s'ect(oIete(& k%$VU$l& o(& .& G(3he(& =.lton9cs& .3toQleO& CC& !>_x!>_&
s'ect(oIete(&S9th&<9th(.nol&.s&.&I.t(9O&kUF4=ClR&

& 5DVD9s98le&.8so('t9on&s'ect(.&Se(e&'e(Qo(Ie<&3s9ng&.&~ont(on&5DC~>B&igK&
s'ect(o'hotoIete(R&

& ?\cl9c& Nolt.IIet(\& eO'e(9Ients&Se(e& 'e(Qo(Ie<& 3s9ng& .n& %H�H&P(9nceton&
F''l9e<& @ese.(ch& LzJF& 'otent9ost.tY& .& Pt& So(h9ng& elect(o<eY& .& Pt& S9(e& .s& .& co3nte(&
elect(o<eY&.&s9lNe(&S9(e&.s&.&'se3<oV(eQe(ence&elect(o<e&.n<&KRj&U&sol3t9ons&oQ&BG3oBG_o&
k9n&Ue?B&o(&Ue?B&x&?"L?lL&kM/jll&.s&s3''o(t9ng&elect(ol\teR&Fll&the&(e<oO&'otent9.ls&.(e&
(eQe(ence<&vs&$?%&k%Kk_ctx_cKl&r&KRo&D&vs&$?%lR&

& $9ngle&c(\st.l&6V(.\&<9QQ(.ct9on&eO'e(9Ients&Se(e&c.((9e<&o3t&8\&the&se(N9ce&oQ&
the& 5n9Ne(s9t\& oQ& $t(.s8o3(g& k=(R& 4\<9.& G(elotl& 3s9ng& ~.''.& ??=& .n<& g(.'h9teV
Ionoch(oI.te<& UoV~�& (.<9.t9on& k�& r& KRzjKzJ& nlR& _o(& the& coI'3t.t9onsY& st(3ct3(es&
Se(e& solNe<& 3s9ng& $"%46$& .n<& (eQ9ne<&S9th& $"%46VMz& Q3llVI.t(9O& le.st& s23.(es& on& _L&
S9th9n&the&SHELXTL s39teY&.n<&st(3ct3(es&Se(e&<(.Sn&3s9ng&Ue(c3(\R&

&

Chromatographic supports 

& !h9nVl.\e(& ch(oI.tog(.'h\& S.s& 'e(Qo(Ie<& 3s9ng& gl.ss& sheets& co.te<& S9th&
s9l9c.& o(& ne3t(.l& .l3I9n.R& !he\& Se(e& eO.I9ne<& 3n<e(& the& 5D& l.I'& kl3I9nescent&
coI'o3n<slY&.Qte(&<9''9ng&9n&.n&.23eo3s&_ekCCl&sol3t9on&kte('\(9<9nesl&o(&.Qte(&oO9<.t9on&
S9th& 9o<9ne& o(& 'hos'hoIol\8<9c& .c9<& kothe(& o(g.n9c& coI'o3n<slR& ?ol3In&
ch(oI.tog(.'h\&S.s&c.((9e<&o3t&on&s9l9c.&gel& k~9eselgel&gKY&KRKgJVKRLKK&II&o(&KRKoKV
KRKgJ& IIY& Ue(chl& o(& .l3I9n.& kFl3I9n93IoO9<& MK& st.n<.(<9ae<& o(& .c9<Y&
KRKgJVKRLKK&IIY&Ue(chlR&

&
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&

Solvents and chemicals 

& $oIe&solNents&Se(e&<(9e<&9n&the&l.8o(.to(\&8\&<9st9ll.t9on&3n<e(&.(gonY&oNe(&
the& .''(o'(9.te& <(\9ng& .gent/& tet(.h\<(oQ3(.n& .n<& <9eth\lethe(& oNe(& so<93I& .n<&
8enao'henoneY& <9chlo(oIeth.ne& oNe(& c.lc93I& h\<(9<e& .n<& t(9eth\l.I9ne& oNe(&
'ot.ss93I& h\<(oO9<eR& Fll& othe(& .nh\<(o3s& solNents& 3se<& .(e& coIIe(c9.ll\& .N.9l.8le/&
'\(9<9neY&=U_&.n<&<9oO.neR&

&

Procedures 

&

1& N­(2­bromobenzyl)­2,2­diethoxyacetamide&

&

!o&.&sol3t9on&oQ&eth\l&<9ethoO\.cet.te&kLmRK&I4Y&LoRg&gY&joK&IIoll& 9n&eth.nol&kmK&I4l&
S.s&.<<e<&.&sol3t9on&oQ&so<93I&h\<(oO\<e&kmRg&gY&joK&IIoll&9n&S.te(&kLm&I4lY&.n<&the&
(es3lt9ng&I9Ot3(e&he.te<&.t&(eQl3O&Qo(&m&ho3(sR&!he&I9Ot3(e&S.s&eN.'o(.te<&to&<(\nessY&
.n<&the&(es9<3e&<(\e<&in vacuo to&g9Ne&so<93I&<9ethoO\.cet.te&2&.s&.&Sh9te&sol9<&kLLRMm&
gY& jJm&IIolY& Mz�lR& Ct& S.s& then& <9ssolNe<& 9n& <(\& <9eth\l& ethe(& kjjK&I4l& .n<& to& th9s&
I9Ot3(e&S.s& .<<e<& th9on\l& chlo(9<e& kjKRK&I4Y& jgRL& gY& jJg&IIoll&S9th& st9((9ng& Qo(& jK&
I9n3tes& .t& jK& �?R& !he& (e.ct9on&I9Ot3(e&S.s& he.te<& .t& (eQl3O& Qo(& JK&I9n3tes& .n<& then&
.lloSe<&to&coolR&F&sol3t9on&oQ&LV8(oIo8ena\l.I9ne&9& kLm&gY&jJo&IIoll& 9n& tol3ene&kzK&
I4l& .n<& '\(9<9ne& koj& I4l& S.s& 'o3(e<& 9nto& th9s& (e.ct9on& I9Ot3(e& N9.& .& c.n3l.& S9th&
N9go(o3s&st9((9ngR&!h9s&S.s&he.te<&.t&(eQl3O&Qo(&JK&I9n3tes&.n<&then&.lloSe<&to&coolR&!he&
I9Ot3(e&S.s&'o3(e<&9nto&9ce&S.te(&k�LKK&I4l&.n<&eOt(.cte<&S9th&tol3ene&kJ&O&jKK&I4lR&
!he&o(g.n9c&eOt(.cts&Se(e&coI89ne<&.n<&S.she<&Q9(stl\&S9th&.&sol3t9on&oQ&h\<(ochlo(9c&
.c9<&kL�Y&jKK&I4l&.n<&then&S.te(R&!he&solNent&S.s&eN.'o(.te<&.n<&the&(es9<3e&'3(9Q9e<&
8\& ch(oI.tog(.'h\& on& s9l9c.& gel& 8\& 3s9ng& 'ent.neVeth\l& .cet.te& kM/jl& .s& the& el3ent& to&
g9Ne&the&t9tle&coI'o3n<&1&k\elloS&o9lY&LJRg&gY&mg�lR&

j"&BU@&k?=?lJY&JKK&Uhal/&δ r&zRJo&kIY&L"lY&zRLJ&kIY&L"lY&zRKo&k8(o.<&sY&j"lY&oRiL&ksY&j"lY&
oRmm&k<Y&L"Y&0&r&gRL&"alY&JRgJ&kIY&o"lY&jRLJ&ktY&g"Y&0&r&zRj&"alR&

&

2& 8­Bromoisoquinolin­3­ol&

&

BVkLV8(oIo8ena\llVLYLV<9ethoO\.cet.I9<e&1&kLJRg&gY&zoRg&IIoll&S.s&c.(eQ3ll\&.<<e<&to&
concent(.te<&s3lQ3(9c&.c9<&kjLK&I4l&S9th&st9((9ng&.t&.8o3t&jK&�?R&!he&(e.ct9on&I9Ot3(e&

H
N

O

O

OBr

N

Br

OH
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S.s&st9((e<&.t&(ooI&teI'e(.t3(e& Qo(&jg&ho3(sY&'o3(e<& 9nto& 9ce&S.te(&.n<& Q9lte(e<R&!he&
Q9lt(.te& S.s& sloSl\& ne3t(.l9se<& S9th& JJ�& .23eo3s& .IIon93I& h\<(oO\<e& .n<& the&
(es3lt9ng&'(ec9'9t.te&S.s&Q9lte(e<Y&<(9e<Y&.n<&then&(ec(9st.ll9se<&9n&Ieth.nol&to&g9Ne&the&
t9tle&coI'o3n<&2&k\elloS&nee<lesY&jKRz&gY&go�lR&

j"&BU@&k?=L?lLY&JKK&Uhal/&δ = MRjJ&ksY&j"lY&zRgg&k<Y&j"Y&0&r&iRz&"alY&zRgK&k<Y&j"Y&0&r&zRL&
"alY&zRoL&k<<Y&j"Y&0&r&iRzY&zRL&"alY&zRKJ&ksY&j"lR&

j"&BU@&k=U$>V<gY&JKK&Uhal/&δ = MRKJ&ksY&j"lY&zRzm&k<Y&j"Y&0&r&iRo&"alY&zRgJ&k<Y&j"Y&0&r&zRJ&
"alY&zRog&k<<Y&j"Y&0&r&iRoY&zRJ&"alY&gRMz&ksY&j"lR&

%$VU$&Ixa&r&LLJRMgMo&kc.lc3l.te<&LLJRMzjj&Qo(&?M"gB>G(&t&"tlR&

Anal.&?.lcR&Qo(&&?M"gB>G(/&?&oiRLmY&"&LRzKY&B&gRLm�R&_o3n<&?&ozRMMY&"&JRKgY&B&gRog�&

&

3& 8­Bromoisoquinolin­3­yl trifluoromethanesulfonate 

&

F&sol3t9on&oQ&iV8(oIo9so239nol9nVJVol&2&koRK&gY&jzRM&IIoll&9n&<(\&'\(9<9ne&kjLm&I4l&S.s&
coole<&.t&K�?&.n<&c.(eQ3ll\&t(e.te<&S9th&t(9Ql3o(oIeth.nes3lQon9c&.nh\<(9<e&koRK&I4Y&gRi&
gY&LJ&IIollR&!he&I9Ot3(e&S.s&.lloSe<&to&S.(I&.t&(ooI&teI'e(.t3(e&.n<&st9((e<&oNe(&
n9ghtR& !he& solNent& S.s& (eIoNe<& 3n<e(& (e<3ce<& '(ess3(eR& !he& c(3<e& '(o<3ct& S.s&
'3(9Q9e<& 8\& ch(oI.tog(.'h\& on& s9l9c.& gel& 8\& 3s9ng& 'ent.neV<9eth\l& ethe(& ko/jl& .s& the&
el3ent&to&.QQo(<&the&t9tle&'(o<3ct&3&kcolo(less&c(9st.lsY&gRKg&gY&Mm�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = MRoJ&ksY&j"lY&zRMm&k<Y&j"Y&0&r&zRm&"alY&zRMj&k<Y&j"Y&0&r&zRM&
"alY&zRgm&k<<Y&j"Y&0&r&zRMY&zRm&"alY&zRgK&ksY&j"lR&

%$VU$&Ixa&r&JgjRMoKo&kc.lc3l.te<&JgjRMLiK&Qo(&?jK"mG(_JB>J$&t&49tl&

&

4& 8­(=­Anisyl)isoquinolin­3­yl trifluoromethanesulfonate 

&

Gec.3se&oQ&the&Ne(\&.9(Vsens9t9Ne&'hos'h9ne&3se<&.s&coVc.t.l\stY&.ll&I.n9'3l.t9ons&I3st&
8e&c.((9e<&o3t&3n<e(&.(gon&.tIos'he(eR&!o&.&<(\&tSoVneche<&Ql.sh&e239''e<&S9th&.&st9(&
8.(&Se(e&.<<e<&oVIethoO\'hen\l8o(on9c&.c9<&kJRKj&gY&jMRi&IIollY&'ot.ss93I&Ql3o(9<e&
kJRom&gY&mMRo&IIoll&.n<&t(9sk<98ena\l9<ene.cetonel<9'.ll.<93IkKl&kiLm&IgY&KRM&IIollR&
F&sol3t9on&oQ&t(9Ql.te&coI'o3n<&3& kgRoj&gY&ji&IIoll& 9n&<(\&.n<&<eg.sse<&!"_&kLK&I4l&
S.s& Q9(st&.<<e<&via&.&c.n3l.R&F&I9Ot3(e&oQ& tri­tert­83t\l'hos'hon93I&tet(.Ql3o(o8o(.te&
kgLz&IgY&LRjg&IIoll&.n<&=G5&k.8o3t&KRJm&I4Y&LRJ&IIoll&9n&<(\&.n<&<eg.sse<&!"_&kLK&

N

Br

OTf

N

OTf

O
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I4l&S.s&then&.<<e<&via .&c.n3l.R&!he&(e.ct9on&I9Ot3(e&S.s&st9((e<&.t&(ooI&teI'e(.t3(e&
kLm& �?l& Qo(& L& ho3(s& .n<& then& cheche<& 8\& !4?& k$9>LY& <9chlo(oIeth.neV'ent.ne& J/LlR& CQ&
(e.ct9on& S.s& not& Q9n9she<Y& 9t& S.s& st9((e<& L& Io(e& ho3(s& .t& (ooI& teI'e(.t3(eR& !he&
(e.ct9on&I9Ot3(e&S.s&<9l3te<&S9th&<9eth\l&ethe(&.n<&Q9lte(e<&th(o3gh&.&'.<&oQ&s9l9c.&gel&
S9th& co'9o3s& S.sh9ngsR& & !he& solNent& S.s& eN.'o(.te<& .n<& the& (es9<3e& '3(9Q9e<& 8\&
ch(oI.tog(.'h\&on&s9l9c.&gel&8\&3s9ng&<9chlo(oIeth.neV'ent.ne&kJ/zY&o/g&.n<&m/ml&.s&the&
el3ent&to&g9Ne&the&t9tle&coI'o3n<&4&kcolo(less&c(9st.lsY&gRji&gY&MK�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = MRjL&ksY&j"lY&zRMK&k<Y&j"Y&0&r&iRL&"alY&zRiL&k<<Y&j"Y&0&r&zRjY&
iRL&"alY&zRgJ&ksY&j"lY&zRmM&k<Y&j"Y&0&r&zRj&"alY&zRoo&k<Y&L"Y&0&r&iRi&"alY&zRKg&k<Y&L"Y&0&r&iRi&
"alY&JRiM&ksY&J"lR&

%$VU$&Ixa&r&JMKRKmzm&kc.lc3l.te<&JMKRKmMo&Qo(&?jz"jL_JB>o$&t&49tl&

&

5& 8,8'­Dianisyl­3,3'­bi­isoquinoline (dabiiq) 

 

u9nc&'oS<e(&S.s&.ct9N.te<&8\&t(e.tIent&oQ&LK&g&oQ&un&9n&jKK&I4&oQ&.cet9c&.c9<&Qo(&j&ho3(R&
FQte(&Q9lt(.t9onY&the&'oS<e(&S.s&S.she<&th(ee&t9Ies&S9th&<9st9lle<&S.te(&.n<&<(9e<&3n<e(&
N.c33I&Qo(&g&ho3(s&.t&jLK�?R&=9chlo(oejYjyV89sk<9'hen\l'hos'h9nolQe((ocenef'.ll.<93I&
kCCl& <9chlo(oIeth.ne& .<<3ct& kiKK&IgY& jRKM& IIollY& a9nc& 'oS<e(& kjKRL& gY& jmg& IIollY&
'ot.ss93I&9o<9<e&kjKRJ&gY&gL&IIoll&.n<&t(9Ql.te&coI'o3n<&14&kgRKL&gY&jmRz&IIoll&Se(e&
st9((e<& 9n& the&sI.llest&Nol3Ie&oQ&<(\&.n<&<eg.sse<&=U_&k.8o3t&jK&I4l& Qo(&L&ho3(s&.t&
MK�?R&!he& solNent&S.s& eN.'o(.te<&.n<& the& (es9<3e&<9ssolNe<& 9n&<9chlo(oIeth.ne& kjKK&
I4lY&<9st9lle<&S.te(&kjKK&I4l&.n<&&.&JL�&.IIon93I&h\<(oO9<e&sol3t9on&kjK&I4lR&!he&
o(g.n9c& 'h.se& S.s& se'.(.te<& .n<& the& .23eo3s& 'h.se& eOt(.cte<& tS9ce& S9th&
<9chlo(oIeth.neR&!he&coI89ne<&o(g.n9c&'h.ses&Se(e&S.she<&once&S9th&<9st9lle<&S.te(&
.n<&then&eN.'o(.te<R&=9chlo(oIeth.ne&kLK&I4l&S.s&.<<e<&to&the&c(3<e&'(o<3ct&kZ3st&to&
see&.&Sh9te&s3s'ens9onl&.n<&the&I9Ot3(e&S.s&Q9lte(e<&th(o3gh&.&Q(9tte<Vgl.ss&Q9lte(&Q3nnel&
oQ&'o(os9t\&oR&!he&sol9<&S.s&then&S.she<&S9th&.cetone&.n<&<9eth\l&ethe(&to&g9Ne&the&t9tle&
co3I'o3n<&1&kSh9te&'oS<e(Y&LRoz&gY&gz�lR&

j"&BU@&k?=?lJY&JKK&U"al/&δ = MRoi&ksY&L"Y&"jlY&iRML&ksY&L"Y&"olY&zRMo&k<Y&L"Y&0&r&iRL&"aY&
"mlY&zRzL&k<<Y&L"Y&0&r&zRjY&iRL&"aY&"glY&zRmL&k<Y&o"Y&0&r&iRi&"aY&"zlY&zRmj&k<Y&L"Y&0&r&zRj&"aY&
"olY&zRKi&k<Y&o"Y&0&r&iRi&"aY&"IlY&JRMJ&ksY&g"Y&"UelR&

&

&

&

&
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6& 8,8'­(=­hydroxyphenyl)­3,3'­bi­isoquinoline  

&

P\(9<9n93I&chlo(9<e&koYM&gY&oJ&IIoll&S.s&.<<e<&to&iYiyV<9.n9s\lVJYJyV89V9so239nol9ne&kj&
gY&LYLg&IIoll&9n&.n&%(lenIe\e(&Ql.sh&3n<e(&.(gonR&!he&(e.ct9on&I9Ot3(e&S.s&then&he.te<&
3n<e(&(eQl3O&S9th&.&I9c(oS.Ne&oNen&.t& kmKK&TlY&<3(9ng&jK&I9n3tesR&!he&(e.ct9on&S.s&
c.((9e<& o3t& tSo& Io(e& t9Ies& S9th& the& s.Ie& .Io3nt& oQ& '\(9<9n93I& chlo(9<eR& FQte(& the&
(e.ct9onY&the&sol9<&(es9<3e&S.s&t.hen&3'&S9th&S.te(&kgKK&I4l&.n<&ne3t(.l9ae<&to&'"&zViR&
!he&s3s'ens9on&S.s&then&Q9lte(e<&.n<&S.she<&S9th&S.te(R&!he&sol9<&S.s&then&<(9e<&9n&.&
<ess9c.to(&<3(9ng&oi&h&to&g9Ne&the&<9h\<(oO\&'hen\l&coI'o3n<&kMMg&IgY&MMRM�lR&

j"&BU@& k=U$>Y& JKK&U"al/&δ = 9.77 (s, 2Η), 9.36 (s, 2Η), 8.96 (sY 2Η), iRjj& k<Y& L"Y& 0rzRi&
"alY&zRiJ&ktY&L"Y&0rzRiY&zRj&"alY&zRmm&k<Y&L"Y&0rzRj&"alY&zRoo&k<Y&o"Y&0riRm&"alY&gRMi&k<Y&o"Y&
0riRm&"alR&

&

7& 8,8'­(=­ trifluoromethanesulfonate phenyl)­3,3'­bi­isoquinoline  

&

=9h\<(oO\&'hen\l&coI'o3n<&kLKK&IgY&KRom&IIoll&S.s&<9ssolNe<&9n&<(\&'\(9<9ne&kjmK&
I4l& 3n<e(& .(gonR& !(9Ql9c& .nh\<(9<e& kKRLJ& I4Y& jRJg& IIoll& S.s& then& .<<e<& <(o'S9se&
3n<e(&st(ong&st9((9ng&.t&K&�?&<3(9ng&LK&I9n3tesR&!he&(e.ct9on&I9Ot3(e&S.s&then&st9((e<&
oNe(n9ght&.t& (ooI&teI'e(.t3(eR&!he&'\(9<9ne&S.s& then&eN.'o(.te<&3n<e(&N.c33I&.n<&
the&sol9<&(es9<3e&S.s&t.hen&3'& 9n&=?U&.n<&eOt(.cte<&S9th&~L?>J&sol3t9on&.n<&S.she<&
S9th&S.te(R&!he&(.S&I.te(9.l&S.s& then&'3(9Q9e<&8\& Ql.sh&ch(oI.tog(.'h\&k$9>LY&=?UlR&
!he&'3(e&'(o<3ct&S.s&o8t.9ne<&.s&.&Sh9te&sol9<&kJKK&IgY&Mm�lR&

j"&BU@&k?=?lLY&JKK&U"al/&δ = 9.33 (s, 2Η), 8.97 (sY 2Η), iRKJ&k<Y&L"Y&0riRL&"alY&zRzi&ktY&L"Y&
0riRLY&zRJ&"alY&zRzK&k<Y&o"Y&0riRi&"alY&zRmm&k<Y&L"Y&0rzRJ&"alY&zRoM&k<Y&o"Y&0riRi&"alR&

