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Abstract

Macrocyclic compounds are used as basic structural scaffolds for various complex
supramolecular structures, that can be further exploitad, for example, parts of sensors,
catalysts molecular machines carriers of drug molecules. The aimtbfs work was: (1) to
elaboratean efficient method of a synthesis of new macrocyclic compowittsdiverse shapes,
consisting of polyalkyloxy aromatic units linked by methylene bridges; (2) determination of their
conformational lability; (3) studies on possibilities of chemical modifications; (4) determination
of their complexing properties.

During the work an effective method of synthesis of heterogeneously shaped macrocyclic
compounds has been developed. The hwt consists in a reaction between respective
polyalkoxybenzenes, polyalkoxynaphthalenes or polyalkoxyanthracenes with formaldehyde
using trifluoroacetic acid as a catalyst in halogenated solvents as a reaction medium. It has been
shown, for the first timethat the reaction is reversible and thermodynamically controlled under
these conditions. The method allowed for moisture insensitive synthesis of known -homo
macrocyclic ~ compounds  (calix[4]arenes, resorcin[4]arenes, pillar[5]arenes, and
cyclotriveratrylees) in higher vyields than previously known literature methods. For
pillar[5]arenes the template effect of solvents has been demonstrated by systematic studies of
§Z & S]}ve] C]l] o~ v C EDZ }u%o &£ S]}v A% E]Ju vSeX
dichloroethane and dichloromethane are complexed in the cavities and lead to formation of
pillar[5]arenes in the highest yieldEhismethod has also been used for an effective synthesis of
a new class of compounds hybrid[n]arenes t the macrocycles consisting of fifent
alkoxybenzene, alkoxynaphthalene and alkoxyanthracene units within a single macrocyclic ring.
Scrambling experiments between two different macrocycles have proven the reversibility of the
reaction and higher thermodynamic stability of hybrhcrocyles over homeamacrocycles
under the reaction conditions. For hybrid[n]arenes containing anthracene moieties, structural
modifications of the backbone were performed by the Diglder reaction with benzyne. For all
new macrocyclic compounds NMR, UV/Vid diuorescence studies on their complexation

properties were performed.







>efoe ee"Xx—xT™

BR DEb
DCE
DCM
Et

Cc tHex
Hex
Me
NMR
TCE
TFA
Ts

t eterat trifluorku boru

t 1,2 tdichloroetan

t chlorek metylenu

tgrupa etylowa

t grupa cykloheksylowa

t grupan-heksylowa

t grupa metylowa

-u Pv 8C IvC & I}v ve i E}AC
t1,1,2,2tetrachloroetan

t kwas trifluorooctowy

t grupa tosylowagara-toluenosulfonybwa)






"o "t E ...«

tCl | %p o]l i] AZ} 1 C Z A ls ELlL%E.AC... .28 E.L].2
N OT] S A LTIV B NdeiiiZiiiiie et e e 2
Bl PIACY ettt e e ettt ee et e e e e ettt ettt et e eeeeeeeeeeeee st bbb asaeeaaseeesesbtnnnnnssaaaaaeseeernres 3
KONTEKSE [IEEIatUIOWY PIACY . ... evvvuttieeiiieeeeieeeeeuttittieeeeeeeeeeeeeeestennasaeeeeesereeerrrrrnnaasaeaaaes 4
PHlIAITNTAIENY. ...ttt e e e e e e et ettt e e e e e e aaaeeeeerrbb i aaaaas 4
A SO N AIENY. .ttt e e et et eaeeeeeeeee bt e e eeeeeaereeeeebb bbb aaaaeseeereres 8
BIfENNJAIENY......cciiieeeeiiie et e e et e e e et e ettt eeeeeeeaeseeeeee bbb baraeaaaeeaereeerrrrrns 9
HY DY AINTAIENY. .. e e e et e e e e e e e eeaeb e s e eeeaasaeeeessrrrnnnnnss 10
R0Z5Zerzone Pillarnar@ny............ciiiieiiiiiiiiiiiiciec et 11
*A] Il u l®} Clo] Iv 1 A] E .i....... SECYKSC.. Voo, 12
RezZOrcyNINIAreny (M= 5,8) . .ccciiiiiiiieeieeiiiet ettt eee e e e e e e e e reeeaeaaeaeeaeaeaseeas 14
U 1] T T VAo | = P PPPPP 15
| V] A S o ittt e e e et et et taaaaaaeaaaaeaaaraaaaaaaaaaaaaaanaanns 17|
(Wp o]l i VE i~ ( JoeWUBPPAUESZ) (1E cCVSZ ] X({7|%]0o0 EE£I
Wp o]l i vE T ~,C E] €ve E v e SZEIUPZ dZ EEu}l Cv u] o0oC C
L S Vet e e e ettt aaataaaaaaaaaaaaaaaaaaaaaaaaas 18
Wup o]l i vE T N o] E Vv » A]ISZ v %ZSZ o v pv]S*W [ o]AE£€0d-v
ZC (E] €0 .(E. V... 8 ettt et eeeeteeeeeeeeeeeeeteeeeeeesieeiessiesssssssssssstresteereeeeerrtettttttttaataaeans 22
Wup o]l i vE 0 N",C E] €0 E v » A]SZ vSZ&E]S]ve..u\v]84 v Spv
POOSUMOWAINIE.......uueiiiiiiiieiieeeeeeeeee ettt e e e e e e e e e e e e e e e ee e et e e e e s s e e e aaaaaannenneenneeeeeseeeeeeseeneees 25
I == L (0 = VPP PP 27




sefoe '—,Z<of . E<«™ S'tee!..>...S ™ mskigft "’ f™> Tre_:

x "Hybrid[4]arenes with anthracene units and tuneable cavities"
T. Boinski, A. Szumna, New J. Chem., 2017, 41, 3387-3391

X "Calixarenes with naphthalene units: calix[4]naphthalenes and hybrid[4]arenes"

7 %RLQVNL $ &LHVINRZVNL % A5%ivhiha, Mew/HCQet{ ZV N D
2016, 40, 8892-8896.

x "Hybrid[n]Arenes through Thermodynamically Driven Macrocyclization Reactions"
T. Boinski, A. Cieszkowski, B. Rosa, A. Szumna, J. Org. Chem., 2015, 80, 3488-
3495.

x "A facile, moisture-insensitive method for synthesis of pillar[5]arenes
- the solvent templation by halogen bonds"

T. Boinski, A. Szumna, Tetrahedron, 2012, 68, 9419-9422.

tTaecfi ™ oot te  Ef..S

x 56. Zjazd Naukowy Polskiego Towarzystwa Chemicznego
] “$}A EICel v] /viCv] E+*A ] d ZemiczAegtXEI0.0TIE, Z
Siedlceprezentacjac,C EC }A TA] 11] u IE} Clo] Iv 8C%p €ve E veA i
supramolekularne bloki budulcowe

X "Cu%}lipu — , D/ KZ' E/ «E t «KZ2iiXi¢tKiHd EXU ACls W
c,C EC }A TA] 11] u IE} Clwé supramdlekulrne bloki budulcowe



Celpracy
K 1] sCA v] I}A o v Civkluezowe o si usd§ E]] }pozhdda iU
wykorzystuje je w weiCe+31] Z A lpr@gegach biologicznydh u]' IC ]JvvCu] }

funkcjonowaniaenzyme AU (} E ugd Ao}] A«iv iisyZ DINA,odbierania iprzekazywania
*CPv seMXo0o pi % E | QaEKowey od lat %o Ee i HicA } 1] sCA w
niekowalencyjnych do budowy ¢3EUISHE *u% E U} o wanychlE yako 2v } ‘wilC
I <& 1'1° sensoy*® czy katalizatof’ lub maszyny molekulae.”® Przy budowie tych
«C+& usdpramolekulamnych 1'+8}8}e}A v« TA] 11] u IE}3€®] 9§ VdhA ]

strukturalny fundament «  AlPo' §
Z E I8 ECI}A ] p-isCAv]Iv Lv(k@E0]A}$}EA idokierunkowej

(uv) izA] ki makrocykliczne powinny

modyfikacji
Jednym i v iA Tv] ielC Z } 1 «A E}A}ip Z u]] *u%E u}o lpo Ev i
%}s}A] o & o1 * 1] ¢] 8C Z Y8 HIAYIIEAVuAIE]} CI|abubdo@arkchz

jednostek fenolowych%o}s 1} vi@ostkami metylenowymi. }P 8§ Z u] 38C zZ 1A] 11-AU

oparta na modyfikacjach gruphydroksylowych o u P 85C z A o0 ISE}IVEC %] E

E}u SC IvC Z pulio]Als ] Z E-IvVMEY} v3' %ovigrddH odkrito kolejne

makrocykliczne bloki budulcowerezorcyn[4areny>*® cyklotriweratryleny** kukurbit[n]uryle™

i bambus[n]uryle€'’® Ich wydajna syntezaps1SCAvV]}v *SEMNISHE 1 A Av SEI T 5 11

u lE} Clojrae } v} funkcjonahych grup 1Cv] 1 8C Z 1A] Tl«A blokiCs 1Iv

budulcowe do konstrukcji nigivalencyjnych struktur funkcjonalnych «A] 111 § % EI 1 | C

1 JulJviA sC Z u]' *u% E upEipo AGw o 3§ AC TApdg s*BAC Z }

uzyskanial A] Tl«A uE} Clo] IvC Z 1}«3 sJednak@D83oku Ogoshi i Nagamoto

otrzymali nowy, bardzo prosty 1A] I | u |Eikz@yl ozbudowany z jednostek 1,4

Ju §}«C vi VIAC Z %}s 1}vC Z u}+3l u} pilag8avenv'] ACUE *31]u

czage Iv o Is }v ajstosowaim, np. } | }AC « ve¥ERVA E}3 |« ¥R

%}o]u EA eu%myonPé®luo% El s 1v]leA u}o®P¥B8 GvCl X s-A

SE Ve%o ) E¥pd ICXC 1] ] I E}I] 1 <8}e}A v] & P} 1A] 1lp ‘A] iC

Il %}3EITI }A v] v V}A «SEMISUEC u IE} Clo]l lv i 8 ] Po I3y ov
Celemmoich w Cs} }SEICu v] JvVHAS 7 &} Clo} E€IWZi P }u $E]]U

sls i C Z 1" 1 %}o] ol}IeCo}AC Z i v}e3 | @ERHumdgkamiC Z %o}s

metylenowymiU }IE ‘0 v] ] Z «SEUISHEC ] o Jov} ] I}V(}EuU Civ iU u}ic

zbadanie ichAs * JA}* ] 1}u%ogch.



