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4. WYKAZ SKROTOW

Boc — grupa tert-butoksykarbonylowa

Cbz — grupa benzyloksykarbonylowa

CDI - karbonylodiimidazol

DCvC — dynamiczna chemia kowalencyjna

DIPEA — diizopropyloetyloamina

DOSY - (ang.) Diffusion Ordered Spectroscopy

ECD — elektronowy dichroizm kotowy

EDCI — chlorowodorek 1-etylo-3-(3-dimetyloaminopropylo)karbodiimidu
EXSY — (ang.) Exchange Spectroscopy

HMBC - (ang.) Heteronuclear Multiple Bond Coherence

HSQC — (ang.) Heteronuclear Single Quantum Coherence

MD — dynamika molekularna

NMR — magnetyczny rezonans jagdrowy

OXYMA — cyjano(hydroksyimino)octan etylu

PG — grupa zabezpieczajaca

ROESY — (ang.) Rotating-frame Nuclear Overhauser Effect Correlation Spectroscopy
TD DFT — (ang.) Time-dependent density functional theory

TFA — kwas trifluorooctowy

UV — promieniowanie ultrafioletowe
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5. STRESZCZENIE

Peptydy, jako zwigzki chiralne i biokompatybilne, sg atrakcyjnymi blokami budulcowymi do
tworzenia nowych uktadéw supramolekularnych. Jednak ich labilno$¢ konformacyjna sprawia, ze
struktury powstajgce podczas ich asocjacji sg trudne do przewidzenia.

Praca  doktorska omawia  wykorzystanie = makrocyklicznego  bloku  budulcowego,
tetraformylorezorcyn([4]arenu, jako podstawy do tworzenia wysoce uporzgdkowanych i porowatych
struktur zawierajgcych krétkie peptydy. Stosujagc amidy metylowe peptydow (do 4 reszt
aminokwasowych) otrzymatam szereg dimerycznych kapsut supramolekularnych, ktére powstajg na
drodze reakcji tworzenia imin i nastepczej niekowalencyjnej dimeryzacji z utworzeniem
komplementarnych motywow wigzan wodorowych typu B-beczki. Kapsuty te majg luki o objetosci do
883 A. W zaleznosci od diugosci peptyddw kapsuty sa homochiralne lub heterochiralne, a chiralne
preferencje mozna wyjasni¢ w oparciu o komplementarnos¢ motywu wigzgcego. Stwierdzitam
rowniez, ze wszystkie te kapsuty mozna wydajnie otrzymac z mieszanin racemicznych peptydow w
procesach chiralnego sortowania. Samoasocjacja jest efektywng sitg napedowg takiego procesu
sortowania, a takze jest w stanie wymusi¢ znaczace zmiany strukturalne (tutaj zmiana formy
tautomerycznej).

Na podstawie eksperymentalnych i teoretycznych widm ECD stwierdzitam réwniez, ze formy
niezasocjowane peptydowych kawitanddw charakteryzujg sie inng chiralnoscig inherentng niz formy
zasocjowane w dimeryczne kapsuty. Zbadatam i potwierdzitam to zjawisko wykorzystujac
miareczkowanie pod kontrolg 'H NMR oraz ECD, a takze obliczenia teoretyczne (TD DFT).

W celu zwiekszenia stabilnosci kapsut, a takie zmiany ich geometrii, zaprojektowatam i
zsyntetyzowatam szereg azapeptyddw, ktdre tworzg dimeryczne kapsuty supramolekularne z
tacznikiem semikarbazonowym. Istotnie, sg one stabilniejsze i majg wieksze luki niz kapsuty iminowe.
Dobierajac odpowiednio sekwencje aminokwasdw otrzymatam kapsuty z faicuchami bocznymi
aminokwasow skierowanymi do wnetrza, co otwiera mozliwosci funkcjonalizacji luki w celach
katalitycznych. Stwierdzitam, ze kapsuty semikarbazonowe mozna réwniez otrzymac stosujac chiralne
sortowanie. Otrzymatam réwniez heterodimeryczng kapsute na drodze dynamicznej chemii
kombinatorycznej z mieszaniny azapeptydow. Kapsuty tej nie mozna otrzymaé poprzez klasyczne
podejscie.

Wszystkie kapsuty oraz procesy asocjacji zostaty scharakteryzowane w roztworze (NMR,
dichroizm kotowy) oraz w ciele statym (rentgenografia). Sg to pierwsze znane w literaturze przyktady
porowatych dyskretnych struktur otrzymanych z wykorzystaniem biokompatybilnych elementéw

peptydowych.
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6. ABSTRACT

Peptides, as chiral and biocompatible compounds, are attractive building blocks for formation of
complex supramolecular systems. However, due to their conformational lability, structures formed
during their self-assembly are difficult to predict.

The dissertation presents application of a rigid macrocyclic building block,
tetraformylresorcin[4]arene, as a scaffold for formation of highly ordered porous structures based on
short peptides. | have synthesized a series of dimeric supramolecular capsules using peptides’ methyl
amides (up to 4 amino acid residues) connected to the macrocyclic scaffold by imine bonds.
Subsequent non-covalent dimerization (by complementary binding motifs of hydrogen bonds
resembling B-barrels) leads to formation of capsules that have internal cavities with volumes up to
883 A%. | have found that homochiral or heterochiral capsules are selectively formed, depending on
the length of peptides. These preferences are explained by complementarity of the binding motifs. |
have also demonstrated that these capsules can be efficiently obtained from mixtures of racemic
peptides by chiral self-sorting processes. | have demonstrated that self-assembly is an efficient
thermodynamic force that drives this self-sorting and is able to induce considerable structural
changes (here a change of a tautomeric form).

Comparison of experimental and calculated ECD spectra of peptide cavitands leads to the
conclusion that they have different inherent chirality in the monomeric form than in the self-
assembled dimeric form. Thus self-assembly leads to the change of the inherent chirality. | have
confirmed this process and characterized it by '"H NMR and ECD titration as well as theoretical
calculations (TD DFT).

In order to increase capsules’ stability and change their geometry, | have designed and
synthesized a series of azapeptides, which form dimeric supramolecular capsules featuring
semicarbazone linkers. Indeed, they prove to be more stable and possess more voluminous cavities
than the imine capsules. The proper sequence of amino acids enables synthesis of capsules that have
side chains positioned inside the cavity, which is a promising strategy towards functionalization of
the capsules for catalytic applications. | have also demonstrated that semicarbazone capsules can be
obtained by chiral self-sorting. However, chiral self-sorting is efficient only for the longest
azapeptides. Through a dynamic combinatorial approach, | have obtained a unique heterodimeric
capsule, that cannot be formed through a classic approach. All capsules and self-assembly processes
were characterized in the solution (NMR, circular dichroism) and in the solid state (X-ray).

The peptide-based capsules that have been synthesized are the first known examples of discrete

porous structures obtained with using biocompatible peptide elements.
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7. WSTEP | CEL PRACY

Chemia supramolekularna zajmuje sie réznorodnymi aspektami dotyczgcymi niekowalencyjnych
oddziatywan pomiedzy czgsteczkami, poczynajgc od badania ich natury, a konczac na konstrukcji
makroskopowych materiatow i ich praktycznych zastosowaniach. Jednym z kierunkéw badan i
wyzwan chemii supramolekularnej jest poszukiwanie czgsteczek i uktadéw, ktére moglyby stuzy¢ jako
kontenery molekularne do przechowywania i transportowania matych czasteczek,” a takze jako
nanoreaktory® i katalizatory supramolekularne.*® Ze wzgledu na takie funkcje kontenery molekularne
przyjmujg forme kapsut lub klatek. S3 one zazwyczaj wieksze niz czgsteczki otrzymywane
standardowo za pomocg syntezy organicznej, bardziej ztozone strukturalnie i dodatkowo zawierajg
luki, ktére powinny by¢ zabezpieczone przed zapadaniem. Dlatego, zaréwno zaprojektowanie jak i
synteza konteneréw molekularnych stanowig duze wyzwanie. Ze wzgledu na wyzej wymienione
wymagania strukturalne kontenery molekularne sg zazwyczaj otrzymywane na drodze
niekowalencyjnej samoasocjacji prostszych blokéw budulcowych z wykorzystaniem wigzan
wodorowych, koordynacyjnych, oddziatywan n-it czy tez elektrostatycznych.®”#%° Znane sa réwniez
procedury otrzymywania klatek w wyniku reakcji odwracalnych, czyli wykorzystujgc zatozenia

111213 73stosowanie tych metod pozwala na korekte

dynamicznej chemii kowalencyjnej (DCvC).
btedéw na etapie otrzymywania, co jest kluczowe dla efektywnosci syntezy, oraz na kontrole
procesdw otwierania i zamykania, co z kolei jest istotne dla odwracalnego kompleksowania gosci.
Dodatkowo, duzym atutem odwracalnego tworzenia konteneréw (zaréwno poprzez oddziatywania
niekowalencyjne, jak i reakcje chemiczne) jest mozliwos¢ wykorzystania zjawiska sortowania, czyli
spontanicznego organizowania sie zdefiniowanych struktur z mieszaniny substratéw lub amplifikacji
wybranych struktur z puli wielu teoretycznie mozliwych produktow.

Wsrdd dotychczas opisanych konteneréw molekularnych dominujg niepolarne, achiralne kapsuty

h.**® Jest to spowodowane wymogami

o s$cianach zbudowanych z pierscieni aromatycznyc
strukturalnymi, poniewaz pierscienie aromatyczne i wigzania wielokrotne zapewniajg kapsutom
odpowiednig sztywnos$¢, dzieki czemu luka nie zapada sie. Taka budowa determinuje hydrofobowy
charakter wnetrza luk. Chiralne kontenery molekularne o polarnym wnetrzu stanowityby zatem
istotne uzupetnienie tej klasy zwigzkéw oraz otworzytyby droge do innych zastosowan, np. (a) do
kompleksowania zwigzkdw polarnych (dotychczas kompleksowane byty gtéwnie zwigzki niepolarne
ze wzgledu na hydrofobowy charakter luk), (b) mogtyby pozwoli¢ na stabilizacje polarnych stanéw

przejsciowych reakcji zachodzgcych w ich wnetrzach (zastosowania katalityczne, dotychczas mozliwe

gtéwnie dla reakcji zachodzacych poprzez niepolarne stany przejsciowe) oraz (c) mogtyby umozliwic
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http://rcin.org.pl



bezposrednig katalize reakcji asymetrycznych (dotychczas kataliza asymetryczna w achiralnych
kontenerach byta mozliwa tylko poprzez ko-enkapsulacje chiralnego katalizatora).

W literaturze niewiele jest przyktadow syntezy polarnych i chiralnych konteneréw oraz badan
dotyczacych ich wykorzystania. Dlatego w swojej pracy podjetam sie otrzymania nowych uktadéw
tego typu. Skoncentrowatam sie na opracowaniu procedur syntetycznych, zaréwno na drodze
klasycznej syntezy organicznej i niekowalencyjnej samoasocjacji, jak i na drodze dynamicznej chemii
kowalencyjnej z wykorzystaniem procesdw sortowania. Dla otrzymanych zwigzkéow postanowitam
okresli¢ zalezno$é zdolnosci do samoasocjacji od cech strukturalnych (w tym réwniez od chiralnosci)
oraz podjetam préby opracowania generalnej strategii prowadzgcej do funkcjonalizacji luki.

Jako bloki budulcowe do konstrukcji chiralnych kapsut wykorzystywatam peptydy. Krétkie
peptydy sg zwykle postrzegane jako nieodpowiednie bloki budulcowe do tworzenia porowatych
struktur ze wzgledu na duzg labilnos¢ konformacyjng. Wiekszos¢ z nich podczas samoasocjacji tworzy
Scisle upakowane i stabo zdefiniowane agregaty. Jednak, poza tymi niekorzystnymi cechami, majg
one wiele zalet, ktére mogtyby zapewni¢ polarnos¢, chiralno$¢ i funkcjonalnos¢ kontenerdw
supramolekularnych. Sg one chiralne i wykazujg naturalng zdolno$¢ do samoasocjacji poprzez
oddziatywania pomiedzy tancuchami gtéwnymi. Co wiecej, ich funkcjonalne grupy boczne mogg
petni¢ funkcje katalityczne, a roéznorodnos¢ sekwencji zapewnia praktycznie nieograniczone
mozliwosci modyfikacji/adaptacji. Dodatkowo s3 tatwo dostepne oraz biokompatybilne. Ze wzgledu
na wyzej wymienione zalety uwazam, ze warto poszukiwaé ogdlnych strategii wykorzystania
peptydéw do konstrukcji konteneréw molekularnych, a bioragc pod uwage zatozone cele pracy ich

wykorzystanie jest szczegdlnie pozadane.

Informacje ogélne i stan wiedzy przed rozpoczeciem doktoratu

Zastosowanie peptydow w chemii supramolekularnej opiera sie na wykorzystaniu ich naturalnej
zdolnosci do asocjacji i na odtworzeniu naturalnych motywoéw struktury niekowalencyjnej obecnych
w biatkach. Najczesciej wystepujacymi motywami ll-rzedowej struktury biatek, ktére mogg byc
rowniez odtworzone dla syntetycznych peptydéw, s3 a-helisy i B-kartki.'* a-Helisy sg
samokomplementarne i dlatego nie znajdujg zastosowan w projektowaniu samoasocjujgcych
uktadéw. Natomiast motywy p-kartek prowadzg do utworzenia nieskoriczonych asocjatéw i
powstania polimerdow supramolekularnych (chyba ze jedna ze stron nici zostanie zablokowana, wtedy
mozna stworzy¢ strukture dyskretng). Jednak powstanie dobrze zdefiniowanej struktury ll-rzedowej
wymaga dos¢ dtugiej sekwencji (najczesciej >10 reszt aminokwasowych). Kroétkie homochiralne
peptydy najczesciej asocjujg w nieuporzgdkowane agregaty, a dopiero ich modyfikacja dodatkowymi
grupami, np. dtugimi hydrofobowymi tancuchami, prowadzi do kontrolowanej samoasocjacji i do

tworzenia np. nanowtdkien (Rysunek 1a). Takie nanowtdkna znajdujg zastosowanie w medycynie
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regeneracyjnej,” do wywotywania odpowiedzi komérek na sygnat'® lub moga wykazywa¢ aktywnos¢
katalityczna.” Z kolei heterochiralne, acykliczne tripeptydy asocjujg tworzac uporzadkowane

1819 Wyjaénienie wtasciwosci zelujacych takich peptydéw i zaproponowane ich upakowanie

hydrozele.
w amfipatyczne wtdkna zostato dopiero ostatnio przedstawione (na podstawie symulacji MD,
Rysunek 1b).”® Na podstawie tych doniesien nie da sie przewidzie¢ jak inne krétkie peptydy beda sie

zachowywac podczas asocjacji oraz jakie struktury supramolekularne mozna z nich otrzymac.

a

NH, NHy Tn ,)%H b
9 o o S 0 3 " 0 [
/\/\/\/\AM)LD;(N\)LD;NVKN&(NJN 1A, nv%NJinJanJ% |
NNNNN H 5 L) ~ N
n on
H,

Phe-bVal-Phe Phe-blle-Phe

LA QLA

Y

N

n=1)

TEM

Rysunek 1. (a) Amfifilowe peptydy oraz tworzone przez nie witdkna (reprodukcja ze zrédta 16), (b) obrazy AFM i TEM
heterochiralnych peptydowych hydrozeli (reprodukcja ze zrédta 20).

Z punktu widzenia syntezy porowatych struktur o dyskretnych rozmiarach najbardziej korzystne
jest nasladowanie motywéw obecnych w B-beczkach (rodzaj cyklicznych B-kartek). Jednak w
sztucznych systemach jest to trudne, gdyz wymaga odpowiedniego uporzadkowania peptyddéw.
Nieliczne doniesienia dotyczace potgczenia peptyddw z innymi matymi czasteczkami organicznymi o
odpowiedniej sztywnosci i geometrii, ktére zwiekszyty uporzadkowanie struktury, pochodzg z grup
Alfonso, Matile’a, Ungaro oraz z naszej grupy. W grupie Alfonso zaproponowano pseudopeptydowe
klatki potaczone kowalencyjnie na szkielecie 1,3,5-tris(aminometylo)benzenu (Rysunek 2a).?! S to
struktury porowate, zdolne do kompleksowania matych czasteczek. Z kolei w grupie Matile’a
skonstruowano sztuczne B-beczki, w ktérych tancuchy oligopeptydowe sg uporzgdkowane na
rdzeniach p-oktafenylowych (Rysunek 2c).”> Takie B-beczki postuzyty jako receptory, sensory czy tez
kanaty jonowe. W grupie Ungaro zsyntetyzowano kaliks[4]areny posiadajace po dwa tancuchy
peptydowe w gérnej obreczy i wykazano, ze dimeryzujg one w chloroformie, dzieki systemowi wigzan
wodorowych  (Rysunek 2d).”> W  dimerach kaliksarenéw  skompleksowano  kationy
metylopirydyniowe.

Przed rozpoczeciem mojej pracy w grupie dr hab. Agnieszki Szumnej otrzymana zostata chiralna
kapsuta (Rysunek 2b), ktdra, jako jedyna sposrdd porowatych peptydowych struktur, miata polarne
wnetrze,”* zostato to wykorzystane do chiralnego rozpoznania czasteczek polarnych. Kapsuta ta
powstata na drodze nieodwracalnej reakcji Mannicha.” Jej powaznym ograniczeniem byto to, ze nie
mozna byto modyfikowac jej rozmiaru. Przedtuzenie peptydu poza jeden hydrofobowy aminokwas

powodowato, iz kapsuta nie powstaje. Dlatego poszukiwano bardziej uniwersalnej modyfikacji
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szkieletu, ktdra umozliwitaby przytgczanie peptydow o rézinych dtugosciach i o réznych grupach
funkcyjnych oraz ich samoasocjacje.

a R b

R “”J\Hflo
O’ o 3
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n=0 (et), 1 (pr) {NH Hfo
NH RN—
NH R
CcO, O)'YNH " (]
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R O
(chx, R = iPr) (et, R = iPr) R = CH(CH3),
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c
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Rysunek 2. (a) Pseudopeptydowe klatki kowalencyjne (gos¢ — sél tetrabutyloamoniowa kwasu benzeno-(1,3,5)-
trikarboksylowego), (b) polarne, chiralne kapsuty otrzymane w reakcji Mannicha, wzor strukturalny oraz struktura w ciele
statym (widok z gory), (c) sztuczna B-beczka (reprodukcja ze zrédta 22), (d) peptydokaliks[4]aren.

W 2013 roku Marcin Grajda podczas wykonywania swojej pracy magisterskiej w naszej grupie
otrzymat tetraformylorezorcyn[4]aren 1.%° Jest to doséé¢ prosta modyfikacja zwigzku makrocyklicznego,
jednak réznym grupom przez dtugi czas nie udawato sie jej z powodzeniem przeprowadzi¢. Dla
efektywnej syntezy kluczowe byto wykorzystanie reakcji Duffa w kwasie trifluorooctowym zamiast

octowym oraz ogrzewanie mikrofalowe.

H_~ N
OH
urotropma 23 e
CHCl,

enolo-imina 3a-e keto-enamina

a: R=Bn, b: R = CH(CH3)Ph, c: R =n-Oct, d: R = Ph, e: R = CH(1-Naph)CH3

Rysunek 3. Synteza tetraformylorezorcyn[4arenu 1 i jego reakcje z aminami.

W kolejnych pracach pokazano, ze zwigzek 1 jest C,-symetryczny oraz reaguje z szeregiem
prostych amin pierwszorzedowych 2a-e tworzac iminy 3a-e (Rysunek 3). Dominujgcg forma

tautomeryczng zwigzkéw 3a-e jest forma keto-enaminowa (> 95 %) o chiralnosci inherentnej,
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wynikajgcej z ukierunkowanego systemu wigzan wodorowych. Dla pochodnych chiralnych amin (1-(1-
naftylo)etyloaminy oraz 1-fenyloetyloaminy) otrzymano odpowiednie diastereoizomery oraz
wykazano mozliwosé chiralnego sortowania (tylko dla zwigzku 2e, ang. chiral self-sorting).

Rozpoczynajgc prace doktorskg zatozytam, ze tetraformylorezorcyn[4]aren 1 moze by¢ takze
dobrym blokiem budulcowym do konstrukcji kapsut opartych na peptydach. Dzieki obecnosci grupy
aldehydowej i czesciowo podwdjnemu charakterowi taczacych wigzan, taki blok budulcowy ma
znaczaco inng geometrie niz wczesniej wykorzystywany niemodyfikowany rezorcyn[4]aren.
Chemiczny charakter grupy aldehydowej umozliwia reakcje z peptydami na rézne sposoby, np. z
utworzeniem imin, hydrazonéw lub karbazondw, co otwiera szerokie mozliwosci modyfikacji
strukturalnych (zaréwno grup tgcznikowych, jak i zwrotu tfancucha peptydowego). Ponadto,
odwracalny charakter reakcji grupy aldehydowej z aminami pozwala na zastosowanie zatozen
dynamicznej chemii kowalencyjnej i np. na synteze na drodze sortowania. Sortowanie to proces
rozpoznawania czasteczek w zfozonych mieszaninach.”’ Moze zachodzi¢ dwojako: jako
samorozpoznanie — wybor takiej samej czgsteczki, lub samodyskryminacja — wybdr czasteczki o
przeciwnej chiralnosci. Chiralne sortowanie jest ciekawym, a jednoczesnie dos$¢ rzadko
obserwowanym typem sortowania, gdyz enancjomery sg bardzo podobne i rozréznienie ich wymaga
specyficznych miejsc rozpoznania i oddziatywania. Spodziewatam sie, ze wykorzystanie proceséw
sortowania w syntezie peptydowych, samoasocjujgcych kapsut moze by¢ szczegdlnie uzyteczne z
dwéch powoddw: (1) samoasocjacja, jako proces stabilizujgcy i porzadkujgcy, powinna promowac
sortowanie, (2) ze wzgledu na trudnosci z projektowaniem i przewidywaniem struktur takich kapsut
samoczynne dobieranie sie czasteczek w procesie sortowania moze prowadzi¢ do otrzymania nie
tylko zaprojektowanych, ale tez innych kapsut, o strukturze nieprzewidzianej przez
eksperymentatora. Z drugiej jednak strony, zdawatam sobie sprawe z ryzyka tego podejscia,
poniewaz sortowanie czgsteczek labilnych konformacyjnie (tutaj peptyddw) jest zwykle
nieefektywne.

Podsumowujac doniesienia literaturowe przed rozpoczeciem doktoratu, stwierdzitam, ze synteza
polarnych i chiralnych konteneréw molekularnych bazujgcych na peptydach na drodze dynamicznej
chemii kowalencyjnej oraz poprzez sortowanie nie jest znana. Chociaz, z osobna, niektére z tych
elementéow byty juz w pewnym stopniu zbadane. Na przyktad, peptydy byty przytgczane do
odpowiedniego sztywnego szkieletu, ale za pomocg reakcji nieodwracalnych (przyktady powyzej).
Klatki i kapsuty supramolekularne zawierajgce cysteine jako jeden z elementéw strukturalnych byty

28,29

syntezowane za pomocg dynamicznej chemii kowalencyjnej. Natomiast chiralne sortowanie dla

tak ztozonych organicznych uktadéw nie byto do tej pory opisane.
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8. BADANIA WELASNE

Iminy

Na poczagtkowym etapie pracy przeprowadzitam reakcje tetraformylorezorcyn[4]arenu 1 z
amidami metylowymi aminokwaséw w celu otrzymania odpowiednich imin. Poniewaz spodziewatam
sie kawitanddw lub kapsut supramolekularnych stabilizowanych poprzez wigzania wodorowe, jako
Srodowisko reakcji zaproponowatam rozpuszczalnik niepolarny (chloroform), a jako reagentéw
uzywatam pochodnych aminokwaséw hydrofobowych 4a,b (fenyloalanina, walina). Reakcje
przebiegaty bez katalizatora a produkty L-8a,b powstawaty ilosciowo (Rysunek 4b). Widma NMR
wskazywaty we wszystkich przypadkach na obecnos¢ kawitanda (niezasocjowana pétsfera) w postaci
jednego diastereoizomeru o symetrii C,. Stwierdzitam rowniez, ze, tak jak w przypadku prostych
amin, otrzymane zwigzki tautomeryzujg i wystepujg wytgcznie w formie keto-enaminowej. Po
zmieszaniu w chloroformie zwigzkéw o przeciwnej chiralnosci, L-8a i D-8a, na widmie 'H NMR
zaobserwowatam nowy zestaw sygnatdw oraz prawie catkowity zanik sygnatow pochodzacych od
kawitandéw. Widma dwuwymiarowe (w tym ROESY oraz DOSY) pozwolity ustali¢, ze jest to
dimeryczna kapsuta supramolekularna (L-8a)(D-8a) o symetrii Sg, w ktdrej jedna z hemisfer zawiera

pochodne aminokwasu L a druga D. W kapsule tej taricuchy peptydowe sg potaczone siecig wigzan

wodorowych.
OXYMA n+1
EDCI o R™ o R
BN H TFA, CH20I2 H
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R
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enolo-imina keto-enamina
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D-4a D-PheNHCH; D-8a
L-4b L-VaINHCH3; L-8b
D-4b D-ValNHCHj; D-8b
L-4c L-PheOCH3 L-8¢
D-4c D-PheOCH3 D-8c
L-4d L-PheNHCH,Ph L-8d
D-4d D-PheNHCH,Ph D-8d
L-5 L-Phe-GlyNHCH3 L-9
D-5 D-Phe-GlyNHCHj; D-9
L-6 L-Phe-Gly-L-PheNHCH3 L-10
D-6 D-Phe-Gly-D-PheNHCH3; D-10
L-7 L-Phe-Gly-L-Phe-GlyNHCH3 L-11
D-7 D-Phe-Gly-D-Phe-GlyNHCH3 D-11

Rysunek 4. (a) Synteza amidoéw metylowych peptyddw, (b) synteza kawitandéw i kapsut opartych na wigzaniach iminowych.
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Stosujac standardowe procedury syntezy peptydéw w roztworze® zsyntetyzowatam peptydy
zawierajgce od 2 do 4 reszt aminokwasowych (zwigzki 5-7, Rysunek 4a) zawierajgce naprzemiennie
aminokwas hydrofobowy (Phe), zapewniajgcy rozpuszczalnos¢ w chloroformie, oraz glicyne (Gly),
skierowang do $rodka luki i mieszczacy sie wewnatrz kapsuty. Dla wszystkich otrzymanych peptydéw
otrzymatam homochiralne lub heterochiralne kapsuty. Nalezy zauwazy¢, ze dobdér sekwencji
aminokwasowe] oraz chiralnosci ma kluczowe znaczenie. Prowadzone przez magistrantke Agate
Konopczynska niezalezne prace nad analogicznymi reakcjami z uzyciem peptydéw o zamienionej
sekwencji (np. Gly-Phe-NHMe zamiast Phe-Gly-NHMe) nie prowadzity do uzyskania kapsut, a nawet
nie pozwolity na efektywne otrzymanie kawitandow.

W przypadku dipeptydéw 5 oraz tetrapeptyddédw 7 powstajgce kapsuty sg homochiralne, tzn. w
obu hemisferach wystepujg tylko aminokwasy L lub tylko D. Z kolei tripeptyd 6 tworzy kapsuty
heterochiralne (L-10)(D-10), analogicznie do wczesniej opisanej kapsuty (L-8a)(D-8a). Wszystkie
otrzymane kapsuty scharakteryzowatam w roztworze (widma NMR, w tym DOSY, ECD oraz MS), a dla
trzech z nich okreslona zostata réwniez struktura w ciele statym (struktury okreslili dr M. Wierzbicki
oraz prof. K. Rissanen). W wyniku tych badan stwierdzitam, ze kapsuty sg tworzone i stabilizowane
przez system wigzan wodorowych analogiczny do wystepujgcego w naturalnych B-kartkach oraz
zawieraja luki o objetosci do 883 A>. Dzieki zastosowaniu odpowiedniego szkieletu makrocyklicznego
i reakcji odwracalnych, kapsuty wykazuja sie wysokim stopniem samoorganizacji, pomimo uzycia
bardzo krétkich peptydow. Homochiralna kapsuta dipeptydowa (L-9), jest unikalna strukturalnie,
poniewaz, mimo ze skfada sie z dwdch chemicznie identycznych hemisfer, na widmie NMR sg obecne
dwa zestawy sygnatéw. Analiza dwuwymiarowych widm NMR oraz wyznaczona struktura w ciele
statym $wiadczg o tym, ze obie formy tautomeryczne sg obecne w jednej kapsule, jedna hemisfera
wystepuje w formie keto-enaminowej, a druga enolo-iminowej. W strukturze tej tancuchy
peptydowe sg czesciowo zawiniete do wnetrza, jest ona bardzo zattoczona i nieporowata. Przykfad
ten pokazuje jak duze sg zdolnosci adaptacyjne otrzymanych zwigzkéw, asocjacja jest mozliwa nawet,
gdy istnieje konieczno$¢ zmiany formy tautomerycznej. W oparciu o dane strukturalne wyjasnitam
kluczowa zaleznos$¢ efektywnosci samoasocjacji od chiralnosci i od sekwencji aminokwasowe].
Woyjasnienie to opiera sie na stabilnosci odpowiednich motywdéw wigzacych oraz na preferencji
taficuchow bocznych do uktadania sie na zewnatrz/wewnatrz luki. Byto ono jednak mozliwe dopiero
po uzyskaniu petnych danych strukturalnych dla pozytywnych préb, natomiast byto trudne do
przewidzenia przed wykonaniem eksperymentow.