&

8& 4­Bromo­4’­iodo­diphenylether  

&

oVG(oIo'hen\l&ethe(&km&gY&LK&IIoll&S.s&<9ssolNe<&9n&.cet9c&.c9<&kLK&I4l&.n<&st9((e<&.t&
(ooI&teI'e(.t3(eR& C?l&koRM&gY&JK&IIoll&S.s&then&<9ssolNe<& 9n&.cet9c&.c9<&kJK&I4l&.n<&

NN

HO OH

NN

TfO OTf

OBr

I



158 

.<<e<& <(o'S9se& to& the& (e.ct9on&I9Ot3(eR& !he& (es3lt9ng&I9Ot3(e&S.s& then& (eQl3Oe<& Qo(&
tSo&ho3(sR&FQte(&th9s&t9IeY&the&solNent&S.s&eN.'o(.te<&.n<&the&sol9<&(es9<3e&S.s&t.hen&
3'&9n&=?UR&!he&sol3t9on&S.s&<ecolo(9ae<&S9th&jK�&B.L$L>J&.n<&B.L?>J&S.s&.<<e<&3nt9l&
'"rzR&_9n.ll\&the&o(g.n9c&l.\e(&S.s&S.she<&S9th&S.te(R&FQte(&eOt(.ct9on&the&solNent&S.s&
eN.'o(.te<&.n<&(ec(9st.ll9ae<&9n&'ent.ne&.s&.&Sh9te&sol9<&kmRm&gY&zJ�lR&

j"&BU@&k?=?lJY&LKK&U"al/&δ = zRgJ&k<Y&L"Y&0rMRK&"alY&zRom&k<Y&L"Y&0riRi&"alY&gRii&k<Y&L"Y&
0rMRK&"alY&gRzi&k<Y&L"Y&0riRi&"alR&

j"&BU@&k?=?lLY&JKK&U"al/&δ = zRgo&k<Y&L"Y&0rMRK&"alY&zRom&k<Y&L"Y&0rM&"alY&gRiM&k<Y&L"Y&
0riRi&"alY&gRzi&k<Y&L"Y&0riRi&"alR&

&

9& Brominated leg  

 

!(9eth\l.I9ne&kJ&I4l&S.s&.<<e<&3n<e(&.(gon&9n&.&I9Ot3(e&oQ&8&kJKJ&IgY&KRij&IIollY&oV
eth\n\l'\(9<9ne& kjjz& IgY& KRM& IIollY& P<kPPhJlL?lL& km& IgY& KRiz�l& .n<& ?3G(& kL& IgY&
jRJm�l& .t& (ooI& teI'e(.t3(eR& !he& (es3lt9ng&I9Ot3(e&S.s& then& he.te<& .t& gK& �?& Qo(& jhR&
!hen&the&I9Ot3(e&9s&he.te<&to&MK&�?&.n<&the&I9Ot3(e&S.s&st9((e<&oNe(n9ghtR&!he&solNent&
S.s&eN.'o(.te<&.n<& the& sol9<& (es9<3e&S.s& t.hen&3'& 9n&=?U&.n<&eOt(.cte<&S9th&~L?>J&
sol3t9on& .n<& S.she<& S9th& S.te(R& !he& (.S& I.te(9.l& S.s& then& '3(9Q9e<& 8\& Ql.sh&
ch(oI.tog(.'h\& kFlL>JY& =?UlR& !he& '3(e& '(o<3ct&S.s& o8t.9ne<& .s& .& '.le& \elloS& sol9<&
kjzJ&IgY&gj�lR&

j"&BU@&k?=?lLY&JKK&U"al/&δ = iRmz&k<Y&L"Y&0rgRj&"alY&zRmo&k<Y&L"Y&0riRz&"alY&zRoM&k<Y&L"Y&
0riRM&"alY&zRJz&k<Y&L"Y&0rgRj&"alY&gRMM&k<Y&L"Y&0riRM&"alY&gRMo&k<Y&L"Y&0riRM&"alR&

&

10& Di­boronic ester dpbiiq derivative 

 

!he&89V9so239nol9ne&coI'o3n<&7& kJKK&IgY&KRoLm&IIollY& the&<98o(.ne&coI'o3n<&koJJ&
IgY& jRz& IIollY& 'ot.ss93I& .cet.te& kLmj& IgY& LRg& IIollY& dppf (24 mg, 10%) and (1-1'-
bis(diphenylphosphino)ferrocene)dichloro palladium (II)  (35 mg, 10%) were putted in a two-
necked round bottom flask under argon. Then anhydrous dioxane (6 mL) was added and the 
reaction was carried out at 110 °C during six hours. Then new catalyst and dppf were added 

OBr

N

NN

B BO

O O

O
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and the reaction was stirred overnight. !he&solNent&S.s&eN.'o(.te<&.n<&the&sol9<&(es9<3e&
S.s& t.hen& 3'& 9n&=?U&.n<& eOt(.cte<& then&S.she<&S9th&S.te(R& !he& c(3<e& '(o<3ct&S.s&
3se<&9n&the&neOt&ste'&S9tho3t&.n\&Q3(the(&'3(9Q9c.t9on&<3e&to&h9s&(el.t9Ne&sens9t9N9t\R&

&

11& “The Ligand” (L) 

&

?oI'o3n<& 9  kJLi& IgY& KRMo& IIollY& so<93I& c.(8on.te& komj& IgY& oYLg& IIoll& .n<&
'.ll.<93I& tet(.h9s& t(9'hen\l'hos'h9ne& koM& IgY& KYKoLg& IIoll& Se(e& .<<e<& 9n& a two-
necked round bottom flask under argon. Then the boronic ester derivative was added. Toluene 
(6 mL), water (2 mL) and ethanol (1 mL) were added and the reaction was carried out 
overnight at 90 °C. Fll&the&solNents&Se(e&eN.'o(.te<&.n<&the&sol9<&(es9<3e&S.s&t.hen&3'&
9n&chlo(oQo(IY&eOt(.cte<&.n<&S.she<&S9th&S.te(R&Organic layers were evaporated and the 
residue was dissolved in a minimum of chloroform and precipitated from pentane. The 
precipitate was then washed with ether.&!he&(.S&I.te(9.l&S.s&'3(9Q9e<&8\&ch(oI.tog(.'h\&
k$9>LY& chlo(oQo(IlR&!he&'3(e&'(o<3ct&11&S.s&o8t.9ne<&.s& .&Sh9te& sol9<& kjiK&IgY&oL�&
oNe(&the&tSo&l.st&ste'slR&

&

j"&BU@&k?=?lLY&mKK&U"al/&δ = 9.49 (s, 2Η, Η1), 8.99 (sY 2Η, Η4), iRmz&k<Y&o"Y&0rgRm&"aY&"hlY&
iRKL&k<Y&L"Y&0riRm&"aY&"mlY&zRiK&k<Y&L"Y&0riRm&"aY&"8lY&zRzM&ktY&L"Y&0riRmY&z&"aY&"glY&zRzm&k<Y&
o"Y&0rM&"aY&"clY&zRgM&k<Y&o"Y&0r&i&"aY&".lY&zRgK&k<Y&L"Y&0rz&"aY&"zlY&zRmi&k<Y&o"Y&0rM&"aY&"QlY&
zRJi&k<Y&o"Y&0rgRm&"aY&"glY&zRLK&k<Y&o"Y&0rM&"aY&"<lY&zRKi&k<Y&o"Y&0rM&"aY&"elR&

UF4=CVU$&Ixa&r&MozRKmjg&kc.lc3l.te<&MozRKigz&Qo(&?gi"oLBo>L&t&"tl&

&

&

&
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122+& [Fe(L)32+].[PF6­]2 

 

_eCCkG_olL&kLRim&IgY&KRKKiom&IIoll&S.s&'l.ce<&9n&.&(o3n<V8ottoI&Ql.sh&3n<e(&.(gon&.n<&
<9ssolNe&S9th&j&I4&oQ&.nh\<(o3s&=U_R&!he&l9g.n<&11&kLo&IgY&KRKLmJ&IIoll&S.s&'l.ce<&
9n&.n&othe(&(o3n<V8ottoI&Ql.sh&.n<&<9ssolNe<&S9th&jK&I4&oQ&<9st9lle<&chlo(oQo(IR&!hen&
the& sol3t9on& oQ& the& 9(onkCCl& s.lt& 9n& =U_& S.s& .<<e<& .n<& .& o(.nge& (e<& colo3(& S.s&
9IIe<9.tel\& o8t.9ne<R& FQte(& L& ho3(s& .ll& the& solNents& Se(e& eN.'o(.te<& .n<& the& c(3<e&
'(o<3ct&S.s&'3(9Q9e<&8\&ch(oI.tog(.'h\&k$9>LY&?"?lJ&to&?"?lJxUe>"&i�l&to&.QQo(<&the&
Q9n.l&coI'o3n<&122+&.s&.n&o(.nge&(e<&sol9<&kLg&IgY&MgRm�lR&

j"&BU@&k?=?lLY&mKK&U"al/&δ = 8.95 (s, 6Η, Η4), 8,57 (<Y 12Η, 0rg&"aY&"hl, iRKz&ksY&g"Y&"jlY&
zRim&k<Y&g"Y&0rzRm&"aY&"mlY&zRgK&k<Y&jL"Y&0riRm&"aY&"QlY&zRJi&k<Y&jL"Y&0riRm&"aY&"clY&zRJz&k<Y&
jL"Y&0rg&"aY&"glY&zRji&k<Y&jL"Y&0r&iRm&"aY&"<lY&zRjj&k<Y&jL"Y&0riRm&"aY&"elY&zRjK&kIY&jL"Y&
"gY&"zlY&zRKz&k<Y&jL"Y&0riRm&"aY&"8lY&gRzM&k<Y&jL"Y&0riRm&"aY&".lR&

%$VU$&Ixa&r&joozRoLKm&kc.lc3l.te<&joozRogJM&Qo(&?LKo"jLgBjL>g_e&t&"tl&

&

133+& [Co(L)33+].[PF6­]3 

 

?oCCkB>JlLRg"L>& kjRKJ& IgY& KRKKJg& IIoll& S.s& 'l.ce<& 9n& .& (o3n<V8ottoI& Ql.sh& 3n<e(&
.(gon& .n<& <9ssolNe<& 9n& j&I4& oQ& .ceton9t(9leR& !he& l9g.n<&11& kjK&IgY& KRKjj&IIoll&S.s&
'l.ce<&9n&.n&othe(&(o3n<V8ottoI&Ql.sh&.n<&<9ssolNe<&9n&<9st9lle<&chlo(oQo(I&kg&I4lR&!he&
sol3t9on& oQ& the& co8.ltkCCl& s.lt& 9n& .ceton9t(9le&S.s& .<<e<& .n<& .& \elloS& o(.nge& colo3(& 9s&
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9nst.nt.nel\&<eNelo''e<R&FQte(&one&n9ghtY&.&sol3t9on&oQ&e?ekB>JlgfRB"o&kjRMM&IgY&KRKKJg&
IIoll& 9n& .ceton9t(9le& kKRm&I4l&S.s& .<<e<& .n<& .& '(ec9'9t.te&S.s& 9IIe<9.tel\& Qo(Ie<R&
!he&(e.ct9on&S.s&st9((e<&Qo(&JK&I9nR&FQte(&th9s&t9IeY&.ll&the&solNents&Se(e&eN.'o(.te<Y&the&
c(3<e& '(o<3ct& S.s& then& <9ssolNe<& 9n& .& I9Ot3(e& oQ& .ceton9t(9le& .n<& S.te(& km/Ll& .n<& .&
s.t3(.te<&sol3t9on&oQ&~P_g&9n&S.te(&S.s&.<<e<R&!he&'(ec9'9t.te&Qo(Ie<&S.s&Q9lte(e<&.n<&
S.she<& co'9o3sl\&S9th&S.te(R& Bo& Q3(the(& '3(9Q9c.t9on&S.s& necess.(\& .n<& the& '(o<3ct&
133+&S.s&o8t.9ne<&.s&.&\elloS&o(.nge&sol9<&kjJ&IgY&jKK�lR&

j"&BU@&k?=?lLY&mKK&U"al/&δ = 9.44 (s, 6Η, Η4), 8.581 (<Y 12Η, 0rmRo&"aY&"hl, iRKz&k<Y&g"Y&
0riRo&"aY&"mlY&zRgz&ksY&g"Y&"jlY&zRgL&k<Y&jL"Y& 0riRz&"aY&"QlY&zRoi&k<Y&jL"Y& 0riRM&"aY&"clY&
zRJM&k<Y&jL"Y&0rmRM&"aY&"glY&zRJL&k<Y&g"Y&0r&zRo&"aY&"zlY&zRLJ&k<Y&jL"Y&0riRM&"aY&"<lY&zRLK&
kIY&ji"Y&"8Y&"glY&zRjJ&k<Y&jL"Y&0riRM&"aY&"elY&gRzM&k<Y&jL"Y&0riRm&"aY&".lR&

%$VU$&Ixa&r&jooiRMMgj&kc.lc3l.te<&jooiRMgLL&Qo(&?LKo"jLgBjL>g?o&t&"tl&

&

14a & 14b& Pd2L2 dimers 

&

&

F&KRL&IU&sol3t9on&oQ&the&co((es'on<9ng&coI'leOe&k123+ o( 133+l&9n&=U$>Vd6&9s&'(e'.(e<&
9n& .& BU@& (e.ct9on& t38eR& 5'on& .<<9t9on& oQ& kenlP<kB>JlL& .& 239te& coI'l9c.te<& j"& BU@&
s'ect(3I&S.s&o8se(Ne<R&FQte(&he.t9ng&.t&mK&�?&Qo(&seNe(.l&ho3(sY&the&j"&BU@&s'ect(3I&
S.s&s9I'l9Q9e<&.n<&B>%$b&BU@&st3<\&(eNe.le<&co((el.t9ons&8etSeen&kenlP<&3n9t&kB"L&
.n<&?"Ll&.n<&"j&kα&'os9t9on& to& the&n9t(ogenl& &oQ& the&8992&3n9t&co((es'on<9ng&to&P<k4lR&
FQte(& one&Seeh&oQ& he.t9ngY& ?>$b& eO'e(9Ient&S.s&'e(Qo(Ie<& to& .ss9gn& the& s9gn.ls& .n<&
B>%$b&co((el.t9ons&8etSeen&"h&.n<&"j&Se(e&o8se(N.8leR&!h3s&the&g9Nen&st(3ct3(es&oQ&
14a&.n<&14b&seeI&to&8e&239te&(e.son.8leR&&
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15& 2,2­Bis(4­(2­(2­hydroxyethoxy)ethoxy)phenyl)propane&

 

G9s'henolVF&kL&gY&iRi&IIollY&LVkLVchlo(oethoO\leth.nol&kJRJ&gY&LgRm&IIoll&.n<&ces93I&
c.(8on.te&kg&gY&ji&IIoll&Se(e&I9Oe<&9n&=U_&kJK&I4l&.n<&he.te<Y&S9th&st9((9ngY&.t&MK�?&
oNe(n9ghtR& !he& solNent& S.s& eN.'o(.te<& .n<& the& (es9<3e& t.hen& 3'& 9n& <9chlo(oIeth.ne&
kjKK& I4l& .n<& <9st9lle<& S.te(& kjKK& I4lR& !he& o(g.n9c& 'h.se& S.s& se'.(.te<& .n<& the&
.23eo3s&'h.se&eOt(.cte<&tS9ce&S9th&?"L?lLR&!he&coI89ne<&o(g.n9c&'h.ses&Se(e&S.she<&&
Q9(st&S9th&8(9neY&then&S9th&<9st9lle<&S.te(R&!he&solNent&S.s&eN.'o(.te<&.n<&the&(es9<3e&
'3(9Q9e<& 8\& ch(oI.tog(.'h\& on& s9l9c.& gel& 8\& 3s9ng& <9eth\lethe(& x& eth.nol& kMm/mY& MK/jK&
.n<&iK/LKl&.s&the&el3ent&to&g9Ne&the&t9tle&coI'o3n<&15 kcolo(less&o9lY&jRo&gY&oK�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = 7.12&k<Y&o"Y&0&r&iRilY&gRzM&k<Y&o"Y&0&r&MRKlY&oRKi&ktY&o"Y&0&r&
oRz&"alY&JRij&ktY&o"Y&0&r&oRz&"alY&JRgM&kIY&o"lY&JRgj&kIY&o"lY&jRgj&ksY&g"lR&

%$VU$&Ixa&r&oLzRLjL&kc.lc3l.te<&oLzRLjK&Qo(&?LJ"JL>g&t&B.tlR&

&

16& 2,2­Bis(4­(2­(2­bromoethoxy)ethoxy)phenyl)propane 

&
=9ol&ch.9n&15&kjRo&gY&JRm&IIoll&S.s&<9ssolNe<&9n&<(\&?"L?lL&kjmK&I4lR&!he&sol3t9on&S.s&
coole<& to& .8o3t& VL& �?& k9cexS.te(xs.lt& cool9ng& 8.thl& then& t(9eth\l.I9ne& ki& I4l& S.s&
.<<e<R&!he&s38se23ent&.<<9t9on&oQ&Ieth\ls3lQon\l&chlo(9<e&kjRJ&gY&KRM&I4Y&jj&IIoll&9n&
?"L?lL&kmK&I4l&S.s&I.<e&<(o'S9se&oNe(&.&'e(9o<&oQ&j&hY&3n<e(&.(gon&.tIos'he(eR&!he&
sol3t9on&S.s&then&.lloSe<&to&st9(&.t&K�?&Qo(&J&hR&=9st9lle<&S.te(&kmK&I4l&S.s&then&.<<e<&
<(o'S9se& oNe(& .& 'e(9o<& oQ& jm& I9n& .n<& the& I9Ot3(e& S.s& .lloSe<& to& S.(I& to& (ooI&
teI'e(.t3(eR&!he&o(g.n9c&'h.se&S.s&se'.(.te<&.n<&the&.23eo3s&'h.se&eOt(.cte<&tS9ce&
S9th& ?"L?lLR& !he& coI89ne<& o(g.n9c& 'h.ses& Se(e& S.she<& S9th& <9st9lle<& S.te(R& !he&
solNent& S.s& eN.'o(.te<& .n<& the& (es9<3e& <9(ectl\& 3se<& S9tho3t& Q3(the(& '3(9Q9c.t9onR& Ct&
S.s&<9ssolNe<&9n&mK&I4&oQ&.cetone&S9th&l9th93I&8(oI9<e&kJRJ&gY&Ji&IIoll&.n<&he.te<&to&
(eQl3O& oNe(n9ghtY& 3n<e(& .(gon& .tIos'he(eR& F& Sh9te& '(ec9'9t.te& oQ& l9th93I& Ies\l.te&
.''e.(e<R&!he&solNent&S.s&eN.'o(.te<&.n<&the&(es9<3e&<9ssolNe<&9n&?"L?lL&kjKK&I4l&.n<&
<9st9lle<& S.te(& kjKK&I4lR& !he& o(g.n9c& 'h.se& S.s& se'.(.te<& .n<& the& .23eo3s& 'h.se&
eOt(.cte<& tS9ce&S9th&?"L?lLR&!he&coI89ne<&o(g.n9c&'h.ses&Se(e&S.she<&S9th&<9st9lle<&
S.te(R&!he&solNent&S.s&eN.'o(.te<&.n<&the&(es9<3e&'3(9Q9e<&8\&ch(oI.tog(.'h\&on&s9l9c.&
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gel& 8\& 3s9ng& <9eth\lethe(& x& eth.nol& ki/Ll& .s& the& el3ent& to& g9Ne& the& t9tle& coI'o3n<&16&
k\elloS&o9lY&jRm&gY&iL�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = 7.12&k<Y&o"Y&0&r&MRKlY&gRzM&k<Y&o"Y&0&r&MRKlY&oRKi&ktY&o"Y&0&r&
oRz&"alY&JRio&kIY&i"lY&JRoM&ktY&o"Y&0&r&gRjlY&jRgL&ksY&g"lR&

%$VU$&Ixa&r&mogRKMK&kc.lc3l.te<&mogRKig&Qo(&?LJ"JKG(L>o&t&B"otlR&

&

17& Macrocycle “mb­41” 