Kontekst literaturowy pracy — -nowe oce ™ <} meakrocykliczn e cel* ‘ece ,Z'+x ™
f”‘.f_)...(E.)...S ”.I.:___(E‘.>---S .‘._.f.(mmymﬁie‘TMM)”._«:%o_
ostatnich 1 0 lat.

Pillar[n]areny

Rysunekl. Peerwszasynteza pillar[5]aren2a.

W 2008 roku grup Nagamosh] P} i Ogoshi P} % EIl +5 Als sCvs I

dekametdsypillar[S]areru 2a (Rys. 1) %o }% E1 1 1}v N4tdimetoksybenzenula z
parafbrmaldehydm, katalizwan § & 3luarku boru, T AC iv}2] O/(E’IW kolejnej

%E C S i PEP%C 1}%SCu oM}E&E v}l % &} @ENi] ] } i v u] &
(JEuU o ZC pX HE}EIC %o}eSpopi70 %Q iivy | & %iE} HEI i 3 s

} ol T vIJAC ] 1} wC Z Jo}' ] Z % E} uldp BSY% Odltegoicgasy « ]
opracowanowiele modyfikacji *Cv3 1C § P} kédnpenigy | E+Av} v] udwang]l
prekursory benzenove i formaldehyd® jak E*Av] | % E IpE}EQui A <El]
metylenowe. Jako katlizatory sS}+}A v} 1 E+Av} |A ¥Qakei Brpastedd’ : v 1
najskuteczniejszych metod syntedgkametdksypillar[5]areru jest opracowanarzeze mniew
TiiT E}p u 8} U IS«E '1] }ueA]}vviA t' y°

Pewrych S@E p v)przysparzasCvs 1 % ]oo E € vwaE Sheh n35 Pierwszy
pillar[6laren p1Ce+1 s P E,j@ko produkt uboczny reakcji kondensacii,4 tdietoksyt2,5t
metoksymetylenobenzanA D % EIC piC Ju | § 0]3 Cpialuénpsiifofowdgeat
AC v} 1% ®s.2a)* <}o iv PEP%C Al E} %} I'sC, badozlgil]A v] JvvC
wydajrychu 8} «Cvs IC 3C ZWAJSIRA SPUET Tvws} «i'SJEILISEICUCA v]
ACl+IC Z %]oo EAXQ EIC=Api termpdyh@micze, kinetyczne statystyczre.



Rysunek2. S/nteza %o ] 0 0 (E € 3+ afByntewdiklasyczna « *Cv3 1 1 pIC ] u 1 3§ ;t)pybtez%zo 3

uiC ] u E}ldhike ferhplatowego

W} i*'] ACI}EIC.3pitermodyrddiczre polega naprowadzeniu reakcji w
}oovit JA] Tlp 8 u% o SGERPHX Z v 1 % E Wkdnzydiarse E U Eiplkilo-
1,4,5,8naftalenotetrakarboksyiimid « Ai E U-didlkilo-1,2,4,5benzenotetrakarboksyiimid e A%
E iACliel AC (3% otrzymanodla syntezyper-izobutoksypillar[6larem 4b A } v}‘ ]
E U ipentylo-1,4,5,8naftalenotetrakarbodiimid w DCM A '}  v}* ] | 8 0]8C Iv i Jo}' ]
kwasup t toluenosulfonowego(Rys.2b). W przypadkuanalogiczneyeakcji nietemplatowanej
otrzymano odpowiedni pillar[SJaren2b I AC iv}* ]% G 2014 roku gupa Ogoshiego
% E1 3 Als |)wykodaystaniarozpuszczalnikeuiICA v P} A & | i] lJakove i]
ICvv]l & u% o0 ZyowstaRanie pillar[6larenu® W} i*] &} i +8 v d3gP] v

przedstawioneprzeze mniewv 2012 rokutemplatowej syntezy pillar[5]arenu przy zastosowaniu
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DCE jako rozpuszczalnika I i %}we C }il@®gogadzalnikiems u% o Spi Cu
powstawanie makrocyklicznego heksameu jest chlorocykloheksan K}v vepi tiuo
dicykloheksydmetylendksybenzen 1c z formaldehydemw chlorocykloheksanieA }  v}‘ ]
eteratu trifluorku boru jako katalizatoraotrzymali odpowiedni pillar[6laredc | AC iv}* ] 0i
%X } e@E ep *3E Sp o SAISEA VG WP E}i%opel I ov} ] X /e

templatowego potwierdzono poprzez eksperymenty kompleksowaniarotyt&loheksanu w

Sv] v]

luce pillar[6]arenu w chloroformiélV przedstawionej pracy zaobserwowar@® s Av]} VA E i’
pillar[5]arenu 2c do pillar[6]larenu 4c w chlorocykloheksanie oraz pillar[6]arendc do
pillar[5]arenu 2c w DCE, co potwierdz&ontrolowany termodynamiczie przebieg reakcji
makrocyklizacjiRys.2c). » 1}o ] PEu% ~ &% sqolatku I1A] T11-A 3 jjkz
chlorek tetrametyloamoniowy, kobaltocen, pochaarerrocenu oraz sle imidazoliowe na
AC iv}" %}A+3 A v] %]oo EE€oakakyv-A V-dfofmadehyduw DCM
uiCA iFeCl jako katalizatord? E iACTel AC iv}' %o]q88 @€uxyskai dia

dodatkukobaltocenu(25 % mol/mol substraty.

RysunelB. Serowanakinetyczniesyntezapillar[6]arenu4.

Metodologia syntezy%.]oo E €0t ECQUIEIC+3S v] u ( I15+A pplegandvC Z
zatrzymaniu reakcji w momengié | § « @@krocykliczmheksameri «3 P smfpvaQuktem
W grupie Tao w 2012 rok} % E }A v} +C\wESy% ]ob EE€0+ Bksye Avil vedl ]
formaldehyduw chloroformie «$}« piFeCJ jako katalizatof° Dla zoptymalizowanegazasi
reakcji i stosunku E P v $trAymano per-hekg/loksyillar[6laren 1 AC  iv}' ] % o/
*A}lii 1}oivi %%E C I % & } %dozyrinikadiizyinanedo przezdeo & 1 V]
FeCl w DCM(CICHFeC)), co podnosi A C i v Jsyntezymakrocyklicznegdeksameru do 53
%* Grupa Chupakhinazaproponowas |}v ve il4tdialkoksybenzenu z nadmiarem
formaldehydu w rozpuszczal@ikhpolarnych (benzonitryl, nitrobenzen, acetonitryl, cyjanooctan
etylu, nitrometan, chloroacetonitryl, aceton, alkohol etylowy$}epi i1} I 8 0]l 8}E IA «
siarkowy lub eterat trifluorku borgRys.3).** Badania wskapi v *]Jov 1V}0 AC iv}' ]
% E} uldp 3} ulu vdu  [%}0o}A P} E} % pupel I ov]l X KSEICu v ACv
mieszanymi efektami kinetycznymi i termodynamicznyritiaffé]arenpowstaje szybciey ]1 Jvv
produkty, natomiastkompleksow v] % }0 Ev P} E} % pel 1 ov]l A Av SEI oul] u Id
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uv] ul}io]A] 13W8 E-i' } 6Edopehtameu op % E} pld«A o]v]}AC ZX ]
autorzy przedstawilbezozpuszczalnikA u 3} ' *Cv3 IC %] o0 z@EIOKsy @& IvwHA

HTCA i i QUQA i «$'T}v P} |A op oljak®| KatakRzhtord® KSEICu v

u] I v]v' %}E | Civ % EIl uC3} pern)olll-Qbglkdpi E€0 E v I AC iv}
%X MS}EIC v] %} o] ACSspu 1 v] +8}e}A vC Z A EpuvieA E | i]X

Rysunekd. Syntea ACT«1C Z % ]oo GpdrtanaEfektaédh statgtycznych

W celusyntezy ACT+1C%Z 00 (€ varufia LizAstosowas %} i ] 5 $CH¥38C Iv X
Badacze @A 1]o] I}v v34tdietoksybenzendb | E+AvpyA Jo}' ] (}JEuU o ZC u
w chloroformie ¢ § } « y jako katalizator eterat trifluorku borgRys.4a). Ten rozpuszczalnik nie
i 3 1Ju%o0 I*}JAvC A T vCu | %date@€C=IFECA i % E} puls«A C:
statystyczm. Po rozdziale chromatograficznym utys} % ]oo E€ve E vC 1 AC v}
odpowiednia n =5 (20%), 6 (15%), 7 (3%, 8 (1909, 9(2%), 10 (2%9. Strukturykrystalograficza
%]o00 EE€ve E veA wykazi }E 0} A« Z opl u IE} Ctg] liwg* ZX
powstawaniapillar[7]areru 5a 1} « $&a podniesiona do .8 % w przypadku zastosowania FeCl
jako katalizatora w kondesacji lidimetoksybenzenula z formaldehydemw chloroformie
jednoczesnin] 1 } « EA}A v} %}A*3 A v] JvvC Z % E} uIS}A v]l %]oo EE
(Rys4b).*

Rysunels. ¢ E u @llaf5larenu2d A} v}' ] (HOGE VU



W 2014 roku gE u% KP}+eZ] % E1 %o GEramiling peretokSypilla[5]arenu 2d
A} v} JleteanaGoy A d % EIC pa@ tfifluorku @ru(Rys.5).*° Badacze uzyskali
jako produktypert $}1+C%]oo E€ve E vC | A®y, 6\(3%)]7 (/629 ASV0:598, 9
(0,79%), 10 (1%, 11 (0,9%), 12 (0,3%), 13 (0,7%). Widma UV Vis oraz NMRotrzymanych
1A] T1eA u | EJzrydivi & potwierdz i tworzeniekomplekss A 1 % EI1 v] ] v] u s pupvip

dlapillar[10]areru, pillar[11]aren i pillar[12]arenu.