Dla wszystkich badanych peptydéw tworzgcych kapsuty zaobserwowatam praktycznie ilosciowe
chiralne sortowanie (odpowiednio homo- lub heterochiralne). Biorgc pod uwage, ze w kazdej kapsule
jest osiem miejsc przytgczenia peptydéw i kazdy z nich moze wystepowac jako D- lub L-enancjomer, a

dodatkowo w kazdym z o$miu pierscieni mogg powstawa¢ dwa inherentnie chiralne
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diastereoizomery, statystyczna wydajnos¢ takich kapsut jest ponizej 1 %, a zatem sortowanie jest
bardzo efektywne. W eksperymentach kontrolnych z estrem 4c lub amidem benzylowym 4d, ktére
nie mogg tworzy¢ tak uporzadkowanego systemu wigzan wodorowych i nie asocjujg w dimery
otrzymywatam skomplikowane mieszaniny produktéw, co pokazuje, ze asocjacja jest sitg napedowa
chiralnego sortowania. Dodatkowo przeprowadzitam eksperymenty sortowania dla peptyddéw o tej
samej chiralnosci, ale o réznej dtugosci, otrzymujgc posortowane produkty. Pokazuje to, jak wazna
jest petna komplementarno$¢ motywoéw wigzacych (wszystkie donory i akceptory wigzan
wodorowych sg zaangazowane) dla efektywnego sortowania.

Poniewaz w kazdej z otrzymanych kapsut tancuch boczny fenyloalaniny jest skierowany na
zewnatrz, a atomy wodoru glicyny sg skierowane do wnetrza luki, sprawdzitam mozliwos¢ zastgpienia
reszty glicyny resztg D- lub L-alaniny. Otrzymatam tripeptydy o sekwencji (L, L, L) oraz (L, D, L).
Okazato sie, ze grupa metylowa tworzy zawade steryczng i kapsuty z takich peptydéw nie powstaja.

Dla otrzymanych kapsut zbadatam wifasciwosci kompleksujace. Kapsuty tripeptydowe i
tetrapeptydowe sg porowate i posiadajg luki, w ktéorych prébowatam skompleksowaé rézine
czasteczki gosci (hydrofobowych i hydrofilowych). Jednak wigzania iminowe okazaty sie byé na tyle
niestabilne, ze w wiekszosci przypadkéw obserwowatam niszczenie kapsut podczas prob

kompleksowania.
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Rysunek 5. (a, b) Otrzymywanie heterochiralnych i homochiralnych kapsut klasycznie i na drodze chiralnego sortowania.

(c, d) Struktury w ciele statym kapsut (L-10)(D-10) i (L-9),.

Kapsuty iminowe i ich wiasciwosci zostaty opisane w pracy:

"Dynamic Formation of Hybrid Peptidic Capsules by Chiral Self-sorting and Self-assembly" H.
Jedrzejewska, M. Wierzbicki, P. Cmoch, K. Rissanen, A. Szumna, Angew. Chem. Int. Ed., 2014, 53,
13760-13764.
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Zmiana chiralnosci inherentnej

Cs,-symetryczne produkty reakcji tetraformylorezorcyn[4]arenu 1 z aminami mogg wystepowac
jako dwa enancjomery (lub diastereoizomery dla chiralnych amin), gdyz powstajace z pierscieni
rezorcyny keto-enaminy mogg by¢ skrecone zgodnie (izomer P) lub przeciwnie (izomer M) do ruchu
wskazéwek zegara. W badanych przeze mnie iminach obserwowatam powstawanie tylko jednego
izomeru. Aby ustali¢, ktéry diastereoizomer jest preferowany zsyntezowatam szereg amidéw
metylowych aminokwaséw 4a,b,e,f, przeprowadzitam je w kawitandy 8a,b,e,f (Rysunek 6) oraz
zarejestrowatam ich widma ECD. Widma ECD otrzymanych kawitandéw sg podobne, a gtdwne pasma
majg takie same znaki, co $wiadczy o tym, ze we wszystkich przypadkach otrzymywany jest ten sam
inherentnie chiralny diastereoizomer.

O oH HO

1 R'=CH,CH(CHs),
1' R'=CH(CH,),

L-8a R=CH,Ph, R'=CH,CH(CHa),

L-8b  R=CH(CHg),, R'=CH,CH(CHs),
L-8a' R=CH,Ph, R'=CH(CHs),

OH L-8¢  R=CH,CH(CHj3),, R'=CH,CH(CHs),
L-8f R=CHj R'=CH,CH(CH3),

Rysunek 6. Struktury zwigzkéw 8 oraz zmiana ich chiralnosci inherentnej podczas asocjacji z N-metyloacetamidem.

W celu okreslenia chiralnosci inherentnej (P lub M) kawitandow przeprowadzitam obliczenia
kwantowo-mechaniczne widm ECD z uzyciem metody TD DFT na poziomie B3LYP/6-31G(d). Jako
model wykorzystatam fragment struktury heterochiralnej kapsuty (L-8a)(D-8a), okreslonej wczesniej
w ciele statym. Kawitand L-8a stanowi jedng z jej potsfer i w kapsule tworzy izomer o chiralnosci
inherentnej P. Okazato sie, ze widmo ECD obliczone dla kawitanda L-8a z wykorzystaniem geometrii
pochodzacej ze struktury zasocjowanej kapsuty (L-8a)(D-8a) jest znaczgco rdine od jego widma

eksperymentalnego. Na podstawie tych obliczed postawitam hipoteze, ze podczas samoasocjacji
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nastepuje zmiana chiralnosci inherentnej. Hipoteze te potwierdzitam poprzez badania w ciele statym
i wroztworze.

Dla homologicznego zwigzku L-8a’ otrzymatam krysztaty i na postawie analizy rentgenowskiej
ustalitam, ze w formie niezasocjowanej L-8a’ istnieje jako (M,L)-8a’ (struktura krystalograficzna
okreslona samodzielnie). W oparciu o geometrie diastereoizomeru (M,L)-8a’ obliczytam widmo ECD i
stwierdzitam, ze odpowiada ono widmom eksperymentalnym. Zatem chiralno$¢ inherentna

kawitandéw w postaci niezasocjowanej to (M,L), a po asocjacji w kapsuty (P,L).

O
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Rysunek 7. (a) Schemat asocjacji L-8 z 12. Widma 'H NMR: (b) (M,L)-8a (32,5mM), (c) L-8a + 12 (11 ekw.), (d) L-8a + 12 (30
ekw.). (e) Zmiany proporcji diastereoizomerdw L-8a i przesunie¢ chemicznych protondw NH wyznaczone miareczkowaniem
NMR (niebieski — (M,L)-8a, czerwony — (P,L)-8a, zielony — 12), (f) miareczkowanie ECD (a —L-8a (0,1 mM), b — L-8a + 12 (68
mM), c— L-8a + 12 (131 mM), d — L-8a + 12 (267 mM), e — L-8a + 12 (534 mM)).

Ze wzgledu na fakt, ze kawitandy asocjujg heterochiralnie tworzac kapsuty, ktére sumarycznie sg
achiralne, nie byto mozliwe bezposrednie $ledzenie proceséw zmiany chiralnosci podczas tworzenia
kapsut za pomocg ECD. Dlatego wykonatam eksperymenty miareczkowania uzywajac N-
metyloacetamidu 12 - analogu, ktéry posiada odpowiednie miejsca wigzace, by asocjowac z L-8a, a
jednoczesnie jest achiralny i jego widmo UV nie posiada pasm w obserwowanym zakresie (235-600
nm). Miareczkowanie zwiazku L-8a za pomoca 12 pod kontrolg *H NMR pokazato, ze oddziatywania sg
stabe, ale na widmach zaobserwowatam pojawianie sie drugiego zestawu sygnatéw pochodzacych od
L-8a, a takze przesuwanie sygnatéw od protondw amidowych, $wiadczgce o asocjacji z acetamidem
12 (Rysunek 7b-e). Wyniki miareczkowania pod kontrolg ECD réwniez Swiadczg o stopniowym
przeksztatcaniu diastereoizomeru (M) w (P) pod wptywem dodawania N-metyloacetamidu, co jest
obserwowane jako inwersja znakdow efektéw Cottona (Rysunek 7f). Skale czasowg zachodzgcego
procesu izomeryzacji oszacowatam jako kilkadziesigt sekund. Z jednej strony na widmach EXSY nie sg

obserwowane sygnaty wymiany, co pozwala stwierdzi¢, ze wymiana jest znacznie wolniejsza niz kilka
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sekund. Z drugiej zas strony widma NMR mierzone bezposrednio po dodaniu kolejnej porcji zwigzku
12 oraz po 24 godzinach byty identyczne, co $wiadczy o tym, ze izomeryzacja i réwnowagowanie
zachodzi podczas transferu prébki do aparatu (ok. 1 min).

W celu potwierdzenia, ze zmiany na widmach ECD nie wynikajg z labilnosci konformacyjnej
ramion aminokwasowych, przeprowadzitam obliczenia optymalizacji geometrii dla rdznych
konformacji, w wyniku ktérych otrzymatam kilka struktur kawitandéw. Dla obu diastereoizomerdw L-
8a tylko dwie konformacje o najnizszej energii miaty znaczacy udziat w populacji. Obliczone widma
ECD dla réznych konformerdw rdznig sie nieznacznie, co potwierdza, ze obserwowane przeze mnie
podczas miareczkowania zmiany wynikajg ze zmiany chiralnosci inherentnej zwigzku L-8a podczas
asocjacji.

Zaprezentowane wyniki $wiadczg o mozliwosci sterowania chiralnoscig inherentng czgsteczek w
uktadach supramolekularnych. Nie jest to parametr niezmienny, ale dynamiczny. Jednoczesnie
pokazuje to jak daleko idace zmiany w czgsteczce moze wywota¢ samoasocjacja, jezeli jest
korzystnym energetycznie procesem.

Badania nad przetgczaniem chiralnosci inherentnej zostaty opisane w pracy:

"Switching of inherent chirality driven by self-assembly" H. Jedrzejewska, M. Kwit, A. Szumna,

Chem. Commun., 2015, 51, 13799-13801.

Semikarbazony

Jedna z gtéwnych zalet aminokwaséw jako blokéw budulcowych jest funkcjonalny charakter. To
réznego rodzaju grupy obecne w taricuchach bocznych pozwalajg biatkom petnié¢ réznorodne funkcje
katalityczne. Jednym z moich celéw byto réwniez stworzenie kapsuty o funkcjonalnym wnetrzu.
Jednak otrzymane dotychczas kapsuty iminowe majg srednice mniejszg od naturalnych B-beczek i nie
mozna ich otrzyma¢ w wariancie z resztami aminokwasow skierowanymi do wnetrza. Ponadto
kapsuty iminowe okazaty sie zbyt mato stabilne, aby mozna byto w nich np. kompleksowa¢ czgsteczki
gosci lub zmieni¢ sSrodowisko reakcji na bardziej polarne. Dlatego postanowitam zmienic
ugrupowanie faczace szkielet makrocykliczny z peptydami. Zaproponowatam hydrazyd na N-koricu
peptydu, tzw. azaglicyne. Semikarbazon, ktéry zostaje utworzony w reakcji azaglicyny z grupa
aldehydowg jest na tyle dtugim, sztywnym i ptaskim tacznikiem, iz jego zastosowanie powinno w
znaczacym stopniu zmieni¢ geometrie otrzymywanych kapsut. Modelowanie pokazato, ze tgcznik
semikarbazonowy bedzie wystarczajgcy do zwiekszenia srednicy kapsut tak, by odpowiadaty
rozmiarom naturalnych osmio-taricuchowych B-beczek. Dzieki temu liczytam na otrzymanie kapsut z

tancuchami bocznymi aminokwasdéw wewnatrz luki, co umozliwitoby dalszg funkcjonalizacje kapsut.
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)
N
c POZYCJE
HN 20 tacznik 1 2 3 |C-terminalna grupa
(L)-13a AzaGly + L-Phe + NHMe
R” > NH n=1-3 (L-13b AzaGly + L-Phe ! NH,
%" (LL)-14a AzaGly + L-Phe ! L-Ala + NH,
(6] r\llH (L,0)-14b AzaGly + L-Phe - D-Ala + NH,
H. 0 Na_H (D,L)-14b AzaGly - D-Phel L-Ala - NH,
o on azapiptid”‘m (LD)-14c AzaGly : L-Phe } D-Leu ' NH,
_ “ekw. _  HO OH (LD,D)-15a AzaGly | L-Phe | D-Ala | D-Ala | NH,
CHCl;, 70°C (D,LL)-15a AzaGly : D-Phe! L-Ala  L-Ala + NH,
4 4 (L,D,D)-15b AzaGly + L-Phe - D-Ala + D-Phe-NH,
(LD,L)-15¢c AzaGly : L-Phe } D-Ala ! L-Phe ! NH,
(LDL)-15d AzaGly } L-Phe - D-Ala : L-Ala + NH,
1 17-20 (R)-16 AzaGly - NHCH(CH3)Ph

Rysunek 8. (a, b) Synteza azapeptyddow 13-15, (c) synteza kawitanddw i kapsut z tgcznikiem semikarbazonowym.

Pierwszym zaproponowanym przeze mnie azapeptydem byt AzaGly-L-PheNHMe L-13a, ktéry
otrzymatam poprzez reakcje amidu fenyloalaniny z estrem aktywnym Cbz-hydrazyny (Rysunek 8a).
Produkt L-17a otrzymany w wyniku reakcji L-13a z tetraformylorezorcyn[4]arenem 1 byt stabo
rozpuszczalny w chloroformie, prawdopodobnie tworzyt polimeryczne niekowalencyjne asocjaty.
Otrzymatam monokrysztat zwigzku L-17a i okreslitam strukture krystalograficzng (Rysunek 9a).
Stwierdzitam, ze w ciele statym zwigzek ten jednak tworzy dimeryczne kapsuty supramolekularne, ale
o dwdch nieréwnocennych hemisferach. W jednej z hemisfer w ugrupowaniu semikarbazonowym
wystepuje cis-amid, a faiicuchy boczne fenyloalaniny sg skierowane do srodka. Na podstawie tej
struktury zaproponowatam modyfikacje peptydu i zastgpienie C-koficowego amidu metylowego
amidem pierwszorzedowym. Produkt reakcji azapeptydu L-13b z 1 jest dobrze rozpuszczalny w
chloroformie. Na podstawie widm NMR stwierdzitam, ze tworzy on kapsute supramolekularng (L-
17b),. Zwigzek ten wystepuje w formie enolo-iminowej, a obserwowany pojedynczy zestaw sygnatéw
i typowe przesuniecia chemiczne dla wszystkich protondéw swiadczg o tym, ze kapsuta ma dwie takie
same hemisfery, a wszystkie taricuchy boczne aminokwaséw sg skierowane na zewnatrz.

Postanowitam wydtuzy¢ sekwencje peptydowq i zbadaé¢ wptyw chiralnosci aminokwaséw na
mozliwosci asocjacji oraz na utozenie grup bocznych. N-koricowy fragment azapeptydowy
zsyntetyzowatam uzywajac karbonylodiimidazolu jako odczynnika sprzegajgcego. Nastepnie uzywajac

standardowych procedur sprzegania w roztworze otrzymatam odpowiednie peptydy 14-15 oraz
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zwigzek referencyjny 16 (Rysunek 8b). Azapeptyd AzaGly-L-Phe-L-AlaNH, (L,L)-14a w reakcji z 1
tworzy stabo rozpuszczalny produkt/produkty. Natomiast po zmianie L-Ala na D-Ala powstaje dobrze
zdefiniowana dimeryczna kapsuta ((L,D)-18b),, w ktérej wszystkie taricuchy boczne aminokwaséw sa
skierowane na zewnatrz, a na widmach NMR widoczny jest jeden zestaw sygnatéw. Otrzymatam
monokrysztat ((L,D)-18b), i okreslitam strukture krystalograficzng (Rysunek 9b). Stwierdzitam, ze jest
ona analogiczna do (L-17a),, tzn. ma dwie rézne hemisfery z czterema resztami fenyloalaniny
skierowanymi do srodka. Stwierdzitam, ze w ciele statym istotng role odgrywaja oddziatywania
pomiedzy kapsutami oraz preferowany jest bardziej zwarty, mniej porowaty ukfad, natomiast w

roztworze nie ma tych preferencji. Dlatego struktura w roztworze jest inna niz w ciele statym.

A
(L-17a), ((L.D)-18b), ((L,D,D)-19a),

Rysunek 9. Struktury w ciele statym kapsut (a) (L-17a), i (b) ((L,D)-18b), (pomaranczowy —taricuchy boczne skierowane do
srodka, czarny — grupa CH; w amidzie metylowym, zielony — chloroform, niebieski — metanol) oraz (c) model kapsuty
((L,b,D)-19a),.

Analiza dotychczasowych wynikdw pozwolita mi przypuszczaé, ze przy wydtuzaniu sekwencji
peptydowej uda sie skierowac tancuchy boczne aminokwaséw do wnetrza kapsuty rowniez w
roztworze. Dlatego zsyntetyzowatam azapeptydy 15a-d. W peptydzie (L,D,D)-15a potaczenie
heterochiralne L-Phe-D-Ala powinno zapewnia¢ skierowanie reszt na zewnatrz i dobrg
rozpuszczalno$é, a potaczenie homochiralne D-Ala-D-Ala powodowa¢, ze C-koncowe reszty alaniny
beda skierowane do wnetrza kapsuty. Otrzymatam kapsute (19a),, dla ktérej nietypowe przesuniecie
chemiczne grupy metylowej (0,57 ppm), a takze korelacja widoczna na widmie ROESY potwierdzaja,
ze, zgodnie z oczekiwaniami, taficuchy boczne alaniny sg skierowane do wnetrza kapsuty. Zmiana C-
koncowego aminokwasu na fenyloalanine prowadzi do powstawania stabo uporzgdkowanej, gorzej
rozpuszczalnej kapsuty (19b),, natomiast zmiana chiralnosci na L-aminokwas powoduje utworzenie
monomerdw lub zwigzkdéw nierozpuszczalnych w chloroformie.

Dla otrzymanych kapsut zaproponowatam modele zgodne z wnioskami wyciggnietymi na
podstawie widm NMR (Rysunek 9c). Dla takich modeli obliczytam objetosci luki i stwierdzitam, ze

pomimo skierowania niektérych reszt aminokwasowych do S$rodka, jest w nich miejsce do
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kompleksowania matych czgsteczek. Wszystkie kawitandy i kapsuty scharakteryzowatam réwniez za
pomocg ECD oraz wykonatam odpowiednie obliczenia teoretyczne. Pozwolito mi to okreslié
chiralno$¢ inherentng, stabilno$¢ termiczng (widma temperaturowe ECD) oraz potwierdzi¢, ze
asocjacja powoduje znaczacy wzrost intensywnosci odpowiednich pasm CD, co jest zwigzane z
usztywnieniem i uporzadkowaniem konformacji. Te konkluzje potwierdzitam badajgc odnosny
kawitand R-20 niezdolny do asocjacji. Jego widma ECD majg o dwa rzedy wielkosci nizsza
intensywnos¢ pasm niz widma kapsut. Dodatkowo, wniosek ten potwierdzajg duzo mniejsze
intensywnosci pasm w widmach ECD kapsut w metanolu, w ktérym asocjacja nie zachodzi.
Odwracalnos¢ reakcji tworzenia semikarbazonéw byta dotad stwierdzona tylko w wariancie
katalitycznym. W swojej pracy zbadatam odwracalnosé¢ tworzenia semikarbazondéw w wariancie
niekatalitycznym oraz mozliwosci zastosowania dynamicznej chemii kowalencyjnej do tworzenia
kapsut zawierajacych azapeptydy. Dla najkrétszej sekwencji w reakcji tetraformylorezorcynarenu 1 z
racemicznym azapeptydem 13b nie zaobserwowatam chiralnego sortowania. Dla dipeptydu rac-14b
zaobserwowatam znaczgcg amplifikacje produktu (18b), (chociaz nieilosciowa), natomiast dla
tripeptydu rac-15a widmo NMR mieszaniny reakcyjnej jest identyczne jak dla pojedynczego
enancjomeru, co Swiadczy o efektywnym chiralnym sortowaniu. w reakcji
tetraformylorezorcyn[4]arenu 1 z mieszaning diastereoizomeréw (LL)-14a i (D,L)-14b
zaobserwowatam efektywne sortowanie, jednak widmo 'H NMR bylo zupetnie inne niz dla
produktow 18a i (18b),. Stwierdzitam, ze w tej reakcji powstaje nowa kapsuta bedgca heterodimerem
((L,L)-18a)((D,L)-18b) (Rysunek 10 po prawej). W kapsule tej cztery tancuchy boczne alaniny s3
skierowane do $rodka. Mate efekty na widmie ECD w poréwnaniu z innymi kapsutami swiadczg o
przeciwnym skrecie dwdch hemisfer. Takiej kapsuty nie moina otrzymaé poprzez zmieszanie

produktéw 18a i (18b),, powstaje ona tylko na drodze sortowania.
projektowanie | . 4 ) DCvC
\ P
T )
13k / \*&D P

Rysunek 10. Otrzymywanie kapsut z tgcznikiem semikarbazonowym klasycznie oraz na drodze dynamicznej chemii

kowalencyjnej.

Podjetam réwniez préoby umieszczenia w sekwencji peptydowej aminokwaséw z dodatkowymi

grupami funkcyjnymi (seryna, ornityna, kwas asparaginowy, Rysunek 11), jednak produkty reakcji
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tych peptydéw z tetraformylorezorcyn[4]arenem 1 sg rozpuszczalne tylko w rozpuszczalnikach

polarnych i nie tworzg kapsut.
POZYCJE

H,N o) tacznik 1 2 3 |C-terminalna grupa
(L)-21a AzaGly + L-Ser - NHMe
=1-3 (L)-21b  AzaGly - L-Ser + NH,

R NH n n
‘% (LL)-22a AzaGly - L-Phe - L-Asp + NH,

(¢} I\IIH (L,0)-22b AzaGly - L-Phe - D-Asp-: NH,
H o] N~ _H (D,LL)-23a AzaGly - D-Phe- L-Ala + L-Asp- NH,

o oH azapiptid 21-23 (LL,D)-23b AzaGly : L-Phe + L-Asp+ D-Ala 1 NH,
ekw. _ HO OH (O.LL)-23¢ AzaGly : D-Phe- L-Ala | L-Ser - NH,

MeOH lub DMSO (LL,0)-23d AzaGly - L-Phe : L-Ser - D-Ala + NH,
4 4 (O,LL)-23e AzaGly - D-Phe: L-Ala } L-Om + NH,
(L,L,0)-23f AzaGly + L-Phe + L-Orn : D-Ala + NH,
1 24-26
Rysunek 11. Synteza kawitandéw zawierajgcych polarne aminokwasy.

Podsumowujgc prace nad kapsutami semikarbazonowymi stwierdzitam, ze zastosowanie takiego
tacznika spowodowato poszerzenie kapsut do rozmiaru naturalnych o$mio-tancuchowych B-beczek.
Stosujgc homo- oraz heterochiralne sekwencje peptydowe otrzymatam kapsuty z resztami
aminokwasowymi skierowanymi do wnetrza luki, co jest pierwszym krokiem do funkcjonalizacji
wnetrza kapsut w celu selektywnego kompleksowania gosci lub prowadzenia proceséw
katalitycznych jak w miejscu aktywnym enzymu.

Synteza kapsut semikarbazonowych i ich wiasciwosci zostaty opisane w pracy:

“Peptide-based capsules with chirality-controlled functionalized interiors — rational design and

amplification from dynamic combinatorial libraries” H. Jedrzejewska, A. Szumna, Chem. Sci., 2019,

DOI: 10.1039/c8sc05455j.

Praca przegladowa

Dla wiekszosci otrzymanych przeze mnie kapsut supramolekularnych obserwowatam chiralne
sortowanie. Na podstawie przegladu literatury wyciggnetam wniosek, ze, o ile zjawisko ogdlnego
sortowania jest do$¢ dobrze opisane, o tyle jego szczegdlny przypadek — chiralne sortowanie jest
znacznie mniej znane, a przyktady sg rozproszone w czasopismach z réznych dziedzin. Dlatego tej
tematyce poswiecitam prace przegladowg. W pracy opisatam nieliczne przyktady chiralnego
sortowania dla czasteczek i uktadow organicznych, dla naturalnych makromolekut (peptydéw i
kwaséw nukleinowych) oraz znacznie bardziej rozpowszechnione przyktady dla komplekséw z
metalami. W przegladzie zaproponowatam modele geometryczne i reguty ttumaczgce obserwowane
przypadki samorozpoznania lub samodyskryminacji oraz utatwiajgce dalsze projektowanie struktur.
Opisane przyktady zostaty podzielone ze wzgledu na rodzaj oddziatywan: oddziatywania
elektrostatyczne, m-mt, wigzania wodorowe, koordynacyjne i dynamiczne wigzania kowalencyjne.

Pokazatam przyktady prostych zwigzkéw, zwigzkéw makrocyklicznych, weztéw, klatek, kapsut
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supramolekularnych i helikatéw. W podsumowaniu przedstawitam wifasciwosci strukturalne
zwigzkéw, ktére pozwalajg na wydajne chiralne sortowanie, oraz perspektywy zastosowania tego
procesu.

"Making a Right or Left Choice: Chiral Self-Sorting as a Tool for the Formation of Discrete
Complex Structures" H. Jedrzejewska, A. Szumna, Chem. Rev., 2017, 117, 4863-4899.
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9. PODSUMOWANIE | WNIOSKI

W swojej pracy podjetam sie otrzymania nowych chiralnych konteneréw o potencjalnie
polarnym i funkcjonalnym wnetrzu z wykorzystaniem biokompatybilnych blokéw budulcowych —
peptydéw. W wyniku pracy otrzymatam nowe kapsuty oparte na szkielecie rezorcynarenowym i
zawierajgce krotkie peptydy. Kapsuty te powstajg na drodze tworzenia wigzan odwracalnych
(iminowych oraz semikarbazonowych) oraz nastepczej niekowalencyjnej dimeryzacji z
wykorzystaniem motywdéw wigzgcych charakterystycznych dla B—beczek. Wykazatam kluczowa
zaleznos$¢ zdolnosci do asocjacji oraz struktury kapsut od drobnych zmian w sekwencji peptydowe;j
(tancuch boczny aminokwasu polarny/niepolarny, aminokwas o chiralnosci D/L) oraz, w oparciu o
dane eksperymentalne (NMR, ECD, obliczenia DFT, krystalografia), wyjasnitam podstawy strukturalne
tych zaleznosci. W wyniku procesu optymalizacji zarébwno motywu wigzgcego jak i sterowanej
chiralnoscig pozycji tancuchéw bocznych otrzymatam kapsuty z taricuchami bocznymi aminokwaséw
skierowanymi do wnetrza.

Poza realizacjg zatozonych na poczatku celéow pracy, dodatkowo zaobserwowatam kilka
procesow ktére sg nierozerwalnie zwigzane z korzysciami termodynamicznymi ptyngcymi z asocjacji.
Wykazatam, ze wiekszo$¢ zsyntetyzowanych przeze mnie kapsut mozina otrzymaé w reakcjach
chiralnego sortowania. Jest to obserwacja nieoczywista, poniewaz sortowanie jest zwykle efektywne
tylko w przypadku dobrze zdefiniowanych i sztywnych blokéw budulcowych lub/i ortogonalnych
typow oddziatywan. W przypadku peptydowych kapsut enancjomeryczne peptydy sg konformacyjnie
labilne i tworzg analogiczne oddziatywania. Jednak asocjacja otrzymanych kawitandéw w
dimeryczne, dobrze zdefiniowane kapsuty jest procesem na tyle korzystnym termodynamicznie, ze
umozliwia efektywne chiralne sortowanie nawet tak wymagajgcych substratéw. Co wiecej,
stwierdzitam tez, ze w niektérych przypadkach umozliwia ona kombinatoryczne podejscie do syntezy
kapsut, tzn. w wyniku reakcji z mieszaning substratéw powstajg selektywnie nowe hybrydowe
kapsuty, ktdore ani nie zostaty zaprojektowane, ani nie moga by¢ otrzymane z pojedynczych
substratéw. Dodatkowo wykazatam, ze asocjacja moze wymusza¢ zmiane formy tautomerycznej
asocjujacych czasteczek na te mniej stabilng oraz zmiane chiralnosci inherentnej catego systemu
wigzan o charakterze czesciowo podwadjnym.

Chociaz moja praca pozwolita na opracowanie reguf, ktére umozliwiajg efektywna synteze
porowatych kapsut z wykorzystaniem peptyddw, ciaggle jeszcze niektdre zagadnienia wymagaja
dalszych badan. Jednym z probleméw jest znalezienie odpowiednich czasteczek gosci i opracowanie
strategii kompleksowania (kontrola otwierania i zamykania kapsut). Wyzwaniem jest tez ciagle

synteza kapsut z faricuchami bocznymi polarnych aminokwaséw umieszczonymi we wnetrzu luki.
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tancuchy te mogg uczestniczy¢ w tworzeniu wigzan wodorowych i stanowig silng konkurencje dla
motywoéw wigzgcych kapsuty, szczegdlnie w niepolarnym srodowisku. Wydaje sie, ze jest to przyczyna
omawianych wyzej niepowodzen w syntezie semikarbazonowych kapsut bazujgcych na polarnych
aminokwasach. Rozwigzaniem zaréwno tego problemu, jak i problemu kompleksowania moze by¢
utworzenie komplementarnych oddziatywan we wnetrzu kapsut, np. z gosciem. Badania w tym

kierunku bedg kontunuowanie w przysztosci, a wyniki tej pracy stanowig dla nich podstawe

strukturalna.
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General information

All solvents and chemicals used were purchased from Sigma Aldrich, TCI Europe N.
V., Roth, Chem Impex Inc. and Euriso-top, were of reagent grade and were used
without further purification. High resolution ESI mass spectra were recorded on a
SYNAPT spectrometer. *H and *3C NMR spectra were recorded at 298 K on Bruker
400 MHz and Varian 600 MHz instruments with residual solvent signal as internal
standard. All 2D NMR spectra were recorded at 298 K on Varian 600 MHz with
residual solvent signal as internal standard. Specific rotations were measured on
Jasco P-2000 polarimeter.