&

F&I9Ot3(e& oQ& <9'henol& coI'o3n<&6& kLKK&IgY& KRom&IIoll& .n<& <98(oI9n.te<& ch.9n&16&
kLmi&IgY& KRoM&IIoll& 9n& jLK&I4& oQ& <eg.sse<& =U_&S.s& 9nt(o<3ce<& 9n& .& h9ghV<9l3t9on&
Q3nnel& Q9tte<& on& .& j& 4& (o3n<V8ottoI& Ql.sh& cont.9n9ng& ?sL?>J& kLRm& gY& zRz& IIoll& 9n&
s3s'ens9on&9n&LmK&I4&oQ&<eg.sse<&=U_R&!he&ces93I&sol3t9on&S.s&he.te<&.t&gm�?&.n<&the&
I9Ot3(e& 9n& the& Q3nnel& S.s& .<<e<& <(o'S9se& <3(9ng& gK&hR& FQte(& LK& .<<9t9on.l& ho3(s& oQ&
st9((9ngY& the&solNent&S.s&(eIoNe<&.n<&the&(es9<3e&S.s&t.hen&3'&S9th&?"L?lLx"L>R&!he&
o(g.n9c&'h.se&S.s& se'.(.te<&.n<& the&.23eo3s&'h.se&eOt(.cte<& tS9ce&S9th&?"L?lLR&!he&
coI89ne<&o(g.n9c&'h.ses&Se(e&S.she<& & Q9(st&S9th&8(9neY& then&S9th&<9st9lle<&S.te(R&!he&
solNent&S.s&(eIoNe<&.n<&the&(es9<3e&'3(9Q9e<&8\&ch(oI.tog(.'h\&on&s9l9c.&gel&8\&3s9ng&
?"L?lL&x&Ue>"&kMM/jl&.s&the&el3ent&to&g9Ne&the&t9tle&coI'o3n<&17&k\elloS&sol9<Y&LLM&IgY&
gL�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = MRJm&ksY&L"Y&"jlY&iRJM&ksY&L"Y&"olY&zRMm&k<Y&L"Y&0&r&iRL&"aY&
"mlY&zRzz&ktY&L"Y&0&r&iRLY&"glY&zRmz&k<Y&L"Y&0&r&iRL&"aY&"zlY&zRog&k<Y&o"Y&0&r&iRM&"aY&".lY&zRjj&
kIY&i"Y&"8Y&"<lY&gRzi&k<Y&o"Y&0&r&iRM&"aY&"clY&oRJj&ktY&&o"Y&0&r&oRo&"aY&"αlY&oRKz&ktY&o"Y&0&r&oRg&
"aY&"δlY&JRiM&kIY&i"Y&"β, "γlY&jRgL&ksY&g"Y&"elR&

%$VU$&Ixa&r&iKMRJgig&kc.lc3l.te<&iKMRJmim&Qo(&?mJ"oiBL>g&t&"tlR&

&

&

&

&

&
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183+&Double­threaded complex [Co(mb­41)L2].[PF6­]3 

 

!he&I.c(oc\cle&coI'o3n<&17&kjK&IgY&KRKjLJ&IIoll&S.s&Q9(st&<9ssolNe<&9n&chlo(oQo(I&
kL&I4lR&F&sol3t9on&oQ&?oCCCkB>JlLRg"L>&kJRg&IgY&KRKjLJ&IIoll&9n&.ceton9t(9le&kj&I4l&S.s&
then&.<<e<&to&g9Ne&.&'.le&\elloS&colo3(&co((es'on<9ng&to&the&coI'leO&cons9st9ng&9n&one&
Iet.l& cente(& .n<& one& I.c(oc\cleR& !he& l9g.n<& 11& kLJRo& IgY& KRKLoz& IIoll& S.s& then&
<9ssolNe<&9n&chlo(oQo(I&ki&I4l&.n<&.<<e<&to&g9Ne&.&\elloS&o(.nge&sol3t9onR&!he&(e.ct9on&
S.s&then&st9((e<&oNe(n9ghtR&FQte(&th9s&t9IeY&e?ekB>JlgfkB"olL&kgRi&IgY&KRKjLJ&IIoll&S.s&
.<<e<&to&oO9<9ae&?okCCl&to&?okCCCl&.n<&.&o(.nge&'(ec9'9t.te&S.s&Qo(Ie<R&Fll&the&solNents&
Se(e&then&eN.'o(.te<Y&the&c(3<e&'(o<3ct&S.s&then&<9ssolNe<&9n&.&m/L&Ue?Bx"L>&I9Ot3(e&
.n<& .& s.t3(.te<& sol3t9on& oQ& ~P_g& 9n& S.te(& S.s& .<<e<R& !he& '(ec9'9t.te& Qo(Ie<& S.s&
Q9lte(e<& .n<& S.she<& co'9o3sl\& S9th& S.te(Y& .n<& the& (es9<3e& S.s& '3(9Q9e<& 8\&
ch(oI.tog(.'h\& on& s9l9c.& gel& 8\& 3s9ng& .ceton& x& S.te(& x& ~B>J& s.t3(.te<& sol3t9on&
kzK/m/KRJl&.s&the&el3ent&to&g9Ne&the&t9tle&coI'o3n<&183+&ko(.nge&sol9<Y&JK&IgY&zm�lR&&

j"&BU@& k?=?lLY& mKK&U"al/&δ = 9.25 (s, 2Η), 9.22 (s, 2Η), 9.18 (sY& L"lY& iRgi& k<Y& L"Y& 0riRm&
"alY&iRmi&k8<Y&i"lY&iRJm&k<Y&L"Y& 0riRLY&zRo&"alY&iRKm&k<Y&L"Y& 0rzRK&"alY&zRMi&k<Y&L"Y& 0rzRz&
"alY&zRMj&k<Y&L"Y&0riRo&"alY&zRzL&ksY&L"lY&zRzj&ksY&L"lY&zRgo&k<Y&o"Y&0riRM&"alY&zRmM&k<Y&o"Y&
0riRz&"alY&zRoj&k8<Y&i"lY&zRJz&k<Y&o"Y&0rjL&"alY&zRJg&kIY&L"lY&zRJo&k<Y&o"Y&0rjL&"alY&zRJK&ktY&
L"Y&0riRKY&zRm&"alY&zRLo&k<Y&o"Y&0riRz&"alY&zRLj&ktY&L"Y&0rzRzY&zRo&"alY&zRji&k<<Y&L"Y&0rzRLY&jRm&
"alY&zRjg&k<Y&o"Y&0riRz&"alY&zRjm&k<Y&o"Y&iRz&"alY&zRjm&kIY&o"lY&zRjL&k<Y&o"Y&0riRL&"alY&zRjK&
k<Y&o"Y&0riRM&"alY&zRK&k<Y&o"Y&0r&iRm&"alY&gRMK&k<Y&o"Y&0riRM&"alY&gRzg&kIY&i"lY&gRmg&k<Y&o"Y&
0riRM&"alY&oRoo&ktY&L"Y&0riRJ&"alY&oRLz&ktY&L"Y&0riRLm&"alY&oRLg&ktY&L"Y&0rjK&"alY&oRLj&k<<Y&
L"Y& 0rjKY& gRm& "alY& oRKm& k<<Y& L"Y& 0rjKRm& "alY& oRKL& k<<Y& L"Y& 0rjLY& gRm& "alY& JRMz& k<<Y& L"Y&
0rjKRm&"alY&JRMK&k<<Y&L"Y&0rjK&"alY&jRoo&ksY&g"lR&&

%$VU$&Ixa&r&MLKRKmKL&kc.lc3l.te<&MjMRMijo&Qo(&?jiM"jJLBjK>jK?o&t&"tl&

&

&

&

&

&
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192+&Pd(dabiiq)2.(PF6­)2 

 

!he&<.8992&5 kLK&IgY&KRKoL&IIoll&S.s&Q9(st&<9ssolNe<&9n&<9chlo(oIeth.ne&kz&I4l&9n&.&Lm&
I4&(o3n<V8ottoI&Ql.sh&3n<e(&.(gon&.n<&.&sol3t9on&oQ&P<kUe?BloRkG_oVlL&kMRm&IgY&KRKLj&
IIoll& 9n&.nh\<(o3s&=U_&kJ&I4l&S.s&.<<e<&g9N9ng&.&8(9ght&\elloS&sol3t9onR&FQte(&tSo&
ho3(s& .t& (ooI& teI'e(.t3(eY& .& \elloS& '(ec9'9t.te& S.s& Qo(Ie<R& !he& (e.ct9on& S.s& then&
st9((e<& oNe(n9ght& .n<& .Qte(& th9s& t9Ie& .ll& the& solNents& Se(e& eN.'o(.te<& .n<& the& c(3<e&
'(o<3ct&S.s& then&<9ssolNe<& 9n&.&I9n9I3I&oQ&=U_&.n<&.&s.t3(.te<&sol3t9on&oQ&~P_g& 9n&
S.te(&S.s&.<<e<R&!he&'(ec9'9t.te&Qo(Ie<&S.s&Q9lte(e<&.n<&S.she<&co'9o3sl\&S9th&S.te(R&
Fceton9t(9le&S.s& then&.<<e<& 9n&o(<e(& to& sol389l9se& the& coI'leO&S9tho3t& the&<.8992R&Bo&
Q3(the(&'3(9Q9c.t9on&S.s&necess.(\&.n<&the&'(o<3ct&192+&S.s&o8t.9ne<&.s&.&\elloS&sol9<&
kLK&IgY&gg�lR&

j"&BU@&k=U$>V<gY&JKK&U"al/&δ = MRji&ksY&L"lY&iRMo&ksY&L"lY&iRjL&k8<Y&L"lY&iRKM&k8tY&L"lY&
zRzL&k8<Y&L"lY&zRjm&k8<Y&o"lY&gRzz&k8<Y&o"lY&JRmg&ksY&g"lR&

UF4=CVU$&Ixa&r&jjiiRLMLj&kc.lc3l.te<&jjiiRLoLm&Qo(&?go"oiBo>oP<P_g&t&"tl&

&

202+&Pt(dabiiq)Cl2.(PF6­)2 

&

!he&'l.t9n3I& coI'leO&~LePt?lof& kooRJ&IgY& KRjj&IIoll&S.s& Q9(st& <9ssolNe<& 9n&S.te(& kJ&
I4l& 9n& .& jK& I4& (o3n<V8ottoI& Ql.sh& .n<& .& LB& "?l& sol3t9on& kKRLL& I4l& 9s& .<<e<R& !he&
(e.ct9on&I9Ot3(e&S.s& then& st9((e<& Qo(& m&I9n& .n<& .& s3s'ens9on& oQ& <.8992& kmK&IgY& KRjj&
IIoll&9n&.ceton9t(9le&kJ&I4l&S.s&.<<e<&g9N9ng&.&8(9ght&\elloS&s3s'ens9on&.Qte(&jhJK&oQ&
st9((9ngR& FQte(& th9s& t9IeY& the& \elloS& '(ec9'9t.te& S.s& Q9lte(e<& .n<& S.she<& S9th& .& j/j&
Ue?Bx"L>& I9Ot3(eR& !he& '(o<3ct& o8t.9ne<& kJK& IgY& Jz�l& .Qte(& .n9on& eOch.nge& S.s&
'oo(l\&sol38le&9n&3s3.l&solNents&.n<&co3l<&onl\&8e&<9ssolNe<&9n&=U_&o(&=U$>R&&

j"&BU@&k=U_V<zY&JKK&U"al/&δ = MRgm&ksY&L"lY&MRoL&ksY&L"lY&iRoo&k<Y&L"Y&0&riRj&"alY&iRjg&ktY&
L"Y&0&rzRKY&iRj&"alY&zRiM&k<Y&L"Y&0&rzRK&"alY&zRio&k<Y&o"Y&0&riRz&"alY&zRoL&k<Y&o"Y&0&riRz&"alY&
oRjo&ksY&g"lR&
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&

21&  (8­(=­anisyl)isoquinolin­3­yl)trimethylstannane 

&

!he&iVkpV.n9s\ll9so239nol9nVJV\l&t(9Ql3o(oIeth.nes3lQon.te&4&koJz&IgY&jRjo&IIoll&S.s&
Q9(st& 'l.ce<& 9n& .& mK& I4& tSoVneche<& (o3n<V8ottoI& Ql.sh& 9n& '(esence& oQ&
heO.Ieth\l<9st.nn.ne& kzoz&IgY&LRLi&IIollY&'ot.ss93I& 9o<9<e& kJziRm&IgY&LRLi&IIoll&
.n<&P<kPPhJlo&kgJRg&IgY&KRKmz&IIollR&!henY&=U%&kLo&I4l&S.s&.<<e<&3n<e(&.(gon&.n<&
the& (e.ct9on& S.s& (eQl3Oe<& .t& MK& �?& <3(9ng& ji& hR& FQte(& th9s& t9Ie& .ll& solNents& Se(e&
eN.'o(.te<& kst.nn\l& 8\V'(o<3cts& Se(e& ne3t(.l9ae<& 8\& 3s9ng& ~>"& 9n& eth.nollR& !he&
(es9<3e& S.s& then& <9ssolNe<& 9n& <9eth\lethe(& .n<& 9I'3(9t9es& Se(e& Q9lte(e<R& FQte(&
eN.'o(.t9on&oQ& the&<9eth\lethe(Y& the&'(o<3ct&21&S.s&o8t.9ne<&.s&.&\elloS&o9l& kJMK&IgY&
ig�lR&

j"&BU@& k?=L?lLY& JKK&U"al/&δ = MRoL& ksY& j"lY& zRMK& kQ9ne& <Y& j"Y& 0rjRj&"alY& zRMK& kt<Y& j"Y&
0rzRoY&gRzY&jRz&"alY&zRzm&k<Y&j"Y&0rgRz&"alY&zRmz&k<<Y&j"Y&0rzRoY&jRz&"alY&zRmK&k<Y&L"Y&0riRi&
"alY&zRKM&k<Y&L"Y&0riRi&"alY&JRMJ&ksY&J"lY&KRom&ksY&M"lR&

&

&

22&  2,6­bis(8­(=­anisyle)isoquinolin­3­yl)pyridine (biiqpy) 

&

!he&LYgV<99o<o'\(9<9ne&kjmKRM&IgY&KRog&IIoll&.n<&P<kPPhJlo& kjKjRz&IgY&KRKMj&IIoll&
Se(e&'l.ce<& 9n&.&mK&I4& tSoVneche<&(o3n<V8ottoI& Ql.sh&3n<e(&.(gon&.n<&<9ssolNe<& 9n&
=U%& kjK&I4lR& !hen& .& sol3t9on& oQ& the& st.nn\l& <e(9N.t9Ne&21& kJgJRj&IgY& KRMj&IIoll& 9n&
=%U&kjK&I4l&S.s&.<<e<&.n<&the&I9Ot3(e&S.s&(eQl3Oe<&.t&MK&�?&Qo(&oi&hR&FQte(&th9s&t9Ie&
the&solNent&S.s&eN.'o(.te<&.n<&the&(es9<3e&<9ssolNe<&9n&<9chlo(oIeth.ne&.n<&<9st9lle<&
S.te(&S.s& .<<e<R& !he& o(g.n9c& 'h.se&S.s& se'.(.te<& .n<& the& .23eo3s& 'h.se& eOt(.cte<&
tS9ce& S9th& ?"L?lLR& !he& coI89ne<& o(g.n9c& 'h.ses& Se(e& eN.'o(.te<& .n<& the& (es9<3e&
'3(9Q9e<&8\&ch(oI.tog(.'h\&on&FlL>J&8\&3s9ng&<9chlo(oIeth.ne&x&'ent.ne&kL/jl&.s&the&
el3entR& FQte(& the& ch(oI.tog(.'h\& .n<& eN.'o(.t9onY& 'ent.ne&S.s& .<<e<& to& the& (es9<3e&
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.n<& the& s3s'ens9on&S.s& Q9lte(e<& .n<&S.she<& co'9o3sl\& S9th& 'ent.ne& to& g9Ne& the& t9tle&
coI'o3n<&22 kSh9te&sol9<Y&jog&IgY&mi�lR&

j"&BU@&k?=L?lLY&mKK&U"al/&δ = MRoL&ksY&L"Y&"jlY&MRjg&ksY&L"Y&"olY&iRmm&k<Y&L"Y& 0rzRi&"aY&
"'\jlY&iRjj&k<Y&L"Y&0riRJ&"aY&"mlY&zRMM&ktY&j"Y&0rzRi&"aY&"'\LlY&zRi&k<<Y&L"Y&0riRLY&zRL&"aY&"glY&
zRmg&k<Y&L"Y&0rzRL&"aY&"zlY&zRmJ&k<Y&o"Y&0riRi&"aY&"olY&zRj&k<Y&o"Y&0riRi&"aY&"IlY&JRMj&ksY&g"Y&
"UelR&

UF4=CVU$&Ixa&r&momRozg&kc.lc3l.te<&momRLjiL&Qo(&?Jz"LzBJ>LlR&

&

232+&  [Fe(biiqpy)2].[PF6­]2 

&

!he&LYgV89skiVkpV.n9s\lel9so239nol9nVJV\ll'\(9<9ne 22 kjg&IgY&KRKLMJ&IIoll&S.s&'l.ce<&
9n&.&Lm&I4&(o3n<V8ottoI&Ql.sh&3n<e(&.(gon&.n<&k'.(t9.ll\l&<9ssolNe<&9n&<9chlo(oIeth.ne&
km&I4lR&!hen&.&sol3t9on&oQ&_ekG_olLRg"L>&koRMm&IgY&KRKjoz&IIoll&9n&.ceton9t(9le&kJ&I4l&
S.s&.<<e<&.n<&the&(e.ct9on&S.s&st9((e<&.t&(ooI&teI'e(.t3(e&Qo(&L&hR&FQte(&th9s&t9IeY&.ll&
solNents&Se(e&eN.'o(.te<&.n<&the&(es9<3e&S.s&'3(9Q9e<&8\&ch(oI.tog(.'h\&on&$9>L&S9th&
.cetonex"L>x~B>J& s.t3(.te<& sol3t9on& kjKK/m/KRLl& .s& el3.ntR& FQte(& .n& .n9on& eOch.ngeY&
the& t9tle& coI'o3n<& [232+][PF6­]2& S.s& o8t.9ne<& .s& .& (e<& sol9<& kLj&IgY& MM�lR& ?(\st.ls&
Se(e&o8t.9ne<&8\&<9QQ3s9on&oQ&<99so'(o'\lethe(&9n&.cetoneR&

j"&BU@&k?=L?lLY&mKK&U"al/&δ = MRLi&ksY&o"Y&"olY&MRjm&k<Y&o"Y&0riRj&"aY&"'\jlY&iRgz&ktY&L"Y&
0riRj&"aY&"'\LlY&iRKm&ksY&o"Y&"jlY&iRKo&k<Y&o"Y&0rzRK&"aY&"mlY&zRi&k<<Y&o"Y&0rzRK&"aY&"glY&zRmJ&
k<Y&o"Y&0rzRK&"aY&"zlY&zRjK&k<Y&i"Y&0riRg&"aY&"IlY&gRMi&k<Y&i"Y&0riRg&"aY&"olY&oRKM&ksY&jL"Y&
"UelR&

%$VU$&Ixa&r&mzJRjgoJ&kc.lc3l.te<&mzJRjzzo&Qo(&?zo"moBg>o_e&t&"tl&

&

&

&

&

&

&
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242+&  [Ru(biiqpy)2].[PF6­]2 

&

!he& LYgV89skiVkpV.n9s\lel9so239nol9nVJV\ll'\(9<9ne  22  kjK& IgY& KRKji& IIoll& .n<&
@3?lLk<Isolo&koRoo&IgY&KRKKML&IIoll&Se(e&'l.ce<&9n&.&m&I4&'\(9Qo(I&Ql.sh&3n<e(&.(gon&
.n<&eth\lenegl\col&kJ&I4l&S.s&.<<e<R&!he&I9Ot3(e&9s&then&he.te<&9n&the&I9c(oS.Ne&oNen&
kth(ee&t9Ies&m&I9n3tes&S9th&I.O9I3I&'oSe(&mKK&TlR&!hen&.&s.t3(.te<&sol3t9on&oQ&~P_g&
9n&S.te(&kjm&I4l&9s&.<<e<Y&.n<&the&'(ec9'9t.te&Qo(Ie<&9s&Q9lte(e<&.n<&S.she<&co'9o3sl\&
S9th& S.te(R& !he& (es9<3e& 9s& then& '3(9Q9e<& 8\& ch(oI.tog(.'h\& on& $9>L& S9th&
.cetonex"L>x~B>Js.tR& sol3t9on& kmK/m/KRml& .s& el3.ntR&FQte(& .n& .n9on&eOch.ngeY& the& t9tle&
coI'o3n<& [242+][PF6­]2& 9s& o8t.9ne<& .s& .& <.(h& (e<& sol9<& kjK&IgY& zm�lR& ?(\st.ls& Se(e&
o8t.9ne<&8\&sloS&<9QQ3s9on&oQ&<99so'(o'\lethe(&9n&.cetoneR&

j"&BU@&k.cetoneV<gY&JKK&U"al/&δ = MRJz&ksY&o"Y&"olY&MRKM&k<Y&o"Y&0riRj&"aY&"'\jlY&iRmz&ktY&
L"Y&0riRj&"aY&"'\LlY&iRJj&ksY&o"Y&"jlY&iRjj&k<Y&o"Y&0riRL&"aY&"mlY&zRig&ktY&o"Y&0riRLY&zRo&"aY&
"glY&zRgj&k<Y&o"Y&0rzRo&"aY&"zlY&zRKo&k<<Y&jg"Y&0rMRo&"aY&"IlY&oRKm&ksY&jL"Y&"UelR&