Asar[n]areny

Rysunel. "Cvs 1 « E€ve E veA

W 2012 rokugrupa Sto ES }SEICu s V}IA lo ' 1TA] tkachu IE} Clo]
asar[n]areny (F6 @5)." US}EIC % E] % E}A 11,814 5fetrametoksybenzenba
z nadmiaremformaldehydi w DCEjako ¢ S} ¢ u katalizator eterattrifluorku boru (Rys.6). W
ACT«1 i Srat%azeautorzy uzyskali asar[6lareta | AC iv}‘ 1% hatomiast} v]T i
temperatur' oraz «|E  tzas prowadzenia reakcji otzu o] u] ¢l v]v' « E€we E VveA
6@ 1 pu EC Iv AC iv}' Pa WMaksdeykliczne produktyl }« 3 sgdzieloneprzez
IEC+3 o]l iZE}Iu SIPE (]' % E % IE S€Aw preferencyjne powstanie
asar[6]arem 7a w reakcji A %o} ACTel}v i 3§ uB}ES&JE&I 3§ E uln Creakc]i. |
Asarplaren charakteryzuj +]' v] A]luél makrocykliczn i nie wykazywas [v§ & epi C Z
As * 1A} ] 1Ju%oo |s\Wityr@ s&ym czasig % CE } A mardziej AC iv Cv3 I’
asar[6]arenu 7a (30 % w reakcji kondensacji tych samychp <3 E, & Avarunkach
analogicznych jak dla pillar[5JarenDCE E+Av}iulo}d}‘ (}Eu o ,ZEA, jednakwyniki
te vl 1}+8 SC }%p 0]I}A v 1% PhRIBT pi v % U 0]l i' 1 PEU%C "8} (ES



Bifen[n]areny

Rysunek7. « KSEICUCA v] ]( 9i€l0)@odyikacja bifenylE vpedstruktury 1 <5 TR} ]

W 2015 roku pupa Chena }$EICu s Vv}AJv' EJA] T1eA u IE} Clo] IvC ZL
bifen[n]areny poprzez |}v ve i' ddihékpksypifenyli 8a, 8b z formaldehydemw DCM
eSYepi i 1} | § eddatdiforku boru(Rys.7a).*® Zsyntetyzowan 1}¢3 sAC 1A] 11]
tej klasy t bifen[3]aren9a, 9b orazbifen[4]aren10a, 10b. Bfen[3Jaren9b, | pA P] v v] A] ol
opl’ u IE} Clo]] 1v%o}e] As “IJAI%o & |e+ych natomiast bifen[4]aren10b
kompleksije wiele Ee«ivC Esteczek Perhydroksybifen[4]aren otrzymany w reakcji
zsyntetyzowanego bifen[4]aren z bromkiem bory 1}¢& s ACI} E ldD «Hzpaznania
| §]}ws kobaltocenu, 2,7 tdibutylo t2,7 tdiazapireniowegooraz pochodych bipirydyny*® W
% ETC% Iu Ae Z WIIEAIQEAIA v} SA}EIT v] 1Ju%o leeA I % EI v]
S uvipPxeez oelu} C(]l i' %} 3 Aaldlksilowych uzyskandifen[njareny
rozpuszczalne w wodzigRys. 7b).*° Modyfikowany bifen[3Jaren s o ISCAv] /As}d s
diheksylo u}v]}AR" }E | SA}Y@EI%S 1+C | % EIl v] ] vkatiormamipparakwatu.
Rozpuszczalny w wodzie bifen[4]arégn 1] sCA & }o]M, dikwatem13, parakwatem12

oraz kationem adamartyloamoniowym14 (Rys.7c).>



Hybryd[n]areny

Rysuneks. a) §yntezahybryd[3jrenu18a b) modyfikacja hybryd[4]areni9a
W 2016 roku gupa Yy ACI}EICSpi 1% E }A v A v el i PEuU%] u 3} }o}F
ZC EC €ve WEILUZE EC JAC 1A] 11 u IEaGIACVO} § %i
% E]l %E}A 1 i I}jednego iekwiwalent & Udidtoksybifenylu 8b JE 1 A« Z
IA]JA o v3-«A tfibétdiksybenzenul7a I E<Aviu}o}A Jo}' ] (J@ys.8a)°ZC p
ZA] 1 18aselektywniekompleks} A Kkation diheksyloamoniowyez+§ <5 E A =60 M*

w CDGl Analizamieszaniny reakgnej z wykorzystaniem spektrometrii mad Cl | so C

innych % E} pl3makrocyklicznych jednak %0 Ee<ich AC 1] o v] 1 I}w ICsC ]’
niepowodzeniem Ta sama grup lu} C(]JI}A s  }S3EICu vC A1 ‘vli % EI 1l u
hybryd4laren 19a Is}i}vC | i v}e3 tdimefddsybenzenowych i 113

dimetoksybenzenowych w celuzyskaniapochodnejrozpuszczakej w wodzie>* W tym celu

PEIT % E}A 1}v} u} C(]l i' %metoksylompichApuepA i PEP%C u SCo}A % EI
HIC BBg, anas3'%vpllopi A}lov PEP%C ZC E}I*Co}A Zo}E}} 3 vu 3C
ugrupowania estrowe  %0}A*3 sC A o % EIl % E}A 1}v} 19 (Ryms8bu}v]}A

hiCel vC 1TA] 11 « o I8CJAge]z Kationem parakwatul2 w wodzie } 1}3 s}

wykorzystaneado utworzenia supramolekularnej struktury nanokartki.
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Rozszerzone pillar[n]areny

Rysunelkd. KSEICUGCA v] E}lsl El}vQl24%]oo E E vsA

W 2016 rokulCv3 SCI}A v 1}+8 s 1}o ivwyah FPA]ZIC-E G FE} Clo] IvC Z
21-24U 18+E Uu}P C lo «C(%b]JAovEEL) E vC E}iel EI}v RysPEu%o' ]
9)>®«A] 111 8 }SEICuU v} %o Maw @&l &di(3$tdimetoksybenzylojl,10tbifenylu 20
z formaldehydem w chlorku metylenu katd I pii S & #&iflworku boru. Jako produkt
PseAvC }&HEILuI 21T AC iv}' Poifako produktubocznyl A] 1 22(1,2%) oraz
1} e EAYA v} ‘@ [PA° ] % E) 2BIBMA 24, % }A+8 i C Z kéders i’

% E} pl& A |8 substratu.Struktura krystalograficznproduktu gs « Aego 21 wskazujena
u}To]A}* 1}u% o |«jehzen), toluenui ksyleneA co }SA] E u}lo]A} ] 1 «3}«}A v]
przy rafinacji% E} plSeA E}%}%} 2} vC Z
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™clopec ofe” . seZc...oeef f™ME"fE!...E "> =5 Fe

Rysunekl0. a) Hybryd[njareny25-30 1 A] & i i v}e3l] 3 Q) %yst€za knjbhyd[4]arenss.
Stywna struktura tryptycenu 1}e3 s ACI}EICe«3syntezy Jserii 1A] 11+A
makrocyklicznyci25at30 o szerokichAs * JA}* ] Z 1}u% 0 [(Rys.10LWZ2009 roky
na drodzewieloetapowej syntey, uzyskay 1}+3 IsA] | 25b (Rys.10b) typu kaliks[6]arenu
1 A] Ei C UPEP%}A v] . NKQshEh pradakh rozszerr C 1} «Zaksestego

typu %o E} pISaXEY Clo] IvC ZU <8}epi i 1} pejdiofenobuiopgchodne
rezorcyry, ACI}E |1 Ce A v ikloetapone * ] lilsyntezy?’ <+ Cv3 SCI}YA v} TA] 11]
mak'} Clo] Iv els i ] 1 EeAv} 1 i vP}yil] AeZ pPEU%IA w SE

Otrzymane ZA] 11] ACI ICA s/} JJu% o0 lepi A e8}epvip } | §]}veA

organicziych?>®
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Rysunekll. OtzGuGA v] | Eyivlilu EiA ilp u IE} Cl@Biv P}

t 1110 PEP% Z v }3§EelCmalsocykfidzyl - helisBlaren35- «Is iy ]'
ACs 1v] i v}es | SECHEQzUIV]IALZ]E o%ob v @ys. 115° +Alekten
otrzymano przez kondensi' -hydroksymetylend3,8tdimetoksytryptycenu34 w reakcji
katalinwanej eteratem trifluotku boru w TCEZ}1 1] s v v iju E+A [}e8 s % EIl % E}A
ACIJEIC 3pui  «&steréizofierydznych pochodnych i 1} %0} *3 Av]I] Eelv] pi
stosowano ester kwasu kamforosulfonowego Po rozdziale i hydrolizie grup estrowych
enancjomerycznie czystdelis[3lareny (M)-35¢c i (P)-35c wykorzystano do rozpoznhania

chiralnegosoli trimetyloamoniowep7 % EI1C piC. Ju EDZ
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Rezorcyn[n]areny (n= 5,6)