Synthetic procedures for peptides

Synthesis of N-methylamides:
N-methylamides of amino acids were synthesized according to literature
procedures.?

o]

R? 0 R 0 R 0 R
R' OH 4 R® N a d N b y N
+ —— = R N — = R N
N N ~ N ~ NT T
H n H n H n H
0 NH; o} NHPG o) NH; o]

NHPG

n=0,1 n=0,1 n=0,3
R', R2 =PhCH,, H R3,R" =PhCH,, H
PG = Boc or Cbz

(a) Oxyma, TEA, EDC, THF, 0°C - RT: (b) 1) TFA, DCM2) 1M NaOH or Pd/C, H,, MeOH

General coupling procedure:

Peptides were synthesized according to the standard protocols for the solution
synthesis.®! To N-protected amino acid or peptide (5 mmol) in THF (40 ml) was
added Oxyma (5 mmol). The mixture was vigorously stirred and cooled to 0°C. Then,
N-methylamide of amino acid or peptide (5 mmol), TEA (5 mmol) and EDC (5 mmol)
was added to the solution. After 1 hour, the ice bath was removed and the reaction
stirred at room temperature overnight. The products precipitated from THF solution.
The precipitate was collected by filtration, washed with water, saturated aqueous
solution of NaHCO3, 5% citric acid and again water. The product was dried and N-
protecting group was removed:

General Boc removal procedure:

To the suspension of peptide (1 mmol) in DCM (9 ml) TFA (1 ml) was added and
reaction stirred at room temperature (conversion was monitored using TLC plates).
The solvents were evaporated under reduced pressure and DCM was added to the
residue. pH of the solution was adjusted to pH=7 with 1 M NaOH and the layers were
separated. Aqueous layer was washed with DCM and combined organic layers were
evaporated to dryness.

General Cbz removal procedure:

To the suspension of peptide (1 mmol) in methanol under argon, palladium on
activated charcoal was added (10% Pd basis, 50 mg). Hydrogen from the balloon
was bubbled through the solution at room temperature to complete conversion. The
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catalyst was removed by filtration through celite, the filtrate was concentrated under
reduced pressure and dried.
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Synthesis of capsules

Synthesis of hemispheres 6a - 9:

To tetraformylresorcin[4]arene 1 (0.1 mmol, 82.4 mg) in chloroform (4 ml) was added
enantiomerically pure N-methylamide peptide (0.4 mmol). The reaction was stirred for
24 hours at room temperature, washed with 5% citric acid, dried over anhydrous
magnesium sulfate, filtered and evaporated to dryness. The resulting sample was
analyzed by NMR.

Synthesis of capsules by self-assembly:

The L-hemisphere (0.02 mmol) and D-hemisphere (0.02 mmol), obtained as
presented above, were combined in CDCI3 (1 ml), stirred for 1 hour and analyzed by
NMR.

Synthesis of capsules by self-sorting:

To tetraformylresorcin[4]arene 1 (0.1 mmol, 82.4 mg) in chloroform (4 ml) was added
N-methylamide L-peptide (2 equiv.) and N-methylamide D-peptide (2 equiv.) and the
reaction was stirred for 24 hours at room temperature. Then the mixture was washed
with 5% citric acid, dried over anhydrous magnesium sulfate, filtered and evaporated
to dryness. The resulting solid was analyzed by NMR.
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Analytical data for compounds

Tetraformylresorcin[4]arene 1
Analytical data in agreement with literature data.!”

LPheNMe L-2a
Analytical data in agreement with literature data.™

LValNMe L-2b
Analytical data in agreement with literature data.”

LPheOMe L-2c
Analytical data in agreement with literature data.!®

LPheNCH,Ph L-2d
Analytical data in agreement with literature data.!”’

LPheGlyNMe L-3

IH NMR (400 MHz, CDsOD): & 2.71 (3H, s); 2.83 (1H, dd, J=7.2, 13.4 Hz); 3.03 (1H,
dd, J=6.1, 13.4 Hz): 3.60 (LH, dd, J=6.1, 7.2 Hz); 3.72 (1H, d, J=16.6 Hz); 3.81 (1H,
d, J=16.6 Hz); 7.17-7.38 (5H, m).

1BC NMR (100 MHz, CD3;0D): 6 26.3; 42.1; 43.3; 57.8; 127.9; 129.6; 130.4; 138.8;
172.0; 171.1.

Anal. calc for C12H17N3O2(H20)0.25: C, 60.11; H, 7.36; N, 17.52. Found: C, 60.11; H,
7.36; N, 17.55.

Yield (2 steps) 67%, [0]p?* = +22.4 degcm3g*dm™ (c = 0.01 gcm™ in methanol)

LPheGlyLPheNMe L-4

'H NMR (400 MHz, CD3;0D): & 2.68 (3H, s); 2.73 (1H, br dd); 2.87 (1H, dd, J=8.8,
13.8 Hz); 3.03 (1H, dd, J=5.3, 13.4 Hz); 3.15 (1H, dd, J=5.8, 13.8 Hz); 3.57 (1H, br
dd); 3.59 (1H, d, J=16.5 Hz); 3.84 (1H, d, J=16.5 Hz); 4.55 (1H, dd, J=5.8, 8.8 Hz);
7.14-7.33 (10H, m).

13C NMR (100 MHz, CD;OD): d 26.3; 38.8; 42.0; 43.4; 56.3; 57.6; 127.8 (two
signals); 129.5; 129.6; 130.2; 130.4; 138.5; 138.9; 171.3; 173.8; 177.5.

Anal. calc for C,1H26N403(H20)03: C, 65.03; H, 6.91; N, 14.45. Found: C, 65.03; H,
7.03; N, 14.45.

[a]p?? = +9.5 degcm3g*dm™ (c = 0.01 g cm™ in methanol)

LPheGlyLPheGlyNMe L-5

'H NMR (400 MHz, CDs0D): & 2.71 (3H, s); 2.81 (1H, dd, J=5.6, 13.4 Hz); 2.93-3.10
(2H, m); 3.19 (1H, dd, J=6.1, 13.9 Hz); 3.58-3.66 (1H, m); 3.67-3.93 (4H, m); 4.52
(1H, dd, J=6.1, 8.7 Hz); 7.19-7.32 (10H, m).

13C NMR (100 MHz, CD;0D): & 26.4; 38.2; 41.8; 43.3; 43.5; 56.8; 57.5; 127.9 (two
signals); 129.58; 129.65; 130.3; 130.4; 138.4; 138.6; 171.8; 172.0; 174.0; 176.9.
Anal. calc for Cy3H29NsO4(H20)1.2(CH2Cl,)o.5 (CHCI, also found in NMR spectra): C,
56.05; H, 6.48; N, 13.91. Found: C, 56.20; H, 6.48; N, 13.86.

[a]p?? = +7.1 degcm3g*dm™ (c = 0.01 gcm™ in methanol)

Unnatural D-peptides have the same spectroscopic characteristics and [a]p? of
opposite sign.
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Possible inherently chiral diastereoisomeric products

Table S1. Possible inherently chiral diastereoisomeric products of reaction of
tetraformylresorcin[4]arene 1 with chiral optically pure (S)-amine. Species in the

same column are identical.

M(5),M(S),M(S),M(S)

M(S),M(S),M(S),P(5)

M(S),M(S),P(S),M(S)

M(S),P(S),M(S),M(S)

P(S),M(S),M(S),M(S)

M(s),M(S),P(S),P(S)

M(S),P(S),P(S),M(S)

P(5),P(S),M(S),M(S)

P(S),M(S),M(S),P(S)

M(s),P(S),M(S),P(S)

P(S),M(S),P(S),M(S)

M(s),P(S),P(5),P(S)

P(S),M(S),P(),P(S)

P(5),P(S),M(S),P(S)

P(S),P(S),P(S),M(S)

P(3),P(S),P(S),P(S)

Analytical data for hemispheres and capsules

L-6a

I I T 1T T 17T T 717 L L

I T I T T | T T I T T I T
PPM 160 140 120 100 80 60 40 20

Figure S2. *C NMR spectrum of L-6a (CDCls, 150 MHz).

'H NMR (600 MHz, CDCls): 8 0.96 (12H, d, J=6.6 Hz, a); d 0.99 (12H, d, J=6.6 Hz,
a’); 1.49 (4H, m, b); 1.95-2.00 (4H, m, c); 2.04-2.11 (4H, m, ¢); 2.77 (12H, d, J=4.9
Hz, i); 3.17 (4H, dd, J=4.5, 13.6 Hz, h); 3.28 (4H, dd, J=7.0, 13.6 Hz, h’); 4.20 (4H,
dd, J=4.5, 7.0 Hz, g); 4.50 (4H, dd, J=8.0, 8.1 Hz, d); 5.90 (4H, q, J=4.9 Hz, k); 7.05-
7.33 (24H, m, m+e;); 8.70 (4H, s, f); 9.64 (4H, br s, OH); 14.82 (4H, br s, j);

6
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13C NMR (150 MHz, CDCls): 8 22.6, a; 23.0, a* 26.1, b; 26.3, i; 30.2, d; 40.4, h; 41.6,
C; 72.2, g; 107.7, eq; 120.9, ey; 125.4, e4; 127.0, my; 128.6, m; 129.5, m; 129.6, ey;
136.0, my; 154.1, es5; 161.2, e3; 164.2, f; 170.3, I.

Yield 95%, [a]p*? = +383.8 degcm®g*dm™ (c = 0.01 gcm™ in chloroform)

HRMS (ESI): m/z calc for CggH105NgO12 1465.7852, found 1465.7834 (|A|=1.8 ppm).

. Ul WLL

F1
(D) ]

1-

2_

3-

] ! 1 [ A

o | o ' ! " } I S

7 {

T 1

5_

6_

7_

_|||| L L T 17 17T L L UL L T 1T T°7 L L

11 10 9 8 7 6 5 4 3 2 1

F2 (ppm)

Figure S3. DOSY spectrum of L-6a (CDCl3, 600 MHz).
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(L-6a)(D-6a)

¢ p
o OH L
N
! | ! | ! [ ! | ! | ! | ! | ! | T | ! | ! | ! [ ! [ ! | T |
PPM  14.0 12.0 10.0 8.0 6.0 4.0 2.0 0.0

Figure S4. *H NMR spectrum of (L-6a)(D-6a) (CDCls, 600 MHz), (* — non-assembled
hemisphere.).

ms
my

my

€g

€y
I e f & mi| e e J
—-"-.J‘ O A . L.1 W’ @.Lzr. . L‘,.ﬁ...

| I T T
100 80 60 40 20

| I I
PPM 160

I I I
140 120

Figure S5. *3C NMR spectrum of (L-6a)(D-6a) (CDCls, 150 MHz).

'H NMR (600 MHz, CDCls): & 0.96 (12H, d, J=7.3 Hz, a); 0.97 (12H, d, J=7.2 Hz, a);
1.44-1.53 (4H, m, b); 1.89-2.03 (8H, m, c); 2.42 (12H, s, i); 3.10 (4H, dd, J=6.9, 12.8
Hz, h); 3.33(4H, dd, J=6.9, 13.7 Hz, h’); 4.15 (4H, t, J=6.5 Hz, g); 4.40 (4H, t, J=7.8
Hz, d); 7.05-7.35 (24H, m, m+e;); 8.20 (4h, br s, k); 8.43 (4H, s, f); 10.25 (4H, br s,
OH); 14.35 (4H, br s, j);

13C NMR (150 MHz, CDCls): 8 22.7, a; 22.9, a* 26.0, b; 26.1, i; 30.1, d; 39.2, h; 41.2,
c; 71.8, g; 106.9, eg; 118.8, ep; 127.1, my; 128.7, m; 129.2, m; 129.8, ey4; 130.5, ey;
136.2, m;; 153.7, es; 162.2, f; 166.0, e3; 170.5, I.

Yield 95%, self-sorting: yield 93%.

PPM 13.0 11.0 9.0 7.0 5.0 3.0 1.0

Figure S6. Comparison of *"H NMR spectra of (L-6a)(D-6a) obtained by self-assembly
of D-6a and L-6a (top) and by self-sorting (bottom) (CDCl3, 400 MHZz).
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Wd o SR .L."LM‘

rr—T1 71T 17 1 17771 717 7717 7™ 1T T 17T 1T 71
PPM 160 140 120 100 80 60 40 20 0

Figure S7. Comparison of *C NMR spectra of (L-6a)(D-6a) obtained by self-
assembly of D-6a and L-6a (top) and by self-sorting (bottom) (CDCl3, 100 MHz).

[L], = [D], = 0.0303 M

[L]o
[L]1=1[D] = 5889 0.0105 M
[L]o
[ [DL] = ———=x 1.889 ~ 0.0198 M
g % 2.889
PPM 4.60 4.40 4.20 4.00 3.80 o [DL] - 180 M1
@m = [L] x [D]

Figure S8. Calculation of dimerization constant using *H NMR spectrum of (L-6a)(D-
6a) (CDCl3, 400 MHz).
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Figure S9. ROESY spectrum of (L-6a)(D-6a) (CDCl3, 600 MHz): full spectrum (top),
most indicative signal (bottom).
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Figure S10. DOSY spectrum of (L-6a)(D-6a) (CDCl3, 600 MHz).
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L-6b
The enantiomerically pure product was not soluble in CDCls. In DMSO L-6b exists as
a mixture of diastereoisomers.

e ey

T T T I T T T I T | T I T T T T T T I T T T | T I T T
PPM 12.5 10.5 8.5 6.5 4.5 2.5 0.5

Figure S11.*H NMR spectrum of L-6b (DMSO-dg, 400 MHz).

'H NMR (400 MHz, DMSO-dg): d 0.73 (12H, m); 0.84 (12H, m); 0.94 (24H, d, J=5.1
Hz); 1.38-1.47 (4H, m); 1.92-2.03 (4H, m); 2.05-2.18 (8H, m); 2.53-2.66 (12H, m);
4.03-4.11 (4H, m); 4.39-4.47 (4H, m); 7.43 (4H, br s); 8.16 (4H, br q); 8.48-8.62 (4H,
m); 11.83 (2H, br s); 12.07 (2H, br s); 14.00 (2H, br s); 14.19 (2H, br s).

Yield 100%, [a]p?? = —122.2 degcm3g*dm™ (c = 0.01 gcm™ in methanol)

HRMS (ESI): m/z calc for C7,H106NgO12 637.39596, found 637.39660 (JA|=1.0 ppm).

(L-6b)(D-6b)

+ ent.
€
d
‘ I Lju
OH

A J

T I T I T I T I T I T | T T I T I T I T I T | T T | T
PPM 12.5 10.5 8.5 6.5 4.5 2.5 0.5

Figure S12.*H NMR spectrum of (L-6b)(D-6b) (CDCls, 600 MHz).
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| T | T T T T T | T T T T T T T T T T T T T T T T T T
140 120 100 80 60 40 20 0

N

T I
PPM 160

Figure S13.*C NMR spectrum of (L-6b)(D-6b) (CDCls, 150 MHz).

'H NMR (600 MHz, CDCls): & 0.96 (12H, d, J=7 Hz, a); 0.98 (24H, d, J=6.8 Hz, i);
1.05 (12H, d, J=6.6 Hz, a); 1.48-1.54 (4H, m, b); 1.87-1.93 (4H, m, ¢); 2.00-2.06 (4H,
m, ¢); 2.33-2.39 (4H, m, h); 2.58 (12H, d, J=4.3 Hz, j); 3.42 (4H, d, J=8.4 Hz, qg); 4.44
(4H, dd, J=7.7, 8.1 Hz, d); 7.16 (4H, s, e1); 8.46 (4H, s, f); 8.51 (4H, br q, I); 10.88
(4H, br s, es-OH); 14.00 (4H, br s, k).

13C NMR (150 MHz, CDCls): 8 19.1, a; 19.3, a% 22.7, i; 23.1, h; 26.1, b; 27.4, k; 30.3,
d; 41.1, c; 76.9, g; 106.8, eg; 117.7, e2; 127.7, e4; 131.1, e1; 154.0, es; 161.6, f; 168.9,
es; 170.6, m.

Yield 100%, self-sorting: yield 97%.

o A JL J A
N A

T T T | T | T T T I T T T T T | T | T I T T T T T T T T
PPM 12.5 10.5 8.5 6.5 4.5 2.5 0.5

Figure S14. Comparison of *H NMR spectra of (L-6b)(D-6b) obtained by self-
assembly of D-6b and L-6b (top) and by self-sorting (bottom) (CDCl3, 400 MHZz).

o] HJI,_ LU
i

L L L T -1 1 "1 1T "~ 1 1T "1 "1 "1 "1 "1
PPM 160 100 80 60 40 20 0

—T —T
140 120

Figure S15. Comparison of *C NMR spectra of (L-6b)(D-6b) obtained by self-

assembly of D-6b and L-6b (top) and obtained by self-sorting (bottom) (CDCls, 100
MHz).
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Figure S16. DOSY spectrum of (L-6b)(D-6b) (CDClIs, 600 MHz).
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Figure S17. *H NMR spectra of 1 + L-2c (top) and self-sorting mixture 1 + L-2c+D-2c
(bottom) (CDCl3, 400 MHZz).
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Figure S18.*H NMR spectra of 1 + L-2d (top) and self-sorting mixture 1 + L-2d+D-2d
(bottom) (CDCl3, 400 MHZz).
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L-6a

L-6a + L-6b Lk

I T T T T T
PPM 13.0 11.0

L-2b

L-2a

(L-6a)(D-6a)
A

(L-6a)(D-6a) + (D,L)-2b
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PPM 13.0 11.0

1 + benzylamine

(L-6a)(D-6a)
N
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Figure S19. Scrambling experiments.*H NMR spectra of: a) hemisphere L-6a and
mixture of hemispheres L-6a and L-6b; b) amide 2a, amide 2b, capsule (L-6a)(D-6a)
and mixture of capsule (L-6a)(D-6a) with amide 2b (red dashed lines indicate release
of amide 2a); c) product of reaction of tetraformylresorcinarene 1 with benzylamine,
capsule (L-6a)(D-6a) and mixture of capsule (L-6a)(D-6a) with benzylamine. Spectra
of mixtures were measured after a - 4 days, b - 3 hours and ¢ - 30 minutes after
mixing the components at r.t. (CDCl3, 600 MHZz).

16

http://rcin.org.pl



(L-7)(L-7’)
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Figure S20."H NMR spectrum of (L-7)(L-7’) with denoted keto-enamine form (green),
enol-imine form (blue) and overlapping signals (black) (CDClz, 600 MHz).
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Figure S21.2°C NMR spectrum of (L-7)(L-7’) with denoted keto-enamine form
(green), enol-imine form (blue) and overlapping signals (black) (CDCls, 150 MHz).

Keto-enamine hemisphere:

'H NMR (600 MHz, CDCls): & 0.96 (12H, d, J=6.7 Hz, a); 0.99 (12H, d, J=6.6 Hz, a);
1.24 (12H, d, J=4.6 Hz, j); 1.48-1.55 (4H, m, b); 1.84-1.91 (4H, m, c); 1.97-2.04 (4H,
m, ¢); 2.94 (4H, dd, h); 3.22 (4H, dd, h); 3.41 (4H, dd, i); 4.03 (4H, dd, i); 4.42-4.45
(4H, m, d); 4.47-4.52 (4H, m, g); 7.09 (4H, s, e;); 7.19-7.22+7.27-7.31 (20H, m, r);
7.50 (4H, br g, m); 7.64 (4H, d, J=10.6 Hz, f); 7.95 (4H, br dd, I); 11.38 (4H, br s, es-
OH); 14.85 (4H, br t, k).

13C NMR (150 MHz, CDCl3): 8 22.9, a; 23.1, a; 23.5, j; 26.14, b; 30.2, d; 40.6, c; 42.2,
h; 43.9,i; 67.4, g; 106.4, es; 117.0, ey; 127.3, r4; 128.4, e4; 128.5, r3; 129.7, rp; 131.1,
e1; 135.3, 1;; 154.3, es; 160.2, f; 169.8, n; 170.6, e3; 172.3, p.
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Enol-imine hemisphere:

'H NMR (600 MHz, CDCls): 8 0.92 (12H, d, J=6.6 Hz, a’); 0.95 (12H, d, J=6.7 Hz, a);
1.18 (12H, d, J=4.7 Hz, j); 1.35-1.42 (4H, m, b)); 1.83-1.90 (4H, m, ¢); 2.05-2.11 (4H,
m, ¢)); 3.24 (4H, dd, h’); 3.36 (4H, dd, h’); 3.55 (4H, dd, i’); 3.82 (4H, dd, g); 4.32 (4H,
dd, i); 4.41-4.44 (4H, m, d)); 6.65 (4H, br q, m’); 7.19-7.22+7.27-7.31 (20H, m, r);
7.23 (4H, s, e1); 7.98 (4H, br dd, I); 8.29 (4H, s, es-OH); 8.34 (4H, s, f); 13.68 (4H,
S, e3-OH).

13C NMR (150 MHz, CDCls): d 22.2, a* 22.6, a” 24.9, j* 26.06, b* 29.7, d* 41.5, "
41.9, ¢’ 42.1, h’;, 79.4, g’ 107.1, ey, 123.5, es’; 123.7, e, 126.9, ry; 127.8, e1]
128.7,r3% 129.4, 1, 136.7, r1’; 152.5, e5”; 154.6, e3”, 163.1, f;, 168.8, n’, 174.4, p’.

Yield 94%, self-sorting: yield 94%.
[a]p?? = —768.4 degcm>g*dm™ (c = 0.01 gcm™ in chloroform)
HRMS (ESI): m/z = 1693.73 [CosH116N12016+H]", isotope profile agrees.

] )
] N I T Iy

T | T I T I T I T I T I T I T I T I T | T I T I T I T I T
PPM 13.0 11.0 9.0 7.0 5.0 3.0 1.0

Figure S22. Comparison of *H NMR spectra of (L-7)(L-7’) (obtained by reaction 1+ L-
3, top) and self-sorting mixture (obtained by reaction 1+ L-3 + D-3, bottom) (CDCls,
600 MHz).

TR TR e | .

e e 1 T .

PPM | 160 140 = 120 100 = 8 60 . 40 20 0
Figure S23. Comparison of **C NMR spectra of (L-7)(L-7’) (obtained by reaction 1+
L-3, top) and self-sorting mixture (obtained by reaction 1+ L-3 + D-3, bottom) (CDCls,

150 MHz).
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Figure S24. ROESY spectrum of (L-7)(L-7’): full spectrum (top), most indicative
signals (bottom) (CDClI3, 600 MHz).
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Figure S25.*H->N HSQC (left) and HMBC (right) spectra of (L-7)(L-7’) (CDCls, 600

MHz).
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Figure S26. DOSY spectrum of (L-7)(L-7’) (CDCls, 600 MHz).
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L-8
Not soluble in CDCls. In DMSO L-8 exists as a mixture of diastereoisomers.

el

T L L T 1T 7 L L T T 1T 7 L
PPM 12.5 10.5 8.5 6.5 4.5 2.5 0.5

Figure S27."H NMR spectrum of L-8 in DMSO-dg (DMSO-dg, 400 MHz).

IH NMR (400 MHz, DMSO-dg): 5 0.88 (12H, d, J=6.6 Hz): 0.91 (12H, d, J=7.1 H2);
1.35-1.43 (4H, m); 1.87-1.97 (4H, m); 2.05-2.15 (4H, m): 2.56 (12H, d, J=4.0 Hz):
2.70-2.80 (4H, m); 2.96-4.04 (8H, m): 3.14-3.22 (4H, m): 3.59-3.68 (4H, m); 3.77-3.88
(4H, m); 4.33-4.47 (8H, m); 4.61-4.69 (4H, m): 7.10-7.29 (40H, m): 7.40 (4H, s); 7.88
(4H, br q): 8.23 (4H, d); 8.39 (4H, br d); 8.53 (4H, br t): 11.39 (4H, br s): 14.29 (4H, br
S).

Yield 92%, [0]p?* = —97.8 deg cm®g*dm™ (c = 0.01 gcm™ in chloroform)
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(L-8)(D-8)

PPM  13.0 11.0 9.0 7.0 5.0 3.0 1.0

Figure S28.*H NMR spectrum of (L-8)(D-8) (CDCls, 600 MHz).
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Figure S29.2*C NMR spectrum of (L-8)(D-8) (CDCls, 150 MHz).

'H NMR (600 MHz, CDCls): d 0.97 (12H, d, J=6.7 Hz, a); 0.99 (12H, d, J=6.7 Hz, a);
1.48-1.55 (4H, m, b); 1.88-1.94 (4H, m, c); 1.99-2.05 (4H, m, ¢); 2.14 (12H, d, J=4.7
Hz, 1); 2.81 (4H, dd, J=8.5, 13.5 Hz, k); 2.94 (4H, dd, J=7.0, 13.3 Hz, h); 3.02 (4H, dd,
J=6.6, 13.5 Hz, k); 3.06 (4H, d, J=16.6 Hz, i): 3.25 (4H, dd, J=7.7, 13.4 Hz, h); 4.14
(4H, dd, J=8.1, 16.6 Hz, i’); 4.41-4.44 (8H, m, d+g); 4.69 (4H, m, j); 7.05-7.15, 7.27-
7.45 (10H, m, t+u); 7.12 (4H, s, e1); 7.29 (4H, br q, p); 7.71 (4H, br d, 0); 8.26 (4H, s,
f); 8.70 (4H, br d, n); 10.62 (4H, br s, es-OH); 14.00 (4H, br s, m).

13C NMR (150 MHz, CDCls): 8 22.6, a; 23.0, a* 26.2, b; 26.9, |: 30.2, d; 39.5, k; 41.0,
c+h; 41.9, i; 54.3, j; 70.6, g; 107.0, es; 118.0, ey; 127.09, 127.16, ty+uy; 127.4, ey,
128.66, us;, 128.74, t3; 129.0, tp; 129.3, uy; 131.2, eq; 135.8, 136.3, ti+uy; 154.1, es;
162.2, f; 167.4,r; 168.2, e3; 170.2, g; 171.5, s.

Yield 88%, self-sorting: yield 70%.

HRMS (ESI): m/z calc for C132H153N16020 2282.1447, found 2282.1519 (|A|=3.2 ppm).
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Figure S30. Comparison of *H NMR spectra of (L-8)(D-8) obtained by self-assembly
of D-8 and L-8 (top) and by self-sorting (bottom) (CDCl3, 600 MHz).
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Figure S31. Comparison of *C NMR spectra of (L-8)(D-8) obtained by self-
assembly of D-8 and L-8 (top) and by self-sorting (bottom) (CDCl3, 150 MHz).
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Figure S32. ROESY spectrum of (L-8)(D-8): full spectrum (top), most indicative
signals (bottom) (CDClI3, 600 MHz).
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Figure S33.*H->N HSQC (left) and HMBC (right) spectra of (L-8)(D-8) (CDCls, 600

MHZz).
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Figure S34. DOSY spectrum of (L-8)(D-8) (CDCl3z, 600 MHz).
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(L-9)2

Figure S35."H NMR spectrum of (L-9), (CDCls, 600 MHz).
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Figure S36.*C NMR spectrum of (L-9), (CDCls, 150 MHz).

'H NMR (600 MHz, CDCls): d 0.97 (12H, d, J=6.5 Hz, a); 0.98 (12H, d, J=6.5 Hz, a);
1.48-1.55 (4H, m, b); 1.91-1.97 (8H, m, c); 2.92 (4H, d, J=14.5 Hz, I); 2.95 (12H, br d,
m); 2.96 (4H, br dd, k); 3.05 (4H, dd, J=5.7, 13.4 Hz, k’); 3.10 (4H, dd, J=8.8, 13.7
Hz, h); 3.21 (4H, dd, J=5.3, 13.7 Hz, h); 3.40 (4H, d, J=17.3 Hz, i); 4.26 (4H, dd,
J=9.2, 14.5 Hz, I); 4.41 (4H, t, J=7.7 Hz, d); 4.44 (4H, dd, J=7.5, 17.3 Hz, i’); 4.73
(4H, br dd, g); 4.96 (4H, br ddd, j); 7.08 (4H, s, e;); 7.15-7.17, 7.27-7.37 (10H, m,
X+y); 7.73 (4H, br d, r); 7.91 (4H, br g, s); 8.03 (4H, s, f); 8.05 (4H, br d, p); 8.29 (4H,
br d, 0); 11.25 (4H, br s, es-OH); 14.23 (4H, br s, n).

13C NMR (150 MHz, CDCls): & 22.9, a; 23.0, a* 26.2, b; 26.3, m; 30.3, d; 40.77, k;
40.85, c+h; 42.8, I; 42.9, i; 54.1, j; 67.9, g; 106.7, eq; 117.3, €3; 126.8, y4; 127.2, X4;
128.0, e4; 128.3, y3; 128.7, x3; 129.4, xp; 129.6, y,; 131.4, e;; 135.8, x3; 136.1, yi;
154.6, es; 161.6, f; 167.6, u; 168.7, w; 169.9, v; 170.1, t; 170.4, es.