%$VU$&Ixa&r&mMgRjzoi&kc.lc3l.te<&mMgRjgJK&Qo(&?zo"moBg>o@3&t&"tl&

&

25+&kvia&43+l& dpp­terpy fast molecular shuttle (dpbiiq­based macrocycle) 

&
F& sol3t9on& oQ& ?3kUe?BloP_g& kLzRm& IgY& KRKzo& IIoll& 9n& <eg.sse<& Ue?B& kjK& I4l& S.s&
t(.nsQe((e<&via&.&c.nn3l.&to&.&st9((e<&sol3t9on&oQ&<'8992V8.se<&I.c(oc\cle&28&kmoRJ&IgY&
KRKzK&IIoll&9n&?"L?lL&km&I4l&3n<e(&F(Y&.n<&the&(es3lt9ng&o(.nge&sol3t9on&S.s&st9((e<&.t&
(ooI&teI'e(.t3(e&Qo(&JK&I9nR&!h9s&I9Ot3(e&9s&then&t(.nsQe((e<&to&.&<eg.sse<&sol3t9on&oQ&
>"Ven<e<&tSoVst.t9on&th(e.<&42&kMKRj&IgY&KRKzK&IIoll&9n&?"L?lL&kjK&I4l&via&.&c.nn3l.Y&
(es3lt9ng&9n&the&9IIe<9.te&Qo(I.t9on&oQ&.&8(oSnV(e<&sol3t9onY&Sh9ch&S.s&st9((e<&3n<e(&
F(&.t&(ooI&teI'e(.t3(e&oNe(n9ghtR&$olNent&S.s&eN.'o(.te<&to&g9Ne&the&'se3<oV(ot.O.ne&
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43+& kP_gVl& k8(oSnV(e<& sol9<lR& Ct&S.s& then& <9ssolNe<& 9n& <(\& .n<& <eg.sse<&=U_& ki&I4l&
S9th& ?sL?>J& kMK&IgY& KRLzg&IIollY& sto''e(&S9th& 9o<oVen<e<& ch.9n&30& kjmm&IgY& KRLKm&
IIoll&.n<&so<93I&.sco(8.te&kJ&IgY&KRKjm&IIollR&!h9s&I9Ot3(e&S.s&st9((e<&3n<e(&F(&.t&
mK�?&Qo(&LK&hR&=U_&S.s&eN.'o(.te<&.n<&the&(es3lt9ng&c(3<e&'(o<3ct&t.hen&9n&?"L?lL&.n<&
S.she<& S9th& S.te(R& FQte(& eN.'o(.t9on& oQ& the& solNent& .n<& th(ee& s3ccess9Ne& col3In&
ch(oI.tog(.'h9es& on& .l3I9n.& k?"L?lL& cont.9n9ng& j�& Ue>"& .n<& j�& Ue?Bl& the& t9tle&
'(o<3ct&73+&kP_gVl&S.s&o8t.9ne<&k8(oSnV(e<&sol9<Y&gm&IgY&JL�lR&

&

j"&BU@&k?=L?lLY&mKK&U"al/&δ =&iRMJ&k<Y&j"Y&0&r&LRK&"aY&t'MlY&iRgM&k<Y&j"Y&0&r&iRJ&"aY&t'JlY&
iRgL&k<Y&j"Y&0&r&iRK&"aY&t'zlY&iRmo&k<Y&j"Y&0&r&zRK&"aY&t'glY&iRmo&ksY&L"Y&89LlY&iRoM&ksY&L"Y&89jlY&
iRoi&k<Y&j"Y&0&r&iRz&"aY&t'olY&iRJz&k<Y&j"Y&0&r&LRK&"aY&t'jlY&iRKz&k<<Y&j"Y&0&r&iRJY&LRJ&"aY&t'ilY&
iRKj&ktY&j"Y&0&r&zRM&"aY&t'mlY&zRMg&k<Y&j"Y&0&r&iRJ&"aY&'hLlY&zRMm&k<Y&L"Y&0&r&zRi&"aY&89JlY&zRMJ&
k<Y&j"Y&0&r&iRj&"aY&'hmlY&zRio&k<Y&j"Y&0&r&iRj&"aY&'hglY&zRiJ&ktY&L"Y&0&r&iRL&"aY&89olY&zRiK&k<Y&
j"Y&0&r&iRo&"aY&'hjlY&zRgm&k<Y&L"Y&0&r&iRz&"aY&s'mlY&zRgo&k<Y&L"Y&0&r&iRL&"aY&s'JlY&zRmz&k<<Y&L"Y&
0&r&gRJY&KRz&"aY&89mlY&zRoM&k<<Y&j"Y&0&r&zRiY&LRL&"aY&t'LlY&zRoz&k<Y&L"Y&0&r&iRg&"aY&s'LlY&zRoK&k<Y&
o"Y&0&r&iRM&"aY&IcglY&zRJK&k<Y&j"Y&0&r&iRM&"aY&'hJlY&zRLm&k<Y&g"Y&0&r&iRi&"aY&stMlY&zRLJ&k<Y&j"Y&0&
r&iRo&"aY&'holY&zRjM&k<Y&g"Y&0&r&iRi&"aY&stolY&zRjm&k<Y&g"Y&0&r&iRJ&"aY&stilY&zRjo&k<Y&o"Y&0&r&MRK&
"aY&89glY&zRjJ&k<Y&L"Y&0&r&MRK&"aY&stzlY&zRjK&k<Y&L"Y&0&r&iRz&"aY&stLlY&zRKi&k<Y&g"Y&0&r&iRi&"aY&
stJlY&zRKz&k<Y&L"Y&0&r&iRi&"aY&s'glY&gRMM&k<Y&L"Y&0&r&iRL&"aY&s'olY&gRio&k<Y&o"Y&0&r&iRz&"aY&89zlY&
gRzM&k<Y&o"Y&0&r&iRi&"aY&IcmlY&gRzi&k<Y&L"Y&0&r&MRK&"aY&stglY&gRzL&k<Y&L"Y&0&r&MRK&"aY&stjlY&gRjM&
k<Y&L"Y&0&r&iRz&"aY&s'jlY&oRjM&ktY&L"Y&0&r&oRz&"aY&cjLlY&oRjo&ktY&o"Y&0&r&gRK&"aY&IcjlY&oRjK&ktY&
L"Y&0&r&oRz&"aY&cjlY&oRKi&ktY&L"Y&0&r&oRz&"aY&czlY&JRiz&ktY&L"Y&0&r&oRz&"aY&cjjlY&JRiJ&ktY&L"Y&0&r&
oRi&"aY&cLlY&JRij&ktY&L"Y&0&r&oRi&"aY&cilY&JRzM&ktY&o"Y&0&r&gRj&"aY&IcolY&JRzL&ksY&i"Y&cJVcoVcMV
cjKlY&JRgm&ktY&L"Y&0&r&oRi&"aY&cmlY&JRmi&ktY&L"Y&0&r&oRi&"aY&cglY&jRiMVjRij&kIY&i"Y&IcLVIcJlY&
jRzg&ksY&g"Y&IczVIcilY&jRLM&ksY&Lz"Y&stjKlY&jRLo&ksY&Lz"Y&stmlR&

UF4=CVU$&Ixa&r&LzoMRKKo&kc.lc3l.te<&LzoMRJoo&Qo(&?jio"jim?3Bz>jLlR&

&

&

&

&

&

&

&
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26+&kvia&44+l& dpp­terpy molecular shuttle (dpp­based macrocycle)&

&

F& sol3t9on& oQ& ?3kUe?BloP_g& kjiRL& IgY& KRKoM& IIoll& 9n& <eg.sse<& Ue?B& kjK& I4l& S.s&
t(.nsQe((e<&via&.&c.nn3l.&to&.&st9((e<&sol3t9on&oQ&<''V8.se<&I.c(oc\cle&IJK&kLgRJ&IgY&
KRKog&IIoll&9n&?"L?lL&kjK&I4l&3n<e(&F(Y&.n<&the&(es3lt9ng&o(.nge&sol3t9on&S.s&st9((e<&
.t&(ooI&teI'e(.t3(e&Qo(&jm&I9nR&!h9s&I9Ot3(e&9s&then&t(.nsQe((e<&to&.&<eg.sse<&sol3t9on&
oQ& >"Ven<e<& tSoVst.t9on& th(e.<& 42& kgK& IgY& KRKog&IIoll& 9n& ?"L?lL& kjK& I4l& via& .&
c.nn3l.Y& (es3lt9ng& 9n& the& 9IIe<9.te& Qo(I.t9on& oQ& .& 8(oSnV(e<& sol3t9onY& Sh9ch& S.s&
st9((e<& 3n<e(& F(& .t& (ooI& teI'e(.t3(e& oNe(n9ghtR& $olNent& S.s& eN.'o(.te<& to& g9Ne& .&
8(oSnV(e<&sol9<R&!h9s&sol9<&S.s&<9ssolNe<&9n&<(\&.n<&<eg.sse<&=U_&kjK&I4l&S9th&?sL?>J&
kgK&IgY&jio&IIollY&sto''e(&S9th&9o<oVen<e<&ch.9n&30&kjKJ&IgY&jJi&IIoll&.n<&so<93I&
.sco(8.te&kL&IgY&KRKjK&IIollR&!h9s&I9Ot3(e&S.s&st9((e<&3n<e(&F(&.t&mm�?&Qo(&LK&hR&=U_&
S.s&eN.'o(.te<&.n<&the&(es3lt9ng&c(3<e&'(o<3ct&t.hen&9n&?"L?lL&.n<&S.she<&S9th&S.te(R&
FQte(& eN.'o(.t9on& oQ& the& solNent& .n<& Qo3(& s3ccess9Ne& col3In& ch(oI.tog(.'h9es& on&
.l3I9n.& k?"L?lL& cont.9n9ng&j�&Ue>"&.n<&j�&Ue?Bl& the& t9tle&'(o<3ct&74+& kP_gVl&S.s&
o8t.9ne<&k8(oSnV(e<&sol9<Y&JM&IgY&Jj�lR&

&

j"&BU@&k?=L?lLY&mKK&U"al/&δ =&iRMJ&k<Y&j"Y&0&r&LRK&"aY&t'MlY&iRzj&k<Y&j"Y&0&r&iRo&"aY&'hmlY&
iRzj&k<Y&j"Y&0&r&iRm&"aY&t'JlY&iRgM&k<Y&j"Y&0&r&iRm&"aY&t'zlY&iRgg&k<Y&j"Y&0&r&iRo&"aY&'hLlY&iRmo&
k<Y&j"Y&0&r&zRJ&"aY&t'glY&iRmJ&k8Y&j"Y&t'jlY&iRmK&k<Y&j"Y&0&r&zRL&"aY&t'olY&iRoo&k<Y&L"Y&0&r&iRJ&
"aY&ILlY&iRJK&k<Y&j"Y&0&r&iRM&"aY&'holY&iRLz&k<Y&j"Y&0&r&iRM&"aY&'hJlY&iRKg&k<<Y&j"Y&0&r&iRJY&LRo&
"aY&t'ilY&iRKj&ktY&j"Y&0&r&zRi&"aY&t'mlY&zRMi&k<Y&j"Y&0&r&iRo&"aY&'hglY&zRMg&ksY&L"Y&IjlY&zRMj&k<Y&
j"Y&0&r&iRo&"aY&'hjlY&zRiJ&k<Y&L"Y&0&r&iRJ&"aY&IJlY&zRzj&k<<Y&j"Y&0&r&iRLY&LRJ&"aY&t'LlY&zRgi&k<Y&
L"Y&0&r&iRJ&"aY&s'JlY&zRgm&k<Y&L"Y&0&r&iRz&"aY&s'mlY&zRmK&k<Y&L"Y&0&r&iRz&"aY&s'LlY&zRJJ&k<Y&o"Y&0&
r&iRz&"aY&IolY&zRLm&k<Y&g"Y&0&r&iRi&"aY&stMlY&zRLj&k<Y&g"Y&0&r&iRi&"aY&stolY&zRjm&k<Y&g"Y&0&r&iRi&
"aY&stilY&zRjo&k<Y&L"Y&0&r&MRK&"aY&stzlY&zRjo&k<Y&L"Y&0&r&MRK&"aY&stLlY&zRjj&k<Y&g"Y&0&r&iRi&"aY&
stJlY&zRKz&k<Y&L"Y&0&r&iRi&"aY&s'glY&gRML&k<Y&L"Y&0&r&iRL&"aY&s'olY&gRzM&k<Y&L"Y&0&r&MRK&"aY&stglY&
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gRzi&k<Y&L"Y&0&r&MRK&"aY&stjlY&gRjj&k<Y&L"Y&0&r&iRi&"aY&s'jlY&gRKL&k<Y&o"Y&0&r&iRz&"aY&ImlY&oRjM&
ktY&L"Y&0&r&oRz&"aY&cjLlY&oRjj&ktY&L"Y&0&r&oRz&"aY&cjlY&oRjK&ktY&L"Y&0&r&oRz&"aY&czlY&JRiz&ktY&L"Y&0&r&
oRz&"aY&cjjlY&JRio&ktY&L"Y&0&r&oRz&"aY&cLlY&JRiL&ktY&L"Y&0&r&oRz&"aY&cilY&JRzJ&ktY&o"Y&0&r&oRi&"aY&
IMlY&JRzL&k8sY&jL"Y&cJVcoVcMVcjKVIjKlY&JRgM&ktY&L"Y&0&r&oRg&"aY&cglY&JRgJ&ktY&L"Y&0&r&oRM&"aY&
cmlY&JRgL&ktY&o"Y&0&r&mRm&"aY&IilY&JRmM&ktY&o"Y&0&r&mRJ&"aY&IglY&JRmj&ktY&o"Y&0&r&mRJ&"aY&IzlY&
jRLM&ksY&Lz"Y&stjKlY&jRLm&ksY&Lz"Y&stmlR&

UF4=CVU$&Ixa&r&LmJMRjij&kc.lc3l.te<&LmJMRLLL&Qo(&?jgm"jzj?3Bz>jolR&

&

27& 2,2­Bis(4­(3­bromobutoxy)phenyl)propane&

&

G9s'henolVF& kLRLi& gY& jK&IIollY& jYoV<98(oIo83t.ne& kLjRg& gY& jLRj&I4Y& jKK&IIoll& .n<&
ces93I& c.(8on.te& kJRM& gY& jL& IIoll& Se(e& I9Oe<& 9n& =U_& kJK& I4l& .n<& he.te<Y& S9th&
st9((9ngY& .t& gK& �?& oNe(n9ghtR& !he& solNent&S.s& eN.'o(.te<& .n<& the& (es9<3e& <9ssolNe<& 9n&
?"L?lL&kjKK&I4l&.n<&<9st9lle<&S.te(&kjKK&I4lR&!he&o(g.n9c&'h.se&S.s&se'.(.te<&.n<&the&
.23eo3s& 'h.se& eOt(.cte<& tS9ce& S9th& ?"L?lLR& !he& coI89ne<& o(g.n9c& 'h.ses& Se(e& Q9(st&
S.she<& S9th& 8(9neY& then& S9th& <9st9lle<& S.te(R& !he& solNent& S.s& eN.'o(.te<& .n<& the&
(es9<3e&'3(9Q9e<&8\& ch(oI.tog(.'h\&on& s9l9c.& gel&8\&3s9ng&<9chlo(oIeth.ne&x&'ent.ne&
kj/ol&.s&the&el3ent&to&g9Ne&the&t9tle&coI'o3n<&27&kcolo(less&sol9<Y&LRJi&gY&oi�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = 7.11&k<Y&o"Y&0&r&iRglY&gRzg&k<Y&o"Y&0&r&iRilY&JRMm&ktY&o"Y&0&r&
gRj&"alY&JRoM&ktY&o"Y&0&r&gRg&"alY&LRKo&kIY&o"lY&jRMK&kIY&o"lY&jRgj&ksY&g"lR&

%$VU$&Ixa&r&mjoRjKL&kc.lc3l.te<&mjoRKMg&Qo(&?LJ"JK>LG(L&t&B"otlR&

&

28& Macrocycle “mb­39”&

&

F&I9Ot3(e& oQ& <9'henol& coI'o3n<&6& kmKK&IgY& jRjo&IIoll& .n<& <98(oI9n.te<& ch.9n&27&
kmzg&IgY& jRjg&IIoll& 9n& JKK&I4& oQ& <eg.sse<& =U_&S.s& 9nt(o<3ce<& 9n& .& h9ghV<9l3t9on&
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Q3nnel& Q9tte<& on& .& L& 4& (o3n<V8ottoI& Ql.sh& cont.9n9ng& ?sL?>J& kLK& gY& KRKg& Ioll& 9n&
s3s'ens9on&9n&j&4&oQ&<eg.sse<&=U_R&!he&Nessel&S.s&he.te<&.t&gm�?&.n<&the&I9Ot3(e&9n&the&
Q3nnel&S.s&.<<e<&<(o'S9se&<3(9ng&zm&hR&FQte(&JK&Io(e&ho3(s&oQ&st9((9ngY&the&solNent&S.s&
(eIoNe<& .n<& the& (es9<3e& S.s& t.hen& 3'& S9th& ?"L?lL& x& "L>R& !he& o(g.n9c& 'h.se& S.s&
se'.(.te<& .n<& the& .23eo3s& 'h.se& eOt(.cte<& tS9ce&S9th& ?"L?lLR& !he& coI89ne<& o(g.n9c&
'h.ses&Se(e&Q9(st&S.she<&S9th&8(9neY&then&S9th&<9st9lle<&S.te(R&!he&solNent&S.s&(eIoNe<&
.n<& the& (es9<3e&I9Oe<&S9th& jKK&I4& oQ& ?"L?lLR& !he&Sh9te& '(o<3ct& 9n& s3s'ens9on&S.s&
(eIoNe<&8\&Q9lt(.t9on&th(o3gh&.&Q(9tte<Vgl.ss&Q9lte(&Q3nnel&oQ&'o(os9t\&oY&the&solNent&oQ&the&
Q9lt(.te& S.s& eN.'o(.te<& .n<& the& (es9<3e& '3(9Q9e<& 8\& ch(oI.tog(.'h\& on& s9l9c.& gel& 8\&
3s9ng&?"L?lL&x&Ue>"&kMM/jl&.s& the&el3ent& to&g9Ne& the& t9tle&coI'o3n<&45& k\elloS&sol9<Y&
LMz&IgY&Jo�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = MRJi&ksY&L"Y&H1lY&iRJz&ksY&L"Y&H4lY&zRMo&k<Y&L"Y&0&r&iRL&"aY&
H5lY&zRzz&ktY&L"Y&0&r&iRLY&H6lY&zRmi&k<Y&L"Y&0&r&iRL&"aY&H7lY&zRog&k<Y&o"Y&0&r&iRz&"aY&HalY&zRjm&
k<Y&o"Y&0&r&iRM&"aY&HdlY&zRKM&k<Y&o"Y&0&r&iRz&"aY&HblY&gRij&k<Y&o"Y&0&r&iRM&"aY&HclY&oRLg&ktY&&o"Y&
0&r&gRL&"aY&HαlY&JRMM&ktY&o"Y&0&r&gRj&"aY&HδlY&jRMi&kIY&i"Y&Hβ,γlY&jRmM&ksY&g"Y&HelR&

%$VU$&Ixa&r&zzzRJzmz&kc.lc3l.te<&zzzRJgML&Qo(&?mJ"oiBL>o&t&"tlR&

Anal.&?.lcR&Qo(&?mJ"oiBL>o/&?&ijRMJY&"&gRLJY&B&JRgj�R&_o3n<&?&ziRiJY&"&gRmKY&B&JRmK�R&

Cn& .& c(9st.ll9s.t9on& t38eY& S9th& <9chlo(oIeth.ne& .n<& he't.neY& th9s& coI'o3n<& g.Ne& one&
s9ngle&89g&\elloS&c(9st.lR&

?(\st.l&<.t./&?gm"LK?loBL>oY&M&r&jKJoRgJY&t(9cl9n9cY&a&&r&jJRggjKkJlY&b&r&joRoJJKkJlY&c&
r&joYiooKkJl&nY&α&r&jKJRzMjKkzlY&β&r&jKmRgLoKkMlY&γ&r&MLRMmLKkzl&�Y&V&r&LzjgRJmkjKl&
nJY&T& r& jzJkLl& ~Y& s'.ce& g(o3'& P­1Y& Z& r& LY& µkUo& ~�l& r& KRLgi&IIVjY& LoJji& collecte<&
(eQlect9onsY&jmiLm&9n<e'en<ent&(eQlect9ons&e@k9ntl&r&KRKLMfY&Q9n.l&@&9n<9ces&@j&r&KRKiMY&
S@L&r&KRJizL&kthe(e&.(e&tSo&<9so(<e(e<&?"L?lL&Iolec3leslR&