Rysunekl2. a) Syntezaezorcynpe E v3%a-41la b) modyfikacja zwiazkdla c) struktury 1 3 TR} ]

Rezorcyn[4]aren i jego pochodnes od wielu lat wykorzystywane w chemii
supramolekularnejkdnak 1 } Tii0 E}p v] p s} ] }% E }A AC ivi ] %}AS
*CVv3 IC ACIeIC Z v 0}PBAXSE]DITAL T1'v] JvlC]Zw 0]8 EFAE}AC Z
}%]*CA s} eCv3 1' E 1}E Cv€Ode E vpU i v I § %E} uE Vv] Cs %o
gEU% E E] }%E }A s u 8} ' +Cv3 IC A]'l-IC Z tédd typuprzez |IE} Clo] Iv
I}v ve i' fdihietoks t2tmetylobenzenu 38a 1 (}@&Eu o ZC u piCA i § E 3
trifluorku boru jako katalizator® tCie1 AC ipdwstawaniamakrocykliczagoheksamen
1}« EAYA v} e&}epi i 1} (}dtdighidrobemxdri zamiast DCEW E}A |
I}v « i' A § u% GErzépigaiizymano odpowiedni rezorcyn[4lareBaz wC iv}* ]

609% rezorcyn[5]arerOa t 8 %i rezorcyn[6]laremla t 16 %(Rys.12a) Powstawaniu wikszych
TA] TleAu IE} Clo] IvC Z @We@&VEHI B} v] 3§ u% .@ENSiedpraturze
pokojowej rezorgn[6laren 4la }SEICu v} | AC 29}%] Konformacja pert
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hydroksyheksametyloezorcyn[6]arenwtrzymanego z rezorcyn[6larerdla A ] o < §estCu

I o]T}wo struktury kalikiSlarenu i wykamje } v}' A« Zz opl ul&} &lo] ive Z
Otrzymany ezorcynplaren 41a 1}+8 s v ¢53'%vVv] 1u} C(]JI}A vCU PEU%C u 3Cc
Hepv]'s U V *8'"%0V] Alov PEU%C ZC E}I+Co}AEUE]*S sC |
sulfuryldiimidazolem 42 (Rys. 12b)®*® KSEICu vC 14l iol sztywnej konformagii

|} u %o 0 |e}dikationyamoniowe43-45 oraz bipirydy46 (Rys.12c)

Kaliks[n]karbazole

Rysunekl3. a) Synteza kaliks[n]karbazdd) modyfikacja kalifd]karbazolud9b;, « 1 «35 11 Pg) ]
kaliks[4]karbazol48b.

W2016rokpy PEu% d] v }JSEICu s u IE} Clo] tkalikgpkdbazadd E 1}0]
przez |1}v ve i'N-podstawionego karbazolu47a z formaldehydem w DCKA.
Ei (ISCAv] isiCu | & o]l 8}E u & i; (@s.1133) Kaliks[Rkarbazol48a
« 0 ISCAV]l AZo}E | §E us3 Qo) w pv]Es®sbwanie jako fluorescencyjny
sensorl §]}veRAf orazB&*® ] « u] uS}EIC @WAwV} 8SEICu vip 1 AC iv}' ]

¢
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1% pochodnej oktanetoksylowej kaliks[4]karbazold9b, jednak atorzy nie podal
1PozAV i BRUE C

Al 1 sF52]( v}o

H}s}
A EuvieA % E}A 1 yJIS«@ U] C % &I ul}s u

PEIT 1«18 s }E}Bopel 1 ov MAA}Zl}]40c, 15« E® 0 ISCAV]
(Rys13b) A ‘@E} }A]elp A} vCutdrdahiozhympu}TodA] A CI|Eegolpestycydu
% E1C ul@rdskopibIV Vis.Z koleiheksametoksykaliks[3]karbazé8a otrzymanyi}e+$§ s

wreakcji2,# Ju 8}1«Cl E i}opu 1l (JEuU o ZC u +8}geC®™ I} | § o]l 8} CE
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frfecf ™ifeet

WEI 3 AJ}v. A 1'"] 0] E SUE i o &I GiSyntEza nowych
1A] T1«A u IE} Clojgsivenalem bardzo aktualnym i szeroko rozwijanym w wielu
PEU% Z AIC zU Vv}A} }SEICu v TA] TI] «IC I} Iv i pi 1 «8}«}A
JAE.] pAP'U T Al'lel} % EJACE A|WEILI% <A 1}e8s }%pu o]l}
%} 1 o %@E}A 1 v] w } ulii %E CX WEIC*3 %opi } W\
ul@®} Clo] IvC Z o}l*A ppo }AC Z A 1ii1 E}pU Al'lel} %}ACIT

JA] i1«A u IE} Clo] IvC Z v] Cs%iu EEAZ EB]VH }%] E} «]' E}iAi

Publikacjanr 1 @ facile, moistureinsensitive method for synthesis of
pillar[S]arenes |é_5|
| — |

Rysunekl4. Opracowayv u 8} +Cv38 IC %]o@ EE€fie E v-A
e« AIPo' p v Vv}A u}io]A}' ] A SA}YEI v]u pls <A eu% E u}o lpo E
VIA} } IECS %]Joo E€fde E VvCU u}li vl @&}l %} 1 su } Cvs I
budulcowego I | u] & u | vl u}lo]A} deli P}u} C(]l i] ~+11 Psov] A
%] &/t E}u SC IvCuU jéste@® vviX t 3Cu O % Ee* }A s u %}AS
0]8 & SPE}A penedoksyillar[Slarenu 2aU  }SEICupi  Jo}'' ] % E} pldp

%)oju &C Iv P}JU  %}i vC TA] 11 u waEsiClioqlimc #GA+g) | X
Zu} C(]1}A s u % E} pE' PICA i 1A «p SE]J(ou}E}} SJA PP i1} 1 S0
EtO (Rys.14). Kl 1 s} «]'U T ta]e%}A} YA s v I C AlE}+3%peAC iv}' ]
metoksypillar[5]arenu2a. W wyniku optymalizacji procgdd E CU «3A] & []s emhrinkv io %o« l
dla otrzymywanigper-metoksypillar[Slarenuto & | i %o }u]' td@netbkdybenzeem laa
paradormaldehydem w DCE w temperaturze wrzenia *3}e i i1} | 3 o]l 8}E 1A «
trifluorooctowy U 18+« E i %}l vCozoy pleJukRb]AC iv}'81% ~v iACTel

I A1 *v] lv vC Z %fBEdedunaEpspowtarzalna iAC| 1CA s tolef v i' v

I A @3} A} ©@zpdszczalnik ~A % EI JA] weSA] } AT v]li IvvC Z %
K%®E }A s u E<Av] T u 8Wv] }%Q) sy 1 pic] ZE}u 3}PE (]J]U
%} V]}es} A 0}EC % E I5C IvD &}i' % E}3 IOECXE}*}A s u E+Av] |
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otrzymaniainnych pochodnych alkoksylowychillar[5]arenu2. Co ciekawe, abbserwowas u

ui 1 o Tv}® AC iv}' ]odEstosowanego rozpuszczalnikd C iv }otrzymywania
per-metoksypillar[5]arenu2a w DCM A C v} +26 % w chloroformie t 15 % w DCEt 81 %
natomiast WTCEt 7 % Takistotny A% sCA E} 1% u= A @&}A s u}ienjgidtowana
powstawania produktu | steczlami rozpuszzalnika v o]l }e58'%VvC Z A SEUISHE
IEC*3 0o}PE (] ivC Z }E 1T u} o}A v] wu}o lpo Ev E-<Av] Tl puP E}A
WEIT % E}A 1]s u | %re@iQuanaper-netoksypillar[5]arenu2a DCM oraz DCE w
chloroformie i wya 1€ns odpowiednie +3 s SEA s}'dlr kompleksu per-
metoksypillar[5]aren2a SDCE K = 300 mofdm® i per-metoksypillar[5larenr2a SDAM K = 60
mol*dm?®. Co ciekawe, w przypadiper-etoksypillar[5]arenu2b kinetyka procesu wymiany jego
kompleksl z DCE jest woa w skali czasu NMR @8, 400 MHz)) } % }IA o v 1%} ' E V]
zaobserwowanie kompleksu z rozpuszczalnikien] }ujuU | A % EIC% |u (1Su
8 U%O0 S}A P} I p il su @GEGAMEN % E} uASvlh%ioE} v iACTeI
AeA 1,egdy reakcja jest odwmalnaX o 8 P} <% E A I]su } AE ov}' E | i
opracowanych ~ warunkach ACI}EICe3 i A % E} pIsC pet@E} Clo] Iv
metoksypillar[5]aren 2a i per-etoksypillar[5]aren 2b (tzw. scrambling. W warunkach reakcji
} o EAYA s u | v]l «p pénEtakamedielu v] T (JV]}A vC Z %o @zyskdres A X
ACV]I] %}iA}o]sC u]l v | euP E}A v] U %} E | %] EA+iC A 0]§ E EuE]

(180 E}i%opel 1 ov]l A E 1] %}Ae3 A folt teto]d o3 & Efies &%y R X
wykorzystany przez wiele inngc PEu% } *Cv3 IC ACI+IC Z %]oo E€ve E veAX

Publikacja nr 2 &lybrid [n]Arenes through Thermodynamically Driven
Macrocyclization Reactions3®