Yield 92%, self-sorting: yield 90%.

[a]p?? = —813.1 degcm®g*dm™ (c = 0.01 gcm™ in chloroform).

HRMS (ESI): m/z = 1266.60 [C140H164N20024+Na+H]?*, isotope profile agrees.
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Figure S37. Comparison of *H NMR spectra of (L-9), (obtained by reaction 1+ L-5 ,
top) and self-sorting mixture (obtained by reaction 1+ L-5 + D-5, bottom) (CDCl3, 600
MHz).
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Figure S38. Comparison of *C NMR spectra of (L-9), (obtained by reaction 1+ L-5 ,
top) and self-sorting mixture (obtained by reaction 1+ L-5 + D-5, bottom) (CDCl3, 150
MHz).
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Figure S39. ROESY spectrum of (L-9),): full spectrum (top), most indicative signals

(bottom) (CDCl3, 600 MHZz).
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Figure S40.'"H-°N HSQC (left) and HMBC (rlght) spectra of (L- 9)2 (CDCI3, eoo MHz).

28

http://rcin.org.pl



. R UMJJL e

Fl
(D) ]

1..

F

n « Yoo 4 -.'. w™ 1 a1

— i L ] L\

3_ T

4—

5_

6_

7_

(=] TTrTT LI TTTT LI TTrTT rTTT Trr |1 rro.1 T TTT LI LI LU T TTT LI LI L

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

F2 (ppm)

Figure S41. DOSY spectrum of (L-9), (CDCl3, 600 MHZz).

Table S2. Diffusion coefficients for capsules obtained by DOSY (CDCI3;, 600 MHz,
298 K).

Compound | Diffusion coefficient (x10° / m? s™)
L-6a 3.78+0.04
(L-6)(D-6a) 3.25+0.08
(L-6b)(D-6b) 3.53+0.05
(L-TY(L-T") 3.41+0.09
(L-8)(D-8) 3.09+0.05
(L-9), 2.75+0.06
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Figure S42. Self-sorting between peptides of different lengths. Fragments of *H NMR
spectra of: a) self-sorting mixture of tetraformylresorcinarene 1 with dipeptide 3 and
tripeptide 4; b) self-sorting mixture of tetraformylresorcinarene 1 with dipeptide 3 and
tetrapeptide 5. Spectra were measured after 48 hours of stirring at room temperature
(CDCl3, 600 MH2).
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Figure S43. Tentative explanation of observed homo- vs. heterochiral selectivity
based on complementarity of binding motifs for capsules 6, 8 and 9 (phenyl rings in
phenylalanine residues omitted for clarity, the view is from the outside of the
capsule). The motifs were constructed assuming that the amino acid side chains
have to be placed outside the capsule. This assumption determines arrangement of
peptide chains. In case of amino acid amides and tripeptides heterochiral binding
motif is favorable, for tetrapeptide homochiral binding motif is favorable due to better
complementarity.
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Crystallographic data

CCDC 1006724, CCDC 1006726 and CCDC 1006725 contain the supplementary
crystallographic data for this paper. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Table S3. Crystal data of (L-6a)(D-6a), rac-(D-7)(D-7’) and (L-8)(D-8).

Crystal data

Moiety formula

(L-6a)(D-6a)-(toluene),;

(D-7)(D-7°)-(CH30H),-(CHCl3)s

(L-8)(D-8)(cyclohexane)io

Empirical formula

(CsgH104NgO12)2-(C7Hg)

(C192H232N24035)-(CH30H),-(CHCl;

(C264H304N32040)-(CeH12)10

7 6
Formula weight 3576.60 4163.38 5406.93
Temperature (K) 173 173 123
Wavelength (A) 1.54178 1.54178 1.54178
Crystal system Triclinic Tetragonal Tetragonal
Space group P-1 P4/n P4/ncc
Unit cell dimensions 18.2906 (3) 21.1685(3) 22.5044(7)
alblc (A) 19.0481 (6) 21.1685(3) 22.5044(7)
19.3459 (4) 29.0274(5) 69.756(4)
. 106.131 (1) 90 90
Unit cell az?)gles a/Bly 115.742 (1) 90 90
97.812 (1) 90 90
Unit cell volume (A®) 5569.87(20) 13007.3(4) 35328(3)
z 1 2 4
Calculated density 1203 1247 1019
(glcms) . . .
Absorption | 0.604 3.96 0.533
coefficient (mm™)
F(000) 2168 5080 11648
grange for data 67.21— 3.63 72.02 - 3.32 61.76 — 3.21
collection (°)
-21<h<20 -26<h<24 -25<h<12
Index ranges -18 <k <22 -26 <k <22 -24<k<10
-22<1<20 -35<1<35 -69<1<77
Reflections collected 40948 54171 49547

Independent _ _ o
reflections 18440 (R; = 0.0356) 12689 (R;; = 0.0736) 13587 (Rix = 0.0714)
Completeness to 4 0.947 0.989 0.865
max
Refinement statistics
Final R indices

>20(1)] 0.0970 0.1073 0.1690

R indices [all data] 0.1137 0.1356 0.2441

Goodness-of-fit 1.858 1.102 1.240
Extinction coefficient - 0.00035(11) 0.00064(9)
Largest diff. peak 0.96 /-0.62 0.32/-0.35 0.34/-0.33

and hole (e A®)
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Figure S44. ORTEP representation of crystallographically independent part of (L-
6a)(D-6a) capsule. Thermal ellipsoids are depicted at 50% probability. Hydrogen
atoms removed for clarity. One toluene molecule inside the cavity, other solvent

molecules removed with SQUEEZE.
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Figure S45. ORTEP representation of crystallographically independent part of (D-
7)(D-7°) capsule. Thermal ellipsoids are depicted at 50% probability. Hydrogen atoms
removed for clarity. Two methanol molecules are well positioned inside the cavity,
other solvent molecules are removed with SQUEEZE.

34

http://rcin.org.pl



Figure S46. a) ORTEP representation of crystallographically independent part of (L-
8)(D-8) capsule. Thermal ellipsoids are depicted at 30% probability. Hydrogen atoms
removed for clarity; b) 2Fo-Fc electron density map contoured at 0.43 e/A3.
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Details of crystal structure analyses and explanation of CHECKCIF alerts

Data collection and data quality:

The samples of capsules were crystallized by the diffusion method using
chloroform/toluene for (L-6a)(D-6a), chloroform/methanol for rac-(D-7)(D-7°) and 1,2-
dichloroethane/cyclohexane for (L-8)(D-8). Prior to the measurement crystals were
transferred quickly from mother liquor to immersion oil and frozen to avoid solvent
loss. Data were collected using an Agilent SuperNova diffractometer and structures
were solved and refined using the SHELX2013 software suite. For all the crystals of
peptidic capsules, crystal lattices contained substantial voids (intramolecular and
intermolecular) that were filled with highly disordered solvent molecules. All the
crystals were found to be weakly diffracting and as a result, reflections did not extend
out as far in theta as what would normally be considered desirable for small
molecules. This led to some level A alert being generated by the CHECKCIF
program.

Refinement and treatment of disorder

All non-hydrogen atoms that were not disordered where refined anisotropically.
Hydrogen atoms were positioned using geometrical restraints. In all cases
procedures were applied in order to remove highly disordered solvent molecules
present in intracapsular and intercapsular voids. For (L-6a)(D-6aP and (D-7)(D-7)
SQUEEZE procedure, as implemented in PLATON was used. 8 For (L-8)(D-8)
solvent masking procedure implemented in OLEX2 was used.”® A comment relating
to the use of the these routines appears in the “refinement special details” section of
each cif file and it is also given below.

Among the capsules, (L-8)(D-8) gave the weakest diffraction. In order to prove
the validity of the model, in addition to classical ORTEP presentation (Fig. S42a), we
present experimental electron density (Fig. S42b). For this structure one of
phenylalanine side chains (-CH2Ph) is highly disordered due to location in the
intracapsular channel that is filled with disordered solvent. Position of this group
could not be found in the electron density map. The position of this side chain does
not influence the binding motif and the structure of the core of the capsule. Therefore,
for the chemical correctness, position of the -CH,Ph was modelled, but not refined.
This group is depicted in Fig. 4c with a blue shadow.

Molecular surfaces of the capsules’ interiors were calculated in the Chimera
program using MSMS method with a probe size of 14 A
(http://www.cgl.ucsf.edu/chimera).

Cavity sizes for structure (L-6a)(D-6a) and (L-8)(D-8) were calculated using the
Swiss PDB Viewer program (http://www.expasy.org/spdbv/).
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Explanation of level A and B alerts for the crystal structure of (L-6a)(D-6a)

CHEMWO3 ALERT 2 A ALERT: The ratio of given/expected molecular weight as
calculated from the _atom_site* data lies outside
the range 0.90 <> 1.10
From the CIF: _cell_formula_units_Z 4
From the CIF: _chemical_formula_weight 1009.29
TEST: Calculate formula weight from _atom_site_*
atom mass num sum
C 12.01 47.50 570.52
H 1.01 56.00 56.45
N 14.01 4.00 56.03
@] 16.00 6.00 95.99
Calculated formula weight 778.99
PLATO043 ALERT 1 A Calculated and Reported Mol. Weight Differ by ..  460.65 Check
PLAT051 ALERT 1 A Mu(calc) and Mu(CIF) Ratio Differs from 1.0 by .  18.88 %
PLAT602 ALERT 2 A VERY LARGE Solvent Accessible VOID(S) in Structure !'Info
DIFMX01_ALERT_2_B The maximum difference density is > 0.1*ZMAX*1.00
_refine_diff_density_max given = 0.980
Testvalue =  0.800
Crystal system given = triclinic
PLAT049 ALERT_1 B Calculated Density less than 1.0 gcm-3 ......... 0.9289
All the above alerts are caused by the use of the SQUEEZE procedure in the

refinement of disordered solvent molecules. Solvent molecules are not present in the
atom list, but are taken into account in the UNIT parameter. This difference causes
discrepancies between some reported and calculated parameters.

PLAT019_ALERT_1_B _diffrn_measured_fraction_theta_fulll_max <1.0  0.967 Why ?

The crystals were found to be weakly diffracting and as a result, reflections did not
extend out as far in theta as what would normally be considered desirable for small
molecules.

PLATO097_ALERT_2_ B Large Reported Max. (Positive) Residual Density 0.98 eA-3
SQUEEZE procedure was used to deal with the solvent molecule. Due to the
imperfection of the process some residual density remained in the structure.

PLAT201_ALERT_2_ B Isotropic non-H Atoms in Main Residue(s) ....... 9 Why ?
PLAT220 ALERT_2 B Large Non-Solvent C  Ueg(max)/Ueq(min) Range 8.2 Ratio
PLAT222 ALERT_3 B Large Non-Solvent H Uiso(max)/Uiso(min) .. 8.3 Ratio

These atoms are six atoms of a phenyl group and three atoms of an amide part. They
are disordered and could not be satisfactorily refined anisotropically even with use of
the ISOR command.

PLAT230_ALERT_2_B Hirshfeld Test Diff for C25 -- C26 .. 7.7 su
PLAT414 ALERT_2_ B Short Intra D-H..H-X H38 .. H53 .. 1.82 Ang.
PLAT414 ALERT_2 B ShortIntraD-H..H-X ~ H68 .. H83 ..  1.88 Ang.
PLAT414 ALERT_2_ B ShortintraD-H..H-X ~ H98 .. H114 ..  1.83 Ang.

H38 H68 and H98 atoms are hydroxyl group hydrogens which were added with a
HFIX command suitable for atoms involved in hydrogen bonding. The conformation
they were assigned is not entirely correct and brings them in close proximity to
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nearby methylene hydrogens. The conformational freedom in the actual structure
allows for a slightly different location of hydroxyl hydrogens and excludes any
possibility of clashes.

PLAT415_ALERT_2_B Short Inter D-H..H-X ~ H10E .. H44A ..  1.95Ang.
H10E atom is a hydrogen geometrically added to a methylene group connected to a

disordered phenyl ring. H44A is a part of a disordered amide moiety. As such it is
reasonable to believe that they do not clash in the actual structure.
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Explanation of level A and B alerts for the crystal structure of (D-7)(D-7’)

CHEMWO3_ALERT_ 2 A ALERT: The ratio of given/expected molecular weight as

calculated from the _atom_site* data lies outside

the range 0.90 <> 1.10

From the CIF: _cell_formula_units_Z 8

From the CIF: _chemical formula_weight 1221.13

TEST: Calculate formula weight from _atom_site_*

atom mass num sum

C 12.01 48.50 582.53

H 1.01 60.00 60.48

N 14.01 6.00 84.04

@] 16.00 8.50 135.99

Cl 35.45 0.00 0.00

Calculated formula weight 863.05
PLATO043 ALERT 1 A Calculated and Reported Mol. Weight Differ by .. 2865.08 Check
PLAT051 ALERT 1 A Mu(calc) and Mu(CIF) Ratio Differs from 1.0 by .  87.55 %
PLAT602 ALERT 2 A VERY LARGE Solvent Accessible VOID(S) in Structure !'Info
PLAT049 ALERT 1 B Calculated Density less than 1.0 gcm-3 ......... 0.8814

This alert is caused by the use of the SQUEEZE procedure in the refinement of
disordered solvent molecules. Solvent molecules are not present in the atom list, but
are taken into account in the UNIT parameter. This difference causes discrepancies
between some reported and calculated parameters.

PLAT413 ALERT 2 A ShortInter XH3 .. XHn  H24A .. H20G .. 1.83 Ang.
PLAT413 ALERT 2 B Short Inter XH3 .. XHn  H24C .. H20F .. 1.90 Ang.

These atoms come from two methyl groups. The hydrogens were placed
geometrically and therefore their real positions may vary by rotation.

PLAT230 ALERT 2 B Hirshfeld Test Diff for C29 -- C30 .. 16.6 su
PLAT230 ALERT 2 B Hirshfeld Test Diff for C129 -- C130 .. 9.5su
PLAT241 ALERT 2 B High Ueq as Compared to Neighbors for ..... C29 Check
PLAT330 ALERT 2 B Large Average Phenyl C-C Dist. C26 -C31 1.43 Ang.

These alerts are generated by the possible disorder or substantial thermal mobility of
the phenylalanine side chain (as indicated by large thermal parameters) that could
not be satisfactorily modelled.

PLAT414 ALERT 2 B Short Intra D-H..H-X H20 .. H9 . 1.85 Ang.
PLAT414 ALERT 2 B Short Intra D-H..H-X H102 .. H109 .. 1.87 Ang.

H20 and H102 atoms are hydroxyl group hydrogens which were added with a HFIX
command suitable for atoms involved in hydrogen bonding. The conformation they
were assigned is not entirely correct and brings them in close proximity to nearby
methylene hydrogens. The conformational freedom in the actual structure allows for a
slightly different location of hydroxyl hydrogens and excludes any possibility of
clashes.
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Explanation of level A and B alerts for the crystal structure of (L-8)(D-8)

CHEMWO3 ALERT 2 A ALERT: The ratio of given/expected molecular weight as

calculated from the _atom_site* data lies outside

the range 0.90 <> 1.10

From the CIF: _cell _formula_units_Z 4

From the CIF: _chemical_formula_weight 5406.93

TEST: Calculate formula weight from _atom_site_*

atom mass num sum

C 12.01 240.00 2882.64

H 1.01 292.00 294.34

N 14.01 32.00 448.22

O 16.00 40.00 639.96

Calculated formula weight 4265.16

PLAT043 ALERT 1 A Calculated and Reported Mol. Weight Differ by .. 1141.87 Check

PLATO051 ALERT 1 A Mu(calc) and Mu(CIF) Ratio Differs from 1.0 by . 16.17 %

PLAT602 ALERT 2 A VERY LARGE Solvent Accessible VOID(S) in Structure ! Info

PLAT049 ALERT 1 B Calculated Density less than 1.0 gcm-3 ......... 0.8019

All the above alerts are caused by the use of the SQUEEZE procedure in the
refinement of disordered solvent molecules. They are not present in the atom list, but
are taken into account in the UNIT parameter. This difference causes discrepancies

between some reported and calculated parameters.

RFACR01 ALERT 3 A The value of the weighted R factor is > 0.45

Weighted R factor given 0.501

PLATO026 ALERT 3 A Ratio Observed / Unique Reflections too Low .... 29 % PLAT084 ALERT 3 A
High wR2 Value (i.e. > 0.25) ......cccccneee 0.50 Why?

RFACGO01 ALERT 3 B The value of the R factor is > 0.15

R factor given 0.169

Crystal system given = tetragonal

THETMO1 ALERT 3 B The value of sine(theta_max)/wavelength is less than 0.575

Calculated sin(theta_max)/wavelength = 0.5714

PLAT019 ALERT 1 B _diffrn_measured_fraction_theta_full/_max < 1.0 0.865

PLAT082 ALERT 2 B High R1Value ........cccooveeniieennen. 0.17 Why ?

PLAT340 ALERT 3 B Low Bond Precision on C-C Bonds ............... 0.0148 Ang.

The above alerts come from very weak diffraction of the crystals and subsequent

poor quality of the data.

PLAT234 ALERT
PLAT234 ALERT
PLAT230 ALERT
PLAT230 ALERT
PLAT230 ALERT
PLAT230 ALERT
PLAT230 ALERT
PLAT230 ALERT
PLAT230 ALERT
PLAT234 ALERT
PLAT241 ALERT

A Large Hirshfeld Difference N64 -- C65A .. 0.32 Ang.

A Large Hirshfeld Difference C1 -- C11 .. 0.45 Ang.

B Hirshfeld Test Diff for N60 -- C59 .. 7.1 su

B Hirshfeld Test Diff for C53 -- C58 .. 7.9 su

B Hirshfeld Test Diff for C55 -- C56 .. 9.9 su

B Hirshfeld Test Diff for C56 -- C57 .. 7.9 su

B Hirshfeld Test Diff for C57 -- C74 .. 9.8 su

B Hirshfeld Test Diff for C61 -- C62 .. 7.9 su

B Hirshfeld Test Diff for C80 -- C85 .. 9.8 su

B Large Hirshfeld Difference C65A -- C66A .. 0.30 Ang.

B High Ueq as Compared to Neighbors for ..... C1 Check

PLAT241 ALERT 2 B High Ueq as Compared to Neighbors for ..... C24 Check

PLAT242 ALERT 2 B Low Ueq as Compared to Neighbors for ..... N14 Check

These alerts are generated by disorder or substantial thermal mobility of some parts
of the structure (as indicated by large thermal parameters) that was modelled, but

additional disorder is still possible.

NININIBRININININININN A
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CheckCIF for the structure (L-6a)(D-6a)
checkCIF/PLATON report

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.

Datablock: hj29cxp

Bond precision: C-C = 0.0043 A Wavelength=1.54178

Cell: a=18.2906(3) b=19.0481(6) c=19.3459(4)
alpha=106.131(1) beta=115.742 (1) gamma=97.812 (1)
Temperature: 173 K

Calculated Reported

Volume 5569.9(2) 5569.9(2)

Space group P -1 P -1

Hall group -P 1 -P 1

Moiety formula C88 H104 N8 012, C7 H8 ?

Sum formula C95 H112 N8 0l2 C65 H76 N4 06

Mr 1557.93 1009.29

Dx,g cm-3 0.929 1.204

Z 2 4

Mu (mm-1) 0.490 0.604

FO00 1668.0 2168.0

FO00’" 1672.86

h,k,lmax 21,22,22 21,22,22

Nref 19476 18440

Tmin, Tmax

Tmin’

Correction method= Not given

Data completeness= 0.947 Theta(max)= 66.125

R(reflections)= 0.0970( 13788) wR2(reflections)= 0.2718( 18440)
S = 1.858 Npar= Npar = 975

The following ALERTS were generated. Each ALERT has the format

test-name ALERT alert-type alert-level.

Click on the hyperlinks for more details of the test.

Alert level A

CHEMWO03 ALERT 2 A ALERT: The ratio of given/expected molecular weight as
calculated from the atom site* data lies outside

the range 0.90 <> 1.10

From the CIF: cell formula units 7 4

From the CIF: chemical formula weight 1009.29

TEST: Calculate formula weight from atom site *

atom mass num sum

C 12.01 47.50 570.52

H 1.01 56.00 56.45

N 14.01 4.00 56.03

O 16.00 6.00 95.99

Calculated formula weight 778.99

PLAT043 ALERT 1 A Calculated and Reported Mol. Weight Differ by .. 460.65 Check
PLAT051 ALERT 1 A Mu(calc) and Mu(CIF) Ratio Differs from 1.0 by . 18.88 %
PLAT602 ALERT 2 A VERY LARGE Solvent Accessible VOID(S) in Structure ! Info
Alert level B

DIFMX01 ALERT 2 B The maximum difference density is > 0.1*ZMAX*1.00

_refine diff density max given = 0.962

Test value = 0.800

Crystal system given = triclinic

PLAT019 ALERT 1 B diffrn measured fraction theta full/ max < 1.0 0.967 Why °?
PLAT049 ALERT 1 B Calculated Density less than 1.0 gcm-3 ......... 0.9289

PLAT097 ALERT 2 B Large Reported Max. (Positive) Residual Density 0.96 eA-3
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PLAT220 ALERT 2
PLAT222 ALERT 3
PLAT230 ALERT 2
PLAT230 ALERT 2
PLAT415 ALERT 2
Alert level C
DIFMNO2 ALERT 2 C
_refine diff densi
Test value -0.60
DIFMNO3 ALERT 1 C
The relevant atom
DIFMX02 ALERT 1 C
The relevant atom
RFACRO1 ALERT 3 C
Weighted R factor
PLAT041 ALERT 1 C
PLAT052 ALERT 1 C
PLAT053 ALERT 1 C
PLAT054 ALERT 1 C
PLAT055 ALERT 1 C
PLAT068 ALERT 1 C
PLAT084 ALERT 3 C
PLAT098 ALERT 2 C
PLAT234 ALERT 4 C
PLAT234 ALERT 4 C
PLAT241 ALERT 2 C
PLAT241 ALERT 2 C
PLAT242 ALERT 2 C
PLAT242 ALERT 2 C
PLAT244 ALERT 4 C
PLAT309 ALERT 2 C
PLAT340 ALERT 3 C
PLAT360 ALERT 2 C
Alert level G

FORMUO1 ALERT 2 G

B
B
B
B
B

_chemical formula

Atom count from c
Atom count from th
CELLZ01 ALERT 1 G
CELLZ01 ALERT 1 G
symmetry error - S
From the CIF: cel
From the CIF: che
TEST: Compare cell
atom Z*formula cif
C 260.00 190.00 70
H 304.00 224.00 80
N 16.00 16.00 0.00
O 24.00 24.00 0.00
PLAT003 ALERT 2 G
PLAT007 ALERT 5 G
PLAT045 ALERT 1 G
PLAT154 ALERT 1 G
PLAT230 ALERT 2 G
PLAT230 ALERT 2 G
PLAT301 ALERT 3 G
PLAT309 ALERT 2 G
PLAT309 ALERT 2 G
PLAT309 ALERT 2 G
PLAT333 ALERT 2 G
PLAT720 ALERT 4 G
PLAT793 ALERT 4 G
PLAT793 ALERT 4 G
PLAT793 ALERT 4 G
PLAT793 ALERT 4 G
PLAT793 ALERT 4 G
PLAT793 ALERT 4 G
PLAT793 ALERT 4 G

Large Non-Solvent C Ueqg(max)/Ueq(min) Range 7.6 Ratio

Large Non-Solvent H Uiso (max)/Uiso (min) 7.6 Ratio
Hirshfeld Test Diff for C25 -- C26 8.5 su
Hirshfeld Test Diff for C54 -- C55A 10.0 su

Short Inter D-H..H-X H10D H44A 2.04 Ang.

The minimum difference density is < -0.1*ZMAX*0.75

ty min given -0.617

0

The minimum difference density is < -0.1*ZMAX*0.75

site should be identified.

The maximum difference density is > 0.1*ZMAX*0.75

site should be identified.

The value of the weighted R factor is > 0.25

given 0.272

Calc. and Reported SumFormula Strings Differ Please Check

Info on Absorption Correction Method Not Given Please Do
Minimum Crystal Dimension Missing (or Error) Please Check
Medium Crystal Dimension Missing (or Error) Please Check

Maximum Crystal Dimension Missing (or Error) Please Check
Reported F000 Differs from Calcd (or Missing)... Please Check

High wR2 Value (i.e. > 0.25) ..., 0.27 Why 2
Large Reported Min. (Negative) Residual Density -0.62 eA-3
Large Hirshfeld Difference Cl19 -- C20 0.19 Ang.

Large Hirshfeld Difference C106 -- C207 0.16 Ang.

High Ueqg as Compared to Neighbors for ..... C20 Check

High Ueq as Compared to Neighbors for ..... C49 Check

Low Ueq as Compared to Neighbors for ..... C25 Check

Low Ueqg as Compared to Neighbors for ..... C55A Check

Low ’'Solvent’ Ueq as Compared to Neighbors of C2T Check
Single Bonded Oxygen (C-0 > 1.3 ANQg) ..eeeeeenn. 043A Check
Low Bond Precision on C-C Bonds .........ouou... 0.0043 Ang.

Short C(sp3)-C(sp3) Bond C25 - C26
There is a discrepancy between the atom counts in the
sum and the formula from the atom site* data.
hemical formula sum:C65 H76 N4 06
e atom site data: C47.5 H56 N4 06
Difference between formula and atom site contents detected.
ALERT: Large difference may be due to a
ee SYMMG tests
1 formula units 7 4
mical formula sum C65 H76 N4 06
contents of formula and atom site data

sites diff

.00

.00
Number of Uiso or Uij Restrained non-H Atoms 8 Why 2
Number of Unrefined Donor-H Atoms .............. 13 Why *?
Calculated and Reported Z Differ by ............ 0.50 Ratio

The su’s on the Cell Angles are Equal .......... 0.00100 Degree
Hirshfeld Test Diff for C208 -- C209 6.7 su

Hirshfeld Test Diff for C211 -- C212 5.1 su

Main Residue Disorder ............ Percentage = 8 Note

Single Bonded Oxygen (C-0 > 1.3 ANQg) «.eeeeeeenn. 07 Check
Single Bonded Oxygen (C-O > 1.3 Ang) ........... 037 Check
Single Bonded Oxygen (C-O0 > 1.3 ANg) ..eeeeeenn. 097 Check

Check Large Av C6-Ring C-C Dist. C91 -C96 1.42 Ang.

Number of Unusual/Non-Standard Labels .......... 3 Note
The Model has Chirality at CI11 ............. R Verify
The Model has Chirality at C23 ............. R Verify
The Model has Chirality at C41B ............. R Verify
The Model has Chirality at C53 ............. R Verify
The Model has Chirality at C71 ............. R Verify
The Model has Chirality at C83 ............. R Verify
The Model has Chirality at C101 ............. R Verify
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PLAT793 ALERT 4 G The Model has Chirality at Cl114 ............. R Verify
PLAT860 ALERT 3 G Number of Least-Squares Restraints ............. 52 Note

4 ALERT level A = Most likely a serious problem - resolve or explain

9 ALERT level B = A potentially serious problem, consider carefully

22 ALERT level C = Check. Ensure it is not caused by an omission or oversight
24 ALERT level G = General information/check it is not something unexpected
16 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
24 ALERT type 2 Indicator that the structure model may be wrong or deficient
6 ALERT type 3 Indicator that the structure quality may be low

12 ALERT type 4 Improvement, methodology, query or suggestion

1 ALERT type 5 Informative message, check

PLATON version of 05/02/2014; check.def file version of 05/02/2014
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CheckCIF for the structure (D-7)(D-7’)
checkCIF/PLATON report

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found. CIF dictionary Interpreting this report

Datablock: 157 END

Bond precision: C-C = 0.0057 A Wavelength=1.54184
Cell: a=21.1685(3) b=21.1685(3) c=29.0274(5)
alpha=90 beta=90 gamma=90

Temperature: 173 K

Calculated Reported

Volume 13007.3(4) 13007.3(4)

Space group P 4/n P 4/n

Hall group -P 4a -P 4a

Moiety formula

4 (C96 H1lle N12 0O16), C4

Hl6 04

?

Sum formula C388 H480 N48 068 C51.50 H63 C1l9 N6 08.50
Mr 6904.20 1221.13

Dx,g cm-3 0.881 1.247

Zz 1 8

Mu (mm-1) 0.493 3.964

FOOO 3688.0 5080.0

FO00’ 3699.23

h,k,1lmax 26,26,35 26,26,35

Nref 12831 12689

Tmin, Tmax

Tmin’

Correction method= Not given

Data completeness= 0.989 Theta(max)= 72.019
R(reflections)= 0.1073( 7843) wR2 (reflections)= 0.3363( 12689)
S = 1.102 Npar= Npar = 594

The following ALERTS were generated. Each ALERT has the format

test-name ALERT alert-type alert-level.
Click on the hyperlinks for more details of the test.