&

29& Stopper with hydroxy­ended chain&

&

oVk!(9skoVtertV83t\l'hen\llIeth\ll'henol&kLRKK&gY&JRMg&IIollY&c.es93I&c.(8on.te&kLRmK&
gY&zRgz&IIoll&.n<&LVkLVkLVchlo(oethoO\lethoO\leth.nol&kjRL&I4Y&jRo&gY&iRLg&IIoll&Se(e&
I9Oe<& 9n& <(\& =U_& kjmK& I4l& .n<& st9((e<& .t& MK�?& Qo(& Lo& ho3(sR& Uo(e& LVkLVkLV
chlo(oethoO\lethoO\leth.nol& kjRL& I4Y& jRo& gY& iRLg& IIoll& S.s& .<<e<& .n<& the& (e.ct9on&
I9Ot3(e&S.s&st9((e<&Qo(&Lo&ho3(sR&!he&solNent&S.s&(eIoNe<&.n<&the&(es9<3e&S.s&t.hen&
3'&S9th&?"L?lL&x&"L>R&!he&o(g.n9c&'h.se&S.s&se'.(.te<&.n<&the&.23eo3s&'h.se&eOt(.cte<&
tS9ce&S9th&?"L?lLR&!he&coI89ne<&o(g.n9c&'h.ses&Se(e&S.she<&Q9(st&S9th&8(9neY&then&S9th&
<9st9lle<&S.te(R&!he&solNent&S.s&eN.'o(.te<&.n<&the&(es9<3e&'3(9Q9e<&8\&ch(oI.tog(.'h\&
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on& s9l9c.& gel& 8\&3s9ng&?"L?lL& .s& the& el3ent& to& g9Ne& the& t9tle& coI'o3n<&29& kSh9te& sol9<Y&
LRLg&gY&MK�lR&

j"&BU@&k?=?lJY&JKK&U"al/&δ = 7.22&k<Y&g"Y&0&r&iRz&"alY&zRKz&k<Y&i"Y&0&r&iRz&"alY&gRzz&k<Y&L"Y&
0&r&MRK&"alY&oRjj&ktY&L"Y&0&r&oRi&"alY&JRim&ktY&L"Y&0&r&oRi&"alY&JRzj&kIY&g"lY&JRgj&ktY&L"Y&0&r&oRo&
"alY&LRJi&k8sY&j"lY&jRJK&ksY&Lz"lR&

&

30& Stopper with iodo­ended chain&

&

?oI'o3n<&29& kLRJg&gY& JRz&IIoll&S.s&<9ssolNe<& 9n&<(\&?"L?lL& kLmK&I4lR&!he& sol3t9on&
S.s&coole<&to&.8o3t&VL&�?&k9cexS.te(xs.lt&cool9ng&8.thlY&then&t(9eth\l.I9ne&ki&I4l&S.s&
.<<e<R&!he&s38se23ent&.<<9t9on&oQ&Ieth\ls3lQon\l&chlo(9<e&kKRz&gY&KRm&I4Y&gRj&IIoll&9n&
?"L?lL&kgK&I4l&S.s&I.<e&<(o'S9se&oNe(&.&'e(9o<&oQ&&j&hY&3n<e(&.(gon&.tIos'he(eR&!he&
sol3t9on&S.s&then&.lloSe<&to&st9(&.t&K�?&Qo(&J&hR&=9st9lle<&S.te(&kmK&I4l&S.s&then&.<<e<&
<(o'S9se& .n<& the& I9Ot3(e& S.s& .lloSe<& to& S.(I& to& (ooI& teI'e(.t3(eR& !he& o(g.n9c&
'h.se&S.s&se'.(.te<&.n<&the&.23eo3s&'h.se&eOt(.cte<&tS9ce&S9th&?"L?lLR&!he&coI89ne<&
o(g.n9c&'h.ses&Se(e&S.she<&S9th&<9st9lle<&S.te(R&!he&solNent&S.s&eN.'o(.te<&.n<&the&
(es9<3e&'3(9Q9e<&8\&ch(oI.tog(.'h\&on&s9l9c.&gel&8\&3s9ng&?"L?lL&.s& the&el3ent& to&g9Ne&
the&Ies\l.te<&coI'o3n<&kSh9te&sol9<Y&LRmL&gY&Mm�lR&Ct&S.s&then&<9ssolNe<&9n&LKK&I4&oQ&
.cetone&S9th&so<93I&9o<9<e&kjK&gY&gz&IIoll&.n<&he.te<&to&(eQl3O&oNe(n9ghtY&3n<e(&.(gon&
.tIos'he(eR& F& Sh9te& '(ec9'9t.te& oQ& so<93I& Ies\l.te& .''e.(e<R& !he& solNent& S.s&
eN.'o(.te<&.n<&the&(es9<3e&<9ssolNe<&9n&?"L?lL&kjKK&I4l&.n<&<9st9lle<&S.te(&kjKK&I4lR&
!he&o(g.n9c&'h.se&S.s& se'.(.te<&.n<& the&.23eo3s&'h.se&eOt(.cte<& tS9ce&S9th&?"L?lLR&
!he& coI89ne<& o(g.n9c& 'h.ses& Se(e& S.she<& S9th& <9st9lle<& S.te(R& !he& solNent& S.s&
eN.'o(.te<&.n<&the&(es9<3e&'3(9Q9e<&8\&ch(oI.tog(.'h\&on&s9l9c.&gel&8\&3s9ng&?"L?lL&.s&
the&el3ent&to&g9Ne&the&t9tle&coI'o3n<&53&kSh9te&sol9<Y&LRmK&gY&Mm�lR&&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = 7.26&k<Y&g"Y&0&r&iRz&"alY&zRjo&k<Y&g"Y&0&r&iRz&"alY&zRjJ&k<Y&
L"Y&0&r&iRz&"alY&gRzi&k<Y&L"Y&0&r&MRK&"alY&oRKi&ktY&L"Y&0&r&oRz&"alY&JRiK&ktY&L"Y&0&r&oRi&"alY&JRzJ&
ktY&L"Y&0&r&gRg&"alY&JRgm&kIY&g"lY&JRLm&ktY&L"Y&0&r&gRg&"alY&jRLM&ksY&Lz"lR&

%$VU$&Ixa&r&zgMRJKJm&kc.lc3l.te<&zgMRJKii&Qo(&?oJ"mmC>J&t&B.tlR&

&

&

&

&

&
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&

31& 2­(4­(OTHP)phenyl)­phenanthroline&

&

LVkoV49th9o'henoO\lVtet(.h\<(oVL"V'\(.n& S.s& '(e'.(e<& 8\& 9nte(conNe(s9on& oQ&
coIIe(c9.ll\&.N.9l.8le&LVkoV8(oIo'henoO\lVtet(.h\<(oVL"V'\(.n&S9th&tSo&e239N.lents&
oQ&tG349v&.&!"_&sol3t9on&kmK&I4l&oQ&LVkoVl9th9o'henoO\lVtet(.h\<(oVL"V'\(.n&kjz&IIoll&
S.s&o8t.9ne<&8\&sloS&.<<9t9on&oQ&tG349&kJm&IIoll&to&.&!"_&sol3t9on&kLm&I4l&oQ& &LVkoV
8(oIo'henoO\lVtet(.h\<(oVL"V'\(.n& koYJz& gY& jzRK&IIoll& .t& Vzi�?&3n<e(& .(gonR&FQte(&
8e9ng& st9((e<& JK&I9n3tes& .t& Vzi�?Y& th9s& sol3t9on&S.s& sloSl\& .<<e<& to& .& <eg.sse<& !"_&
sol3t9on& kzK& I4l& oQ& jYjKV'hen.nth(ol9ne& kJRK& gY& jgRg& IIoll& I.9nt.9ne<& .t& VL�?R& !he&
'hen.nth(ol9ne&sol3t9on& t3(ne<&<.(h&(e<& 9nst.nt.neo3sl\&.n<&S.s&st9((e<&3n<e(&.(gon&
.t&&K�?&Qo(&L&hR&!he(e.Qte(&the&(e.ct9on&S.s&23enche<&8\&.<<9t9on&oQ&S.te(&kJK&I4l&.n<&
the&(es3lt9ng&I9Ot3(e&S.s&eN.'o(.te&to&<(\nessR&!he&(es9<3e&th3s&o8t.9ne<&S.s&t.hen&3'&
9n& .& I9Ot3(e& oQ& ?"L?lL& .n<& S.te(& .n<& <ec.nte<R& !he& .23eo3s& l.\e(& S.s& S.she<& .n<&
eOt(.cte<&S9th&Io(e& ?"L?lLR& !he& o(g.n9c& 'h.se&S.s& then& (e.(oI.t9ae<& 8\& s3ccess9Ne&
.<<9t9ons& oQ& 8.tches& oQ& Un>L& kLm& glR& !he& (e.(oI.t9a.t9on& S.s& Ion9to(e<& 8\& !4?&
kcoI'o3n<&31&c.n&8e&(ecogn9ae<&8\&.&8l3e&l3I9nescence&3n<e(&5D&l9ghtlR&!he&sol3t9on&
S.s& then& <(9e<& 8\& .<<9t9on& oQ& Ug$>o& .n<& the& 8l.ch& Un>LxUg$>o& sl3((\& S.s& Q9lte(e<&
th(o3gh& s9nte(e<&gl.ss&S9th& cel9teR&FQte(& eN.'o(.t9on&oQ& the& solNentY& the& c(3<e&'(o<3ct&
S.s&'3(9Q9e<& &8\&col3In&ch(oI.tog(.'h\&oNe(&s9l9c.&gelY&S9th& &?"L?lL&.s& the&el3entY& to&
g9Ne&the&t9tle&coI'o3n<&31&k'.le&\elloS&gl.ss\&sol9<Y&JRMi&gY&gz�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = 9.22&k<<Y&j"Y&0&r&oRLY&jRi&"alY&iRJo&k<Y&j"Y&0&r&iRo&"alY&iRJL&
k<<Y&j"Y&0&r&iRjY&jRi&"alY&iRJj&k<Y&L"Y&0&r&MRK&"alY&iRjL&k<Y&j"Y&0&r&iRo&"alY&zRiz&k<Y&j"Y&0&r&iRz&
"alY&zRiL&k<Y&j"Y&0&r&iRz&"alY&zRgM&k<<Y&j"Y&0&r&iRjY&oRL&"alY&zRLg&k<Y&L"Y&0&r&MRK&"alY&mRmz&ktY&
j"Y&0&r&JRJ&"alY&JRMg&kIY&j"lY&JRgz&kIY&j"lY&LRKz&kIY&L"lY&jRMo&kIY&L"lY&jRzo&kIY&L"lR&

%$VU$&Ixa&r&JmzRjgJj&kc.lc3l.te<&JmzRjgKJ&Qo(&?LJ"LKBL>L&t&"tlR&

&

&

32& 2­(4­(OTHP)phenyl)­9­(4­bromophenyl)­phenanthroline&

&

F&gRM&I4&'o(t9on&kjj&IIoll&oQ&.&jRg&U&nG349&sol3t9on&9n&heO.ne&S.s&(.'9<l\&.<<e<&to&.&
<eg.sse<&sol3t9on&oQ&pV<98(oIo8enaene&kLRM&gY&jL&IIoll& 9n&<9st9lle<&<9eth\l&ethe(& kLK&
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I4l& .t& K�?& .n<& .lloSe<& to& S.(I& .t& (ooI& teI'e(.t3(eR& !he& pV8(oIo'hen\l& l9th93I&
sol3t9on&th3s&o8t.9ne<&Se(e&sloSl\&.<<e<Y&8\&the&Ie.n&oQ&.&<o38leVen<e<&nee<leY& to&.&
<eg.sse<& s3s'ens9on& oQ& 'hen.nth(ol9ne& coI'o3n<& 31& kLRjo& gY& g& IIoll& 9n& zK& I4& oQ&
<9st9lle<&<9eth\l&ethe(&he't&.t&K�?R&FQte(&the&(es3lt9ng&<.(h&(e<&sol3t9on&S.s&st9((e<&Qo(&J&
h&3n<e(&.(gon&.t&K�?Y&9t&S.s&h\<(ol9ae<&S9th&S.te(&kLm&I4l&.t&K�?R&!he&ethe(&l.\e(&S.s&
<ec.nte<& .n<& the& .23eo3s& l.\e(& eOt(.cte<& th(ee& t9Ies& S9th& ?"L?lLR& !he& coI89ne<&
o(g.n9c& l.\e(s& Se(e& the(e.Qte(& (e.(oI.t9ae<& 8\& .<<9t9on& oQ& Un>L& kjm& gY& jzK& IIoll&
3n<e(& eQQect9Ne& st9((9ng& oNe(n9ghtR& !he& (e.(oI.t9a.t9on& S.s& Ion9to(e<& 8\& !4?& kthe&
coI'o3n<& 32& c.n& 8e& (ecogn9ae<& 8\& .& 8l3e& l3I9nescence& 3n<e(& 5D& l9ghtlR& FQte(& the&
I9Ot3(e&S.s&<(9e<&oNe(&B.L$>oY& the&8l.ch& sl3((\& co3l<& e.s9l\&8e& Q9lte(e<&on& .& s9nte(e<&
gl.ss&S9th&cel9teY&S.she<&S9th&?"L?lLY&.n<&the&Q9lt(.te&eN.'o(.te<&to&<(\nessR&!he&c(3<e&
'(o<3ct& S.s& '3(9Q9e<& 8\& col3In& ch(oI.tog(.'h\& oNe(& s9l9c.& gelY& S9th& ?"L?lL& .s& the&
el3entY&to&g9Ne&the&t9tle&coI'o3n<&32 k'.le&\elloS&gl.ss\&sol9<Y&LRoo&gY&iK�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = 8.38&k<Y&L"Y&0&r&MRK&"alY&iRJo&k<Y&L"Y&0&r&MRK&"alY&iRJL&k<Y&
j"Y&0&r&iRo&"alY&iRLM&k<Y&j"Y&0&r&iRo&"alY&iRjj&k<Y&j"Y&0&r&iRo&"alY&iRjK&k<Y&j"Y&0&r&iRo&"alY&
zRiK&k<Y&j"Y&0&r&iRz&"alY&zRzz&k<Y&j"Y&0&r&iRz&"alY&zRzo&k<Y&L"Y&0&r&iRz&"alY&zRLm&k<Y&L"Y&0&r&iRz&
"alY&mRmm&ktY&j"Y&0&r&JRL&"alY&JRMm&kIY&j"lY&JRgm&kIY&j"lY&LRKJ&kIY&L"lY&jRML&kIY&L"lY&jRgM&
kIY&L"lR&

%$VU$&Ixa&r&mjjRKMML&kc.lc3l.te<&mjjRjKLj&Qo(&?LM"LJG(BL>L&t&"tlR&

&

33& 2­(4­Hydroxyphenyl)­9­(4­bromophenyl)­phenanthroline&

&

Phen.nth(ol9ne&coI'o3n<&32&kLRoo&gY&oYzz&IIoll&S.s&<9ssolNe<&9n&Ieth.nol&kLKK&I4l&
9n&the&'(esence&oQ&.&c.t.l\t9c&.Io3nt&oQ&.&Jz�&sol3t9on&oQ&"?l&kjK&<(o'slR&!he&I9Ot3(e&
S.s&he.te<&to&(eQl3O&oNe(n9ght&k�ji&hlR&!he&solNent&S.s&(eIoNe<&.n<&the&'(o<3ct&S.s&
<9s'e(se<& 9n& <9st9lle<& S.te(& kjKK& I4l& .n<& ?"L?lL& kLKK& I4lR& !he& .23eo3s& l.\e(& S.s&
ne3t(.l9ae<&S9th&.&jU&sol3t9on&oQ&B.>"&.n<&the&tSo&l.\e(s&Se(e&se'.(.te<&k.&'(ec9'9t.te&
S.s& 9n& s3s'ens9on& 9n&?"L?lLlR&Pent.ne& kLKK&I4l&S.s& then&.<<e<& to& the&o(g.n9c&'h.se&
.n<&the&'(ec9'9t.te&S.s&Q9lte(e<&to&g9Ne&the&t9tle&'(o<3ct&33R&!h9s&'(o<3ct&S.s&not&sol38le&
eno3gh&to&8e&Io(e&'3(9Q9e<&.n<&S.s&the(eQo(e&3se<&S9tho3t&Q3(the(&'3(9Q9c.t9on&k\elloS&
sol9<Y&jRio&gY&MK�lR&

j"&BU@&k=U$>V<gY&JKK&U"al/&δ = 8.55&k<Y&j"Y&0&r&iRz&"alY&iRmJ&k<Y&j"Y&0&r&MRJ&"alY&iRoj&k<Y&
L"Y&0&r&iRo&"alY&iRJo&k<Y&j"Y&0&r&iRz&"alY&iRJK&k<Y&L"Y&0&r&iRo&"alY&iRLz&k<Y&j"Y&0&r&MRJ&"alY&
zRMg&ksY&L"lY&zRij&k<Y&L"Y&0&r&iRo&"alY&zRKK&k<Y&L"Y&0&r&iRz&"alR&

%$VU$&Ixa&r&oLMRKJoo&kc.lc3l.te<&oLMRKoLJ&Qo(&?Lo"jmG(BL>&t&"tlR&

&

&
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34& Mono­stoppered  and bromo­ended phenanthroline fragment&

&

Phen.nth(ol9ne& coI'o3n<&33& kmmK&IgY& jRLM&IIollY& ces93I& c.(8on.te& kioK&IgY& LRmi&
IIoll& .n<& sto''e(&S9th& 9o<oVen<e<& ch.9n&30& kjRMJ& gY& LRmi&IIoll&Se(e&I9Oe<& 9n&<(\&
=U_&kjmK&I4l&.n<&st9((e<&.t&mK�?&Qo(&mhR&Uo(e&sto''e(&S9th&9o<oVen<e<&ch.9n&30&kMgK&
IgY& KRgm&IIoll&S.s& .<<e<& .n<& the& (e.ct9on&I9Ot3(e<& st9((e<& .t& mK�?& oNe(n9ghtR& !he&
solNent& S.s& (eIoNe<& .n<& the& (es9<3e& S.s& t.hen& 3'& S9th& ?"L?lL& x& "L>R& !he& o(g.n9c&
'h.se&S.s& se'.(.te<&.n<& the& .23eo3s&'h.se& eOt(.cte<& tS9ce&S9th&?"L?lLR& !he& solNent&
S.s&(eIoNe<&.n<&the&(es9<3e&'3(9Q9e<&8\&ch(oI.tog(.'h\&on&s9l9c.&gel&8\&3s9ng&?"L?lL&x&
Ue>"&kKRm�l&.s& the&el3ent& to&g9Ne& the& t9tle& coI'o3n<&34& k\elloS9sh&gl.ss\&sol9<Y&gLK&
IgY&og�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = 8.39&k<Y&L"Y&0&r&iRz&"alY&iRJm&k<Y&j"Y&0&r&iRj&"alY&iRJo&k<Y&
L"Y&0&r&iRz&"alY&iRLM&k<Y&j"Y&0&r&iRo&"alY&iRjJ&k<Y&j"Y&0&r&iRo&"alY&iRjK&k<Y&j"Y&0&r&iRo&"alY&
zRiL&k<Y&j"Y&0&r&iRz&"alY&zRzM&k<Y&j"Y&0&r&iRz&"alY&zRzo&k<Y&L"Y&0&r&iRz&"alY&zRLm&k<Y&g"Y&0&r&iRi&
"alY&zRjo&k<Y&g"Y&0&r&iRi&"alY&zRjJ&k<Y&o"Y&0&r&MRK&"alY&gRzi&k<Y&L"Y&0&r&MRK&"alY&oRLo&k<<Y&L"Y&0&
r&oRgY&gRK&"alY&oRKM&k<<Y&L"Y&0&r&oRgY&gRK&"alY&JRMK&k<<Y&L"Y&0&r&JRJY&oRi&"alY&JRiL&k<<Y&L"Y&0&r&
JRoY&oRM&"alY&JRzJ&ksY&o"lY&jRLi&ksY&Lz"lR&

UF4=CVU$&Ixa&r&jKozRJzm&kc.lc3l.te<&jKozRomK&Qo(&?gz"gMG(BL>o&t&"tlR&

&

35  Mono­stoppered  and boronic ester­ended phenanthroline fragment&

&

G(oI9n.te<& 'hen.nth(ol9ne& Q(.gIent& 34& kggK& IgY& KRgJ& IIollY& 89skneo'ent\l&
gl\col.tol<98o(on& kjmz&IgY& KRzK&IIollY& 'ot.ss93I& .cet.te& kjig&IgY& jRMK&IIoll& .n<&
P<k<''Ql?lLY?"L?lL&kjg&IgY&KRKL&IIoll&Se(e&<9ssolNe<&9n&<(\&<9oO.neR&!he&I9Ot3(e&S.s&
st9((e<& 3n<e(& F(& .t& iK�?& oNe(n9ghtR& FQte(& the& sol3t9on& S.s& coole<& <oSn& .t& (ooI&
teI'e(.t3(eY&mK&I4&oQ&S.te(&.n<&jKK&I4&oQ&?"L?lL&Se(e&.<<e<R&!he&o(g.n9c&l.\e(&S.s&
then&<ec.nte<&.n<& the&.23eo3s& l.\e(&S.s&eOt(.cte<&L& t9Ies&S9th&?"L?lLR&!he&coI89ne&
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o(g.n9c&l.\e(&S.s&<(9e<&oNe(&B.L$>oY&Q9lte(e<&.n<&eN.'o(.te<R&!he&t9tle&'(o<3ct&35&s3ch&
o8t.9ne<&S.s&3se<&S9tho3t&Q3(the(&'3(9Q9c.t9on&k<.(h&8(oSn&sol9<Y&gij&IgY&jKK�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = 8.43&k<Y&L"Y&0&r&iRo&"alY&iRoK&k<Y&L"Y&0&r&iRM&"alY&iRJo&k<Y&
j"Y&0&r&iRo&"alY&iRLM&k<Y&j"Y&0&r&iRm&"alY&iRjM&k<Y&j"Y&0&r&iRm&"alY&iRjK&k<Y&j"Y&0&r&iRm&"alY&
iRKK&k<Y&L"Y&0&r&iRo&"alY&zRiK&ksY&L"lY&zRLg&k<Y&L"Y&0&r&iRi&"alY&zRLo&k<Y&g"Y&0&r&iRi&"alY&zRjo&
k<Y&g"Y&0&r&iRi&"alY&zRjL&k<Y&L"Y&0&r&MRK&"alY&oRLo&kIY&L"lY&oRKM&kIY&L"lY&JRiM&kIY&L"lY&JRiL&
kIY&L"lY&JRiL&ksY&o"lY&JRzo&ksY&o"lY&jRLi&ksY&Lz"lY&jRKm&ksY&g"lR&