Rysunekl5. KPsov I}v *%vis§ IC ZC EC.€ve E v-A

Obserwaje poczynione podczas psacnad pillaar v u] 1 euP E}A}sogA}:
wykorzystaniaopracowanej procedurydo syntezy IA] 11«A u IE} Clo] IvC Z }% ESC Z
innych blokach budulcowych orazA] 11+A u IE} ClollsW)y@ z 1 A]' dhegdl i
rodzaju bloku budulcowegot ZC EC }AC Z 1A] I1«A u IEKReI® MRV Z%o i
%}0 Ps v I}v ve i] Ae Z @E*IvC Z %}o] ol}leC vi veA 1T E<Av}i
formaldehydu w opracowanych warunkactv celu uzyskania termodynamicgenstabilnych
mieszanychl A] T1+A u IE} ChdRy$L%).
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Rysunekl6.a) Substraty reakgjb) otrzymane zwill] u IE} Clo] v e«Is i *]"Ti v P}.3C%pu u}v}u

Jako substraty wybra u pochoche dialkoksybenzenowe53a, 54a, 1, oraz 1,35t
trimetoksybenzenl7a (Rys.16a) E %o} | | pealu gprawdzenia uniwersaji ] 1 s}i}v i
metody syntezy | SUE |i }S3EICUCA v] mbAdcykidknychis}T}vC Z |
jednego typu o}l*A p po YALSE] & i]s uU T u &} %}IA o v }SEI
} %}A]1 v] Z TA] 11«A u IE} CI]WCAZT 1 iXE: dykidtriweratrylenu55a
(85 %), oktametoksyrezorcyn[4]arent6a (85 %), dekametoksypillar[S]aren2a (81 %) oraz
dodekametoksyrezorcyn[4]areriva (35 %) (Rys.16b)

Rysunekl7. Otrzymane hybryd[n]areny

<}o ivVCu 3 % U Cs$% E A | v] u}larpphanh hybrydoAC Zz TA] T1-A
makrocyklicznychA % E} HEIT i v} § %}A iX d 1] %} i*] u IJol 1 o 88U
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proste 0}I] p po }A } lvvi Ei %JAvG' }SEICu o A% isv] V3IA i
PluSE]JU I&«E Vv *8'%vVv] ulP C s A} u} C(IIJA v A 1% & Jpu } }
metody. «+ AIPoO' g VioJl}* +& §C<8C Iv P} E}ils || %iEd plgih A

ryzykiem otrzymania nieseparowalnej mieszaninyA] T1«AW}luJu} & P} 1 PE}T v]
I 1s i I3JvEE}o}A vC § E ugrz€biequ fedkdji « A}i vl <I] E}A s u A
1] Euvipg  %o}elipl]A v] vi EI]i & Eu} Cv u] Iv] % E ( E}A vC
makrocykli IvGC ZX "% E A}u]dvu i AelCe311 Z 1 % E}%}IVIA VC Z opu «3C

alkoksybenzenowyctlA ETvC Z % E}%}E i Z «34:1730u23@FECL IVIC1Z5:~

iWTV iWiV iWde AE 1]0}} fespadldehydu d 3} A sroapuszczalnikiakie jak

DCM, DCE, CHOtaz TCK W}e3'% E | i] s W3 %o)u} 8 %pi CZ 1 ZW i
godz, 4 godz, 8 godz, 1d1] W2 dni, 4dni, 1tyg., 2tyg., 3tyg, 4 tyg W} }¢] Pv]' Jpu <3 vy
E+Av}A P] ,@efidioilanegoi 1} & | Tu] vv}' ] %oeCrasie BoEl % E}A 1]s u

vi @I1]1i }] pi & 1i ul&)}Cloll i] A <l diPe@ %6 E SCAv |
E} % pel T ov} % E} pldeA %} tdijndtokSybznzén fld dv stosowanych
rozpuszczalnikach organicznych (DCRCE, CHG), praktyczn| uv] ul}lalA] ] z

}ICel T vl 1 v oll'U v o}P] v l+% ECu v3C ACI}¢4d u | ACI}C
diheksoksybenzenddU 15« EC | % Av] s 0 %o+l WEYh¥upprzeprowadzoxych

le% ECu YVSEAICu s @]' ZC EC }AC Z 1A] il-ryclul9sE39:Cti63a k

} ECu] AC iv}w]twh 1A] ilu wodyklicznego 63a o rzadko spotykane;

%]' ]} Is}vIA i «S@EEISHE®} W' 1 Ae Z i v}e&rindtoksyb@nzenowych i

trzech 1,4tdimetoksybenzenowych(Rys. 17). Dla wszystkich tychlA] 11«A }IE ‘o]s u

Cv u] iv] H'E vVv]}v SEuISpE' A E}ISA}EI U o Jov}' I}vV(IEuU
Tu] vv}s u% E SPE}AC Z Al u EDZs }E | SENJIBME]sA u] &} 8 sCuX
*(JEuUpSIA vl Av]}elpU T A % EIC% Ip %] Eterd V§IVBAE}ZClo] IvC
jednostki 1,2 oraz 1,3 ] ol}l«C vi Vv}A Hullo]A] i Bvi'sv %o ]G ] V]
aromatycznychpatomiast bloki budulcowe oparte ngdnostkach 1,4ialkoksybenzenowych

o}lpui &' u}ioA} ‘wniosek potwierdza eksperymentalnywynik kondensgc 1,3t
dimetoksybenzen 54a 1,4tdiheksoksybenzendd i formaldehydu. Makrocykliczny produkt

I}v ve i] 1=7 ACe& %pui i 1} u] «]13lv E planathych60b i 61bU |+ E

rozdzielis u% E1C I Cmhtograid&dlumnowejlzomery60bi 61b E«Tv]' %}s}l v] u

o}l*A tdiadkoksybenzenowygta ich wzajemnie przechodzenie jest zablokowanédé® o'

v 1 Zu}Av E}§ i' A %] &' ] v]p u}l&]} Cilo] lIAELb ¥ykazuje

Z]E ov}' JvZ €& v3v ] ACe3'%pi i1} u] sl vlv v v ilu E+AX
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Rysunekl8. Otrzymywanie hybryd[4 E vnraidrodze kondensacjigécramblingu.

K « EA i U kbnddnsacjil,3tdimetoksybenzen 54a 1,4tdiheksoksybenzendd i

(JEuUu o ZC pu 1T v 1 %ha@npkohdedacji (t. odpowiedni rezorcyn[4]aren oraz
pillar[5]aren) niejest najbardziej preferowanym produktem makrocykliczpy¥#}1A}o]s u] v

1 % @E}i I18}A v] le% ECu v3p i v}lv 1v] %}3Al E1i P} }AE o
D] 1 v]v' | Z |«}J&s[8l&eha 2e i oktametoksyrezorcy[4]arenlb6a (W stosunku

molowym4:5¢ %} s u 1] s v]p A E WCHGQ TEAtemp] wrzeniaz katalitycznym

dodatkiem formaldehydy (Rys. 18). W}A«3 A v] u] 1 vC Z %s@hblingeA ~
zaobsew } A s U ppo 3h, natomiast po 2 uzyskane widma NMRreakcji kondensagiji i

reakcji scramblingu CsC % E I15C Iv] ReakdeC stramblingu wykonana w skali

% E % E SCAvV i %}iA}ols v AC IAD IviAakGcy®EiCZyEABDbZ61b z

AC iv}' ] &G ovAQG iv]" 1T E 1i] 1}v, % EilC sI}A]8Cu 1 v]lp
U *SE SA A } p %EIC% | ZX 1+% ECu vd 3 v i vilv Iv] %}

charakter reakcjitym sanym jej kontrolowany termodynamicznie przebieg.

Rysunekl9.Cl 5 11] P}* ]
t O *% @E A 1T v] As * A} 1 |}u%ezygmeanei hyGryddwe HA] 1]
makrocykliczne podda uu] & 11}A v]p u 3} TAEDIZ 6% t67 (Rys.19)X dteczki
P}*1}*8 sC AC & v' | VAIPB8]}VIAC Z E 18§ EU E-«|dod@kdpwasE]' }E |
T1A] 1841 AlIPo' pnv ZJE%OEICY% Ip 1TA] 11«A u IE} Clo] IvC Z } v] A]
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(593, 60b, 61b, 62a) dobre dopasowanie danyaksperymentalnyctmiareczkowaniaui Ce1 s u

dla modelu uwzgl' v] i PJA] +3 kempleksowania~is ] Hs). Model ten sugeruje

} 11 sCAivlviop Aez 15 11 P} ]1v | Av $§EI WptiypadE} Clo] v i
IA] Tlp u IE} CldlPddot?g dopasowanieni C«1 s umarlel 1:1 kompleksowania

g} 164 - 66X hv]l ov As ¢ JA}' ] |}u%oiadde MiiA]' Pal}Gotrkymarych

hybrydn]arene A63aU | §s&eklywne kompleksujgodek metylopirydyniowy67. t }  v}* ]

63ai} | u 3C0}%]EC CV]}AC E} % puel 1 <]" A Zo}E}(}®ar] ~ 1} i v P
makrocyklicznego gospodarza jest praktycznienierozpuszczalny) } « EA}YA v i 3 ul
zmiana % E1 epv]' Z u] IvC ZI EEREFVPA' 1 i | ] P Ppiselwod@heX

Tul] vCaAl } IJu%eo I+}A vip A Av'SEIp opl] YE T } 1\ VAIZIIPVv(}EU Ci

makrocyklicznego podczas kompleksowania.