Alert level A

CHEMWO3 ALERT 2 A ALERT: The ratio of given/expected molecular weight as
calculated from the atom site* data lies outside

the range 0.90 <> 1.10

From the CIF: cell formula units Z 8

From the CIF: chemical formula weight 1221.13

TEST: Calculate formula weight from atom site *

atom mass num sum

C 12.01 48.50 582.53

H 1.01 60.00 60.48

N 14.01 6.00 84.04

O 16.00 8.50 135.99

Cl 35.45 0.00 0.00

Calculated formula weight 863.05

PLAT043 ALERT 1 A Calculated and Reported Mol. Weight Differ by .. 2864.84 Check
PLAT051 ALERT 1 A Mu(calc) and Mu(CIF) Ratio Differs from 1.0 by . 87.55 %
PLAT602 ALERT 2 A VERY LARGE Solvent Accessible VOID(S) in Structure ! Info
Alert level B

Crystal system given = tetragonal

PLAT049 ALERT 1 B Calculated Density less than 1.0 gcm-3 ......... 0.8814
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PLAT230 ALERT 2 B Hirshfeld Test Diff for C29 -- C30 .. 16.1 su

PLAT230 ALERT 2 B Hirshfeld Test Diff for Cl1l29 -- C130 .. 8.8 su

PLAT241 ALERT 2 B High Ueq as Compared to Neighbors for ..... C29 Check
Alert level C

RFACGO1 ALERT 3 C The value of the R factor is > 0.10

R factor given 0.107

RFACRO1 ALERT 3 C The value of the weighted R factor is > 0.25

Weighted R factor given 0.336

PLAT031 ALERT 4 C Refined Extinction Parameter within Range ...... 3.182 Sigma
PLAT041 ALERT 1 C Calc. and Reported SumFormula Strings Differ Please Check
PLAT052 ALERT 1 C Info on Absorption Correction Method Not Given . Please Do !

PLAT053 ALERT 1 C Minimum Crystal Dimension Missing (or Error) ... Please Check
PLAT054 ALERT 1 C Medium Crystal Dimension Missing (or Error) ... Please Check
PLAT055 ALERT 1 C Maximum Crystal Dimension Missing (or Error) ... Please Check
PLAT068 ALERT 1 C Reported F000 Differs from Calcd (or Missing)... Please Check
PLAT082 ALERT 2 C High Rl Value .......uiiuiiniiniiniininnnnnnnnnnnnnn. 0.11 Why ?
PLAT084 ALERT 3 C High wR2 Value (i.e. > 0.25) ...viinienrnunnnn... 0.34 Why 2
PLAT220 ALERT 2 C Large Non-Solvent C Ueqg(max)/Ueqg(min) Range 3.2 Ratio

PLAT230 ALERT 2 C Hirshfeld Test Diff for C26 -- C27 .. 6.3 su

PLAT230 ALERT 2 C Hirshfeld Test Diff for C28 -- C29 .. 5.2 su

PLAT230 ALERT 2 C Hirshfeld Test Diff for C107 -- C108 .. 7.0 su

PLAT241 ALERT 2 C High Ueq as Compared to Neighbors for ..... C31 Check

PLAT241 ALERT 2 C High Ueqg as Compared to Neighbors for ..... C129 Check
PLAT242 ALERT 2 C Low Ueqg as Compared to Neighbors for ..... Cl1l Check

PLAT242 ALERT 2 C Low Ueqg as Compared to Neighbors for ..... C26 Check

PLAT242 ALERT 2 C Low Ueqg as Compared to Neighbors for ..... C28 Check

PLAT242 ALERT 2 C Low Ueqg as Compared to Neighbors for ..... C30 Check

PLAT250 ALERT 2 C Large U3/Ul Ratio for Average U(i,j) Tensor .... 2.1 Note
PLAT340 ALERT 3 C Low Bond Precision on C-C Bonds ............... 0.0057 Ang.

Alert level G

FORMUO1 ALERT 2 G There is a discrepancy between the atom counts in the
_chemical formula sum and the formula from the atom site* data.

Atom count from chemical formula sum:C51.5 H63 Cl19 N6 08.5

Atom count from the atom site data: C48.5 H60 N6 08.5

CELLZ01 ALERT 1 G Difference between formula and atom site contents detected.
CELLZ01 ALERT 1 G ALERT: Large difference may be due to a

symmetry error - see SYMMG tests

From the CIF: cell formula units 7 8

From the CIF: chemical formula sum C51.50 H63 Cl19 N6 08.50

TEST: Compare cell contents of formula and atom site data

atom Z*formula cif sites diff

C 412.00 388.00 24.00

H 504.00 480.00 24.00

Cl 72.00 0.00 72.00

N 48.00 48.00 0.00

O 68.00 68.00 0.00

PLAT002 ALERT 2 G Number of Distance or Angle Restraints on AtSite 4 Note

PLAT003 ALERT 2 G Number of Uiso or Uij Restrained non-H Atoms ... 1 Why ?
PLAT007 ALERT 5 G Number of Unrefined Donor-H Atoms .............. 10 wWhy ?
PLAT045 ALERT 1 G Calculated and Reported Z Differ by ............ 0.13 Ratio
PLAT072 ALERT 2 G SHELXL First Parameter in WGHT Unusually Large. 0.20 Why ?
PLAT302 ALERT 4 G Anion/Solvent Disorder ............ Percentage = 100 Note
PLAT793 ALERT 4 G The Model has Chirality at Cl6 ............. R Verify
PLAT793 ALERT 4 G The Model has Chirality at C109 ............. R Verify
PLAT793 ALERT 4 G The Model has Chirality at Cl16 ............. R Verify
PLAT860 ALERT 3 G Number of Least-Squares Restraints ............. 8 Note

4 ALERT level A = Most likely a serious problem - resolve or explain

4 ALERT level B = A potentially serious problem, consider carefully

23 ALERT level C = Check. Ensure it is not caused by an omission or oversight
13 ALERT level G = General information/check it is not something unexpected
12 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
21 ALERT type 2 Indicator that the structure model may be wrong or deficient
5 ALERT type 3 Indicator that the structure quality may be low

5 ALERT type 4 Improvement, methodology, query or suggestion

1 ALERT type 5 Informative message, check

PLATON version of 05/02/2014; check.def file version of 05/02/2014
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CheckCIF for the structure (L-8)(D-8)
checkCIF/PLATON report

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found. CIF dictionary Interpreting this report

Datablock: trip

Bond precision: C-C = 0.0148 A Wavelength=1.54178
Cell: a=22.5044(10) b=22.5044(10) c=69.756(4)
alpha=90 beta=90 gamma=90

Temperature: 123 K

Calculated Reported

Volume 35328 (4) 35328(4)

Space group P 4/n ¢ ¢ P 4/n c ¢

Hall group -P 4a 2Z2ac -P 4a 2ac

Moiety formula

C108 H140 N16 020, C128

H140 N16 020, 4(C H3)

Cl32 H152 N1l6 020, C108

H140 N16 020

Sum formula C240 H292 N32 040 C324 H424 N32 040
Mr 4265.06 5406.93

Dx,g cm-3 0.802 0.000

Z 4 4

Mu (mm-1) 0.447 0.533

FOOO 9104.0 11648.0

FOO0O’ 9131.63

h,k,1lmax 25,25,79 25,24,77

Nref 13846 13587

Tmin, Tmax 0.882,0.938 0.761,0.852

Tmin’ 0.868

Correction method= GAUSSIAN

Data completeness= 0.981 Theta(max)= 61.757
R(reflections)= 0.1690( 3959) wR2 (reflections)= 0.5010( 13587)
S = 1.240 Npar= Npar = 574

The following ALERTS were generated. Each ALERT has the format

test-name ALERT alert-type alert-level.
Click on the hyperlinks for more details of the test.

Alert level A

CHEMWO3 ALERT 2 A ALERT: The ratio of given/expected molecular weight as
calculated from the atom site* data lies outside

the range 0.90 <> 1.10

From the CIF: cell formula units 7 4

From the CIF: chemical formula weight 5406.93

TEST: Calculate formula weight from atom site *

atom mass num sum

C 12.01 240.00 2882.64

H 1.01 292.00 294.34

N 14.01 32.00 448.22

O 16.00 40.00 639.96

Calculated formula weight 4265.16

RFACRO1 ALERT 3 A The value of the weighted R factor is > 0.45
Weighted R factor given 0.501

PLAT026 ALERT 3 A Ratio Observed / Unique Reflections too Low .... 29 %

PLAT043 ALERT 1 A Calculated and Reported Mol. Weight Differ by .. 1141.87 Check

PLAT051 ALERT 1 A Mu(calc) and Mu(CIF) Ratio Differs from 1.0 by . 16.17 %

PLAT084 ALERT 3 A High wR2 Value (i.e. > 0.25) ............ouen... 0.50 Why ?
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PLAT234 ALERT 4 A Large Hirshfeld Difference N64 -- C65A
PLAT234 ALERT 4 A Large Hirshfeld Difference Cl -- Cl1

0.32 Ang.
0.45 Ang.

PLAT602 ALERT 2 A VERY LARGE Solvent Accessible VOID(S) in Structure ! Info
Alert level B

RFACGO1 ALERT 3 B The value of the R factor is > 0.15

R factor given 0.169

Crystal system given = tetragonal

THETMO1 ALERT 3 B The value of sine(theta max)/wavelength is less than 0.575

Calculated sin(theta max)/wavelength =

PLAT019 ALERT 1 B

0.5714
diffrn measured fraction theta full/ max < 1.0 0.865 Why °?

PLAT049 ALERT 1 B Calculated Density less than 1.0 gcm-3 ......... 0.8019
PLAT082 ALERT 2 B High Rl Value .......uiininiiniinnninnnnnnnnnnnnnnn. 0.17 Why 2
PLAT230 ALERT 2 B Hirshfeld Test Diff for N60 -- C59 .. 7.1 su

PLAT230 ALERT 2 B Hirshfeld Test Diff for C53 -- C58 .. 7.9 su

PLAT230 ALERT 2 B Hirshfeld Test Diff for C55 -- C56 .. 9.9 su

PLAT230 ALERT 2 B Hirshfeld Test Diff for C56 -- C57 .. 7.9 su

PLAT230 ALERT 2 B Hirshfeld Test Diff for C57 -- C74 .. 9.8 su

PLAT230 ALERT 2 B Hirshfeld Test Diff for C61 -- C62 .. 7.9 su

PLAT230 ALERT 2 B Hirshfeld Test Diff for C80 -- C85 9.8 su

PLAT234 ALERT 4 B Large Hirshfeld Difference C65A -- C66A 0.30 Ang.
PLAT241 ALERT 2 B High Ueq as Compared to Neighbors for ..... Cl Check
PLAT241 ALERT 2 B High Ueq as Compared to Neighbors for ..... C24 Check
PLAT242 ALERT 2 B Low Ueqg as Compared to Neighbors for ..... N14 Check
PLAT340 ALERT 3 B Low Bond Precision on C-C Bonds ............... 0.0148 Ang.
PLAT414 ALERT 2 B Short Intra D-H..H-X HI H24 1.84 Ang

PLAT416 ALERT 2 B Short Intra D-H..H-D H51 H60 1.62 Ang

Alert level C

PLAT041 ALERT 1 C Calc. and Reported SumFormula Strings Differ Please Check
PLAT068 ALERT 1 C Reported F000 Differs from Calcd (or Missing)... Please Check
PLAT220 ALERT 2 C Large Non-Solvent C Ueqg(max)/Ueq(min) Range 3.2 Ratio
PLAT222 ALERT 3 C Large Non-Solvent H Uiso (max) /Uiso (min) 4.1 Ratio
PLAT230 _ALERT 2 C Hirshfeld Test Diff for N60 -- Col 5.3 su
PLAT230 ALERT 2 C Hirshfeld Test Diff for C75 -- C76 .. 5.2 su
PLAT230 ALERT _ 2 _C Hirshfeld Test Diff for C79 -- C80 5.3 su
PLAT230 ALERT 2 C Hirshfeld Test Diff for C84 -- C85 6.4 su
PLAT230 ALERT _ 2 _C Hirshfeld Test Diff for N22B -- C20B 6. su
PLAT230 ALERT 2 C Hirshfeld Test Diff for C3 -- C24 c 6.5 su
PLAT230 ALERT 2 ~C Hirshfeld Test Diff for C24 -- C3 a 6.6 su
PLAT234 ALERT 4 C Large Hirshfeld Difference 063 -- C62 0.21 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference 067A -- C66A 0.20 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference N64 -- C62 0.17 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference N64 -- C65B 0.24 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference N68A -- C66A 0.22 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C53 -- C74 £ .. 0.20 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C57 -- C58 .. 0.17 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C69A -- C70A .. 0.22 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C74 -- C75 .. 0.20 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C74 -- C53 d .. 0.20 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C76 -- C78 .. 0.25 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C83 -- C84 .. 0.23 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference 021B -- C20B .. 0.21 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference N10 -- Cl11 .. 0.22 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C7 -- C24 0.18 Ang.
PLAT234 ALERT 4 C Large Hirshfeld Difference C15 -- Cl6 0.22 Ang.
PLAT241 ALERT 2 C High Ueq as Compared to Neighbors for ..... C56 Check
PLAT241 ALERT 2 C High Ueq as Compared to Neighbors for ..... C85 Check
PLAT241 ALERT 2 C High Ueq as Compared to Neighbors for ..... Cl2 Check
PLAT241 ALERT 2 C High Ueq as Compared to Neighbors for ..... C1l5 Check
PLAT241 ALERT 2 C High Ueq as Compared to Neighbors for ..... C36 Check
PLAT242 ALERT 2 C Low Ueqg as Compared to Neighbors for ..... N64 Check
PLAT242 ALERT 2 C Low Ueq as Compared to Neighbors for ..... C76 Check
PLAT242 ALERT _ 2 _C Low Ueq as Compared to Neighbors for ..... N10 Check
PLAT242 ALERT 2 C Low Ueqg as Compared to Neighbors for ..... N22B Check
PLAT242 ALERT _ 2 _C Low Ueq as Compared to Neighbors for ..... C7 Check
PLAT242 ALERT 2 C Low Ueqg as Compared to Neighbors for ..... Cl1l Check
PLAT242 ALERT _ 2 _C Low Ueq as Compared to Neighbors for ..... Cl9 Check
PLAT242 ALERT 2 C Low Ueqg as Compared to Neighbors for ..... C20B Check
PLAT242 ALERT 2 _C Low Ueq as Compared to Neighbors for ..... C37 Check
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PLAT250 ALERT 2 C Large U3/Ul Ratio for Average U(i,j) Tensor
PLAT363 ALERT 2 C Long C(sp3)-C(sp2) Bond C36 - C37

PLAT413 ALERT 2 C Short Inter XH3 XHn H24 H27C

PLAT414 ALERT 2 C Short Intra D-H..H-X H52 H74 1.90 Ang.

PLAT790 ALERT 4 C
C108 H140 N1lo6 020
Alert level G

Centre of Gravity not Within Unit Cell:

1.68 Ang.
2.10 Ang.

Resd. # 1 Note

FORMUO1 ALERT 1 G There is a discrepancy between the atom counts in the

_chemical formula sum and chemical formula moiety. This is
usually due to the moiety formula being in the wrong format.
Atom count from chemical formula sum: C324 H424 N32 040
Atom count from chemical formula moiety:C240 H292 N32 040

FORMUO1 ALERT 2 G There is a discrepancy between the atom counts in the
_chemical formula sum and the formula from the atom site* data.

Atom count from chemical formula sum:C324 H424 N32 040
Atom count from the atom site data: C240 H292 N32 040

CELLZ01 ALERT 1 G Difference between formula and atom site contents detected.

CELLZ01 ALERT 1 G ALERT: Large difference may be due to a
symmetry error - see SYMMG tests

From the CIF: cell formula units 7 4

From the CIF: chemical formula sum C324 H424 N32 040
TEST: Compare cell contents of formula and atom site data

atom Z*formula cif sites diff
C 1296.00 960.00 336.00

H 1696.00 1168.00
N 128.00 128.00 0.
0 160.00 160.00 O.
PLAT002 ALERT 2 G
PLAT003 ALERT 2 G
PLAT005 ALERT 5 G
PLAT007 ALERT 5 G
PLAT042 ALERT 1 G
PLAT072 ALERT 2 G
PLAT230 ALERT 2 G
PLAT230 ALERT 2 G
PLAT301 ALERT 3 G
PLAT309 ALERT 2 G
PLAT309 ALERT 2 G
PLAT343 ALERT 2 G
PLAT344 ALERT 2 G
PLAT773 ALERT 2 G
PLAT790 ALERT 4 G
C128 H140 N1o6 020
PLAT790 ALERT 4 G
C H3

PLAT793 ALERT 4 G
PLAT793 ALERT 4 G
PLAT793 ALERT 4 G
PLAT793 ALERT 4 G
PLAT793 ALERT 4 G
PLAT793 ALERT 4 G
PLAT793 ALERT 4 G
PLAT860 ALERT 3 G
PLAT952 ALERT 5 G
9 ALERT level A =
19
46
29
10
52

ALERT
ALERT
ALERT
ALERT
ALERT

level C
level G

level B =

type 1 CIF construction/syntax error,
type 2 Indicator that the structure model may be wrong or deficient

528.00

00

00

Number of Distance or Angle Restraints on AtSite 38 Note
Number of Uiso or Uij Restrained non-H Atoms 2 Why ?
No iucr refine instructions details in the CIF Please Do !
Number of Unrefined Donor-H Atoms 14 Why ?

Calc. and Reported MoietyFormula Strings Differ Please Check
SHELXL First Parameter in WGHT Unusually Large. 0.20 Why ?
Hirshfeld Test Diff for N72A -- C73A 8.0 su

Hirshfeld Test Diff for C69A -- C86A 6.3 su

Main Residue Disorder ............ Percentage = 13 Note
Single Bonded Oxygen (C-O > 1.3 Ang) .......oc... 03 Check
Single Bonded Oxygen (C-O > 1.3 Ang) ........... 013 Check
Check sp? Angle Range in Main Residue for C26

Check sp? Angle Range in Solvent/Ion for c27

Check long C-C Bond in CIF: C26 -- C27 1.79 Ang.

Centre of Gravity not Within Unit Cell: Resd. # 2 Note

Centre of Gravity not Within Unit Cell: Resd. # 3 Note

The Model has Chirality at Cl11 ............. S Verify
The Model has Chirality at Cl19 ............. S Verify
The Model has Chirality at C24 ............. S Verify
The Model has Chirality at C61 ............. R Verify
The Model has Chirality at C69A ............. R Verify
The Model has Chirality at C74 ............. R Verify
The Model has Chirality at C69B ............. R Verify
Number of Least-Squares Restraints ............. 189 Note

Reported and Calculated Lmax Values Differ by 2 Check
Most likely a serious problem - resolve or explain

A potentially serious problem, consider carefully

Check. Ensure it is not caused by an omission or oversight
General information/check it is not something unexpected
inconsistent or missing data

9 ALERT type 3 Indicator that the structure quality may be low

29 ALERT type 4 Improvement, methodology,
3 ALERT type 5 Informative message,

PLATON version of

query or suggestion
check

05/02/2014; check.def file version of 05/02/2014
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General information

All solvents and chemicals used were purchased from Sigma Aldrich, TCI Europe N. V.,
Roth, Chem Impex Inc. and Euriso-top, were of reagent grade and were used without further
purification. High resolution ESI mass spectra were recorded on a SYNAPT spectrometer. 'H
and *C NMR spectra were recorded at 298 K on Bruker 400 MHz instrument with residual
solvent signal as internal standard. J values are given in Hz. ECD spectra were recorded on
Jasco J-715 spectropolarimeter.

Synthesis and analytical data for compounds

1b

Isopropyl resorcin[4]arene was synthesized according to standard literature procedure (0.1
mol of resorcinol was used).! (9.85 g, 30 %).

O (400 MHz, CDCIs) 8.99 (8 H, s, OH), 7.45 (4 H, s, C(6)H), 6.15 (4 H, s, C(6)H), 3.72 (4 H,
d, J 11.3, C(6)CH), 3.11-3.02 (4 H, m, CH(CHjs),), 0.85 (24 H, d, J 6.3, CH(CHa).,).

Oc (100 MHz, CDCl3) 151.4, 125.7, 123.4, 102.5, 41.7, 29.1, 21.6.

HRMS (ESI): m/z calc for C4H4s0gNa 679.3247, found 679.3232 (|A|]=2.2 ppm).

Isopropyl tetraformylresorcin[4]arene was synthesized according to literature procedure (0.8
mmol of resorcin[4]arene was used).? (215 mg, 35 %). Acetone used to precipitation resides
in the cavity and its complete removal is impossible.

Oy (400 MHz, CDCl3) 13.13 (4 H, br s, f), 10.30 (4 H, s, €), 8.34 (4 H, br s,
9), 7.39 (4 H, brs, d),3.94 (4H,d,J11.4,c), 2.79-2.70 (4 H, m, b), 1 (12 H,
d,J6.3,a),0.98 (12 H, J 6.1, a).

Oc (100 MHz, CDCls) 195.6, 156.5, 156.3, 132.4, 123.1, 123.0, 110.8, 40.3,
29.9, 21.34, 21.33.

HRMS (ESI): m/z calc for C4H47;01, 767.3068, found 767.3054 (|A|=1.8

ppm).

1 AL

[ ! | ! I ! I ' I ! I
PPM 11 9 7 5 3 1

Figure S1. *H NMR spectrum of 1b (400 MHz, CDCl;, a - acetone).
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Figure S2. *C NMR spectrum of 1b (100 MHz, CDCls, a - acetone).

(5)-2c

Was synthesized according to literature procedure (0.1 mmol of 1b was used).® (132.5 mg,
94 %).

8. (400 MHz, CDCl;) 14.85 (4 H, br s, k), 9.48 (4 H, br s, OH), 8.72 (4 H,
s, €), 7.19-7.05 (24 H, m, d), 5.81 (4 H, br q, j), 4.21 (4 H, d, J, 4.4, J, 6.4,
f), 3.98 (4 H, d, J 11.5, ¢), 3.30 (4 H, dd, J; 6.4, J, 13.6, g), 3.16 (4 H, dd,
Ji1 4.4, 3, 13.6, g), 2.79 (12 H, d, J 4.6, i), 2.80-2.70 (4 H, m, b), 1.00 (12
H, d, J 6.2, @), 0.96 (12 H, d, J 6.2, a).

8¢ (100 MHz, CDCl;) 170.4, 164.4, 161.0, 154.3, 136.0, 130.2, 129.5,
128.6, 127.0, 125.0, 121.0, 108.0, 72.5, 41.2, 40.5, 29.5, 26.3, 21.57,
21.55.

HRMS (ESI): m/z calc for CgHg;NgO1, 1409.7226, found 1409.7208

(|A]=1.3 ppm).

I N JJ J( JLL )

T I T T T T T I T T T T T T
PPM 13 11 9 7 5 3 1

Figure S3. *H NMR spectrum of (S)-2¢ (400 MHz, CDCly).
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Figure S4. *C NMR spectrum of (S)-2¢ (100 MHz, CDCly).

(5)-2d

Was synthesized according to literature procedure (0.1 mmol of 1a was used).® (123.7 mg,
93 %). (S)-2d is poorly soluble in chloroform. In DMSO it exists as a mixture of

diastereoisomers.

0 Oy (400 MHz, DMSO-dg) 14.27 (2 H, br s, m), 14.02 (2 H, br s, m), 11.80
| (4H,brs, OH), 8.62 (4H, brs, f), 8.19 (4 H, g, J 4.6, ), 7.43 (4 H, br s, €),
4.43 (4 H,t, J 7.8, d), 4.38-4.32 (4 H, br m, g), 2.60 (12 H, br s, k), 2.18-
2.08 (4 H, brm, c), 2.04-1.94 (4 H, brm, ¢), 1.71-1.55(4H+ 4 H, brm +
m, b +1i), 1.49-1.39 (8 H, m, h), 0.94 (24 H, d, J 6.4, j), 0.90 (12 H, d, J 6.7,
a), 0.87 (12 H,d, J 6.7, a).

Oc (100 MHz, DMSO-d¢) (171.5, 171.0, br), 169.5, 161.4, (154.4, 154.2,
br), 132.4, 128.5 (br), (116.4, 116.6, br), 106.2, 62.2, 41.8, 41.3, 30.4,
26.0, 25.6, 24.1, 22.5, 21.8.

HRMS (ESI): m/z calc for CsH113NgO1, 1329.8478, found 1329.8459

(|1Al=1.4 ppm).
(5)-2e

Was synthesized according to literature procedure (0.1 mmol of 1a was used).® (103.4 mg,
89 %).

Oy (400 MHz, DMSO-dg) 14.06 (4 H, br s, k), 11.86 (4 H, br s, OH), 8.65
(4H,brs, f),816 (4H,brq,j),743(4H,s,e),442 (4 H+4H,t+t d+
0), 2.61 (12 H, br s, i), 2.18-2.04 (4 H, br m, c¢), 1.92-2.04 (4 H, br m, c’),
1.48-1.4194H, m, b), 1.42 (12 H, d, J 6.8, h),0.95 (12 H, d, J 5.6, a), 0.94
(12 H,d, J6.0, a).

Oc (100 MHz, DMSO-dg) 171.7, 170.0, 161.2, 154.3, 132.4, 128.7, 116.2,
106.2, 58.3, 40.4, 30.3, 26.0, 25.6, 22.73, 22.67, 19.8.

HRMS (ESI): m/z calc for Cg4HgoNgO1, 1161.6600, found 1161.6595
(|A|=0.4 ppm).
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NMR titration
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Figure S5. 'H NMR spectra of (S)-2a titrated with 3 (400 MHz, CDCls, 298 K).
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Figure S6. Partial '"H NMR spectra of (S)-2b titrated with 3; a) (S)-2b (13 mM): b) (S)-2b + 3
(6 equiv.); c) (S)-2b + 3 (15 equiv.); d) (S)-2b + 3 (23 equiv.). (S)-2b is poorly soluble in
chloroform and only qualitative NMR titration was possible. The spectra show gradual
transformation of (M,S)-2b (blue) into (P,S)-2b (red) upon addition of 3 (green) (400 MHz,
CDCl3, 298 K).
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ECD titration
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Figure S7. ECD titration of (S)-2b with 3 in CHCI; at 298 K (a — (S)-2b (0.1 mM), b — (S)-2b
+ 3 (75 mM), ¢ — (S)-2b + 3 (143 mM), d — (S)-2b + 3 (262 mM), e — (S)-2b + 3 (408 mM)).
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Ab initio calculations

(M,S)-2f  R=CH,Ph, R'=CH, (P,S)-2f R=CH,Ph, R'=CH,
(M,S)-2g R=CH(CHjg),, R'=CHs3 (P,S)-2g R=CH(CHs3),, R'=CH,4

b) @l

HO

ﬁ/go pﬁgo
NH _NH
| O HO\(%O

Figure S8. a) chemical structures of model compounds that were used for theoretical
calculations; b) torsion angles that were varied during conformational search.