&

&

36& 5­Bromo­2­trimethylstannylpyridine&

&

mVG(oIoVLV9o<o'\(9<9ne&kmRim&gY&LKRm&IIoll&S.s&<9ssolNe<&9n&LKK&I4&oQ&tol3eneR&nG349&
kjgRL&I4Y& jRo& U& 9n& heO.neY& LLRm& IIoll& Se(e& .<<e<& <(o'S9se& onto& the& sol3t9on&
I.9nt.9ne<& .t& VLK�?& <3(9ng& the& 8eg9nn9ng& oQ& the& .<<9t9onR& !he& I9Ot3(e& t3(ne<&
9IIe<9.tel\& (e<& .n<& the& teI'e(.t3(e& S.s& loSe(e<& to& Vzi�?R& !he& sol3t9on& S.s& then&
st9((e<&.t&Vzi�?&Qo(&Lh&.Qte(&Sh9ch&.&sol3t9on&oQ&?l$nUeJ&koRMLgY&LoRg&IIoll&9n&tol3ene&
kmK&I4l&S.s&c.(eQ3ll\&.<<e<R&Ft&the&en<&oQ&the&.<<9t9onY&the&\elloS&sol3t9on&S.s&st9((e<&
Qo(& one& .<<9t9on.l& ho3(& .t& Vzi�?& .n<& then& .lloSe<& to&S.(I& 3'& to& (ooI& teI'e(.t3(eR&
!ol3ene&S.s&eN.'o(.te<&.n<&the&c(3<e&'(o<3ct&t.hen&3'&9n&?"L?lLR&Cnsol38le&s.lts&Se(e&
Q9lte(e<&oQQ&on&.&s9nte(e<&gl.ssR&!he&Q9lt(.te&S.s&eN.'o(.te<&to&<(\ness&.n<&the&(es3lt9ng&
\elloS&o9l&S.s&s38I9tte<&to&.&Ne(\&Q.st&ch(oI.tog(.'h\&on&.l3I9n.&S9th&<9eth\l&ethe(&.s&
the&el3ent&to&.QQo(<&the&t9tle&st.nn\l&coI'o3n<&36&k\elloS&o9lY&gRJM&gY&Mz�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = 8.82&k<Y&j"Y&0&r&LRm&"alY&zRgi&k<<Y&j"Y&0&r&iRjY&LRm&"alY&zRJm&
k<Y&j"Y&0&r&iRj&"alY&KRJL&ksY&M"lR&

%CVU$&Ixa&r&JKmRM&kc.lc3l.te<&JKmRi&Qo(&?i"jLG(B$n&V&?"JlR&

&

37& 2,6­Diiodopyridine&

&

F& I9Ot3(e& oQ& LYgV<98(oIo'\(9<9ne& kLK& gY& io& IIoll& .n<& so<93I& 9o<9<e& kjzRg& gY& jjz&
IIoll& 9n& mz�& .23eo3s& "C& kgJ&I4l&S.s& (eQl3Oe<& Qo(& z& h& 3n<e(& F(R& !he& sol3t9on&S.s&
ne3t(.l9ae<&S9th&B.>"&.n<&eOt(.cte<&S9th&?"L?lLR&FQte(&<(\9ng&oNe(&Ug$>oY&the&solNent&
S.s& (eIoNe<R& !he& sol9<& S.s& S.she<& S9th& <9eth\l& ethe(Y& 9n& o(<e(& to& (eIoNe& the&
(eI.9n9ng&st.(t9ng&I.te(9.lY&to&g9Ne&'3(e&t9tle&coI'o3n<&37&kSh9te&sol9<Y&LKRi&gY&zK�lR&

j"&BU@&k?=?lJY&LKK&U"al/&δ = 7.73&k<Y&L"Y&0&r&iRm&"alY&gRMi&ktY&j"Y&0&r&iRm&"alR&

UR'R&r&jzi�?&
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&

38& 5,5''­Dibromo­2,2':6'­2''­terpyridine&

&

mVG(oIoVLVt(9Ieth\lst.nn\l'\(9<9ne&36& kgRo& gY& jMRM&IIoll& .n<& LYgV<99o<o'\(9<9ne&37&
kJRjz&gY&MRm&IIoll&Se(e&<9ssolNe<&9n&tol3ene&kLKK&I4lR&!he&sol3t9on&S.s&<eg.sse<&th(ee&
t9IesY&P<kPPhJlo& kggK&IgY&KRg&IIoll&S.s&.<<e<&3n<e(&.n&F(& st(e.I&.n<& the&I9Ot3(e&
S.s&<eg.sse<&th(ee&t9Ies&.g.9nR&!he&sol3t9on&S.s&he.te<&.t&(eQl3O&Qo(&ji&hR&P<&8l.ch&S.s&
Q9lte(e<&oQQ&.n<&the&solNent&S.s&eN.'o(.te<R&_9lt(.t9on&oQ&the&(es3lt9ng&sol9<&on&.l3I9n.&
S9th&?"L?lL&.s&el3ent&.QQo(<e<&the&t9tle&te('\(9<9ne&38&kSh9te&sol9<Y&JRJL&gY&MK�lR&

j"&BU@&k?=?lJY&LKK&U"al/&δ = 8.72&k<Y&L"Y&0&r&LRL&"alY&iRoz&k<Y&L"Y&0&r&iRo&"alY&iRoj&k<Y&L"Y&
0&r&zRi&"alY&zRMm&k<<Y&L"Y&0&r&iRoY&LRL&"alY&zRMJ&ktY&j"Y&0&r&zRi&"alR&

_FGVU$&Ixa&r&JMLRK&kc.lc3l.te<&JMLRK&Qo(&?jm"MG(LBJ&t&"tlR&

&

&

39& 4­(Tetrahydro­2H­pyran­2­yloxy)phenylboronic acid&

&

oVk!et(.h\<(oVL"V'\(.nVLV\loO\l8(oIo8enaene& koRJJ& gY& jgRi&IIoll&S.s& <9ssolNe<& 9n&
Q(eshl\&<9st9lle<&!"_&kjKK&I4lR&FQte(&cool9ng&to&Vzi&�?&.&sol3t9on&oQ&nG349&9n&heO.ne&kjRg&
UY&jjRg&I4Y&jiRm&IIoll&S.s&.<<e<&<(o'S9se&.n<&the&(e.ct9on&I9Ot3(e&S.s&st9((e<&.t&Vzi&
�?& Qo(&LK&I9n&3n<e(&F(R&FQte(&.<<9t9on&oQ& t(99so'(o'\l&8o(.te& koRJ&I4Y&jiRm&IIollY& the&
sol3t9on&st9((e<&.t&Vzi&�?&Qo(&.nothe(&jh&.n<&S.s&.lloSe<&to&S.(I&to&(ooI&teI'e(.t3(eR&
=9eth\l& ethe(& kmKK& I4l& .n<& S.te(& kmKK& I4l& Se(e& then& .<<e<& .n<& the& I9Ot3(e& S.s&
sloSl\& ne3t(.l9ae<& S9th& .n& .23eo3s& KRj& U& "?l& sol3t9onR& !he& o(g.n9c& l.\e(& S.s& then&
<ec.nte<Y&the&.23eo3s&l.\e(&S.s&eOt(.cte<&L&t9Ies&S9th&<9eth\l&ethe(&.n<&the&coI89ne<&
o(g.n9c& l.\e(& eN.'o(.te<& to& <(\nessR& !he& c(3<e& '(o<3ct& S.s& '3(9Q9e<& 8\&
ch(oI.tog(.'h\&on&s9l9c.&gel&8\&3s9ng&tol3ene&x&.cetone&ko/jl&.s&the&el3ent&to&g9Ne&the&
t9tle&coI'o3n<&39&kSh9te&sol9<Y&JRKo&gY&ij�lR&

j"&BU@&k.cetoneV<g&x&=L>&kJ/jlY&JKK&U"al/&δ = 7.71&k<Y&L"Y&0&r&iRz&"alY&gRMJ&k<Y&L"Y&0&r&iRz&
"alY&mRoL&ktY&j"Y&0&r&JRL&"alY&JRzm&kIY&j"lY&JRmL&kIY&j"lY&jRzi&kIY&L"lY&jRmz&kIY&L"lY&jRLg&
kIY&L"lR&

&

&

&
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40& 5­Bromo­5''­(4­(OTHP)phenyl)­2,2':6'­2''­terpyridine&

&

mYmyyV=98(oIoVLYLy/gyVLyyVte('\(9<9ne&38&kiKK&IgY&LRKm&IIollY&8o(on9c&.c9<&39&komm&IgY&
LRKm&IIoll&.n<&B.L?>J&kLRjg&gY&LKRo&IIoll&Se(e&<9ssolNe<&9n&tol3ene&kjLK&I4lY&S.te(&
koK&I4l&.n<&eth.nol& kLK&I4lR&!he&sol3t9on&S.s&<eg.sse<& th(ee& t9IesY&P<kPPhJlo& kjLK&
IgY&KRj&IIoll&S.s&.<<e<&3n<e(&.n&F(&st(e.I&.n<&the&I9Ot3(e&S.s&<eg.sse<&th(ee&t9Ies&
.g.9nR&!he&sol3t9on&S.s&he.te<&.t&MK&�?&Qo(&LhR&!he&o(g.n9c&l.\e(&S.s&then&<ec.nte<&.n<&
the& .23eo3s& l.\e(&S.s& eOt(.cte<& L& t9Ies&S9th& ?"L?lLR& !he& coI89ne& o(g.n9c& l.\e(&S.s&
S.she<&S9th&S.te(&.n<&eN.'o(.te<R&!he&c(3<e&'(o<3ct&S.s&'3(9Q9e<&8\&ch(oI.tog(.'h\&
on&.l3I9n93I&oO9<e&8\&3s9ng&'ent.ne&x&eth\l&.cet.te&kL�l&.s&the&el3ent&to&g9Ne&the&t9tle&
coI'o3n<&40&kSh9te&sol9<Y&Jig&IgY&Ji�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = 8.91&k<<Y&j"Y&0&r&LRoY&KRi&"alY&8.75&k<<Y&j"Y&0&r&LRoY&KRz&"alY&
8.64&k<<Y&j"Y&0&r&iRJY&KRi&"alY&8.57&k<<Y&j"Y&0&r&iRmY&KRz&"alY&8.50&k<<Y&j"Y&0&r&zRMY&jRj&"alY&
8.42&k<<Y&j"Y&0&r&zRMY&jRj&"alY&8.04&k<<Y&j"Y&0&r&iRoY&LRo&"alY&8.01&k<<Y&j"Y&0&r&iRgY&LRo&"alY&
7.97&ktY&j"Y&0&r&zRM&"alY&7.63&k<Y&L"Y&0&r&iRM&"alY&7.17&k<Y&L"Y&0&r&iRM&"alY&mRoi&ktY&j"Y&0&r&JRo&
"alY&JRMK&kIY&j"lY&JRgj&kIY&j"lY&LRKK&kIY&L"lY&jRiz&kIY&L"lY&jRgz&kIY&L"lR&

%$VU$&Ixa&r&oiiRKMML&kc.lc3l.te<&oiiRKMgi&Qo(&?Lg"LLG(BJ>L&t&"tlR&

&

41& OTHP­ended two stations thread&&

&

Go(on9c& este(& 'hen.nth(ol9ne& Q(.gIent& 35& kJoK& IgY& �KRJjm& IIollY& 8(oI9n.te<&
te('\(9<9ne&40&kjJK&IgY&KRLgg&IIoll&.n<&B.L?>J&kLiL&IgY&LRgg&IIoll&Se(e&<9ssolNe<&
9n&tol3ene&kom&I4lY&S.te(&kjm&I4l&.n<&eth.nol&ki&I4lR&!he&sol3t9on&S.s&<eg.sse<&th(ee&
t9IesY&P<kPPhJlo&kjg&IgY&KRKjJ&IIoll&S.s&.<<e<&3n<e(&.n&F(&st(e.I&.n<&the&I9Ot3(e&
S.s&<eg.sse<&th(ee&t9Ies&.g.9nR&!he&sol3t9on&S.s&he.te<&.t&MK&�?&oNe(n9ght&k.8o3t&ji&
ho3(slR&!he&o(g.n9c&l.\e(&S.s&then&<ec.nte<&.n<&the&.23eo3s&l.\e(&S.s&eOt(.cte<&th(ee&
t9Ies& S9th& ?"L?lLR& !he& coI89ne& o(g.n9c& l.\e(& S.s& S.she<& S9th& <9st9lle<& S.te(& .n<&
eN.'o(.te<R&!he&c(3<e&'(o<3ct&S.s&'3(9Q9e<&8\&ch(oI.tog(.'h\&on&.l3I9n93I&oO9<e&8\&
3s9ng&?"L?lL&.s&the&el3ent&to&g9Ne&the&t9tle&coI'o3n<&41&kcolo(less&gl.ss\&sol9<Y&JoK&IgY&
MJ�lR&
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j"&BU@&k?=L?lLY&JKK&U"al/&δ =&MRjK&k<<Y&j"Y&0&r&LRJY&KRz&"aY&t'jlY&iRMJ&k<<Y&j"Y&0&r&LRoY&KRi&
"aY&t'MlY&iRzM&k<<Y&j"Y&0&r&iRJY&KRz&"aY&t'JlY&iRzJ&k<<Y&j"Y&0&r&iRJY&KRz&"aY&t'zlY&iRgJ&k<Y&L"Y&0&
r&iRg&"aY&s'JlY&iRmm&k<<Y&j"Y&0&r&zRMY&jRj&"aY&t'glY&iRmj&k<<Y&j"Y&0&r&zRMY&jRK&"aY&t'olY&iRoJ&k<Y&
L"Y&0&r&iRM&"aY&s'LlY&iRJi&k<Y&j"Y&0&r&iRm&"aY&'hmlY&iRJj&k<Y&j"Y&0&r&iRm&"aY&'hLlY&iRLm&k<Y&j"Y&
0&r&iRo&"aY&'hglY&iRLo&k<<Y&j"Y&0&r&iRoY&LRm&"aY&t'LlY&iRjL&k<Y&j"Y&0&r&iRm&"aY&'hjlY&iRKz&k<<Y&
j"Y&0&r&iRJY&LRo&"aY&t'ilY&&iRKK&ktY&j"Y&0&r&zRM&"aY&t'mlY&zRMi&k<Y&L"Y&0&r&iRm&"aY&s'olY&zRiJ&ksY&
L"Y&'hJVolY&zRgm&k<Y&L"Y&0&r&iRM&"aY&s'mlY&zRLJ&k<Y&g"Y&0&r&iRz&"aY&stolY&zRjM&k<Y&L"Y&0&r&iRM&
"aY&s'glY&zRjg&k<Y&L"Y&0&r&iRi&"aY&s'jlY&zRjJ&k<Y&g"Y&0&r&iRi&"aY&stJlY&zRjL&k<Y&L"Y&0&r&iRM&"aY&
stLlY&gRzi&k<Y&L"Y&0&r&MRK&"aY&stjlY&mRoM&ktY&j"Y&0&r&JRj&"aY&'(jlY&oRLm&k<<Y&L"Y&0&r&gRKY&oRm&"aY&
cglY&oRKM&k<<Y&L"Y&0&r&gRjY&oRg&"aY&cjlY&JRMj&kIY&j"Y&'(LlY&JRMK&k<<Y&L"Y&0&r&oRgY&JRo&"aY&cmlY&
JRiJ&k<<Y&L"Y&0&r&oRMY&JRo&"aY&cLlY&JRzJ&ksY&o"Y&cJVolY&JRgm&kIY&j"Y&'(JlY&LRKj&kIY&L"Y&'(mlY&
jRiM&kIY&L"Y&'(glY&jRgg&kIY&L"Y&'(olY&jRLz&ksY&Lz"Y&stmlR&

%$VU$&Ixa&r&jJzoRzjLL&kc.lc3l.te<&jJzoRzKoi&Qo(&?MJ"MjBm>g&t&"tlR&

&

42& OH­ended two­station thread&& &

&

>!"PVen<e<&tSo&st.t9ons&th(e.<&41&kJoK&IgY&KRLoz&IIoll&S.s&<9ssolNe<&9n&?"L?lL&kmK&
I4l&.n<&Ieth.nol& kmK&I4l& 9n& the&'(esence&oQ&.&c.t.l\t9c&.Io3nt&oQ&.&Jz�&sol3t9on&oQ&
"?l&kjK&<(o'slR&!he&I9Ot3(e&S.s&he.te<&to&(eQl3O&Qo(&o&hR&!he&solNent&S.s&(eIoNe<&.n<&
the& '(o<3ct& S.s& & <9s'e(se<& 9n& <9st9lle<& S.te(& kjKK& I4l& .n<& ?"L?lL& kLKK& I4lR& !he&
.23eo3s& l.\e(& S.s& ne3t(.l9ae<& S9th& .n& .23eo3s& sol3t9on& oQ& B"J& kJz�lR& !he& o(g.n9c&
l.\e(&S.s&then&<ec.nte<&.n<&the&.23eo3s&l.\e(&S.s&eOt(.cte<&o&t9Ies&S9th&Io(e&?"L?lLR&&
!he& coI89ne<& o(g.n9c& 'h.ses& Se(e& S.she<& S9th& <9st9lle<& S.te(R& !he& solNent& S.s&
eN.'o(.te<&.n<&the&c(3<e&'(o<3ct&'3(9Q9e<&8\&ch(oI.tog(.'h\&on&.l3I9n93I&oO9<e&8\&
3s9ng&?"L?lL&x&Ue>"&kj�l&.s& the&el3ent& to&g9Ne& the& t9tle& coI'o3n<&42& k\elloS&gl.ss\&
sol9<Y&Lmj&IgY&zM�lR&

%$VU$&Ixa&r&jLMKRgmJz&kc.lc3l.te<&jLMKRgogz&Qo(&?ii"iJBm>m&t&"tlR&

&

43+ and 44+& see 25+ and 26+&& &

&

&

&



181 

45& 5,5'­Dibromo­2,2'­bipyridine&

&

mVG(oIoVLVt(9Ieth\lst.nn\l'\(9<9ne& 36& kmRg& gY& jzRm& IIoll& .n<& mVG(oIoVLV
9o<o'\(9<9ne&kmRom&gY&jMRL&IIoll&Se(e&<9ssolNe<&9n&<(\&tol3ene&kLKK&I4lR&!he&sol3t9on&
S.s& <eg.sse<& th(ee& t9IesY& P<kPPhJlo& kmiL& IgY& KRmK& IIoll& S.s& .<<e<& 3n<e(& .n& F(&
st(e.I& .n<& the&I9Ot3(e& S.s& <eg.sse<& th(ee& t9Ies& .g.9nR& !he& sol3t9on& S.s& he.te<& .t&
(eQl3O& Qo(& LKhR& P<& 8l.ch& S.s& Q9lte(e<& oQQ& .n<& the& solNent& S.s& eN.'o(.te<R&
@ec(\st.ll9s.t9on& oQ& the& (es3lt9ng& sol9<& 9n& ?"?lJ& .QQo(<e<& the& t9tle& 89'\(9<9ne&45& kl9ght&
8(oSn&sol9<Y&JRzL&gY&gi�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = 8.70&k<Y&L"Y&0&r&LRJ&"alY&iRLM&k<Y&L"Y&0&r&iRm&"alY&zRMJ&k<<Y&
L"Y&0&r&iRmY&LRJ&"alR&