Publikacja nr 3 &alixarenes with naphthalene units: calix[4]Jnaphthalenes and
hybrid[4]arenes @

<}o ivCu 3 % u W  Cs} E}iel El v] uESipEAACvZ PATEIN
naftalenowe w celuzbadania zakE «p +3}+}A metddy]oraz potencjalnie uzyskania
JA] 11eA u IE} Clo] ivC Z } Al'lel i op X t 0]8 & SuEl ivipi ] |
}Jvl elw }SC 1T C Z +Cv38IC | o]l*€vev (3 0 VeAX tC A C *]' ulPs
*3 v} Adaturalre rozszezenie b}P 8§ i Z u]] | o]le€ edndk reakdjd) makrocyklizacii
Il pwi] suv (30 VvIAC Z o}leAydhni€Ehckipaaielektywniestwarza problemy
TA]T v 1T & P]}* 0o ISCAV}' 1. %6 }veSe Al%a}] Z }thydroksynaftalen(f, 2t
hydroksyaftaleny’™ 2 7-dialkoksynaftaleny/*’> (wszystkie otrzymywane na drodze
wieloetapowychproceduryw warunkach kontroli kinetycznepraz kwaswchromotroppwega’®
e AIPO' PW'MPE& v] I}v  }+8'%vV}" | o]ls€vev (53 0 VoA A I}o ivCu & %o]
zbadas u u}lo]A}* }SEICUCA v] TA] 1leA u IE} Clo] IvC Z 1Is}i}vC Z |
i v}e3 1l v (30vVv}IAC Z A A Euvl Z I}vEE}o}A vC Z § GEu} Cv u] Iv] X
el E P «u «3E 3dildtbksynafdlen, 1,6dimetoksynaftalen 68a oraz 2,7t

dimetoksynaftalenw reakcji kondensacji z formaldehydem katalizowanej. TFA
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Rysunek20.a) Sym I TA] T1+A Is}I}vC Z 1 i v}e§ | w)(syneza W@ fdarenu7la

W przypadku 1,5dimetoksynaftalenu 2,7 tdimetoksynaftalenu uzyska wiezdefiniowane
produkty polimeryczne. W przypadku 1,6tdimetoksynaftalenu 68a otrzymas u dwa
regioizomeryczngecykliczne tetrameryé9ai 70aU 1S« E « Z E 158 ECI}A s u. «% ISE}e
Do i v P}Iiv]Zi}eS3s }MEGIA JSEWS sCu ~APodl Ddr SBed v [Cis X
%0 G cotrzymywav] ITA] IleA ZC EC }AC Z +«Is i C Z «]' I ACu] v]}vgC
jednostek naftalenowych i 1@limetoksybenzenus4a t ACv]Ip 3C Z % Ees }SEICU S
ZC EC }JAC IA] 11 u |@askdo]ilv@ «]' | SEIT Z i tdijetdkdydanienu
i jednej 1,6tdimetoksynaftalenyRys20)X t | v i | Qhie kabpseA} A s powstawania
hybrydowychl A] IlAo stechiometrii 2+2.

Dla wszystkich naftalenowych 1A7] 11+ Amakrocyklicznych }IE ‘o]sws ‘ JA}* ]
fluorescencyjnei pET % E}A 1]s u l+% ECuU v3C I}u%o0 I«}A v] U pICA i
AT vj]l «3 Ap | §]}v}AC 6266 Dobre dopasowani&rzywych miareczkowania do
%o LV 3o A le% ECu v3 ovGC Z pICel s u ) u} dwie SAIPoO' v] i
1Ju% 0 I*}A v}i]dd. 0 AeiCe31] Z I}Ju%o0 le«A ACI}v s u I}WBE}ov A] u
%0} % E1 1 %o} E widmanm] gobpodarzy] P} MdluckCs BA}YEIT v] 1}u%o leeA |
% E1 v] *] v] u.s pvlp
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Publikacja nr 4 &lybrid[4]arenes with anthracene units and tuneable cavitiesh’

Rysunek21. Synteza hybryjld] E v ¥8ai 74ai modyfikacja hybry@iarenu73a

AntracenfA  o0}l] u po }A }( Epi ulio]A}: 0 srozinjartaukiti je] « 1 v ]

ZC E}(} }A P} Z E18 Ep }E T wu}io]A} S 1i] % @E} *cA [}u%o
ACI}EIC*3 v] u v 3uE ovGC Z As * JA}' ] (Op}ZE S QAQIVC ZE@®S@® U vuX
i e8 }* 1} &l %}vv U } elpdipi pi }+8 %v}' ] }E fikadi @}l u}io]A
strukturalnych, w tym modyfikacjtE} 1% el T ov}* ] ~ } i *8 v] Tu] &v] A TvCu +%o I¢
%S 1] Z @E}u 8C IvC Z 1 8 11 ZU I8«E u i V& ostatmich' lathchP E P i]eX
} o EAYA v i 8 pl 1 ]1vd & «}A v] TA] 1Huwi] TUAIEE CIEullvl v}esl]
VEE V}IA X KSEICu v} TA] 11] } anth@Epheie¥E hybryddive imidazawo-

vVEE Vv}IA T1A] T11]kiczhe¥ ¢E 1 TA] 11] u IE} Clo]l Iv } v % E'T}v i «3E}

els i *]' ACs 1v] 1 (@E}u §C hAE®® qaEciekaweds 1A] 11] 3C%
| 0o]le€ve E veA ~ 1Co] TAJTHI] T H}A V 1 %] E*]v] ERBamiSC IVC Z %o]
u 3Co vIACul]e I A] & i (E Puv3C Vv3E Vv}A v] « Ivv X

E %} 1 3lu % @El & «3}A ssyntazyTAJANW | A] E W swélgj strukturze
ACs lvigrupowania antracenowe oraz mostki metylenowe W reakcji 1,4,5,8t

tetrametoksyantracen 72al (}JEu o ZC u | $ o]I}A vi d& A E-ivC Z E} %o pel
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vl 1} e EA}A s u %}As8 A v] % E} puld«A Wu Raejhy@ | oetafv C Z X

% El % E}A 1]s u E | i 1 ACI}EIC*3 v]u A« Z E}u 8C 1vC Z o0}ls/
tetrametoksyantracen 72a oraz 1,3tdimetoksybenzen w 54a analogicznych warunkach.
KSEI€w sA TA]1l] ZC EC }A (BE%oadFETISeE E+Iv]sC ] *%o}e}
%} 5 Al v] A %] E‘ ] v]p (RyszB). WWEA GuUS FPr8afwv) 3 A s A ACv]lpu
podstawienia typu 2,6 natomiast produkt74a % }A<8 i C A ‘o }A Cs|oACV]I] u
%o}eS Al V] %] E' ] v] VEE V}IA PIXAWHE} QI ZBsrdob€ s
scharakteryzowany spektroskopowo (NMR, Mg, widma fluorescencji), natomiast dla

% E} pldp ‘o 73AIPE s }E ‘o}v eSEMUISHUE A ] o 5 sCuX "SEuIS
E+Av}o Ps pus}i v] %] ‘'] v] Vv3E Vv}AC Z A cokd tym idzid, E} Clo] |
brak luki t op u} C(]l i] i P} «il] o 8pu ] As * ]A}‘prgeptavdadd dewi C Z
& | iDielsatAldera 1A] Ul 74a i szeregiem dienofili.W reakcach z bezwodnikiem
maleinowym iestrem dietylowym kwasu acetylenodikarboksyloweg® zaobserwowas u

%0} S % u Efektyiwnienatomiastprz ] P seakcja z benzynem generowanym z kwasu

VEE Vv]o}A P}U % @Ehddyfikowarjegoproduktu makrocyklicznegar5a Otrzymany

IA] 11 ulE} Clop IGAV] 1}u% o |+ Nmetyidpintdyniowy67.

Podsumowanie

W toku wykonywania pracy doktorskiej opracomau AC iv ] % }A3uE}dv
eCvs IC 1A] IWeAE} Clo] IvC Z ACIHE @I Iv  As  JA}* ] A «p
SE](op}E}} 8}A P} Xpracbgejpd EJp HEC }SENGakiml LAC v} ] u]
Ivv ] I G}} +8}s}A v 1TA] 111 utlgHar[Edreh, i@V, rezorcyn[4]aren.
h }A} v]stermodynamiczny przebiegeakcjisyntezy pillar[Slarenw i i } AE orax}*
potwierdz]s us u% o 3pui C A%sCA piC3Cwz(DE}DeM) hd jejvpizebieg
AElepi }% E }A v syatexy YSEICu s}A 1o " TA] 1l*A u IE} Clo] IvC
Il u}AvVvC Z 1 E-IvC Z al%eRsyFomatycknycht hybryd[nlarenyX W}SA] & 1]s u
termodynamiczny przebieg} AE ov}' E | i]E«@wWY C Elasy pochodnych
makrocyklicznyche A1 111 § %o}sM] IV v} 8§ i %}EC PJulsMEERZ } S3I1}A}
wykazuje Z]@E ov}' %ob MEEWE Z % E Z EQish EPCyIC }SEICuUpI
hybryd[n]areny zbudowane z jednostek naftalen@h i antracenowychDla otrzymanych
zw] T1*A u IE} Clo] IvC Z bAdahjasU¥t Wis oraz fluorescengiil S UE-Av] |
12 As 1A} ] 1}u%o lepi A} } 8v]} vs JAvC Z «}o] )
Przeprowads @E | iA] uimakrocykliczegoz A] & i ud?Jpowania antracenowe
benzynemu} C(]Ipni P }u SE]" «il] o $p uat@Ejsghpghiiyy PP i A] ol}!
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luki makrocyklicznej. ® }SEICuU v i %} Z} v i AGQI}vIidu@o I}A v] | §]}veA
organicznych