To simplify theoretical calculations some fragments of the original structures were modified
and model compounds 2f and 2g were used for theoretical calculations (Figure S8a).
Aliphatic chains at lower rim (R’) were shortened since their lengths have negligible
influence on UV-VIS and ECD spectra (Fig. 2a, compare compounds (S)-2a and (S)-2c)).
(S)-2g has lower flexibility of the side chains than the other amino acids and lacks additional
chromophores. The geometry of the initial structures was taken from the crystal structures of
((S)-2a)((R)-2a) and (S)-2c and optionally symmetrized to C, symmetric structure.
Conformational search was performed by 60° rotation about two bonds (Figure S8b) and
assuming C, symmetry (simplification based on the observed symmetry in NMR spectra).
Using this approach 36 starting structures were generated, which converged into a set of
eight conformations for each of the diastereoisomers (Tables below)

All calculations were performed within the density functional theory (DFT) approach using
Gaussian 09 program suite.” Geometry was optimized with the B3LYP functional, employing
the 6-31G(d,p) basis set. Solvent effects were considered within the SCRF theory using the
polarized continuum model (PCM) approach to model the interaction with the solvent.
Excited electronic states were determined at the B3LYP/6-31G(d) level by means of the time-
dependent DFT (TD DFT) approach (100 excited states in each case). The ECD spectra
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were simulated by overlapping Gaussian functions for each transition where the width of the
band at 1/e height is fixed at 0.16 eV and the resulting intensities of the combined spectra
were scaled to the experimental values (using the lowest energy bands in UV-VIS spectra as

references). Presentation of molecular orbitals was performed by using the GaussView
program.
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Table S1. Conformational analysis for (M,S)-2g.

input output
a B a B Conf. No. (population AG [kcal/mol]
percentage)
-45.85 | -143.54 | -40.9 -144.2 1 (72 %) 0
-105.85 | -143.54 | 169.5 | -109.4 2 (28 %) 0.56133728
-166.85 | -143.54 | 169.5 | -109.4 2
134.15 | -143.54 | 169.5 -109.4 2
74.15 -143.54 | 169.5 -109.4 2
14.15 -143.54 | -40.9 -144.2 1
-45.85 -83.54 -40.9 -144.2 1
-105.85 | -83.54 -40.9 -144.2 1
-166.85 | -83.54 | 169.5 | -109.4 2
134.15 -83.54 169.5 -1094 2
74.15 -83.54 -40.9 -144.2 1
14.15 -83.54 -40.9 -144.2 1
-45.85 -23.54 -41.5 -30.6 3 (< 0.01 %) 10.36314981
-105.85 | -23.54 -41.5 -30.6 3
-166.85 | -23.54 | 169.5 | -109.4 2
134.15 | -23.54 | 169.5 | -109.4 2
74.15 -23.54 | 169.5 | -109.4 2
14.15 -23.54 -41.5 -30.6 3
-45.85 36.46 -57.5 41.0 4 (<0.01 %) 8.93821671
-105.85 | 36.46 -57.5 41.0 4
-166.85 | 36.46 | -144.3 48.6 5 (< 0.01 %) 14.96899417
134.15 36.46 105.6 57.5 6 (< 0.01 %) 25.47607661
74.15 36.46 105.6 57.5 6
14.15 36.46 -57.5 41.0 4
-45.85 96.46 105.6 57.5 6
-105.85 | 96.46 105.6 57.5 6
-166.85 | 96.46 160.4 131.6 7 (<0.01 %) 9.18290219
134.15 96.46 160.4 131.6 7
74.15 96.46 160.4 131.6 7
14.15 96.46 105.6 57.5 6
-45.85 | 156.46 | -40.9 -144.2 1
-105.85 | 156.46 | 169.5 | -109.4 2
-166.85 | 156.46 | 169.5 | -109.4 2
134.15 | 156.46 | 158.7 150.0 8 (< 0.01 %) 9.55712705
74.15 156.46 | -40.9 -144.2 1
14.15 156.46 | -40.9 -144.2 1
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Table S2. Conformational analysis for (P,S)-2g.

input output
a B a B Conf. No. (population AG [kcal/mol]
percentage)

-44.82 | -135.87 | -40.8 -139.5 1 (60.9 %) 0
-104.82 | -135.87 | -40.8 -139.5 1
-164.82 | -135.87 | 167.2 | -103.9 2 (39.1 %) 0.26196
135.18 | -135.87 | 167.2 | -103.9 2

75.18 | -135.87 | 167.2 | -103.9 2

15.18 -135.87 -40.8 -139.5 1

-44.82 -75.87 -40.8 -139.5 1
-104.82 | -75.87 -71.4 -88.9 3 (< 0.01 %) 4.53387804
-164.82 | -75.87 | 167.2 | -103.9 2

135.18 | -75.87 | 167.2 | -103.9 2

75.18 -75.87 | 167.2 | -103.9 2

15.18 -75.87 -40.8 -139.5 1

-44.82 -15.87 -49.1 -7.0 4 (<0.01 %) 3.88618118
-104.82 | -15.87 -59.9 37.4 5 (< 0.01 %) 7.12466549
-164.82 | -15.87 | 167.2 | -103.9 2

135.18 | -15.87 | 167.2 | -103.9 2

75.18 -15.87 | 167.2 | -103.9 2

15.18 -15.87 -49.1 -7.0 4

-44.82 44.13 -59.9 37.4 5
-104.82 | 44.13 | -147.0 49.7 6 (< 0.01 %) 10.47829592
-164.82 | 44.13 | -147.0 49.7 6

135.18 44.13 157.8 137.8 7 (<0.01 %) 10.52147571
75.18 44.13 157.8 137.8 7

15.18 44.13 -59.9 37.4 5

-44.82 | 104.13 | -59.9 374 5
-104.82 | 104.13 | 167.2 | -103.9 2
-164.82 | 104.13 157.8 137.8 7

135.18 | 104.13 | 157.8 137.8 7

75.18 104.13 | 157.8 137.8 7

15.18 104.13 -40.8 -139.5 1

-44.82 | 164.13 | -40.8 -139.5 1
-104.82 | 164.13 | 167.2 | -103.9 2
-164.82 | 164.13 | 167.2 | -103.9 2

135.18 | 164.13 | 157.8 137.8 7

75.18 164.13 | -40.8 -139.5 1

15.18 164.13 | -40.8 -139.5 1
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a 40 — (P,S)-2g, conf. 1| P 40 — (M,S)-2g, conf. 1
== (P,S)-2g, conf. 2 = (M,S)-2g, conf. 2
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Figure S9. TD DFT calculated ECD spectra of different conformers of (S)-2g (a,b);
comparison of conformers of (P,S)-2g (c) and (M,S)-2g (d).
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a b 49T —(P.s)y2f C4 symmetric, TD DFT
— (P,S)-2f crystal structure, TD DFT
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Figure S10. Influence of symmetry on ECD spectra. Comparison of C; symmetric and C;
symmetric conformers of: (a, b) (M,S)-2f (RMSD = 1.099 A) and (c, d) (P,S)-2f (RMSD =
1.245 A).
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Crystallographic data

CCDC 1405961 contains the supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Table S3. Crystal data for (S)-2c.

Crystal data
Moiety formula ((S)-2¢)-(ethyl acetate), s
Empirical formula (Cg4HoeNgO15)-(C4H02)25
Formula weight 1629.95
Temperature (K) 99.97(15)
Wavelength (A) 1.54178
Crystal system monoclinic
Space group P2
18.7521(4)
Unit cell dimensions a/b/c (A) 23.0271(4)
25.3314(4)
90
Unit cell angles a/B/y (°) 89.8645(19)
90
Unit cell volume (A) 10938.2(4)
z 4
Calculated density (g/cm®) 0.990
Absorption coefficient (mm™) 0.551
F(000) 3488
@ range for data collection (°) 70.26 — 3.50
-22<h<22
Index ranges -28<k< 26
-30<1<30
Reflections collected 145750
Independent reflections 37151 (R = 0.1170)
Completeness to 6 max 0.994
Refinement statistics
Final R indices [>20(])] 0.0677
R indices [all data] 0.0991
Goodness-of-fit 0.907
Extinction coefficient -
Largest dn‘z‘é %%k and hole 0.304 / -0.291
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Figure S11. ORTEP representation of crystallographically independent part of (S)-2c.
Thermal ellipsoids are depicted at 50% probability. Hydrogen atoms removed for clarity.
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General information

All solvents and chemicals used were purchased from Sigma Aldrich, TCI Europe N. V., Roth, Chem
Impex Inc. and Euriso-top, were of reagent grade and were used without further purification. High
resolution ESI mass spectra were recorded on a SYNAPT spectrometer. ECD spectra were recorded
on Jasco J-715 spectropolarimeter. Specific rotations were measured on Jasco P-2000 polarimeter.
[a]o> are given in degem’g dm™.

'H and C NMR spectra were recorded at 298 K on Bruker 400 MHz, Varian 500 MHz and Varian 600
MHz instruments with residual solvent signal as internal standard. All 2D NMR spectra were recorded
at 298 K on Varian 600 MHz with residual solvent signal as internal standard. J values are given in Hz.
NMR DOSY experiments were performed on a Varian VNMRS-600 spectrometer equipped with a 5-
mm PFG AutoXID (*H/X°N-*'P) probe at temperature 298 K. The samples for measurements were
prepared by dissolution of ca. 10-20 mg of each substance in 0.6 ml of appropriate solvent (CDCl; or
DMSO-D6). The gradient strength was calibrated using 1% H,0 in 99% D,0 sample and corrected for
gradient non-uniformity using procedure implemented in Varian software.’

DOSY experiments were run with the ONESHOT or DPFGDSTE (with convection compensation) pulse
sequences for measurements in DMSO-D6 and CDCl; solutions, respectively. The gradient strengths
were incremented as a square dependence in the range from 6 to 55 G/cm. 64 transients were
recorded for each increment with 2.5 s acquisition time and 1 s relaxation delay (overall experiment
time of 60 min). Duration of magnetic field gradients (8§) was 2 ms, whereas diffusion delay (A) was
chosen as 80-100 ms in CDCl; and 220-250 ms in DMSO-D6, respectively. Other parameters include
the following: a sweep width of 12 000 Hz, 32K data points. The data were processed using Varian
DOSY software.’

Synthetic procedures for peptides

Synthesis of AzaGly-PheNHMe 4a and AzaGly-PheNH: 4b3

N®-CBz-hydrazide (2.493 g, 15 mmol) and pyridine (2.73 mL, 2.2 equiv) were dissolved, with stirring,
in DCM (10 mL) and phenyl chloroformate (2.45 g, 1.1 equiv) in DCM (10 mL) was added dropwise
over 30 min at 0 °C. The mixture was stirred overnight at room temperature, and DCM was
evaporated under reduced pressure. The residue was dissolved in EtOAc (350 mL) and washed with
10% aqueous citric acid (50 mL), water (100 mL), 10% aqueous K,CO3 (50 mL), and water (50 mL). The
organic phase was dried over Na,SO, filtered, and concentrated to give phenyl N-
(Benzyloxycarbonylamino)carbamate 1. 1 (1.432 g, 5 mmol) and Phe-NHMe 2a (980 mg, 1.1 equiv)
(or Phe-NH, 2b, 903 mg) were dissolved in chloroform (20 mL) and triethylamine (4.2 mL, 6 equiv)
was added. The mixture was stirred for 7 days at rt. White precipitate was collected by filtration,
washed with chloroform, 5 % citric acid, water, saturated NaHCO; and water. The product 3 was
dried and N-protecting group was removed to give 4a-b.
Q NHR' NHR'

cl__0 R
T o T e
o Cbz | ~N~ O NH, H2, Pd/C
N HN , HN
CbZ\N/NHZ B H To( \© ;

H pyridine Et;N

HN HN
R = -CH,Ph H \

1 2a:R'=-CHs / NH;
2b:R'=H Cbz 3 4a-b

Synthesis of Cbz-AzaGly-PheOH 5’4

To a suspension of phenylalanine tert-butyl ester hydrochloride (10.0 mmol, 1.0 equiv) in DCM (20
mL) at 20 °C were added DIPEA (diisopropylethylamine, 2.5 equiv) and CDI (carbonyldiimidazole, 1.1
equiv). The reaction mixture was stirred for 2 hours at rt, and the organic layer was washed with
water, NaHCO; and brine solution. The organic layer was dried over Na,SO, and evaporated under
reduced pressure to give oily mono substituted imidazole derivative. This compound (1.0 equiv) was

3
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dissolved in dry DCM (20 mL) and reacted with N°-CBz-hydrazide (1.0 equiv) in the presence of DIPEA
(1.0 equiv) at 20 °C overnight. The reaction mixture was poured into a separatory funnel, washed
with water, 1 M HCI, brine solution, dried over MgSQ,, and evaporated under reduced pressure to
give Cbz-AzaGly-Phe-O'Bu 5. 5 was dissolved in trifluoroacetic acid (20 mL) and stirred for 3 hours at
rt. After completion of the reaction TFA was evaporated and 30 mL of ethyl acetate was added.
White precipitate of 5’ was collected by filtration and dried.

General coupling procedure

Peptides were synthesized according to the standard protocols for the solution synthesis.” To N-
protected amino acid or peptide in THF (od DMF for tripeptides) was added Oxyma (1.1 equiv). The
mixture was vigorously stirred and cooled to 0°C. Then, amide of amino acid or peptide (1 equiv),
triethylamine (1.1 equiv) and EDCI (1.1 equiv) was added to the solution. After 1 hour, the ice bath
was removed and the reaction stirred at room temperature overnight. Solvents were evaporated
under reduced pressure and the residues were suspended in water. The precipitate was collected by
filtration, washed with water, saturated aqueous solution of NaHCO3, 5% citric acid and again water.
The product was dried and N-protecting group was removed.

(0]
R 1. tBu deprotection H H ] (0]
O'Bu cDI O'Bu Cbz NH O'Bu 2. coupling ’ N/NTN peptide »
2 2

NH;CI —_— HN —> O NH

DIPEA DIPEA 3. Cbz deprotection o
R =-CH,Ph _NH

[ /> CbzHN” g
N

General CBz removal procedure

To the suspension of N-protected azapeptide in methanol under argon, palladium on activated
charcoal was added (10% Pd basis, 50 mg per 1 mmol of azapeptide). Hydrogen from the balloon was
bubbled through the solution at room temperature to complete conversion. The catalyst was
removed by filtration through celite, the filtrate was concentrated under reduced pressure and dried.

6a-c, 7a-d

Synthesis of AzaGly-(R)-1-phenylethylamine 9

To a solution of (R)-1-phenylethylamine (10.0 mmol, 1.0 equiv) in DCM (20 mL) at 20 °C were added
DIPEA (diisopropylethylamine, 1.2 equiv) and CDI (carbonyldiimidazole, 1.1 equiv). The reaction
mixture was stirred for 2 hours at rt, and the organic layer was washed with water, NaHCO; and brine
solution. The organic layer was dried over Na,SO, and evaporated under reduced pressure to give
oily mono substituted imidazole derivative. This compound (1.0 equiv) was dissolved in dry DCM (20
mL) and reacted with N®-CBz-hydrazide (1.0 equiv) in the presence of DIPEA (1.0 equiv) at 20 °C
overnight. The reaction mixture was poured into a separatory funnel, washed with water, 1 M HCI,
brine solution, dried over MgS0O,, and evaporated under reduced pressure to give Cbz-AzaGly-(R)-1-
phenylethylamine. To the solution of Cbz-AzaGly-(R)-1-phenylethylamine in methanol under argon,
palladium on activated charcoal was added (10% Pd basis, 50 mg per 1 mmol). Hydrogen from the
balloon was bubbled through the solution at room temperature to complete conversion. The catalyst
was removed by filtration through celite, the filtrate was concentrated under reduced pressure and
dried.

( l _ NH, ( l _ Y
CDI CszH _H2,PdIC - N
RN Y

DIPEA \/40

ZT

o
DIPEA o)

NH

CbzHN” 9
0
N

o
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Synthesis of capsules and cavitands

Synthesis of capsules (10b)2, (11b), (11c)2, (11a)(11b), (12a)2, 12c

To tetraformylresorcin[4]arene 8 (0.1 mmol, 82.4 mg) in chloroform (4 ml) was added azapeptide
(0.4 mmol). The reaction was stirred for 24 hours at 70° C in a sealed tube, washed with 5% citric
acid, dried over anhydrous magnesium sulfate, filtered and evaporated to dryness. The resulting
sample was analysed by NMR.

Synthesis of cavitands 10a, 11a, 12b, 12d

To tetraformylresorcin[4]arene 8 (0.1 mmol, 82.4 mg) in methanol (4 ml) was added azapeptide (0.4
mmol). The reaction was stirred for 24 hours at 70° C in a sealed tube and evaporated to dryness. If
the product precipitated from methanol the precipitate was collected by filtration and dried. The
resulting sample was analysed by NMR.

Synthesis of cavitand 13

To tetraformylresorcin[4]arene 8 (0.1 mmol, 82.4 mg) in chloroform (4 ml) was added azapeptide 9
(0.4 mmol). The reaction was stirred for 24 hours at 70° C in a sealed tube. The product, which
precipitated from chloroform, was collected by filtration and dried. The resulting sample was
analysed by NMR.
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Analytical data for compounds
4a AzaGly-L-PheNHMe

Yield (after 3 steps) 61 %
[a]p?® +12.3 +0.7 (c 0.01 gcm™ in methanol)

" JOL f Elemental analysis Found: C, 55.6; H, 6.8; N, 23.3. Calc. for C1,H1gN4O5: C, 55.9;
WOON ~| H,68;N,23.7%
o 'H NMR (400 MHz, DMSO-dq): 6 7.87 (q, 1H, J = 4.6 Hz), 7.1-7.28 (m, 5H +s,

1H), 6.5 (d, 1H, J = 8.0 Hz), 4.43 (br s, 2H), 4.34 (ddd, 1H, J, = 5.6 Hz, J, = 8.0 Hz, J; = 8.1 Hz), 2.91 (dd,
1H, J; = 5.6 Hz, J, = 13.6 Hz), 2.81 (dd, 1H, J; = 8.1 Hz, J, = 13.6 Hz), 2.55 (d, 3H, J = 4.6 Hz).

3C NMR (100 MHz, DMSO-dg): 6 172.1, 159.4, 137.9, 129.2, 128.1, 126.2, 54.1, 38.8, 25.5.

HR MS (ESI): m/z calc for [Ci1H16N4O,Na]* 259.1171, found 259.1162 (|A| = 3.5 ppm)

4b AzaGly-L-PheNH,

Yield (after 3 steps) 60 %
[a]p®® + 13.8 + 0.2 (c 0.01 gcm™ in methanol)

J\ Elemental analysis Found: C, 53.9; H, 6.3; N, 24.8. Calc. for C,;4qH14N,0,: C, 54.0;
HoN NH,
NT N H,6.3; N, 25.2%

o 'H NMR (400 MHz, DMSO-d¢): 6 7.40 (br s, 1H), 7.16-7.28 (m, 5H), 7.02 (s, 1H),

7.00 (brs, 1H), 6.44 (br d, 1H, J= 7.2 Hz), 4.35 (ddd, 1H, J; = 7.2 Hz, J, = 5.3 Hz, J5=7.9 Hz), 4.05 (brs,
2H), 2.95 (dd, 1H, J; = 5.3 Hz, J, =13.8 Hz), 2.83 (dd, 1H, J; = 7.9 Hz, J, = 13. 8 Hz).

3¢ NMR (100 MHz, DMSO-dg): 6 173.7, 159.4, 137.9, 129.2, 128.0, 126.2, 53.7, 38.6.

HR MS (ESI): m/z calc for [C1oH14N,O,Na]" 245.1014, found 245.1005 (|A| = 3.7 ppm)

5’ Cbz-AzaGly-L-PheOH

Yield (after 3 steps) 80 %
[a]p?? +35.6 £ 0.2 (c 0.01 gcm™ in DMSO)

@\/ w9 Elemental analysis Found: C, 60.4; H, 5.2; N, 11.5. Calc. for
OTN\NJLN OH | CigH1sN30s: C, 60.5; H, 5.4; N, 11.8 %

0 o 'H NMR (400 MHz, DMSO-dg): 6 12.71 (br s, 1H), 8.95 (br's, 1H),
7.97 (brs, 1H), 7.16-7.38 (m, 10H), 6.33 (d, 1H, J = 8.1 Hz), 5.06 (s, 2H), 4.38 (ddd, 1H, J; = 8.1 Hz, J, =
5.2 Hz, J; = 7.3 Hz), 3.01 (dd, 1H, J; = 5.2 Hz, J, = 13.8 Hz), 2.94 (dd, 1H, J, = 7.3 Hz, J, = 13.8 Hz).
3C NMR (100 MHz, DMSO-dg): 6 173.3, 157.4, 156.6, 137.2, 136.7, 129.3, 128.3, 128.1, 127.9, 127.7,

126.4, 65.8, 53.7, 37.3.
HR MS (ESI): m/z calc for [C1sH1sN3OsNa]* 380.1222, found 380.1210 (|A| = 3.2 ppm)

6a AzaGly-L-Phe-L-AlaNH,

[a]o** 3.1 +0.3 (c 0.01 gcm™ in DMSO)

Elemental analysis Found: C, 53.0; H, 6.4; N, 23.5. Calc. for Cy3H19N50s:
C,53.2;H,6.5;N, 23.9%

'H NMR (400 MHz, DMSO-d¢): & 8.00 (d, 1H, J = 7.6), 7.14-7.28 (m, 5H +
s, 1H), 7.08 (s, 1H), 6.97 (br's, 1H), 6.44 (br d, 1H), 4.39 (m, 1H), 4.20
(dg, 1H, J; = 7.6 Hz, J, = 7.1 Hz), 4.05 (br's, 2H), 2.98 (dd, 1H, J, = 4.8 Hz, J, = 13.8 Hz), 2.83 (dd, 1H, J;
= 8.3 Hz, J, = 13.8 Hz), 1.21 (d, 3H, J = 7.1 Hz).

3C NMR (100 MHz, DMSO-dg): 6 174.0, 171.4, 159.5, 137.7,129.3, 128.0, 126.2, 54.0, 47.9, 38.2,
18.3.

HR MS (ESI): m/z calc for [C;3H19NsOsNa]* 316.1386, found 316.1374 (|A| = 3.8 ppm)

6b AzaGly-L-Phe-D-AlaNH,

[a]p®® +24.8 0.4 (c 0.01 gcm™ in methanol)
o o Elemental analysis Found: C, 52.8; H, 6.5; N, 23.6. Calc. for C;3H;9N50s:
)J\ H C,53.2;H,6.5;N,23.9%
HoN N
N~ N NH,
H H o j)J\
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'H NMR (400 MHz, DMSO-dq): & 8.08 (d, 1H, J= 7.8 Hz), 7.13-7.31 (m, 5H + s, 1H +s, 1H), 6.96 (br s, 1
H), 6.51 (d, 1H, J = 7.0), 4.36 (ddd, 1H, J; = 5.9 Hz, J, = 8.0 Hz, J5 = 7.0 Hz), 4.31 (br s, 2H), 4.13 (dq, 1H,
J1=7.2Hz,J,=7.8Hz),2.91 (dd, 1H, J; =5.9 Hz, J, = 13.6 Hz), 2.85 (dd, 1H, J; = 8.0 Hz, J, = 13.6 Hz),
1.11 (d, 3H, J = 7.2 Hz).

3C NMR (100 MHz, DMSO-ds): 6 174.1, 171.3, 159.5, 137.6, 129.2, 128.0, 126.2, 54.3, 47.8, 38.3,
17.9.

HR MS (ESI): m/z calc for [C;3H19NsOsNa]* 316.1386, found 316.1378 (|A| = 2.5 ppm)

6c AzaGly-D-Phe-L-LeuNH,
[a]o*® - 40.8 £ 0.05 (c 0.01 gcm™ in DMF)
/@ Elemental analysis Found: C, 57.3; H, 7.5; N, 20.7. Calc. for C;H»5N50a:

T Y C,57.3;H,7.5; N, 20.9%
~ )LH/\[(NEJLNHZ 'H NMR (400 MHz, DMSO-d¢): 6 8.09 (s, 1H, J = 8.4 Hz), 7.34 (s, 1H),

B 7.16-7.27 (m, 5H), 7.12 (s, 1H), 6.92 (s, 1H), 6.49 (br d, 1H), 4.35-4.41

Y (m, 1H), 4.04-4.12 (m, 1H + br s, 2H), 2.80-2.94 (m, 2H), 1.30-1.44 (m,
2H), 1.19-1.27 (m, 1H), 0.78 (d, 3H, J = 6.5 Hz), 0.72 (d, 3H, J = 6.4 Hz).
13C NMR (100 MHz, DMSO-dg): & 174.3, 171.7, 159.7, 137.4, 129.2, 128.1, 126.2, 54.5, 50.8, 38.4,

23.9,23.2,21.2.
HR MS (ESI): m/z calc for [C1H,5NsOsNa]™ 358.1855, found 358.1848 (|A| = 2.0 ppm)

7a AzaGly-L-Phe-D-Ala-D-AlaNH,

[a]p®® + 67.8 0.8 (c 0.01 gcm™ in methanol)
Elemental analysis Found: C, 52.4; H, 6.6; N, 22.7. Calc. for
" Ci6H24Ng04: C, 52.7; H, 6.6; N, 23.1 %
j)J\ /\ﬂ/ 2 'H NMR (400 MHz, DMSO-dg): 6 8.30 (d, 1H, J = 7.0 Hz), 7.89 (d,

1H, J=7.8 Hz), 7.17-7.30 (m, 5H), 7.13 (s, 1H), 7.00 (br s, 1H),
6.93 (brs, 1H) 6.49 (brd, 1H), 4.35 (m, 1H), 4.13 (m, 1H + 1H), 2.91 (dd, 1H, J; = 5.9 Hz, J, = 13.6 Hz),
2.85(dd, 1H, J; = 8.2 Hz, J, =13.6 Hz), 1.23 (d, 3H,J=7.2 Hz), 1.14 (d, 3H, J = 7.2 Hz).

BCNMR (100 MHz, DMSO-dg): 6 174.3, 172.3,171.6, 159.7, 137.5, 129.2, 128.1, 126.3, 54.4, 48.6,
48.2,38.1,17.8, 17.5.

HR MS (ESI): m/z calc for [C16H,4NgOsNa]" 387.1757, found 387.1749 (|A| = 2.1 ppm)

7b AzaGly-L-Phe-D-Ala-D-PheNH,

[a]p?® +52.4+0.1 (c 0.01 gcm™ in methanol)
Elemental analysis Found: C, 59.7; H, 6.3; N, 18.8. Calc. for
JOL I T | CoaHasNGOs: €, 56.0; H, 6.4; N, 19.1 %
NN j)k”/\[( 2| "H NMR (400 MHz, DMSO-dg): 6 8.34 (d, 1H, J = 6.7 Hz), 7.92 (d,
o o

1H, J = 8.5 Hz), 7.15-7.30 (m, 10H + s, 1H), 7.05 (s, 1H + s, 1H),
6.51 (br d, 1H), 4.26-4.37 (m, 1H + 1H), 4.13 (br s, 2H), 4.01 (dq, 1H, J; = 6.7 Hz, J, = 7.2 Hz), 3.05 (dd,
1H, J;=4.4 Hz, J, = 13.8 Hz), 2.80-2.94 (m, 1H + 1H +1H), 1.02 (d, 3H, J = 7.2 Hz).

3¢ NMR (100 MHz, DMSO-dg): 6 173.1, 172.6,171.8, 159.9, 138.3, 137.5, 129.2, 129.0, 128.1, 128.0,
126.3, 126.1, 54.5, 54.2, 48.9, 37.9, 36.9, 17.3.

HR MS (ESI): m/z calc for [Cy,H,3NgOsNa]" 463.2070, found 463.2061 (|A| = 1.9 ppm)

7c AzaGly-L-Phe-D-Ala-L-PheNH,

[a]p?2 +28.7 0.1 (c 0.01 gcm™® in methanol)
Elemental analysis Found: C, 59.7; H, 6.5; N, 18.8. Calc. for
Q hoo9 C,H,sNg04: C, 56.0; H, 6.4; N, 19.1 %
~ JL” NW)LH Nz | 14 NMR (400 MHz, DMSO-dg): & 8.14 (d, 1H, J = 8.7 Hz), 8.07 (d,

1H,J=7.5Hz), 7.34 (s, 1H), 7.09-7.27 (m, 10 H +s, 1H + 5, 1H),
6.50 (br d, 1H), 4.33-4.41 (m, 1H + 1H), 4.15 (dq, 1H, 1H, J; = 7.1 Hz, J, = 7.5 Hz), 4.12 (br s, 2H), 3.05
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(dd, 1H, J; =4.2 Hz, J, =13.6 Hz), 2.82-2.93 (m, 1H + 1H), 2.76 (dd, 1H, J; = 10.5 Hz, J, = 13.6 Hz), 0.90
(d, 3H,J = 7.1 Ha).

3¢ NMR (100 MHz, DMSO-dg): 6 173.0, 171.7,171.4, 159.5, 138.2, 137.6, 129.2, 129.1, 128.0, 127.9,
126.2,126.1, 54.2, 53.9, 48.0, 38.5, 37.4, 17.8.

HR MS (ESI): m/z calc for [Cp,H,3NgOsNa]" 463.2070, found 463.2062 (|A| = 1.7 ppm)

7d AzaGly-L-Phe-D-Ala-L-AlaNH,

[a]p?® +33.3 +0.4 (c 0.01 gcm™ in methanol)
Elemental analysis Found: C, 52.5; H, 6.6; N, 23.0. Calc. for
Ci6H22Ng04: C, 52.7; H, 6.6; N, 23.1 %

j)J\ /Lﬂ/ 'H NMR (400 MHz, DMSO-d¢): 6 8.17 (d, 1H, J = 7.4 Hz), 8.00 (d,

1H, J= 7.8 Hz), 7.16-7.29 (m, 5SH +s, 1H), 7.11 (s, 1H), 6.97 (s,
1H), 6.51 (br d, 1H) 4.35 (m, 1H), 4.08-4.23 (m, 1H+ 1H + br s, 2H), 2.91 (dd, 1H, J, = 6.0 Hz, J, = 13.6
Hz), 2.85 (dd, 1H, J; = 7.9 Hz, J, = 13.6 Hz), 1.20 (d, 3H,J=7.2 Hz), 1.11 (d, 3H, /= 7.1 Hz).

3¢ NMR (100 MHz, DMSO-dg): 6 174.2, 171.63, 171.60, 159.6, 137.6, 129.2, 128.1, 126.3, 54.4, 48.2,
48.1, 38.3,18.0, 17.7.

HR MS (ESI): m/z calc for [C16H,4NgOsNa]* 387.1757, found 387.1743 (|A| = 3.6 ppm)

9 AzaGly-(R)-1-phenylethylamine
T Yield (after 3 steps) 70 %

L [a]p®® +11.4 + 1.1 (c 0.01 gcm™ in methanol)

NN Elemental analysis Found: C, 60.6; H, 7.4; N, 23.0. Calc. for CoH,3N;0: C, 60.3;
H,7.3;N,23.4%
'H NMR (400 MHz, DMSO-dg): 6 7.18-7.33 (m, 5H), 6.93 (s, 1H), 6.59 (d, 1H, /= 8.2 Hz), 4.74-4.83 (m,
1H), 4.09 (s, 2H), 1.36 (d, 3H, J = 7.0 Hz).
3¢ NMR (100 MHz, DMSO-dg): 6 159.4, 145.6, 128.1, 126.4, 125.8, 48.2, 23.1.
HR MS (ESI): m/z calc for [CsH13N;ONa]* 202.0956, found 202.0939(|A| = 8.4 ppm)

H,N
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Analytical data for cavitands and capsules

10a

Yield 69 % (precipitate from methanol)

[a]p®® + 77.0 £0.1 (c 0.006 gcm™ in DMF)

'H NMR (600 MHz, DMSO-dg): 6 10.64 (br s, 4H, OH), 10.29 (s, 4H, g), 10.02 (br s, 4H, OH), 8.34 (s, 4H,
f),7.95(q,4H,J=4.4Hz, ), 7.43 (s, 4H, e;), 7.14-7.27 (m, 20H, k), 6.71 (d, 4H, J = 6.5 Hz, h), 4.57 (t,
4H, J=7.0Hz, d), 4.33-4.37 (m, 4H, i), 3.00 (dd, 4H, J; = 4.5 Hz, J, = 13.4 Hz, j;), 2.87 (dd, 4H, J; =9.0
Hz, J,=13.4 Hz, j,), 2.59 (d, 12H, J = 4.4 Hz, m), 2.04-2.10 (m, 8H, c), 1.35-1.41 (m, 4H, b), 0.94 (d,
24H, J=6.4 Hz, a).