%$VU$&Ixa&r&JJgRiiLg&kc.lc3l.te<&JJgRizzK&Qo(&?jK"gG(LBL&t&B.tlR&

&

46& 5­Bromo­5'­(4­(OTHP)phenyl)­2,2'­bipyridine&

&

mYmyV=98(oIoVLYLyV89'\(9<9ne& 75& kjRK& gY& JRji& IIollY& B.L?>J& kJRJg& gY& JjRi& IIoll& .n<&
8o(on9c& .c9<&68& kzJK&IgY& JRLM&IIoll&Se(e& <9ssolNe<& 9n& tol3ene& kjmK&I4lY&S.te(& kmK&
I4l&.n<&eth.nol& kLm&I4lR&!he&sol3t9on&S.s&<eg.sse<& th(ee& t9IesY&P<kPPhJlo& kjiz&IgY&
KRjg&IIoll&S.s&.<<e<&3n<e(&.n&F(&st(e.I&.n<&the&I9Ot3(e&S.s&<eg.sse<&th(ee&t9Ies&
.g.9nR&!he&sol3t9on&S.s&he.te<&.t&MK&�?&Qo(&LRm&hR&!he&o(g.n9c&l.\e(&S.s&then&<ec.nte<&
.n<& the& .23eo3s& l.\e(&S.s& eOt(.cte<& J& t9Ies&S9th& ?"L?lLR& !he& coI89ne& o(g.n9c& l.\e(&
S.s& S.she<& S9th& S.te(& .n<& eN.'o(.te<R& !he& c(3<e& '(o<3ct& S.s& '3(9Q9e<& 8\&
ch(oI.tog(.'h\& on& .l3I9n93I& oO9<e& 8\& 3s9ng& 'ent.ne& x& eth\l& .cet.te& km�l& .s& the&
el3ent&to&g9Ne&the&t9tle&89'\(9<9ne&76&kSh9te&sol9<Y&ozi&IgY&Jg�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ =&iRig&k<Y&j"Y&0&r&LRJ&"alY&iRzj&k<Y&j"Y&0&r&LRJ&"alY&iRoJ&k<Y&
j"Y&0&r&iRJ&"alY&iRJz&k<Y&j"Y&0&r&iRm&"alY&zRMM&k<<Y&j"Y&0&r&iRJY&LRo&"alY&zRim&k<<Y&j"Y&0&r&iRmY&
LRo&"alY&zRgK&k<Y&L"Y&0&r&iRi&"alY&zRjz&k<Y&L"Y&0&r&iRi&"alY&mRoz&ktY&j"Y&0&r&JRL&"alY&JRiM&kIY&
j"lY&JRgL&kIY&j"lY&LRKK&kIY&L"lY&jRii&kIY&L"lY&jRgg&kIY&L"lR&

%$VU$&Ixa&r&ojjRKgmo&kc.lc3l.te<&ojjRKzKJ&Qo(&?Lj"jMG(BL>L&t&"tlR&

&

&

&

&

&

&
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47& OTHP­ended thread with dpp and bipy ligands&

&

Go(on9c& este(& 'hen.nth(ol9ne& Q(.gIent& 35& kJoK& IgY& �KRJjm& IIollY& .s\IIet(9c.l&
89'\(9<9ne&46&kjJK&IgY&KRJjg&IIoll&.n<&B.L?>J&kJJo&IgY&JRjm&IIoll&Se(e&<9ssolNe<&9n&
tol3ene&kJK&I4lY&S.te(& kjK&I4l&.n<&eth.nol& km&I4lR&!he&sol3t9on&S.s&<eg.sse<& th(ee&
t9IesY&P<kPPhJlo&kjg&IgY&KRKjJ&IIoll&S.s&.<<e<&3n<e(&.n&F(&st(e.I&.n<&the&I9Ot3(e&
S.s&<eg.sse<&th(ee&t9Ies&.g.9nR&!he&sol3t9on&S.s&he.te<&.t&MK&�?&oNe(n9ghtR&!he&o(g.n9c&
l.\e(&S.s&then&<ec.nte<&.n<&the&.23eo3s&l.\e(&S.s&eOt(.cte<&J&t9Ies&S9th&?"L?lLR&!he&
coI89ne&o(g.n9c&l.\e(&S.s&S.she<&S9th&S.te(&.n<&eN.'o(.te<R&!he&c(3<e&'(o<3ct&S.s&
'3(9Q9e<&8\&ch(oI.tog(.'h\&on&.l3I9n93I&oO9<e&8\&3s9ng&?"L?lL&x&'ent.ne&kJ/jl&.s&the&
el3ent&to&g9Ne&the&t9tle&coI'o3n<&47&kcolo(less&gl.ss\&sol9<Y&Jgz&IgY&MK�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ =&MRKz&k<Y&j"Y&0&r&LRK&"alY&iRMj&k<Y&j"Y&0&r&jRM&"alY&iRgj&k<Y&
L"Y&0&r&iRm&"alY&iRmM&k<Y&j"Y&0&r&iRo&"alY&iRmm&k<Y&j"Y&0&r&iRo&"alY&iRoJ&k<Y&L"Y&0&r&iRM&"alY&
iRJi&k<Y&j"Y&0&r&iRm&"alY&iRJj&k<Y&j"Y&0&r&iRm&"alY&iRLo&k<Y&j"Y&0&r&iRm&"alY&iRjM&k<<Y&j"Y&0&r&
iRJY&LRJ&"alY&iRjj&k<Y&j"Y&0&r&iRm&"alY&iRKJ&k<<Y&j"Y&0&r&iRJY&LRJ&"alY&&zRMg&k<Y&L"Y&0&r&iRm&"alY&
zRiJ&ksY&L"lY&zRgJ&k<Y&L"Y&0&r&iRi&"alY&zRLg&k<Y&L"Y&0&r&iRz&"alY&zRLo&k<Y&g"Y&0&r&iRz&"alY&zRji&
k<Y&L"Y&0&r&iRM&"alY&zRjJ&k<Y&g"Y&0&r&iRi&"alY&zRjL&k<Y&L"Y&0&r&MRK&"alY&gRzi&k<Y&L"Y&0&r&MRK&"alY&
mRoM&ktY&j"Y&0&r&JRJ&"alY&oRLm&k<<Y&L"Y&0&r&gRjY&oRg&"alY&oRKM&k<<Y&L"Y&0&r&gRKY&oRg&"alY&JRMj&kIY&
j"lY&JRMK&k<<Y&L"Y&0&r&oRgY&JRJ&"alY&JRiJ&k<<Y&L"Y&0&r&oRiY&JRo&"alY&JRzJ&ksY&o"lY&JRgo&kIY&j"lY&
LRKL&kIY&L"lY&jRii&kIY&L"lY&jRgg&kIY&L"lY&jRLz&ksY&Lz"lR&

UF4=CVU$&Ixa&r&jLMzRgij&kc.lc3l.te<&jLMzRgzi&Qo(&?ii"iiBo>g&t&"tlR&

&

48& OH­ended thread with dpp and bipy ligands&

&

>!"PVen<e<& th(e.<& 47& kJgm&IgY& KRLij&IIoll& S.s& <9ssolNe<& 9n& ?"L?lL& kLK& I4l& .n<&
Ieth.nol& kLK&I4l& 9n& the& '(esence& oQ& .& c.t.l\t9c& .Io3nt& oQ& .& Jz�& sol3t9on& oQ& "?l& km&
<(o'slR& !he&I9Ot3(e& S.s& he.te<& to& (eQl3O& Qo(& o& hR& !he& solNent& S.s& (eIoNe<& .n<& the&
'(o<3ct&S.s&<9s'e(se<& 9n&<9st9lle<&S.te(& kjKK&I4l&.n<&?"L?lL& kLKK&I4lR&!he&.23eo3s&
l.\e(&S.s&ne3t(.l9ae<&S9th&.&j&U&sol3t9on&oQ&B.>"R&!he&o(g.n9c&l.\e(&S.s&then&<ec.nte<&
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.n<&the&.23eo3s& l.\e(&S.s&eOt(.cte<&o&t9Ies&S9th&Io(e&?"L?lLR&!he&coI89ne<&o(g.n9c&
'h.ses& Se(e& S.she<& S9th& <9st9lle<& S.te(R& !he& solNent& S.s& eN.'o(.te<& .n<& the& t9tle&
'(o<3ct&48&s3ch&o8t.9ne<&k\elloS&sol9<Y&Jom&gY&s3''ose<&23.nt9t.t9Nel&S.s&3se<&S9tho3t&
Q3(the(&'3(9Q9c.t9on&8ec.3se&oQ&9ts&loS&sol389l9t\R&

UF4=CVU$&Ixa&r&jLjJRgLo&kc.lc3l.te<&jLjJRgLj&Qo(&?iJ"iKBo>m&t&"tlR&

&

50+&kvia&49+l& molecular shuttle with two bidentate chelates in its axis 

&

F& sol3t9on& oQ& ?3kUe?BloP_g& kLoRmIgY& KRKgg& IIoll& 9n& <eg.sse<& Ue?B& kJ& I4l& S.s&
t(.nsQe((e<&via .&c.nn3l.&to&.&st9((e<&sol3t9on&oQ&JMVIeI8e(e<&I.c(oc\cle&28&kmjRL&IgY&
KRKgg&IIoll&9n&?"?lJ&km&I4l&3n<e(&F(Y&.n<&the&(es3lt9ng&o(.nge&sol3t9on&S.s&st9((e<&.t&
(ooI&teI'e(.t3(e&Qo(&JK&I9nR&!h9s&I9Ot3(e&S.s&then&t(.nsQe((e<&to&.&<eg.sse<&sol3t9on&
oQ&>"Ven<e<&tSoVst.t9on&th(e.<&48&kiK&IgY&KRKgg&IIoll&9n&?"?lJ&kjm&I4l&via&.&c.nn3l.Y&
(es3lt9ng&9n&the&9IIe<9.te&Qo(I.t9on&oQ&.&8(oSnV(e<&sol3t9onY&Sh9ch&S.s&st9((e<&3n<e(&
F(& .t& (ooI& teI'e(.t3(e& oNe(n9ghtR& $olNents& Se(e& eN.'o(.te<& to& g9Ne& the& 'se3<oV
(ot.O.ne&49+&kP_gVl&k8(oSnV(e<&sol9<lR&Ct&S.s&then&<9ssolNe<&9n&<(\&.n<&<eg.sse<&=U_&kg&
I4l&S9th& ?sL?>J& koJ&IgY& KRjJL&IIollY& sto''e(&S9th& 9o<oVen<e<& ch.9n&30& kjozRz&IgY&
KRjMi& IIoll& .n<& so<93I& .sco(8.te& kLRg& IgY& KRKjJ& IIollR& !h9s& I9Ot3(e& S.s& st9((e<&
3n<e(&F(&.t&mK�?&Qo(&LK&hR&=U_&S.s&eN.'o(.te<&.n<&the&(es3lt9ng&c(3<e&'(o<3ct&t.hen&
3'&9n&?"?lJ&.n<&S.she<&S9th&S.te(R&FQte(&eN.'o(.t9on&oQ&the&solNent&.n<&tSo&s3ccess9Ne&
col3In& ch(oI.tog(.'h9es& on& .l3I9n93I& oO\<e& .ct9Ne& .c9<9c& k?"L?lL& cont.9n9ng& j�&
Ue>"&.n<&j�&Ue?Bl&the&t9tle&'(o<3ct&50+&kP_gVl&S.s&o8t.9ne<&k8(oSnV(e<&sol9<Y&Lm&IgY&
jo�lR&&
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&
1H NMR (CD2Cl2, 500 MHz): δ = 8.91 (d, 1H, J = 1.5 Hz, bp6), 8.54 (s, 2H, bi2), 8.49 (s, 2H, 
bi1), 8.48 (d, 1H, J = 6.6 Hz, bp4), 8.42 (d, 1H, J = 8.3 Hz, bp3), 8.38 (d, 1H, J = 1.5 Hz, 
bp1), 8.01 (dd, 1H, J = 8.3, 2.4 Hz, bp5), 7.98 (d, 1H, J = 8.4 Hz, ph2), 7.96 (d, 2H, J = 8.4 
Hz, bi3), 7.92 (d, 1H, J = 8.4 Hz, ph5), 7.84 (d, 1H, J = 7.3 Hz, ph6), 7.82 (t, 2H, J = 8.3 Hz, 
bi4),  7.80 (d, 1H, J = 8.3 Hz, ph1), 7.62 (d, 4H, J= 8.4 Hz, sp3-sp5), 7.57 (dd, 2H, J = 6.4, 0.7 
Hz, bi5), 7.47 (d, 2H, J = 8.6 Hz, sp2), 7.40 (d, 4H, J = 8.8 Hz, mc6), 7.35 (dd, 1H, J = 8.3, 
2.2 Hz, bp2), 7.31 (d, 1H, J = 8.6 Hz, ph3), 7.26 (d, 6H, J = 8.4 Hz, st9), 7.22 (d, 1H, J = 8.8 
Hz, ph4), 7.19 (d, 6H, J = 8.6 Hz, st4), 7.15 (d, 6H, J = 8.6 Hz, st8), 7.15 (d, 2H, J = 8.6 Hz, 
st2), 7.14 (d, 2H, J = 8.6 Hz, st7), 7.09 (d, 4H, J= 8.8 Hz, bi6), 7.09 (d, 6H, J= 8.8 Hz, st3), 
7.08 (d, 2H, J= 9.5 Hz, sp6), 6.96 (d, 2H, J= 8.1 Hz, sp4), 6.84 (d, 4H, J= 8.6 Hz, bi7), 6.79 
(d, 4H, J= 8.8 Hz, mc5), 6.78 (d, 2H, J= 9 Hz, st1), 6.73 (d, 2H, J= 9 Hz, st6), 6.18 (d, 2H, J= 
8.6 Hz, sp1), 4.19 (t, 2H, J= 4.4 Hz, c12), 4.16 (t, 4H, J= 6.2 Hz, mc1), 4.11 (t, 2H, J= 5 Hz, 
c7), 3.87 (t, 2H, J= 4.6 Hz, c1), 3.85 (t, 2H, J= 4.4 Hz, c11), 3.83 (t, 2H, J= 4.6 Hz, c8), 3.82 
(t, 2H, J= 4.6 Hz, c2), 3.80 (t, 2H, J = 5.7 Hz, mc4), 3.73 (s, 8H, c3-c4-c9-c10), 3.67 (t, 2H, 
J= 5.3 Hz, c5), 3.59 (d, 2H, J= 5.3 Hz, c6), 1.85 (m, 8H, mc2-mc3), 1.77 (s, 6H, mc7-mc8), 
1.30 (s, 27H, st10), 3.73 (s, 27H, st5).  

ES-MS m/z = 2670.2984 (calculated 2670.3139 for C179H182CuN6O12
 +). 

&

51+ and&52+& respectively dpp­ and dabipy­ based reference complexes 

&
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A solution of Cu(MeCN)4PF6 (5.8mg, 0.015 mmol) in degassed MeCN (2 mL) was added to a 
stirred solution of 39-membered macrocycle 28 (12 mg, 0.015 mmol) in dichloromethane (2 
mL) under Ar, and the resulting bright orange solution was stirred at room temperature for 30 
min. Then the corresponding chelate, namely dap (6.1 mg, 0.015 mmol) or dabipy 53 (5,7 mg, 
0.015 mmol) is added to the solution to form the corresponding copper-based complexe, 
respectively [51+][PF6

-] and [52+][PF6
-], with a quantitative yield. The electrochemical studies 

were performed without any further purification, due to the relative air- and base- sensitivity 
of these copper-based complexes.  
1H NMR of [51+][PF6

-] (CD2Cl2, 300 MHz):&δ = 8.6 (s, 2H), 8.51 (s, 2H), 8.06 (d, 2H, J= 8.3 
Hz), 7.94 (d, 2H, J= 8.5 Hz), 7.93 (t, 2H, J= 8.2, 7 Hz), 7.89 (d, 2H, J= 8.5 Hz), 7.80 (d, 2H, 
J= 8.3 Hz), 7.65 (d, 2H, J= 7 Hz), 7.51 (d, 4H, J= 8.7 Hz), 7.41 (d, 4H, J= 8.7 Hz), 7.26 (s, 
2H), 7.15 (d, 4H, J= 8.5 Hz), 6.87 (d, 4H, J= 8.7 Hz), 6.81 (d, 4H, J= 8.5 Hz), 6.22 (d, 4H, J= 
8.7 Hz), 4.18 (t, 4H, J= 6, 5.7 Hz), 3.81 (t, 4H, J= 6 Hz), 3.4 (s, 6H), 1.83 (m, 8H), 1.3 (s, 
6H).  

ES-MS of [51+][PF6
-] m/z = 1231.4810 (calculated 1231.4429 for C79H68CuN4O6

 +). 
1H NMR of [52+][PF6

-] (CD2Cl2, 300 MHz): δ = 9.06 (s, 2H), 9.0 (s, 2H), 8.76 (d, 2H), 8.15 
(d, 2H, J= 8.3 Hz), 7.96 (t, 2H, J= 7.9, 7.5 Hz), 7.69 (d, 2H, J= 8.3 Hz), 7.65 (d, 2H, J= 7.5 
Hz), 7.57 (d, 4H, J= 8.5 Hz), 7.38 (d, 2H, J= 8.3Hz), 7.36 (d, 4H, J= 8.3 Hz), 7.20 (d, 4H, J= 
8.2 Hz), 7.08 (d, 4H, J= 8.2 Hz), 6.89 (d, 4H, J= 8.3 Hz), 6.61 (d, 4H, J= 8.2 Hz), 4.01 (m, 
4H), 3.86 (m, 4H), 3.86 (s, 6H), 1.87 (m, 8H), 1.7 (s, 6H).  

ES-MS of [52+][PF6
-] m/z = 1207.4818 (calculated 1207.4429 for C77H68CuN4O6

 +). 

&

53  5,5’­dianisyle­2,2’­bipyridine 

&

!he& mYmAV<98(oIoVLYLAV89'\(9<9ne& 45& kjmK& IgY& KRJL& IIollY& oVIethoO\'hen\l& 8o(on9c&
.c9<&kjKg&IgY&KRzKo&IIoll&.n<&B.L?>J&kgzm&IgY&gRo&IIoll&.(e&'l.ce<&9n&.&tSoVneche<&
(o3n<&8ottoI& Ql.sh&3n<e(&.(gonR&!hen& tol3ene& kJK&I4lY&<e9on9ae<&S.te(& kjK&I4l&.n<&
eth.nol& km&I4l& .(e& .<<e<R&!he& (e.ct9on& 9s& st9((e<&3n<e(& .(gon&.n<&P<kPPhJlo& kJz&IgY&
KRKJL&IIoll& 9s& .<<e<R& !he&I9Ot3(e& 9s& then& st9((e<&3n<e(& (eQl3O& .t& MK& �?& <3(9ng& jg&hR&
FQte(&th9s&t9IeY&.ll&solNents&.(e&eN.'o(.te<&.n<&.&'oo(l\&sol38le&'(o<3ct&9s&o8t.9ne<R&!he&
c(3<e& '(o<3ct& 9s& co'9o3sl\&S.she<& to& (eIoNe& so<93I& c.(8on.teR& !he& '(o<3ct& 9s& then&
S.she<& Q9Ne& t9Ies&S9th&<9chlo(oIeth.ne&to&(eIoNe&st.(t9ng&I.te(9.l&.n<&8\V'(o<3ctsR&
FQte(&the&'3(9Q9c.t9onY&the&'(o<3ct&53&9s&o8t.9ne<&.s&.&Sh9te&sol9<&kmo&IgY&og�&\9el<lR&

&j"&BU@&k<IsoV<gY&JKK&U"al/&δ = 9.00&k<Y&L"Y&0rLRJ&"aY&"glY&iRom&k<Y&L"Y&0&r&iRJ&"aY&"JlY&
zRMJ&k<<Y&L"Y&0&r&iRJY&LRJ&"aY&"olY&zRzM&k<Y&o"Y&0riRi&"aY&"olY&zRjK&k<Y&o"Y&0riRi&"aY&"IlY&JRio&
ksY&g"Y&"UelR&

&

&

&

N N

O O

omMe
6

4 3
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54& OTf­ended thread with dpp and bipy ligands&

&

F&sol3t9on&oQ&>"Ven<e<&th(e.<&48& kJom&IgY&KRLio&IIoll& 9n&<(\&'\(9<9ne&kjK&I4l&S.s&
coole<& .t& K�?& .n<& c.(eQ3ll\& t(e.te<&S9th& t(9Ql3o(oIeth.nes3lQon9c& .nh\<(9<e& kKRL&I4Y&
JJm&IgY&jRjM&IIollR&!he&I9Ot3(e&S.s&.lloSe<&to&S.(I&.t&(ooI&teI'e(.t3(e&.n<&st9((e<&
oNe(n9ghtR&!he&solNent&S.s&(eIoNe<&3n<e(&(e<3ce<&'(ess3(e&.n<&the&(es9<3e&S.s&t.hen&
3'&S9th&?"L?lL&x&"L>R&!he&o(g.n9c&'h.se&S.s&se'.(.te<&.n<&the&.23eo3s&'h.se&eOt(.cte<&
tS9ce&S9th&?"L?lLR&!he&coI89ne<&o(g.n9c&'h.se&S.s&S.she<&S9th&S.te(&.n<&the&c(3<e&
'(o<3ct&S.s&'3(9Q9e<&8\&ch(oI.tog(.'h\&on&.l3I9n93I&oO9<e&8\&3s9ng&?"L?lL&x&'ent.ne&
ko/jl&.s&the&el3ent&to&.QQo(<&the&t9tle&'(o<3ct&54&kcolo(less&sol9<Y&LJM&IgY&gL�lR&

j"&BU@&k?=L?lLY&JKK&U"al/&δ = MRKM&k<<Y&j"Y&0&r&KRzY&LRo&"alY&iRMJ&k<Y&j"Y&0&r&KRiY&LRo&"alY&
iRgL&k<Y&L"Y&0&r&iRg&"alY&iRgj&k<<Y&j"Y&0&r&KRiY&iRL&"alY&iRgK&k<<Y&j"Y&0&r&KRiY&iRJ&"alY&iRoJ&k<Y&
L"Y&0&r&MRK&"alY&iRJM&k<Y&j"Y&0&r&iRm&"alY&iRJj&k<Y&j"Y&0&r&iRg&"alY&iRLm&k<Y&j"Y&0&r&iRo&"alY&
iRLj&k<<Y&j"Y&0&r&iRJY&LRo&"alY&iRjL&k<Y&j"Y&0&r&iRm&"alY&iRKm&k<<Y&j"Y&0&r&iRJY&LRo&"alY&zRMg&k<Y&
L"Y&0&r&iRg&"alY&zRiJ&ksY&L"lY&zRzi&k<Y&L"Y&0&r&MRK&"alY&zRom&k<Y&L"Y&0&r&iRi&"alY&zRLJ&k<Y&g"Y&0&
r&iRi&"alY&zRjm&k<Y&L"Y&0&r&iRz&"alY&zRjJ&k<Y&g"Y&0&r&iRi&"alY&zRjL&k<Y&L"Y&0&r&MRK&"alY&gRzi&k<Y&
L"Y&0&r&MRK&"alY&oRLm&kIY&L"lY&oRKM&kIY&L"lY&JRiM&kIY&L"lY&JRiJ&kIY&L"lY&JRzJ&ksY&o"lY&jRLz&
ksY&Lz"lR&