Zsyntetyzowanel A] 1IACI ICA sC ]Jv§ &seuilA}* ] tBgdspodarz. Otrzymane
pochodne tanowi nowe szkielety do tworzeniau El | w spu% ® @oClZX : v} 1 ‘v]
opracowana metodologia syntezgst uniwersalna dla pochodnych alkoksyaromatycznytie i
JPE v] Ti «Tv] } % EIl 3 Al}vCdatdgdlubiodB i 5 piCel v] TA] 11+A
ul@®} Clo] IvC Z «Is @E-@vthnyth io}l«A p po }AC zZX
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ABSTRACT: Hybrid [n]arenes, the class of medium-sized
macrocyclic compounds consisting of different alkoxybenzene
units, were obtained by a simple, one-pot, direct condensation
of two different alkoxybenzenes with formaldehyde catalyzed
by a Brensted acid (trifluoroacetic acid). We have shown that,
under Brensted acid catalysis, this reaction is reversible and
therefore governed by the relative stability of the products.
The main macrocyclic products are hybrid [n]arenes
consisting of four alkoxybenzene units of [2 + 2] or [3 + 1]
stoichiometry. However, an unusual [3 + 2] hybrid macrocycle
was also obtained as a main product of the condensation
between 1,4-dimethoxybenzene, 1,3,5-trimethoxybenzene, and

formaldehyde. The stability of the hybrid products and the reversibility of the reaction were further confirmed by a scrambling
experiment, involving pillar[S]arene and per-O-methylated resorcin[4]arene. The scrambling experiment has given hybrid
macrocycles in yields comparable with those obtained in condensation reactions. NMR spectra and X-ray structures of hybrid
[n]arenes indicate that 1,2- and 1,3-dialkoxybenzene units are flexible parts of macrocyclic rings. However, the 14-
dialkoxybenzene units present considerable steric hindrance, resulting in the formation of isomers and inherently chiral
macrocycles due to inhibited rotation. The recognition properties toward various organic cations were also determined. Highly
selective recognition of the N-methylpyridinium cation was observed for the [3 + 2] hybrid macrocycle.

Bl INTRODUCTION

The discovery'™* and realization of the potential™® of cyclic

phenolic oligomeric compounds called calix[n]arenes was
undoubtedly one of the milestones for supramolecular
chemistry. On the basis of their skeleton, many supramolecular
functional architectures have been constructed.” ' As it
seemed the pool of basic macrocyclic skeletons was complete,
surprisingly, in 2008, a new, very simple macrocylic
polyphenolic building block was discovered. Ogoshi et al.
presented the pillar[S]arene, a simple macrocylic product of the
reaction between 1,4-dimethoxybenzene and formaldehyde."
More recently, Schneebeli et al. obtained the family of
asar[n]arenes,'> and Chen et al. obtained biphen[n]arenes."
During a very short period of time, many groups reported
numerous applications of these new macrocycles including
sensing,H_17 construction of rotaxanes,'®72° supramolecular
polymers,>'™** switches,>~*" or artificial channels.”® Such a
great interest indicates that new semirigid supramolecular
scaffolds having cavities that may serve as binding pockets are
still sought after.

Cyclic oligomers of phenols are commonly obtained by
condensation between alkoxybenzenes or hydroxybenzenes
with aldehydes. Calix[n]arenes and resorcin[4]arenes, featuring
free OH groups, are readily prepared from the corresponding
phenolic monomers by a condensation of the respective
hydroxybenzenes with a large range of aldehydes using
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Bronsted acid or Brensted base catalysis. Other macrocycles,
for example, cyclotricatechylenes or pillar[S]arenes, cannot be
obtained directly from phenolic precursors. Instead, they have
to be obtained through their O-alkylated derivatives by Lewis
acid catalyzed condensation of alkoxybenzenes with aldehydes
(e.g, BF; @ Et,0,% SnCl4,3’0 or SC(OTF)331’32). Bronsted acids
can also be successfully used as catalysts for the formation of
cyclic products from alkoxybenzenes and aldehydes as shown
by the work of Moravcova and co-workers,>> Moore et al,** as
well as Weinelt and Schneider.®® A strategy utilizing benzyl
alcohols as surrogates of aldehyde functions has also been
reported for synthesis of O-alkylated derivatives, for example,
octamethoxyresorcin[4]arenes*® or phlouroglucinols,®” using
trifluoroacetic acid (TFA) as a catalyst. Recently, we have also
found out that pillar[S]arenes can be synthesized by a Brensted
acid mediated direct reaction of alkoxybenzene and form-
aldehyde.*® The important finding was that the reaction is
reversible under Brensted acid catalysis (TFA in that case).
Therefore, thermodynamic stability of the products is of crucial
importance for the reaction outcome. In the case of deca-O-
alkylpillar[SJarenes, solvent molecules (dichloromethane or
1,2-dichloroethane but not CHCL;) effectively template the
synthesis of pillar[S]arenes by a combination of hydrogen---z
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and halogen---7 bonds. Other reports have also suggested that,
under highly acidic conditions, the reaction of alkoxybenzenes
with aldehydes is thermodynamically controlled.*® For example,
Urbaniak and Iwanek have shown that octa-O-alkylresorcin-
[4]arenes can be postsynthetically isomerized in the presence
of TFA.* It should be noted that these observations have only
been applied to the synthesis of known macrocycles (also
available by other condensation methods) and have not been
used thus far for obtaining new macrocyclic scaffolds. In the
current paper, we show that thermodynamically controlled
reactions of various alkoxybenzenes with formaldehyde can be
used for effective formation of new hybrid macrocycles.

M RESULTS AND DISCUSSION

Synthesis. In the current approach, we have combined two
different alkoxybenzenes (1—4, Figure 1) with formaldehyde in
one-pot reactions. In a typical experiment, two different
polyalkoxybenzenes were mixed in 0.1 M/0.1 M ratio with an
equimolar amount of paraformaldehyde (0.2 M) in TFA/
chloroform (5—20% v/v). By applying this procedure, [2 + 2]
hybrid macrocycles 5—9 and 13 were obtained as the main
products in 26 + 53% yields (Table 1 and Figure 2). It should

Figure 1. (a) Synthesis of hybrid macrocycles; (b) substrates used in
macrocyclization reactions.

Table 1. Synthesis of Macrocycles 5—12 Using Two
Different Substrates with Yields Given in Parentheses

substrate 1 2 3a/3b
1 10 (85%) 8 (40%) -
9 (47%)
2 11 (85%) (5 +6) (53%)
7 (26%)
3a/3b 12 (85%)

“No defined products detected.

be noted that the current yields can be considered quite high
for macrocyclization reactions. For comparison, asar[n]arenes'
were obtained in yields up to 12%, and biphen[n]arenes'® were
obtained in yields up to 22%. In the case of 1,3-
dimethoxybenzene and 1,4-dihexoxybenzene, a mixture of two
[2 + 2] products (5 and 6) was obtained in 53% total yield. The
products proved to be diastereoisomers (for the structural
explanation, see the next section). Although our initial
approach concentrated on macrocycles having the same
number of units of each type, in some cases, in addition to
the expected [2 + 2] products, we observed formation of
considerable amounts of less symmetrical macrocycles. In order
to improve the yields of their formation, the stoichiometry of
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Figure 2. Hybrid [n]arenes obtained by one-pot macrocyclization
reactions.

reagents was modified accordingly. In this way, the [3 + 1]
macrocycle 9, consisting of three 1,3-dimethoxybenzene units
and one 1,2-dimethoxybenzene, was obtained in 47% yield, and
macrocycle 7 containing three 1,3-dimethoxybenzene units and
one 1,4-dihexoxybenzene unit was obtained in 26% yield.
Interestingly, an unusual [3 + 2] stoichiometry was observed
for the condensation of 1,3,5-trialkoxybenzene 4 and 1,4-
dimethoxybenzene 3a yielding macrocycle 13 as a main
product (35% yield). It should also be noted that nonhybrid
macrocyclic products, containing only one type of alkoxyben-
zene unit, like knowns 10, 11, and 12, are also obtained in high
yields (85%) using this procedure.

The synthetic approach described assumes that the macro-
cyclization reaction is reversible under the current conditions
and the hybrid products are thermodynamically preferred. To
prove the reversibility of the reaction, we performed a control
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Figure 3. Scrambling experiment.

“scrambling” experiment (Figure 3). Two macrocyclic products,
pillar[S]arene (15) and methoxyresorcin[4]arene (11), were
used as substrates. In the presence of TFA and formaldehyde,
the reaction between 11 and 1S yielded the hybrid
diastereoisomeric products § and 6 in $3% yield (isolated
product), while the initial macrocycles were completely used
up. This result proves that the reaction is reversible and the
distribution of the products is thermodynamically controlled.
Moreover, it is the first example of scrambling between
alkoxybenzene-type macrocycles. Additionally, ‘H NMR
spectra of the crude reaction mixtures (containing all products)
in the diagnostic ranges (7—5.8 ppm, range of aromatic
protons; 4.40—3.40 range of methylene and alkoxy protons) are
highly similar (Figure S36, Supporting Information). It is
important to note that addition of a portion of formaldehyde is
required for the scrambling reaction to proceed. This result
indicates that the presence of a suitable amount of “free”
formaldehyde is crucial for the effective equilibration of the first
step of the reversible Friedel—Crafts reaction. Therefore, it may
be supposed that, under the current conditions, equilibration is
reasonably fast only at the early stages of the macrocyclization
reaction. However, after the free formaldehyde is used up,
equilibration may be too slow to be effective.

The wide range of substrates successfully converted into
macrocycles shows that the current conditions are applicable
for obtaining various O-alkylated hybrid [n]arenes in a direct
way. We have also tested if the current procedure can be
applied for substrates featuring free OH groups. Such
macrocycles are highly desirable, since they can be readily
functionalized. The reactions of 1,2-, 1,3- or 1,4-dihydrox-
ybenzene or phlorogluocinol with formaldehyde under our
standard conditions (CHCl;, TFA) or under literature
conditions (MeOH/H,0/HCl) failed to give macrocyclic
products. These results show that hybrid macrocycles featuring
free OH groups cannot be synthesized directly but only via the
respective alkoxy derivatives.