3C NMR (150 MHz, DMSO-dg): 6 171.8 (0), 153.7 (n), 151.12, 151.06 (e; + e5), 141.0 (f), 137.9 (k,),
129.2 (k,), 128.1 (k3), 127.0 (e;), 126.3 (k4), 123.6 (e, + ), 106.9 (ey), 54.8 (i), 42.5 (c), 38.0 (), 30.7
(d), 25.9 (b), 25.5 (m), 22.7 (a).

HR MS (ESI): m/z calc for [Co;H115N1601¢Na]” 1719.8340, found 1719.8334 (|A| = 0.3 ppm)

Diffusion coefficient obtained by DOSY 1.28 x 10™° m?s™* in DMSO.

PPM 10 9 8 T 6 5 4 3 2 1
Figure S1. 'H NMR spectrum of 10a (DMSO-dg, 600 MHz).
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Figure S2. >C NMR spectrum of 10a (DMSO-ds, 150 MHz).

http://rcin.org.pl



|

1 0
. A
H . Q -
. . H o v 2
‘}.59'% L3
4
— ‘ o ¢ D .t
=5
—6
— (] L] -7
B— :;f';lfr . L
— é . . L8
— 4 L
—9
4{ — 10
o .
— T T T T T T T T T T T~ T T T 71 PPM
PPM(F2) 9 8 7 6 5 4 3 2 1 (F1)
Figure S3. ROESY spectrum of 10a (DMSO-ds, 600 MHz).
| l A LIJ A AN L AA.JJ_ N A ‘“—
(D) 3
0.42
0.63
0.0;
10
1.2 -
' P ey $9 We ¢ 1
1.473
1.6§
l.oé
20
2.2
2.4§
11 10 9 8 6 5 3 2 1
F2 (ppm)
Figure S4. DOSY spectrum of 10a (DMSO-dg, 600 MHz).
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(10b):

Yield 78 %

[a]o?® +26.7 £0.2 (c 0.009 gcm™ in DMF)

'H NMR (600 MHz, CDCls): § 12.56 (s, 4H, es-OH), 9.94 (s, 4H, g), 9.39 (s, 4H, e;-OH), 8.56 (s, 4H, f),
8.29 (s, 4H, I,), 7.26-7.33 (m, 20H, k), 7.15 (s, 4H, e;), 6.00 (s, 4H, I;), 5.47 (d, 4H, J = 7.7 Hz, h), 4.93
(ddd, 4H, J; = 7.7 Hz, J, = 4.9 Hz, J3= 5.9 Hz, i), 4.44 (t, 4H, J = 8.0 Hz, d), 3.25 (dd, 4H, J; = 4.9 Hz, J, =
13.8 Hz, j;), 3.09 (dd, 4H, J; = 5.9 Hz, J, = 13.8 Hz, j,), 2.10 (dd, 8H, J; = 8.0 Hz, J, = 6.9 Hz, ), 1.49-1.56
(m, 4H, b), 1.01 (d, 12H, J = 6.6 Hz, a;), 1.00 (d, 12h, J = 6.6 Hz, a,).

13C NMR (150 MHz, CDCls): & 174.5 (n), 153.8 (m), 151.4 (es), 151.3 (e3), 143.3 (f), 136.2 (k;), 129.9
(k5), 128.3 (k3), 127.0 (ks), 125.2 (e;), 123.8 (e,), 123.6 (eg), 107.1 (ey), 53.9 (i), 41.4 (c), 40.9 (j), 30.6
(d), 26.1 (b), 22.7 (a).

HR MS (ESI): m/z calc for [CagH103N16016] 1639.7738, found 1639.7740 (|A| = 0.1 ppm)

Diffusion coefficient obtained by DOSY 3.35 x 10™° m’s™ in chloroform.

a

e;-OH

g
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J |
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Figure S5. "4 NMR spectrum of (10b), (CDCl;, 600 MHz).
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Figure S6. °C NMR spectrum of (10b), (CDCls, 150 MHz).
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Figure S8. DOSY spectrum of (10b), (CDCl;, 600 MHz).
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Figure S9. Reaction kinetics of 8 with L-4b (CDCl;, 400 MHz).
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Figure S10. Temperature-dependent ECD and UV spectra of (10b), in tetrachloroethane.
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11a

Yield 67 % (precipitate from reaction in methanol)

[a]p?? +29.1 0.3 (c 0.005 gcm™ in DMF)

'H NMR (600 MHz, DMSO-dg): & 10.34 (s, 4H, g), 10.20 (br s, 8H, OH), 8.35 (s, 4H, f), 8.14 (d, 4H, J =
7.1Hz 1), 7.43 (s, 4H, e;), 7.14-7.27 (m, 20H, k + s, 4H, 0,), 7.02 (s, 4H, 0,), 6.71 (br's, 4H, h), 4.59 (br t,
4H, d), 4.41 (m, 4H, i), 4.21-4.27 (m, 4H, m), 3.03-3.08 (m, 4H, j;), 2.84-2.89 (m, 4H, j,), 2.03-2.09 (m,
8H, c), 1.35-1.41 (m, 4H, b), 2.23 (d, 12H, J = 7.0 Hz, n), 0.94 (d, 24H, J = 6.3 Hz, a).

3C NMR (150 MHz, DMSO-ds): 6 174.1 (s), 171.1 (r), 153.9 (p), 151.1 (e; + es), 141.2 (f), 137.8 (k),
129.3 (k,), 128.1 (ks), 127.1 (e1), 126.3 (ks), 123.6 (e, +eg), 106.9 (e,), 54.8 (i), 48.0 (m), 42.6 (c), 37.7
(/), 30.7 (d), 25.9 (b), 22.7 (a), 18.4 (n).

HR MS (ESI): m/z calc for [C1goH124N20020Na]* 1947.9198, found 1947.9225 (|A| = 1.4 ppm)

Diffusion coefficient obtained by DOSY 1.40 x 10™° m?s™ in DMSO.
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Figure S11. '"H NMR spectrum of 11a (DMSO-dg, 600 MHz).
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Figure S12. C NMR spectrum of 11a (DMSO-ds, 150 MHz).
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Figure S13. DOSY spectrum of 11a (DMSO-dg, 600 MHz).
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Figure S14. "H NMR spectrum of 11a (CDCl;, 400 MHz).
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Figure S15. Temperature-dependent ECD and UV spectra of (11a), in tetrachloroethane.
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(11b):

Yield 65 %

[a]p”® +26.0 £ 0.3 (c 0.005 gcm™ in DMF)

'H NMR (600 MHz, CDCl;): (broaden peaks, no coupling constants) & 13.86 (s, 4H, es-OH), 10.04 (s,
4H, g), 8.81 (s, 4H, e;-OH), 8.04 (s, 4H, | + s, 4H, f), 7.91 (s, 4H, 0,), 7.23-7.38 (m, 20H, k + s, 4H, h),
7.20 (s, 4H, e4), 5.75 (s, 4H, 04), 5.40 (m, 4H, i), 4.47 (br t, 4H, d), 4.09 (m, 4H, m), 3.08 (m, 4H, j,), 2.93
(m, 4H, j,), 2.11 (m, 4H, c;), 1.99 9m, 4H, c,), 1.45 (m, 4H, b), 0.97 (d, 24H, J = 6.1 Hz, a).

3C NMR (150 MHz, CDCl,): 6 173.0 (r), 171.8 (s), 154.4 (p), 152.0, 150.8 (e; and es), 138.0 (f), 135.9
(ky), 129.5 (k,), 128.7 (k3), 127.1 (k,), 125.3 (e;), 123.9, 123.3 (e, and e), 106.6 (e.), 53.9 (i), 49.6 (m),
42.2 (c), 41.1 (j), 30.3 (d), 26.1 (b), 22.8 (a3), 22.6 (a,), 19.0 (n).

HR MS (ESI): m/z calc for [Ci00H122N20050]> 961.4567, found 961.4584 (|A| = 1.8 ppm)

Diffusion coefficient obtained by DOSY x 3.20 10"° m?s™* in chloroform.

a

e;-OH

! T ! T ! T I T T r T T !
PPM 12 10 8 6 4 2 0

Figure S16. 'H NMR spectrum of (11b), (CDCl;, 600 MHz).
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Figure S17. *C NMR spectrum of (11b), (CDCl;, 150 MHz).
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Figure S18. ROESY spectrum of (11b), (CDCl;, 600 MHz, most indicative signals in frames).
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Figure $19. DOSY spectrum of (11b), (CDCl;, 600 MHz).
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Figure S20. Reaction kinetics of 8 with (L,D)-6b (CDCl3, 400 MHz).
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Figure S21. Chiral self-sorting of peptides in reaction of 8 with rac-6b ("HNMR spectra, CDCl;, 400 MHz).
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Figure S22. Chiral self-sorting of peptides in reaction of 8 with rac-6b (1H NMR spectra, DMSO-dg, 400 MHz).
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Figure S23. ECD spectra of (11b), in tetrachloroethane and chloroform (top), temperature-dependent ECD and UV spectra
of (11b), in tetrachloroethane (bottom).
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(11c):

Yield 90 %

[a]p?? = 9.3 +0.1 (c 0.005 gcm™ in DMF)

'H NMR (400 MHz, CDCl): & 14.19 (s, 4H, es-OH), 9.95 (s, 4H, g), 9.12 (s, 4H, e;-OH), 8.07 (s, 4H, f),
7.86 (s, 4H, 1), 7.81 (s, 4H, g5), 7.23-7.44 (m, 20H, k +s, 4H, h), 7.18 (s, 4H, e;), 5.93 (s, 4H, g,), 5.41-
5.50 (m, 4H, i), 4.51 (t, 4H, J = 7.2 Hz, d), 4.21-4.30 (m, 4H, m), 2.92-3.14 (m, 8H, j), 2.09-2.19 (m, 4H,
c,), 1.94-2.02 (m, 4H, 0), 1.78-1.86 (m, 4H, c;), 1.45-1.55 (m, 8H, n), 1.31-1.42 (m, 4H, b), 0.98 (d, 24H,
J=6.5Hz,a),0.92 (d, 12H, J=5.0 Hz, p,), 0.88 (d, 12H, J = 4.6 Hz, p;).

13C NMR (100 MHz, CDCls): 6 172.8 (s), 172.2 (t), 154.0 (r), 152.1, 151.1 (e, es), 138.2 (f), 136.2 (ky),
129.5 (k,), 128.7 (k3), 127.1 (k4), 125.1 (e;), 124.0, 123.7 (e,, es), 107.0 (e,), 54.1 (i), 52.3 (m), 43.1 (c),
42.0 (j), 41.3 (n), 30.5 (d), 26.1 (b), 24.4 (0), 22.9 (p.), 22.6 (a), 22.5 (p).

HR MS (ESI): m/z calc for [Ci1,H146N20020]> 1045.5506, found 1045.5524 (|A| = 1.7 ppm)

a

e;-OH
_N

PPM 12 10 8 6 4 2
Figure S24. '"H NMR spectrum of (11c), (CDCl3, 400 MHz).

ks a
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f : , ‘ | ] ;
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Figure S25. 3C NMR spectrum of (11c), (CDCl3;, 100 MHz).
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8+ (L,D)-6b + (D,L)-6¢

.
e i o
(11b); | e

8 + (D,L)-6b + (D,L)-6c
—_ T
T T T T T T T T T T T T T T
PPM 12 10 8 8 4 2 0
Figure S26. Self-sorting reaction of 8 with mixture of pseudoenantiomers 6b and 6¢ (1H NMR, CDCl;, 400 MHz).
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100 1070.06
[11c + 2Na)?]
98596
[11b + 2Na]**
[8+(L,0)6b+3x(D,L)6c+2Na]?* 1069.64| 1070.55
- 104903
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- 986.46 1049.54
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100848 J002
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Figure S27. Self-sorting reaction of 8 with mixture of pseudoenantiomers (L,D)-6b and (D,L)-6c and comparison with reaction
of 8 with mixture of (L,D)-6b and (L,D)-6¢ (ESI MS).
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Figure S28. Self-sorting of peptides of different length (reaction of 8 with L-4b and (L,D)-6b) (1H NMR spectra, CDCl;, 400
MHz).
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(p,L.-11b)(L,L-11a)

Yield of self-sorting reaction 60 %

'H NMR (600 MHz, CDCly): & 12.46 (br s, 4H, es-OH), 12.22 (br s, 4H, es-OH), 10.29 (s, 4H, g’), 9.94 (s,
4H, g), 9.39 (brs, 4H, e;-OH), 9.38 (br s, 4H, e;-OH), 8.51 (s, 4H, f’), 8.48 (s, 4H, 0;), 8.45 (s, 4H, f), 8.12
(s, 4H, 0,°), 7.14-7.35 (m, 20H, k + m, 20H, kK’ + d, 4H, I’ +'s, 4H, e;), 7.13 (s, 4H, e;’), 6.96 (d, 4H, J = 7.0
Hz, /), 6.47 (d, 4H, J = 5.9 Hz, h), 5.97 (d, 4H, J = 7.5 Hz, h’), 5.82 (s, 4H, 0;), 5.76 (s, 4H, 0;’), 5.19-5.22
(m, 4H, i), 4.78-4.90 (m, 12H, m’ + i’ + m), 4.48 (t, 4H, ) = 8.0 Hz, d), 4.40 (t, 4H, J = 7.9 Hz, d’), 3.20
(dd, 4H, J; = 6.4 Hz, J, = 14.2 Hz, j;), 3.00-3.12 (m, 12H, j,’ +j,’ +j»), 2.02-2.17 (m, 16H, ¢ + ¢’), 1.45-
1.59 (m, 8H, b + b), 1.34 (d, 12H, J = 6.7 Hz, n), 1.03 (d, 12H, J = 6.6 Hz, a;), 1.01 (d, 12H, J = 6.6 Hz,
a,),0.98 (d, 12H, /= 6.5 Hz, a;’), 0.97 (d, 12H, /= 6.5 Hz, a,’), 0.62 (d, 12H, J = 6.8 Hz, n’).

3C NMR (150 MHz, CDCl5): & 176.1 (s’), 175.6 (s), 170.4 (r’), 170.2 (r), 154.3 (es’), 153.8 (es), 151.27
(p), 151.21 (p’), 151.0 (e; + e5’), 143.3 (f), 142.4 (f), 136.3 (k;’), 136.1 (ks), 130.1 (k,), 129.7 (k)
128.24,128.23 (k; + k5’), 126.9, 126.8 (k, + k;’), 125.1 (e;), 125.0 (e;’), 124.4,123.9, 123.8, 123.5 (e, +
e, +es+eg), 107.4 (e,), 107.0 (es’), 53.9 (i’), 52.9 (i), 48.9 (m), 47.6 (m’), 41.5 (j*), 41.3, 41.2 (c + ¢’),
39.8 (j), 30.7 (d), 30.6 (d), 26.1, 26.0 (b + b’), 22.76 (a3), 22.71 (a;), 22.67 (a;’), 22.64 (a,’), 21.0 (n),
19.2 (n’).

Diffusion cooefﬁcient obtained by DOSY 3.25 x 10™° m’s™ in chloroform.

NHz NHzol

PPM 10 8 6 4 2

PPM 160 140 120 100 80 60 40 20
Figure $30. *C NMR spectrum of (D,L-11b)(L,L-11a) (CDCl;, 150 MHz).
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Figure S31. ROESY spectrum of (D,L-11b)(L,L-11a) (CDCl;, 600 MHz, most indicative signals in frames).
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Figure $32. DOSY spectrum of (D,L-11b)(L,L-11a) (CDCl;, 600 MHz).
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Figure S33. Self-sorting of peptides in reaction of 8 with (L,L)-11a and (D,L)-11b (1H NMR spectra, CDCl;, 400 MHz).
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Figure S34. Temperature-dependent ECD and UV spectra of (D,L-11b)(L,L-11a) in tetrachloroethane.
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(12a):

Yield 68 %

[a]p>—63.8 0.1 (c 0.009 gcm™ in DMF)

'H NMR (600 MHz, CDCl): & 12.46 (s, 4H, es-OH), 9.91 (s, 4H, g), 9.36 (s, 4H, e3-OH), 8.51 (s, 4H, s.),
8.44 (s, 4H, f), 7.21-7.33 (m, 20H, k, +s, 4H, ), 7.16 (s, 4H, e;), 7.01 (d, 4H, J = 7.8 Hz, 0), 6.48 (s, 4H, J
= 4.6 Hz, h), 5.82 (s, 4H, s,), 5.18-5.22 (m, 4H, i), 4.80-4.86 (m, 4H, p), 4.64-4.69 (m, 4H, m), 4.47 (t,
4H,J = 7.7 Hz, d), 3.19 (d, 8H, J = 4.3 Hz, j), 2.11 (dd, 8H, J; = 6.3 Hz, J, = 7.7 Hz, ¢), 1.51-1.57 (m, 4H,
b), 1.41 (d, 12H, J = 6.3 Hz, n), 1.011 (d, 12H, J = 6.2 Hz, a,), 1.008 (d, 12H, J = 6.1 Hz, a,), 0.57 (d, 12H,
J=5.9Hz,r).

3C NMR (150 MHz, CDCl,): 6 175.9 (w), 170.9 (v), 170.3 (u), 153.9 (t), 151.3, 151.2 (e; and e), 143.3
(f), 136.3 (k;), 130.1 (k;), 128.1 (k3), 126.9 (k,), 125.0 (e;), 124.4, 123.9 (e, and e;), 107.3 (e,), 53.2 (i),
49.4 (m), 47.5 (p), 41.2 (c), 40.3 (j), 30.6 (d), 26.1 (b), 22.7 (a), 20.6 (n), 19.4 (r).

HR MS (ESI): m/z calc for [C11,H142N240,4]> 1103.5310, found 1103.5303 (] A| = 0.5 ppm)

Diffusion coefficient obtained by DOSY 3.0 x 10™ m?s™ in chloroform.

sHN_ O
w
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r TNH O

es-OH

_

PPM 10 8 6 4 2

e; ki o,
Wovy | s Kk, €1eg ey o m ¢ d
| . HJJJL L. el

PPM 160 140 120 100 80 60 40 20
Figure $36. °C NMR spectrum of (12a), (CDCl5, 150 MHz).
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Figure S37. ROESY spectrum of (12a), (CDCl;, 600 MHz, most indicative signals in frames).
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Figure $S38. DOSY spectrum of (12a), (CDCl3;, 600 MHz).
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Figure S40. Chiral self-sorting of peptides in reaction of 8 with rac-7a (1H NMR spectra, CDCl;, 400 MHz).
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Figure S41. Chiral self-sorting of peptides in reaction of 8 with rac-7a (reaction in chloroform, 2 days, "H NMR spectra,
DMSO-dg, 400 MHz).
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Figure S42. Temperature-dependent ECD and UV spectra of (12a), in tetrachloroethane.
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12b

Yield 66 % (precipitate from reaction in methanol)

[a]p?2 —49.9 +0.7 (c 0.009 gcm™ in DMF)

'H NMR (500 MHz, DMSO-d¢): 6 11.16 (br s, 4H), 10.46 (s, 4H), 9.31 (br s, 4H), 8.51 (d, 4H, J = 5.1 Hz),
8.42 (s, 4H), 7.85 (d, 4H, J = 8.3 Hz), 7.49 (s, 4H), 7.12-7.30 (m, 20H + m, 20H + s, 4H), 7.10 (s, 4H),
7.04 (s, 4H), 4.54 (t, 4H, ) = 6.1 Hz), 4.36-4.41 (m, 4H), 4.28-4.33 (m, 4H), 4.03-4.09 (m, 4H), 3.05-3.11
(m, 4H), 2.88-2.97 (m, 4H + m, 8H), 2.04-2.14 (m, 8H), 1.32-1.40 (m, 4H), 1.06 (d, 12H, J = 7.1 Hz),
0.93 (d, 24H, J = 6.3 Hz).

13C NMR (125 MHz, DMSO-dg): 6 173.1, 172.5,171.9, 154.5, 151.1, 150.9, 141.4, 138.2, 137.6, 129.3,
129.0,128.14,128.07, 127.0, 126.4, 126.2, 123.9, 123.7, 106.8, 55.3, 54.2, 49.0, 42.3, 37.3, 36.9,
30.6, 25.9, 22.7,22.6, 17 .4.

HR MS (ESI): m/z calc for [C13gH155N24024]% 1255.5935, found 1255.5973 (|A| = 3.0 ppm)

HoN \fo
: SN
o

T T T T T T I T
PPM 10 6 4 2

Figure $43. 'H NMR spectrum of 12b (DMSO-dg, 500 MHz).
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Figure S44. °C NMR spectrum of 12b (DMSO-d, 125 MHz).
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Figure S45. 1H NMR spectra of 12b precipitate from methanol after dissolution in chloroform (CDCl;, 400 MHz).
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12c (two sets of signals)

Yield 55 %

[a]o? - 44.3 £0.2 (c 0.01 gcm™ in DMF)

'H NMR (600 MHz, CDCl5): & 12.25 (s, 4H, es-OH), 9.88 (s, 4H, g), 8.71 (s, 4H, es-OH), 8.47 (s, 4H, f),
8.41 (s, 4H, t,),8.06 (d, 4H, J = 9.0 Hz, 0), 7.67 (d, 4H, J = 8.6 Hz, /), 6.86-7.39 (m, 40H, k +s), 7.16 (s,
4H, e;), 5.83 (br d, 4H, h), 5.79 (s, 4H, t,), 5.01-5.07 (m, 4H, i), 4.51-4.58 (m, 8H, p + m), 4.33-4.36 (m,
4H, d), 2.88-2.96 (m, 8H, r; +j;), 2.83 (dd, 4H, J; =6.7 Hz, J, = 13.5 Hz, j,), 2.73 (dd, 4H, J; =9.6 Hz, J, =
13.4 Hz, r,), 2.16-2.23 (m, 4H, ¢;), 1.79-1.87 (m, 4H, ¢,), 1.41-1.49 (m, 4H, b), 0.94-1.02 (m, 24H, a),
0.64 (d, 12H, J = 6.5 Hz, n).

3¢ NMR (150 MHz, CDCl5): 6 173.8 (y), 171.3 (w), 171.1 (v), 156.7 (u), 152.2, 151.4 (e; and e;), 144.6
(f), 136.62 (k;), 136.3 (s;), 129.9 (k,), 129.61 (s,), (128.7, 128.3, 128.2, 128.0 (k3, k3’, s3 and s37)),
(127.0,126.9, 126.7, 127.6 (k4, k4’, s, and s,”)), 126.6 (e, or eg), 123.4 (e4), 122.9 (e, or e¢), 105.6 (ey),
53.1 (i), 52.9 (p), 48.3 (m), 41.7 (c), 40.5 (j), 39.9 (r), 31.1 (d), 26.00 (b), 23.5 (a), 20.0 (n).

'H NMR (600 MHz, CDCls): 6 11.98 (s, 4H, es-OH), 9.34 (s, 4H, g°), 8.65 (s, 4H, e;”-OH), 8.63 (s, 4H, f’),
8.13 (s, 4H, t,"), 7.52 (d, 4H, /= 9.0 Hz, I’), 6.86-7.39 (m, 40H, k’ + 5’), 6.81 (s, 4H, e;’), 6.76 (d, 4H, J =
8.7 Hz, 0’), 6.02 (s, 4H, t;’), 5.59 (d, 4H, J = 9.0 Hz, h’), 5.33-5.38 (m, 4H, p’), 4.66-4.71 (m, 4H, m’),
4.37-4.31 (m, 4H, '), 4.28-4.32 (m, 4H, d"), 3.35 (dd, 4H, J; = 9.7 Hz, J, = 13.2 Hz, j;’), 3.20 (dd, 4H, J;
4.1=Hz, J,=13.6 Hz, r;), 3.06 (dd, 4H, J;, =4.9 Hz, J, = 13.2 Hz, j,), 2.91-2.94 (m, 4H, r,’), 2.16-2.23
(m, 4H, ¢;’), 1.79-1.87 (m, 4H, ¢,’), 1.41-1.49 (m, 4H, b’), 0.94-1.02 (m, 24H, a’), 0.83 (d, 12H, /=6.8
Hz, n’).

3¢ NMR (150 MHz, CDCl3): 6 175.0 (y’), 172.0 (w’), 171.6 (v’), 154.9 (u’), 150.9, 150.7 (e5” and e5’),
145.5 (f’), 136.8 (k;’), 136.58 (s;”), 129.64 (s,’), 129.5 (k,’), (128.7, 128.3, 128.2, 128.0 (k3, k', s3 and
s3’)), 127.1 (ey’), (127.0, 126.9, 126.7, 127.6 (k4, k4’, s4 and s;7)), 123.9, 122.5 (e,” and e4’), 108.1 (e,’),
56.7 (I), 53.1 (p’), 47.0 (m’), 42.0 (c¢’), 40.2 (r’), 39.2 (j’), 30.3 (d’), 26.00 (b’), 22.1 (a’), 14.4 (n’).

HR MS (ESI): m/z calc for [Ci36H15N240,4]> 1255.5935, found 1255.5962 (|A| = 2.2 ppm)

Diffusion coefficient obtained by DOSY 3.7 x 10" m”s™ in chloroform.

t
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Figure S46. '"H NMR spectrum of 12¢ (CDCl;, 600 MHz).
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Figure S47. °C NMR spectrum of 12¢ (CDCls, 150 MHz).
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Figure S48. ROESY spectrum of 12¢ (CDCl;, 600 MHz).
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Figure S49. DOSY spectrum of 12¢ (CDCl;, 600 MHz).
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12d

Yield 100 % (in DMSO)
[a]o?® +30.7 £0.1 (c 0.01 gcm™ in DMF)
'H NMR (500 MHz, DMSO-dg): & 10.35 (s, 8H), 8.37 (s, 4H), 8.27 (d, 4H, J = 7.4 Hz), 7.95 (d, 4H, J= 7.6
Hz), 7.45 (s, 4H), 7.15-7.28 (m, 20H + s, 4H + s, 4H), 6.97 (s, 4H), 6.85 (br d, 4 H), 4.57 (t, 4H, J = 7.7
Hz), 4.33-4.40 (m, 4H), 4.20-4.28 (m, 4H), 4.11-4.19 (m, 4H), 2.88-3.02 (m, 8H), 2.05-2.11 (m, 8H),
1.34-1.43 (m, 4H), 1.22 (d, 12H, J = 7.2 Hz), 1.15 (d, 12H, J = 7.0), 0.94 (d, 24H, J = 6.5 Hz).
3¢ NMR (125 MHz, DMSO-dg): 6 174.3,171.7,171.4, 159.5, 154.1, 151.2, 141.6, 137.6, 129.3, 128..2,
127.0,126.4,123.7 (2 C), 106.8, 55.3, 48.3 (2 C), 42.5, 37.7, 30.6, 26.0, 22.7, 18.0, 17.8.
HR MS (ESI): m/z calc for [CmFI;l#zNzéOM]Z' 1103.5309, found 1103.5331 (|A]| = 2.0 ppm)

2

XL,

e}

NH

OJ\EH !
] I %fm Jmmhbp

I T
PPM 8 2
Figure S50. 'H NMR spectrum of 12d (DMSO-dg, 500 MHz).
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Figure S51. BCNMR spectrum of 12d (DMSO-dg, 125 MHz).
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Figure S52. "H NMR spectrum of 12d (CDCl;, 400 MHz).
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13

Yield 56 % (precipitate from chloroform)

[a]p?2 = 70.7 £ 0.1 (c 0.005 gcm™ in DMF)

'H NMR (400 MHz, DMSO-d¢): & 10.51 (br s, 8H, OH), 10.11 (s, 4H, g), 8.39 (s, 4H, f), 7.43 (s, 4H, h),
7.20-7.39 (m, 20H, k + s, 1H, e;), 4.81-4.90 (m, 4H, i), 4.53 (t, 4H, J = 7.7 Hz, d), 2.04-2.11 (m, 8H, ¢),
1.41 (d, 12H, J = 6.9 Hz, j), 1.34-1.40 (m, 4H, b), 0.93 (d, 24H, J = 6.5 Hz, a).

13C NMR (100 MHz, DMSO-dg): 6 153.7 (/), 151.0 (e; + es), 145.1 (k;), 140.9 (f), 128.2 (k,), 126.7 (e,),
126.6 (k4), 125.9 (ks), 123.6 (e, + eg), 106.9 (e,), 48.8 (i), 42.3 (c), 40.2 (j), 30.7 (d), 25.9 (b), 22.7 (a).
HR MS (ESI): m/z calc for [CgqHogN1,015] 1467.7505, found 1467.7504 (|A| = 0.1 ppm)

PPM 10 8 6 4 2
Figure S53. 'H NMR spectrum of 13 (DMSO-d¢, 400 MHz).
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Figure S54. °C NMR spectrum of 13 (DMSO-ds, 100 MHz).
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Crystallographic data

CCDC 1883372 and CCDC 1883373 contain the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data request/cif.

Table S1. Crystal data of (L-10a), and (L,D-11b),.