%$VU$&Ixa&r&jJomRmzgo&kc.lc3l.te<&jJomRmgMo&Qo(&?io"zM_JBo>z$&t&"tlR&

&

&

55& Boronic ester­ended thread with dpp and bipy ligands&

&

>!QVen<e<& th(e.<& 54& kjiJ& IgY& KRjJg& IIollY& <''Q& kzRm& IgY& KRKjo& IIollY&
89sk'9n.col.tol<98o(on&kgM&IgY&KRLzj&IIollY&'ot.ss93I&.cet.te&koK&IgY&KRoj&IIoll&.n<&
P<k<''Ql?lLY?"L?lL& kjjRj&IgY& KRKjo&IIoll&Se(e&<9ssolNe<& 9n&<(\&<9oO.ne& kL&I4lR& !he&
I9Ot3(e& S.s& he.te<& .t& (eQl3O& .n<& st9((e<& 3n<e(& F(& oNe(n9ghtR& FQte(& the& sol3t9on& S.s&
coole<&<oSn&.t&(ooI&teI'e(.t3(eY&LK&I4&oQ&S.te(&.n<&LK&I4&oQ&?"L?lL&Se(e&.<<e<R&!he&
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o(g.n9c& l.\e(& S.s& then& <ec.nte<& .n<& the& .23eo3s& l.\e(& S.s& eOt(.cte<& J& t9Ies& S9th&
?"L?lLR&!he&coI89ne&o(g.n9c&l.\e(s&Se(e&eN.'o(.te<&.n<&<9ssolNe<&.g.9n&9n&.&I9n9I3I&
oQ& ?"L?lL& k.8o3t& J& I4lY& col<& 'ent.ne& kmK& I4l& S.s& .<<e<& .n<& the& '(ec9'9t.te& s3ch&
o8t.9ne<& S.s& Q9lte(e<& .n<& S.she<& S9th& Io(e& 'ent.neR& !he& t9tle& '(o<3ct& 55& s3ch&
o8t.9ne<&k<.(h&8(oSn&sol9<Y&jij&Igl&S.s&3se<&S9tho3t&Q3(the(&'3(9Q9c.t9on&8ec.3se&oQ&
9ts&3nst.89l9t\&on&s9l9c.&o(&.l3I9n93I&oO9<eR&

j"& BU@& k?=L?lLY& JKK& U"al/& glo8.l& sh.'e& seeIs& goo<& 83t& 'e.hs& .(e& too& 8(o.<& to& 8e&
.ss9gne<R&

&

56& OTHP­ended three­ligand thread 

&
Go(on9c& este(Ven<e<& th(e.<& S9th& <''& .n<& 89'\& l9g.n<s& 55& kjij& IgY& �KRjJg& IIollY&
.s\IIet(9c.l& te('\(9<9ne&40& kiK&IgY& KRjgo&IIoll& .n<& B.L?>J& kjoo&IgY& jRJg&IIoll&
Se(e&<9ssolNe<&9n&tol3ene&kjL&I4lY&S.te(&ko&I4l&.n<&eth.nol&kL&I4lR&!he&sol3t9on&S.s&
<eg.sse<&th(ee&t9IesY&P<kPPhJlo&ki&IgY&KRKKz&IIoll&S.s&.<<e<&3n<e(&.n&F(&st(e.I&.n<&
the&I9Ot3(e&S.s&<eg.sse<&th(ee&t9Ies&.g.9nR&!he&sol3t9on&S.s&he.te<&.t&MK&�?&oNe(n9ghtR&
!he&o(g.n9c&l.\e(&S.s&then&<ec.nte<&.n<&the&.23eo3s&l.\e(&S.s&eOt(.cte<&o&t9Ies&S9th&
?"?lJR&!he&coI89ne&o(g.n9c& l.\e(s&Se(e&S.she<&S9th&S.te(Y&eN.'o(.te<&.n<&<9ssolNe<&
.g.9n&9n&.&I9n9I3I&oQ&?"?lJR&?ol<&.cetone&kjKK&I4l&S.s&.<<e<&.n<&the&'(ec9'9t.te&s3ch&
o8t.9ne<&S.s&Q9lte(e<&.n<&S.she<&S9th&Io(e&.cetoneR&!he&c(3<e&'(o<3ct&S.s&'3(9Q9e<&8\&
.& sho(t& ch(oI.tog(.'h\& on& .l3I9n93I&oO9<e& 8\& 3s9ng& ?"?lJ& .s& the& el3ent& to& g9Ne& the&
t9tle&coI'o3n< 56&kcolo(less&gl.ss\&sol9<Y&jmK&IgY&gM�&Qo(&the&l.st&tSo&ste'slR&

j"&BU@&k?=?lJ&S9th& Q9lt(.t9on&on&.l3I9n.Y&mKK&U"al/&δ =&MRjK&k<<Y&j"Y& 0&r&LRoY&KRi&"aY&
8'jlY&MRKm&k<<Y&j"Y&0&r&LRoY&KRM&"aY&8'glY&MRKo&k<<Y&j"Y&0&r&LRoY&KRi&"aY&t'jlY&iRMo&k<<Y&j"Y&0&r&
LRJY&KRi&"aY&t'MlY&iRzi&k<<Y&j"Y&0&r&iRJY&KRi&"aY&t'JlY&iRzj&k<<Y&j"Y&0&r&iRLY&KRz&"aY&t'zlY&iRgo&
k<Y&L"Y& 0&r&iRg&"aY&s'JlY&iRgK&k<<Y&j"Y& 0&r&iRjY&KRz&"aY&8'olY&iRmM&k<<Y&j"Y& 0&r&iRjY&KRz&"aY&
8'JlY&iRmJ&k<<Y&j"Y&0&r&zRzY&jRK&"aY&t'glY&iRmK&k<<Y&j"Y&0&r&zRiY&jRK&"aY&t'olY&iRoo&k<Y&L"Y&0&r&
iRM&"aY&s'LlY&iRJg&k<Y&j"Y&0&r&iRo&"aY&'hmlY&iRLz&k<Y&j"Y&0&r&iRm&"aY&'hLlY&iRLJ&k<Y&j"Y&0&r&iRo&
"aY&'hglY&iRLK&k<<Y&j"Y&0&r&iRLY&LRJ&"aY&8'LlY&iRjm&k<<Y&j"Y&0&r&iRjY&LRJ&"aY&t'LlY&iRjJ&k<<Y&
j"Y&0&r&iRLY&LRJ&"aY&8'mlY&iRjK&k<Y&j"Y&0&r&iRm&"aY&'hjlY&iRKm&k<<Y&j"Y&0&r&iRLY&LRo&"aY&t'ilY&
iRKL&ktY&j"Y&0&r&zRz&"aY&t'mlY&zRMo&k<Y&L"Y&0&r&iRg&"aY&s'olY&zRig&ksY&o"Y&s'mVglY&zRiK&ksY&L"Y&
'hJVolY&zRgJ&k<Y&L"Y&0&r&iRM&"aY&s'zlY&zRLL&k<Y&i"Y&0&r&iRz&"aY&stoVs'ilY&zRjm&k<Y&L"Y&0&r&iRz&
"aY&s'jlY&zRKi&k<Y&i"Y&0&r&iRi&"aY&stLVJlY&gRzM&k<Y&L"Y&0&r&MRK&"aY&stjlY&mRmL&ktY&j"Y&0&r&LRM&"aY&
'(jlY&oRLz&k<<Y&L"Y&0&r&mRLY&oRg&"aY&cglY&oRjJ&k<<Y&L"Y&0&r&mRKY&oRz&"aY&cjlY&JRMiVJRMJ&kIY&j"Y&
'(LlY&JRMm&k<<Y&L"Y&0&r&mRLY&oRi&"aY&cmlY&JRii&k<<Y&L"Y&0&r&mRLY&oRz&"aY&cLlY&JRijVJRzM&kIY&o"Y&
cJVolY&JRgiVJRgo&kIY&j"Y&'(JlY&LRKzVLRKL&kIY&L"Y&'(mlY&jRMoVjRMj&kIY&L"Y&'(glY&jRzJVjRgz&
kIY&L"Y&'(olY&jRLg&ksY&Lz"Y&stmlR&
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UF4=CVU$&Ixa&r&jgKmRiJo&kc.lc3l.te<&jgKmRzMJ&Qo(&?jKM"jKjBz>g&t&"tlR&

&

57& OH­ended three­ligand thread&

&

>!"PVen<e<&th(eeVl9g.n<&th(e.<&56&kjmK&IgY&KRKMJ&IIoll&S.s&<9ssolNe<&9n&?"?lJ&kLK&
I4l&.n<&Ieth.nol& kjK&I4l& 9n& the&'(esence&oQ&.&c.t.l\t9c&.Io3nt&oQ&.&Jz�&sol3t9on&oQ&
"?l&km&<(o'slR&!he&I9Ot3(e&S.s&he.te<&to&(eQl3O&Qo(&o&hR&!he&solNent&S.s&(eIoNe<&.n<&
the&'(o<3ct&S.s&<9s'e(se<&9n&<9st9lle<&S.te(&kjKK&I4l&.n<&?"?lJ&kLKK&I4lR&!he&.23eo3s&
l.\e(&S.s&ne3t(.l9ae<&S9th&.&jU&sol3t9on&oQ&B.>"R&!he&o(g.n9c&l.\e(&S.s&then&<ec.nte<&
.n<& the& .23eo3s& l.\e(& S.s& eOt(.cte<& seNe(.l& t9Ies& S9th& Io(e& ?"?lJR& !he& coI89ne<&
o(g.n9c&'h.ses&Se(e&S.she<&S9th&<9st9lle<&S.te(R&!he&solNent&S.s&eN.'o(.te<&.n<&the&
t9tle& '(o<3ct& 57& s3ch& o8t.9ne<& k\elloS& sol9<Y& joK& gY& Mi�l& S.s& 3se<& S9tho3t& Q3(the(&
'3(9Q9c.t9on&8ec.3se&oQ&9ts&too&loS&sol389l9t\R&

UF4=CVU$&Ixa&r&jmLKRzJJ&kc.lc3l.te<&jmLKRzJL&Qo(&?jKo"MJBz>m&t&"tlR&

&

59+ (via 58+)& Long distance and fast molecular shuttle 

&
F& sol3t9on& oQ& ?3kUe?BloP_g& kjLRL& IgY& KRKJJ& IIoll& 9n& <eg.sse<& Ue?B& ko& I4l& S.s&
t(.nsQe((e<&via&.&c.nn3l.&to&.&st9((e<&sol3t9on&oQ&I.c(oc\cle&28&kLmRm&IgY&KRKJJ&IIoll&
9n&<9chlo(oIeth.ne& km&I4l&3n<e(&F(Y& .n<& the& (es3lt9ng&o(.nge& sol3t9on&S.s& st9((e<&.t&
(ooI&teI'e(.t3(e&Qo(&JK&I9nR&!h9s&I9Ot3(e&9s&then&t(.nsQe((e<&to&.&<eg.sse<&sol3t9on&oQ&
>"Ven<e<&th(eeVl9g.n<&th(e.<&57&kmK&IgY&KRKJJ&IIoll&sol389l9ae<&9n&<9chlo(oIeth.ne&
kjK&I4l&S9th&!_F& kLRm&µ4Y&KRKJJ&IIollY&via& .& c.nn3l.Y& (es3lt9ng& 9n& the& Qo(I.t9on&oQ& .&
8(oSnV(e<& sol3t9on& oQ& the& 'se3<oV(ot.O.ne&58+& kP_gVlY&Sh9ch&S.s& st9((e<& 3n<e(&F(& .t&
(ooI&teI'e(.t3(e&Qo(&oi&hR&FQte(&th9s&t9IeY&.ll&solNents&Se(e&eN.'o(.te<&.n<&the&(es9<3e&
S.s&t.hen&3'&9n&<9chlo(oIeth.ne&.n<&.&sol3t9on&oQ&B"o>"&9n&S.te(R&!he&o(g.n9c&'h.se&
S.s& se'.(.te<& .n<& the& .23eo3s& 'h.se& eOt(.cte<& tS9ce&S9th& ?"L?lLR& Fll& solNents&Se(e&
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eN.'o(.te<& .n<& the& 'se3<oV(ot.O.ne& 58+& S.s& 'l.ce<& 9n& .& tSoVneche<& (o3n<& 8ottoI&
Ql.shR& !hen& ?sL?>J& kJL&IgY& KRKMM& IIollY& sto''e(& S9th& 9o<oVen<e<& ch.9n& 30& kzo& IgY&
KRKMM& IIoll& .n<& so<93I& .sco(8.te& Se(e& .<<e<& 3n<e(& F(& .n<& .nh\<(o3s& =U_& S.s&
.<<e<& to& sol389l9ae& the& I9Ot3(e& Sh9ch& S.s& then& st9((e<& .t& mK�?& Qo(& LK& hR& =U_& S.s&
eN.'o(.te<& .n<& the& (es3lt9ng& c(3<e& '(o<3ct& t.hen& 9n& ?"L?lL& .n<& S.she<&S9th& S.te(R&
FQte(&eN.'o(.t9on&oQ&the&solNent&.n<&tSo&s3ccess9Ne&col3In&ch(oI.tog(.'h9es&8\&3s9ng&
$e'h.<eO& 4"VLK& S9th& <9chlo(Ieth.ne& .s& el3entY& .n<& tSo& othe(& ch(oI.tog(.'h9es& on&
.l3I9n.& k?"L?lL& cont.9n9ng& KRm�&Ue>"& .n<& KRm�&Ue?Bl& the& t9tle& '(o<3ct&59+& kP_gVl&
S.s&o8t.9ne<&k8(oSnV(e<&sol9<Y&jj&IgY&jm�lR&

&

j"&BU@&k?=L?lLY&mKK&U"al/&δ =&MRKi&k<<Y&j"Y&0&r&LRoY&KRz&"aY&t'jlY&MRKz&k<<Y&j"Y&0&r&LRoY&KRi&
"aY&8'glY&iRMm&k<<Y&j"Y&0&r&LRoY&KRz&"aY&t'MlY&iRiL&k<<Y&j"Y&0&r&iRLY&KRz&"aY&t'JlY&iRzo&k<<Y&j"Y&
0&r&iRJY&KRz&"aY&t'zlY&iRgK&k<<Y&j"Y&0&r&iRLY&KRz&"aY&8'olY&iRmz&ksY&L"Y&89LlY&iRmg&k<<Y&j"Y&0&r&
mRKY&jRK&"aY&t'glY&iRmm&k<<Y&j"Y&0&r&mRjY&jRK&"aY&t'olY&iRmL&ksY&L"Y&89jlY&iRoM&k<<Y&j"Y&0&r&iRLY&
KRz&"aY&8'JlY&iRoJ&k<<Y&j"Y&0&r&LRoY&KRz&"aY&8'jlY&iRLL&k<<Y&j"Y&0&r&iRLY&LRo&"aY&t'LlY&iRjM&k<<Y&
j"Y&0&r&iRLY&LRo&"aY&8'mlY&iRKM&k<<Y&j"Y&0&r&iRJY&LRJ&"aY&t'ilY&iRKo&ktY&j"Y&0&r&zRi&"aY&t'mlY&iRKj&
k<Y&j"Y&0&r&iRm&"aY&'hLlY&zRMi&k<Y&L"Y&0&r&iRm&"aY&89JlY&zRMm&k<Y&j"Y&0&r&iRm&"aY&'hmlY&zRMJ&k<Y&
j"Y&0&r&iRz&"aY&s'glY&zRMj&k<Y&j"Y&0&r&iRz&"aY&s'mlY&zRiz&k<<Y&L"Y&0&r&iRJY&zRj&"aY&89olY&zRig&k<Y&
j"Y&0&r&iRJ&"aY&'hglY&zRio&k<Y&j"Y&0&r&iRJ&"aY&'hjlY&zRgz&k<Y&L"Y&0&r&iRM&"aY&s'zlY&zRgg&k<Y&L"Y&
0&r&iRo&"aY&s'JlY&zRgj&k<<Y&L"Y&0&r&gRKY&jRj&"aY&89mlY&zRmK&k<Y&L"Y&0&r&iRi&"aY&s'LlY&zRoJ&k<Y&o"Y&
0&r&iRM&"aY&IcglY&zRoj&k<<Y&j"Y&0&r&gRMY&LRo&"aY&8'LlY&zRJo&k<Y&j"Y&0&r&iRM&"aY&'hJlY&zRLi&k<Y&
g"Y&0&r&iRM&"aY&stMlY&zRLg&k<Y&j"Y&0&r&MRK&"aY&'holY&zRLJ&k<Y&g"Y&0&r&iRi&"aY&stolY&zRji&k<Y&g"Y&0&
r&iRi&"aY&stilY&zRjz&k<Y&L"Y&0&r&MRK&"aY&stzlY&zRjL&k<Y&o"Y&0&r&iRz&"aY&89glY&zRjL&k<Y&L"Y&0&r&MRj&
"aY&stLlY&zRjL&k<Y&g"Y&0&r&iRi&"aY&stJlY&zRKM&k<Y&L"Y&0&r&iRi&"aY&s'ilY&zRKj&k<Y&L"Y&0&r&iRo&"aY&
s'olY&gRiz&k<Y&o"Y&0&r&iRi&"aY&89zlY&gRiL&k<Y&o"Y&0&r&iRM&"aY&IcmlY&gRiL&k<Y&L"Y&0&r&MRK&"aY&stglY&
gRzg&k<Y&L"Y&0&r&MRj&"aY&stjlY&gRLL&k<Y&L"Y&0&r&iRi&"aY&s'jlY&oRLj&ktY&L"Y&0&r&oRz&"aY&cjLlY&oRjz&
ktY&o"Y&0&r&gRj&"aY&IcjlY&oRjo&ktY&L"Y&0&r&oRi&"aY&cjlY&oRjj&ktY&L"Y&0&r&oRi&"aY&czlY&JRMK&ktY&L"Y&0&
r&oRz&"aY&cjjlY&JRiz&ktY&L"Y&0&r&oRz&"aY&cLlY&JRim&ktY&L"Y&0&r&oRz&"aY&cilY&JRiL&ktY&o"Y&0&r&gRj&"aY&
IcolY&JRzm&k8sY&i"Y&cJVcoVcMVcjKlY&JRgi&ktY&L"Y&0&r&oRz&"aY&cmlY&JRgL&ktY&L"Y&0&r&oRz&"aY&cglY&
jRMLVjRzM& kIY& i"Y&IcLVIcJlY& jRzM& ksY& g"Y&IczVIcilY& jRJL& ksY& Lz"Y& stjKlY& jRLz& ksY& Lz"Y&
stmlR&

UF4=CVU$&Ixa&r&LMzMRoLiM&kc.lc3l.te<&LMzMRoLgM&Qo(&?LKK"jMm?3BM>jLlR&
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&

602+&daterpy­ based reference complexe 

 

A solution of Cu(BF4)2 (1.9 mg, 0.008 mmol) in degassed MeCN (2 mL) was added to a 
stirred solution of 39-membered macrocycle 28 (6.2 mg, 0.008 mmol) in dichloromethane (2 
mL) under Ar, and the resulting pale yellow solution was stirred at room temperature for 30 
min. Then, daterpy (3.5 mg, 0.008 mmol) is added to the solution to form copper-based 
complexe [602+][PF6

-]2, with a quantitative yield. The electrochemical studies were performed 
without any further purification.&
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Annexe : Liste des molécules 

     
 

1  2  3  4 

     
5  6  7 

 
   

8  9  10 

 
   

11  122+  133+ 

 

 

14a  14b  15 

H
N

O

O

OBr

N

Br

OH

N

Br

OTf N

OTf

O

NN

O O

NN

HO OH

NN

TfO OTf

OBr

I

OBr

N

NN

B BO

O O

O

NN

O O

N N

O O

O

HO

O

OH
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16  17  183+ 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