Conformational Features. The hybrid approach can be a
powerful method for obtaining macrocycles with modulated
shapes.*'™* In the current case, the macrocyclic rings obtained
by the hybrid approach have medium sizes (14+23-membered
rings). Such rings exhibit various degrees of flexibility resulting
in diverse conformational and even configurational features. A
spectacular manifestation of inhibited ring rotation is observed
in the case of macrocyles $ and 6 that were synthesized in the
reaction between 2, 3a, and formaldehyde. The isomers were
chromatographically separated (1:2 ratio) and analyzed by
NMR and X-ray crystallography. Isomers 5 and 6 proved to
have the same number of signals in the NMR spectra in
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agreement with either D, or C,, symmetry. Considering the
size of the macrocyclic ring (18-membered) and its relative
rigidity, we assumed that the observed isomerism comes from
inhibited rotation of 1,4-dialkoxy units through the macrocyclic
ring (Figure 4a).

Our hypothesis was confirmed through analysis of splitting in
'"H NMR spectra and X-ray crystallography. Two separate
signals were observed for hydrogen atoms of methylene bridges
with characteristic geminal coupling constants (Figures S1 and
S4, Supporting Information). X-ray analyses indicate that, for
both S and 6, 1,3-dialkoxy units (green, Figure 4b, c) are
coplanar and parallel to the main macrocyclic plane (defined by
four methylene bridges), while 1,4-dialkoxy units (blue, Figure
4b, c) are perpendicular to the main macrocyclic planes. Van
der Waals representation of molecules of § and 6 shows that
there is almost no room inside the macrocyclic rings of $ and 6
(Figure 4b). Even assuming that 1,3-dialkoxy units can rotate
out of the plane of the macroring, the short distance between
1,4-dialkoxy units (5.0 A) fixes their relative positions. The
stability of the isomers has been experimentally confirmed by
their successful chromatographic separation and the fact that
they do not interconvert in CDCIl; solution even after a few
weeks. It is also interesting to note that S, which has D,
symmetry, is inherently chiral (although currently only
obtained as a mixture of enantiomers).

For 7, the presence of only a single 1,4-dialkoxybenzene unit
(Figure S) results in a partially averaged geometry (as seen in
the NMR spectra, Figure S6, Supporting Information).
Hydrogen atoms of the methylene bridges positioned next to
1,4-dihexoxybenzene are differentiated and exhibit a geminal
coupling (J = 159 Hz). On the other hand, signals of
methylene hydrogen atoms that are positioned between 1,3-
dimethoxybenzene units appear as a singlet in the '"H NMR
spectrum. The X-ray structure of 7 shows a distorted “boat”
conformation of the macrocyclic ring (Figure Sb). The
molecule of 7, even in the idealized boat conformation, is
devoid of symmetry elements, rendering all methylene protons
diastereotopic. Thus, averaging of some signals of methylene
protons can be explained by fast flipping of 1,3-dimethox-
ybenzene units. However, the splitting of the signals of the two
other methylene groups units at room temperature indicates a
lack of rotation and suggests chirality of 7.

For the compounds that do not contain 1,4-dialkoxybenzene
units, for example, 8 and 9 (Figure 3), the flexibility of the
macrocyclic rings is much higher. In the case of 8 and 9, their
'H and "*C NMR spectra contain a reduced number of signals,
and the methylene bridges appear as singlets (for 9) or as a
broad singlet (for 8) (Figures S11-S13, S15, and S16,
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Figure 4. (a) Conformational features of § and 6; (b) van der Waals
representations of macrocyclic rings of S and 6 (X-ray structures;
atoms of n-hexyl groups were removed for clarity); (c) X-ray structures
of 5 and 6 in stick representations (green: 1,3-dimethoxybenzene
units; blue: 1,4-dihexoxybenzene units).

Supporting Information). The X-ray structures indicate that
both macrocyclic rings exhibit boat conformations in the solid
state (Figure 6). Analysis of the ring distances suggests that a
full rotation of any of the aromatic rings through the macroring
is not possible. However, partial flipping of all aromatic rings is
probable, resulting in averaging of the NMR signals. Similar
dynamic behavior was also observed for [3 + 2] macrocycle 13
being the largest macrocycle obtained. In this case, all signals
for protons of the methylene bridges are singlets (Figure S18,
Supporting Information). The halving of the number of signals
(!/,) is in agreement with dynamically averaged C,, symmetry.

The X-ray structure of 13 shows the presence of a molecular
cavity that is filled with a solvent guest molecule (MeCN in this
case, Figure 7). The mode of interaction between the host and
the guest is typical for electron-rich cavitands and involves
complexation of hydrophobic CH; groups inside the aromatic
cavity. Three out of five neighboring aromatic rings form a
pocket for guest binding with short Cycy--centroid

ring
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Figure S. (a) Conformational features of 7; (b) X-ray structure of 7.

Figure 6. X-ray structures of (a) 8 and (b) 9 (green: 1,3-
dimethoxybenzene units; gray: 1,2-dimethoxybenzene units).

distances of 3.7, 3.6, and 3.7 A. A short C—H-N intra-
molecular distance is also observed between N (MeCN) and
the OCHj group of the symmetry-related molecule (N---C 3.2
A).

Summing up the conformational features of the new
macrocycles, it can be noticed that 1,2- and 1,3-dialkoxy units
can easily flip even across relatively small macrocyclic rings.
However, the 1,4-dialkoxy unit presents considerable steric
hindrance. For some macrocyclic rings, rotation of this unit is
not possible. Therefore, formation of various isomers can be
observed, and symmetry features of this unit may even generate
inherent chirality of the macrocycles.

Recognition Properties. The recognition properties of the
synthesized macrocycles were tested using guests 16—19
containing imidazolium- and pyridinium-type ions (Figure 8).
The guest molecules were chosen using the criterion of
importance (based on the extensive presence of imidazolium
and pyridinium fragments in bioactive substances and in
structural motifs of mechanically bound molecules) and

DOI: 10.1021/acs.joc.5b00099
J. Org. Chem. 2015, 80, 3488—3495



The Journal of Organic Chemistry

Figure 7. X-ray structure of 13 with MeCN inside the cavity (blue:
1,4-dimethoxybenzene units; gold: 1,3,5-trimethoxybenzene units;
MeCN in van der Waals representation).

Figure 8. Guest molecules.

favorable noncovalent interactions between electron-rich
alkoxybenzene walls of the host molecules with guests being
organic cations.

Association constants were determined by 'H NMR titration
followed bg nonlinear curve fitting as implemented in
HYPNMR.*” All signals that exhibited detectable changes of
chemical shifts were fitted simultaneously. The reasonable fits
have only been obtained by assuming formation of 1:1 and 1:2
(H/G) complexes. The results indicate that, in all cases,
macrocycles $—9 exhibited high binding constants of positively
charged organic ions (Table 2), albeit with low selectivity. A
notable exception is the largest macrocycle 13. For 13, no

Table 2. Association Constants between Hosts (5—9) and
Guests (16—18)“

guest
host 16 17 18
5 logh, 2.48 2.78 244
logh, 495 5.58 470
6 logp, 2.60 2.92 2.29
log, 4.79 5.59 4.69
7 logh, 2.56 2.76 227
logp, 5.02 4.92 4.66
8 logp, 1.82 1.73 nd.
logp, n.d. nd. n.d.
9 logp, 2.33 2.67 n.d.
log, 4.62 4.73 n.d.

“n.d.: not detectable.
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detectable interaction with guests 16—18 was observed. On the
other hand, 13 interacts selectively with N-methylpyridinium
iodide 19 (Figure 9). N-Methylpyridinium iodide 19 has a very

Figure 9. Complexation of 19 by 13. 'H NMR spectra of (a) 13, (b)
saturated solution of 19, (c) 13 + 19 (0.25 equiv), (d) 13 + 19 (0.5
equiv), (e) 13 + 19 (0.75 equiv), (f) 13 + 19 (1 equiv), (g) 13 + 19
(excess) in CDCly at 298 K.

limited solubility in CDCl;. However, upon gradual addition of
19 to the solution of macrocycle 13, dissolution up to 1 equiv
of guest 19 was observed, and substantial changes in the 'H
NMR spectra were recorded. Upon further addition of 19, the
excess amount of guest remained undissolved. Analysis of
complexation induced shifts indicated that the signals of
hydrogen atoms positioned ortho to the nitrogen atom were
substantially upfield shifted (>—2.8 ppm) in agreement with
deep inclusion of this part in the aromatic cavity (Figure SS1,
Supporting Information). On the contrary, the signals of
hydrogen atoms positioned para were only slightly affected by
complexation indicating that this part of the molecule is not
surrounded by the aromatic walls. Considerable changes were
also observed for the signals of the macrocycle, suggesting a
conformational change upon complexation.

Bl CONCLUSIONS

It is commonly perceived that even simple macrocyclic
products can present a considerable synthetic challenge due
to the numerous complications in their synthesis and often low
cyclization vyields. Therefore, the number of easy-to-prepare
macrocyclic scaffolds is quite limited. On the other hand, there
is a continuing need for new semirigid macrocyclic compounds
for the construction of new supramolecular systems. In this
paper, we have shown that construction of new cyclic phenolic
oligomers can be effectively achieved by a hybrid approach. It

DOI: 10.1021/acs.joc.5b00099
J. Org. Chem. 2015, 80, 3488—3495

















































































































































































































































































































































































































































