Crystal data

Moiety formula (L-10a)4(MeOH),(CHCl5), (L,0-11b),(MeOH)(CHCI3)
Empirical formula (C368H448N64064) (C2Hg0,) (CoClgH,) (Ca00H248N40040) (CH40)(CCl3H)
Formula weight 7094.72 403.77
Temperature (K) 173 173
X-ray source P13, Petra Ill, Hamburg beamline 1911, MaxLab, Lund
Wavelength (A) 0.68880 0.8000
Crystal system triclinic monoclinic
Space group P-1 Cc2
. . . 22.497(5) 36.060
Unit Cae}'b‘;'c”z;)”s"’”s 31.279(6) 35.480
36.562(7) 22.490
. 67.29(3) 90
Unit cell an:gles ao/B/y 79.62(3) 101.5
©) 88.00(3) 90
Unit cell volume (7—\3) 23329(8) 28196.3
z 4 4
Calculated csien5|ty 1.009 0.943
(g/cm’)
Absorption c_cl)effluent 0.095 0.127
(mm~)
F(000) 7524 8496
Orange for data 24.55-0.59 24.931-0.915
collection (°)
-26 < h <27 -36 <h <36
Index ranges -34<k<37 -36<k<34
0<l<44 -23<1<23
Reflections collected 266161 91523
Independent 78521 (R = 0.0578) 29386 (R, = 0.0979)
reflections
Completeness to 8.« 0.915 0.878
Refinement statistics
Final R indices [>20(l)] 0.0731 0.0986
R indices [all data] 0.0977 0.1194
Goodness-of-fit 1.128 1.139
Extinction coefficient - -
Large;to‘lj;f{é p;;“‘)k and 0.81/-0.42 0.39/-0.35
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Figure S55. ORTEP representation of crystallographically independent part of (L-10a), capsule. Thermal ellipsoids are
depicted at 50% probability.

Figure S56. ORTEP representation of crystallographically independent part of (L,D-11b), capsule. Thermal ellipsoids are
depicted at 30% probability.
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Details of crystal structure analyses and explanation of CHECKCIF alerts

Data collection and data quality:

The samples of capsules were crystallized by the diffusion method using chloroform/methanol
mixture. Prior to the measurement crystals were transferred quickly from mother liquor to
immersion oil and frozen to avoid solvent loss. Data were collected using synchrotron beamlines
(P13, Petra Ill, Hamburg for (L-10a),, 1911, MaxLab, Lund for (L,D-11b),). The structures were solved
using SHELXS® ((L-10a),) or by molecular replacement using the PHASER’ module of the CCP4 suite®
((L,p-11b),). For all the crystals of peptidic capsules, crystal lattices contained substantial voids
(intramolecular and intermolecular) that were filled with highly disordered solvent molecules. All the
crystals were found to be weakly diffracting and as a result, reflections did not extend out as far in
theta as what would normally be considered desirable for small molecules. This led to some level A
alert being generated by the CHECKCIF program.

Refinement and treatment of disorder

All non-hydrogen atoms that were not disordered where refined anisotropically. Hydrogen atoms
were positioned using geometrical restraints. In all cases procedures were applied in order to remove
highly disordered solvent molecules present in intracapsular and intercapsular voids. Solvent masking
procedure implemented in OLEX2 was used.’

Explanation of level A alerts for the crystal structure of (L-10a):

Alert level A

PLAT029 ALERT 3 A diffrn measured fraction theta full value Low . 0.915 Why?

The crystals were found to be weakly diffracting and as a result, reflections did not extend out as far
in theta as what would normally be considered desirable for small molecules.

PLAT213 ALERT 2 A Atom N4B 18 has ADP max/min Ratio ..... 5.7 prolat
PLAT213 ALERT 2 A Atom C5B 18 has ADP max/min Ratio ..... 16.4 prolat
PLAT213 ALERT 2 A Atom C6C 13 has ADP max/min Ratio ..... 5.3 prolat
PLAT213 ALERT 2 A Atom C12B 2 has ADP max/min Ratio ..... 5.2 prolat
PLAT213 ALERT 2 A Atom ClA 22 has ADP max/min Ratio ..... 8.8 oblate
PLAT213 ALERT 2 A Atom C2A 22 has ADP max/min Ratio ..... 5.4 prolat

PLAT214 ALERT 2 A Atom C21C 26 (Anion/Solvent) ADP max/min Ratio 8.1 prolat
These atoms are disordered and could not be satisfactorily refined anisotropically.

PLAT413_ALERT_2_A Short Inter XH3 .. XHn H10_16 ..Hl]—\A_26 . 1.88 Ang.
X,y,z = 1 555 Check

H1AA_26 is hydrogen in CH; group in methanol molecule, this group can rotate.

PLAT602 ALERT 2 A VERY LARGE Solvent Accessible VOID(S) in Structure ! Info
The above alert is caused by the use of the solvent masking procedure in the refinement of
disordered solvent molecules.

Explanation of level A alerts for the crystal structure of (L,p-11b)>

Alert level A
THETMO1 ALERT 3 A The value of sine(theta max)/wavelength is less than 0.550
Calculated sin(theta_max)/wavelength = 0.5269

The above alert comes from weak diffraction of the crystals and subsequent poor quality of the data.

PLAT029 ALERT 3 A diffrn measured fraction theta full value Low . 0.878 Why?
The crystals were found to be weakly diffracting and as a result, reflections did not extend out as far
in theta as what would normally be considered desirable for small molecules.

PLAT213 ALERT 2 A Atom N65A has ADP max/min Ratio ..... 6.4 prolat
PLAT213 ALERT 2 A Atom C67B has ADP max/min Ratio ..... 5.2 oblate

These atoms are disordered and could not be satisfactorily refined anisotropically.
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PLAT260 ALERT 2 A Large Average Ueq of Residue Including C12S 0.752 Check
PLAT260 ALERT 2 A Large Average Ueg of Residue Including 010S 0.324 Check

These alerts are generated by substantial thermal mobility of solvent molecules (as indicated by large
thermal parameters), additional disorder is still possible.

PLAT413 ALERT 2 A Short Inter XH3 .. XHn H14C ..H19G . 1.86 Ang.
1-x,y,2-z = 2_657 Check
These atoms come from two methyl groups. The hydrogens were placed geometrically and therefore

their real positions may vary by rotation.

PLAT430 ALERT 2 A Short Inter D...A Contact 064 ..069B . 2.36 Ang.
-xX,y,2-z = 2 557 Check
These atoms are disordered and could not be satisfactorily modelled.
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Ab initio calculations

All calculations were performed within the density functional theory (DFT) approach using Gaussian
09 program suite.'® Geometry was optimized with the B3LYP functional, employing the 6-31G+(d,p)
basis set. Solvent effects were considered within the SCRF theory using the polarized continuum
model (PCM) approach to model the interaction with the solvent. Excited electronic states were
determined at the B3LYP/6-31G+(d,p) level by means of the time-dependent DFT (TD DFT) approach
(100 excited states in each case). The ECD spectra were simulated by overlapping Gaussian functions
for each transition where the width of the band at 1/e height is fixed at 0.2 eV and the resulting
intensities of the combined spectra were scaled to the experimental values (using UV-VIS spectra as
references). Presentation of molecular orbitals was performed by using the GaussView program.
Model compounds without any additional chromophores deriving from amino acids were used for
theoretical calculations. Aliphatic chains at lower rim were shortened since their lengths have
negligible influence on UV-VIS and ECD spectra.

a ® |,
& ,043

Figure S57. HOMO (left) and LUMO (right) orbitals of C, symmetrical AzaGlyNMe cavitands with cis (up) and trans (bottom)
configuration.

530 560

— TD DFT cis — TD DFT trans
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w w
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-265 1 -280 1
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Figure S58. Calculated ECD spectra of C, symmetrical AzaGlyNMe cavitands with cis (left) and trans (right) configuration.

Atomic coordinates for calculated geometries

AzaGlyNMe cavitand cis
Total energy =-3267.96273939 a.u.

X y z
(0} -0.43378200 4.95724800 0.51778400

3.90470700 2.98758100 0.34382100
0.48752300 4.07601900 1.02486600

[gle)
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T T OO0O00OZZ0000000000000Z2Z2Z0000000000000Z2Z2Z0000000000000Z2Z000000

1.76598600 3.97442000
2.69108900 3.04138000
2.36492300 2.25693500
1.07615500 2.39584100
0.11499400 3.28052300
2.14875300 4.76019100
1.38653100 5.68906000
1.79923900 6.33884400
1.12145800 7.41518700
1.51751100 7.87330100
3.38708700 1.29517600
3.35445200 1.30255800
4.95724800 0.43378200
2.98758100 -3.90470700
4.07601900 -0.48752300
3.97442000 -1.76598600
3.04138000 -2.69108900
2.25693500 -2.36492300
2.39584100 -1.07615500
3.28052300 -0.11499400
4.76019100 -2.14875300
5.68906000 -1.38653100
6.33884400 -1.79923900
7.41518700 -1.12145800
7.87330100 -1.51751100
1.29517600 -3.38708700
1.30255800 -3.35445200
-4.95724800 -0.43378200
-2.98758100 3.90470700
-4.07601900 0.48752300
-3.97442000 1.76598600
-3.04138000 2.69108900
-2.25693500 2.36492300
-2.39584100 1.07615500
-3.28052300 0.11499400
-4.76019100 2.14875300
-5.68906000 1.38653100
-6.33884400 1.79923900
-7.41518700 1.12145800
-7.87330100 1.51751100
-1.29517600 3.38708700
-1.30255800 3.35445200
0.43378200 -4.95724800
-3.90470700 -2.98758100
-0.48752300 -4.07601900
-1.76598600 -3.97442000
-2.69108900 -3.04138000
-2.36492300 -2.25693500
-1.07615500 -2.39584100
-0.11499400 -3.28052300
-2.14875300 -4.76019100
-1.38653100 -5.68906000
-1.79923900 -6.33884400
-1.12145800 -7.41518700
-1.51751100 -7.87330100
-3.38708700 -1.29517600
-3.35445200 -1.30255800
0.81149600 1.78852300
3.11061300 4.52621500

AzaGlyNMe cavitand trans
Total energy = -3267.94214265 a.u.

NCOo0oo0no0ooo

x y
-1.24720300 4.79836100
-4.69049200 1.49710500
-1.82422700 3.66597000
-2.99615400 3.13226000
-3.56180800 1.95025300
-2.99125400 1.32464200
-1.82435700 1.89315500

0.42963000
0.96211200
2.08202200
2.61185200
2.11443900
-0.73173400
-1.21842000
-2.34059000
-2.91411000
-3.98312000
2.70245300
4.24373700
0.51778400
0.34382100
1.02486600
0.42963000
0.96211200
2.08202200
2.61185200
2.11443900
-0.73173400
-1.21842000
-2.34059000
-2.91411000
-3.98312000
2.70245300
4.24373700
0.51778400
0.34382100
1.02486600
0.42963000
0.96211200
2.08202200
2.61185200
2.11443900
-0.73173400
-1.21842000
-2.34059000
-2.91411000
-3.98312000
2.70245300
4.24373700
0.51778400
0.34382100
1.02486600
0.42963000
0.96211200
2.08202200
2.61185200
2.11443900
-0.73173400
-1.21842000
-2.34059000
-2.91411000
-3.98312000
2.70245300
4.24373700
3.47072400
-1.19122000

z
-0.65133400
-0.49292200
-1.15463300
-0.56640500
-1.10745200
-2.22873200
-2.75586100

IrrrzzzzIrrrrorrroOrrrOrrrO I rI I I I I I I I I I I I I I I I I I IIIIIIIIIIIIIITI

coo0o0zz0o0
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2.61851800
4.37866000
1.78852300
4.52621500
6.02187100
1.67161800
-1.78852300
-4.52621500
-6.02187100
-1.67161800
-0.81149600
-3.11061300
-2.61851800
-4.37866000
-0.01910300
4.33026900
2.11083900
-4.33026900
-5.42224100
5.42224100
0.01910300
-2.11083900
3.49676000
4.15909100
2.41433500
-3.49676000
-4.15909100
-2.41433500
-2.32107900
-0.67355300
-0.92840200
2.32107900
0.67355300
0.92840200
-0.67043100
-1.68577400
-0.17113400
-0.71687100
9.06657500
9.04819900
9.98896300
9.06478800
-9.06657500
-9.04819900
-9.98896300
-9.06478800
0.67043100
1.68577400
0.17113400
0.71687100
-0.03673900
0.03673900
7.87330100
-7.87330100
-0.08132500
7.56528300
-7.56528300
0.08132500

-1.21579300
-3.62648300
-3.13645600
-3.75023400
-3.32890800
-2.38240600
-3.62462800
-3.59142800

6.02187100
1.67161800
-0.81149600
-3.11061300
-2.61851800
-4.37866000
0.81149600
3.11061300
2.61851800
4.37866000
-1.78852300
-4.52621500
-6.02187100
-1.67161800
5.42224100
2.11083900
-4.33026900
-2.11083900
-0.01910300
0.01910300
-5.42224100
4.33026900
2.32107900
0.67355300
0.92840200
-2.32107900
-0.67355300
-0.92840200
3.49676000
4.15909100
2.41433500
-3.49676000
-4.15909100
-2.41433500
9.06657500
9.04819900
9.98896300
9.06478800
0.67043100
1.68577400
0.17113400
0.71687100
-0.67043100
-1.68577400
-0.17113400
-0.71687100
-9.06657500
-9.04819900
-9.98896300
-9.06478800
-7.87330100
7.87330100
-0.03673900
0.03673900
7.56528300
0.08132500
-0.08132500
-7.56528300

3.04718600
3.75023400
4.82267400
5.35693300
6.60906400
7.21435000
0.07257300
0.08722200

-2.85058500
2.43528200
3.47072400

-1.19122000

-2.85058500
2.43528200
3.47072400

-1.19122000

-2.85058500
2.43528200
3.47072400
-1.19122000
-2.85058500
2.43528200

-0.25471300
0.44911200
0.44911200
0.44911200
-0.25471300

-0.25471300

-0.25471300
0.44911200
4.61746900
4.63667500
4.65894000
4.61746900
4.63667500
4.65894000
4.61746900
4.63667500
4.65894000
4.61746900
4.63667500
4.65894000

-2.66925300

-2.26637800

-2.34738900

-3.75879700

-2.66925300

-2.26637800

-2.34738900

-3.75879700

-2.66925300
-2.26637800
-2.34738900
-3.75879700

-2.66925300

-2.26637800

-2.34738900

-3.75879700
-2.22541200

-2.22541200

-2.22541200

-2.22541200

-1.27212700

-1.27212700
-1.27212700

-1.27212700

-2.25549900
0.58732000
1.11411700
2.20795400
2.66686300
2.18661700
-2.84882300
-4.39000100
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12c

-4.79836100 -1.24720300
-1.49710500 -4.69049200
-3.66597000 -1.82422700
-3.13226000 -2.99615400
-1.95025300 -3.56180800
-1.32464200 -2.99125400
-1.89315500 -1.82435700
-3.04718600 -1.21579300
-3.75023400 -3.62648300
-4.82267400 -3.13645600
-5.35693300 -3.75023400
-6.60906400 -3.32890800
-7.21435000 -2.38240600
-0.07257300 -3.62462800
-0.08722200 -3.59142800
4.79836100 1.24720300
1.49710500 4.69049200
3.66597000 1.82422700
3.13226000 2.99615400
1.95025300 3.56180800
1.32464200 2.99125400
1.89315500 1.82435700
3.04718600 1.21579300
3.75023400 3.62648300
4.82267400 3.13645600
5.35693300 3.75023400
6.60906400 3.32890800
7.21435000 2.38240600
0.07257300 3.62462800
0.08722200 3.59142800
1.24720300 -4.79836100
4.69049200 -1.49710500
1.82422700 -3.66597000
2.99615400 -3.13226000
3.56180800 -1.95025300
2.99125400 -1.32464200
1.82435700 -1.89315500
1.21579300 -3.04718600
3.62648300 -3.75023400
3.13645600 -4.82267400
3.75023400 -5.35693300
3.32890800 -6.60906400
2.38240600 -7.21435000
3.62462800 -0.07257300
3.59142800 -0.08722200
-1.36991900 1.41222500
-4.52278600 3.26820800
-4.68034400 5.01973500
-4.68572400 0.08963700
-1.41222500 -1.36991900
-3.26820800 -4.52278600
-5.01973500 -4.68034400
-0.08963700 -4.68572400

-0.65133400
-0.49292200
-1.15463300
-0.56640500
-1.10745200
-2.22873200
-2.75586100
-2.25549900
0.58732000
1.11411700
2.20795400
2.66686300
2.18661700
-2.84882300
-4.39000100
-0.65133400
-0.49292200
-1.15463300
-0.56640500
-1.10745200
-2.22873200
-2.75586100
-2.25549900
0.58732000
1.11411700
2.20795400
2.66686300
2.18661700
-2.84882300
-4.39000100
-0.65133400
-0.49292200
-1.15463300
-0.56640500
-1.10745200
-2.22873200
-2.75586100
-2.25549900
0.58732000
1.11411700
2.20795400
2.66686300
2.18661700
-2.84882300
-4.39000100
-3.61552300
0.98534300
2.44263800
-2.58436600
-3.61552300
0.98534300
2.44263800
-2.58436600

Total energy = -8397.41625016 a.u.

T OITO0OIO0OOOITOOOO

x y
8.45700000 17.42100000
7.19800000
6.23200000
6.52700000
5.78800000
7.78600000
8.75200000
6.89800000
7.66200000

z

-24.96600000
17.95300000 -25.27600000
17.15100000 -25.89900000
15.81800000 -26.21400000
15.20600000 -26.69000000
15.28700000 -25.90700000
16.08900000 -25.28500000
19.31400000 -24.95500000
19.71900000 -24.53600000
10.03900000 15.54700000 -24.97500000
9.93800000 14.80800000 -24.37100000
9.51500000 18.30000000 -24.27400000
10.47800000 17.89700000 -24.04100000
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1.41222500 1.36991900
3.26820800 4.52278600
5.01973500 4.68034400
0.08963700 4.68572400

-3.61552300
0.98534300
2.44263800

-2.58436600

1.36991900
4.52278600
4.68034400
4.68572400
-1.78321600
-4.79965300
-0.52595400
4.79965300
5.12719600
-5.12719600
1.78321600
0.52595400
-4.07030000
-4.13291000
-2.57884600
4.07030000
4.13291000
2.57884600
0.99603500
-0.77900400
0.05426600
-0.99603500
0.77900400
-0.05426600
-3.68966800
-4.53124000
-2.82646100
-3.41705700
-8.30112600
-8.66838900
-8.13761700
-9.05588500
8.30112600
8.66838900
8.13761700
9.05588500
3.68966800
4.53124000
2.82646100
3.41705700
4.09958000
-4.09958000
-7.08634700
7.08634700
-4.63421400
-6.41650300
6.41650300
4.63421400

9.22700000

-1.41222500
-3.26820800
-5.01973500
-0.08963700
5.12719600
0.52595400
-4.79965300
-0.52595400
1.78321600
-1.78321600
-5.12719600
4.79965300
0.99603500
-0.77900400
0.05426600
-0.99603500
0.77900400
-0.05426600
4.07030000
4.13291000
2.57884600
-4.07030000
-4.13291000
-2.57884600
8.30112600
8.66838900
8.13761700
9.05588500
-3.68966800
-4.53124000
-2.82646100
-3.41705700
3.68966800
4.53124000
2.82646100
3.41705700
-8.30112600
-8.66838900
-8.13761700
-9.05588500
-7.08634700
7.08634700
-4.09958000
4.09958000
6.41650300

-3.61552300
0.98534300
2.44263800

-2.58436600
0.12389200

-0.58947800
-0.58947800

-0.58947800
0.12389200
0.12389200
0.12389200

-0.58947800

-4.76732600
-4.78265000

-4.80175300

-4.76732600

-4.78265000

-4.80175300

-4.76732600

-4.78265000

-4.80175300
-4.76732600

-4.78265000
-4.80175300
4.40148000
4.99318800
5.05918700
3.66296100
4.40148000
4.99318800
5.05918700
3.66296100

4.40148000
4.99318800
5.05918700
3.66296100
4.40148000
4.99318800
5.05918700
3.66296100
3.70689000
3.70689000
3.70689000
3.70689000
4.24273000

-4.63421400 4.24273000
4.63421400 4.24273000

-6.41650300 4.24273000

19.56900000 -23.96100000

10.18200000 20.36500000 -23.31600000
11.08200000 19.98900000 -23.09700000

9.88900000

21.63100000 -22.99300000

10.74600000 22.34700000 -22.41500000

8.68500000
8.00400000
8.36400000
7.60900000
9.40100000
8.91600000

22.13200000 -23.28700000
21.56300000 -23.74500000
23.52400000 -22.93600000
23.24800000 -22.22900000
24.43400000 -22.25000000
25.31400000 -21.88500000

10.15600000 24.71100000 -22.95600000
10.05000000 23.67900000 -21.07600000
11.44000000 23.50800000 -21.03400000
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12.05000000
12.03000000
13.09200000
11.23000000
11.68200000
9.83900000
9.22900000
9.25000000
8.18700000
7.35400000
6.52900000
7.35300000
8.00800000
6.38900000
6.54500000
4.89000000
4.55900000
4.33600000
4.73300000
7.08400000
6.45500000
8.31200000
9.35800000
8.08200000
7.03500000
8.60300000
8.61000000
8.08800000
8.38200000
8.74900000
7.33600000
8.90300000
10.11600000
10.63700000
10.27400000
10.48300000
6.72600000
7.62500000
7.56100000
6.59600000
6.54800000
5.69700000
5.76300000
8.52000000
8.56300000
4.84800000
4.16100000
6.79200000
6.10600000
7.67500000
7.72500000
7.08200000
8.63400000
9.44500000
8.68000000
8.03600000
9.67800000
10.15800000
10.71900000
11.43100000
10.22500000
11.44300000
12.50000000
12.80200000
13.15900000
13.96400000
12.76000000
13.26500000
11.70400000
11.40200000
11.04400000

23.90200000 -21.81900000
22.82100000 -19.96400000
22.69200000 -19.93300000
22.30500000 -18.93600000
21.78200000 -18.11900000
22.47600000 -18.97700000
22.08100000 -18.19300000
23.16200000 -20.04700000
23.29300000 -20.07800000
24.09000000 -23.95000000
23.32200000 -24.51200000
25.39600000 -24.23600000
26.00700000 -23.79100000
25.93600000 -25.20800000
26.95000000 -24.90800000
25.59800000 -25.11500000
25.72500000 -24.10600000
26.25000000 -25.75600000
24.58400000 -25.41700000
26.12500000 -26.56900000
25.89500000 -27.63400000
13.99100000 -26.55200000
13.89200000 -26.35400000
14.04400000 -28.07400000
14.14100000 -28.27400000
14.88400000 -28.48400000
12.74900000 -28.71900000
11.90900000 -28.31000000
12.80300000 -30.24100000
11.90300000 -30.68900000
12.90000000 -30.44200000
13.64300000 -30.65000000
12.60900000 -28.43000000
13.45000000 -28.83900000
12.57200000 -27.37200000
11.71000000 -28.87700000
11.80800000 -23.90000000
12.65100000 -24.56600000
12.78300000 -25.96000000
12.07100000 -26.68700000
12.17000000 -27.75200000
11.22800000 -26.01900000
11.09600000 -24.62700000
13.31200000 -23.89100000
13.22200000 -22.93600000
10.23300000 -23.94600000
9.95000000 -24.55500000

11.66500000 -22.36900000
11.01800000 -21.86200000
12.32700000 -21.69500000
12.20400000 -20.30200000
11.60100000 -19.82900000
12.89200000 -19.60300000
13.64800000 -20.19800000
12.77800000 -18.27100000
12.17700000 -17.79700000
13.53600000 -17.50500000
12.65800000 -17.12400000
14.42600000 -18.21000000
13.80900000 -18.71700000
15.05800000 -18.91800000
15.29500000 -17.16600000
14.75900000 -16.41800000
13.74400000 -16.57200000
15.55100000 -15.46800000
15.14200000 -14.89700000
16.88000000 -15.26700000
17.48600000 -14.54200000
17.41700000 -16.01400000
18.43200000 -15.86200000
16.62500000 -16.96500000
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10.23800000 17.03400000 -17.53600000

9.08600000
9.10100000
8.55800000
8.54700000
7.99300000
8.67800000
8.06300000
9.05600000
7.80300000
7.37800000
6.78100000
6.95500000
4.39600000
4.29900000
4.43700000
4.53500000
3.53300000
5.63900000
6.54400000
5.49800000
4.59300000
6.33300000
5.47200000
5.67600000
4.77100000
5.77300000
6.51100000
0.94000000
2.20900000
3.19300000
2.90900000
3.66100000
1.64200000
0.65700000
2.47200000
1.79800000
-0.63600000
-0.55000000
-0.14300000
-1.11100000
0.11800000
-0.88300000
-1.78900000
-0.63200000
-1.53300000
0.57800000
1.29300000
0.86100000
1.56800000
-0.22700000
0.22500000
-0.93200000
-0.95200000
-0.22400000
0.83700000
-0.88400000
-0.32800000
-2.27300000
-2.77700000
-3.00200000
-4.06300000
-2.34100000
-2.89900000
1.93200000
2.79800000
1.94200000
1.25400000
2.96400000
4.45700000
4.64300000

13.93200000 -16.14000000
13.11300000 -15.18600000
15.14900000 -15.96700000
15.80100000 -16.72500000
15.52700000 -14.66400000
16.33500000 -14.52100000
14.57500000 -13.45600000
14.19000000 -13.36200000
15.11000000 -12.56600000
13.76600000 -13.60000000
16.45300000 -14.88100000
17.68400000 -15.07100000
10.72800000 -26.67400000
9.67400000 -26.51400000
11.01500000 -28.18600000
12.06800000 -28.34700000
10.66800000 -28.63900000
10.28600000 -28.81600000
10.63400000 -28.36400000
8.77000000 -28.58300000
8.42200000 -29.03400000
8.26300000 -29.02000000
8.57200000 -27.53100000
10.57200000 -30.32800000
10.22400000 -30.78000000
11.62600000 -30.49000000
10.06600000 -30.76700000
11.15600000 -25.19200000
10.63300000 -25.48300000
11.45600000 -26.04700000
12.79900000 -26.32200000
13.42800000 -26.75200000
13.32100000 -26.03500000
12.50000000 -25.46900000
9.38400000 -25.22800000
8.81900000 -24.84300000
13.03400000 -25.17400000
13.75000000 -24.54000000
10.25500000 -24.57200000
10.65800000 -24.35300000
8.97100000 -24.30600000
8.15400000 -23.76700000
8.53400000 -23.57900000
6.86700000 -23.50500000
6.13500000 -23.01800000
6.35800000 -23.75800000
6.93800000 -24.14900000
4.94700000 -23.45800000
5.18000000 -22.68900000
4.01800000 -22.89100000
3.11600000 -22.53600000
3.78400000 -23.66100000
4.72100000 -21.72800000
5.18000000 -20.62300000
5.04200000 -20.58500000
5.82000000 -19.56400000
6.17100000 -18.72100000
6.00000000 -19.61100000
6.48600000 -18.80300000
5.54200000 -20.71700000
5.68000000 -20.75200000
4.90300000 -21.77600000
4.55400000 -22.62000000
4.41800000 -24.43000000
5.20200000 -24.90000000
3.12600000 -24.77400000
2.50500000 -24.39900000
2.62000000 -25.70000000
2.93600000 -25.49000000
3.96200000 -25.73700000



T ITOIO0OOIIITIOIOIZ00IO0IOIOIOIOOIIOIOIZONONOIZZIOIOIOOOIOOOOIIIOIIIOIOIIOIOOOI

4.71800000
2.36200000
3.06400000
1.13800000
0.08500000
1.41800000
0.91100000
2.47000000
0.91000000
1.41600000
1.18800000
0.68200000
0.83600000
2.24100000
-0.60500000
-0.79800000
-0.95800000
-1.11100000
2.63900000
1.76200000
1.86800000
2.85200000
2.93500000
3.73100000
3.62200000
0.84800000
0.77600000
4.51500000
5.21900000
2.52200000
3.19000000
1.61800000
1.51700000
2.14200000
0.58800000
-0.20000000
0.49700000
1.12300000
-0.52100000
-1.01800000
-1.53500000
-2.23300000
-1.01500000
-2.28700000
-1.78400000
-0.87900000
-2.47100000
-2.08800000
-3.65800000
-4.18200000
-4.16000000
-5.06600000
-3.47400000
-3.85800000
0.03400000
-0.01200000
0.56400000
0.60000000
1.09500000
0.41100000
0.98600000
1.22300000
1.66900000
-0.01300000
2.31800000
2.15700000
5.05000000
5.14300000
5.05500000
4.96200000
5.97300000

2.76300000 -24.46800000
2.50000000 -27.11200000
2.77200000 -28.12000000
14.64000000 -26.65000000
14.73200000 -26.48200000
14.63700000 -28.16500000
13.81200000 -28.61900000
14.54700000 -28.33300000
15.95300000 -28.78300000
16.77900000 -28.32900000
15.94900000 -30.29700000
15.12300000 -30.75100000
16.86300000 -30.72700000
15.85800000 -30.46600000
16.08200000 -28.53900000
16.08400000 -27.48700000
16.99700000 -28.96800000
15.25600000 -28.99400000
16.72400000 -23.87400000
15.90600000 -24.59900000
15.82600000 -25.99300000
16.56400000 -26.66400000
16.50400000 -27.73000000
17.38200000 -25.93900000
17.46300000 -24.54400000
15.21900000 -23.97500000
15.27400000 -23.02000000
18.30100000 -23.80600000
18.60500000 -24.38300000
16.81000000 -22.34100000
17.43700000 -21.78800000
16.12300000 -21.72100000
16.19400000 -20.32600000
16.77900000 -19.80900000
15.47800000 -19.68400000
14.74300000 -20.33500000
15.54100000 -18.35100000
16.12700000 -17.83600000
14.75100000 -17.64300000
15.61100000 -17.24400000
13.88400000 -18.41200000
14.51600000 -18.91900000
13.28100000 -19.12900000
12.97300000 -17.42500000
11.70100000 -17.12100000
11.36100000 -17.57500000
10.87400000 -16.22100000
9.90200000 -15.99000000
11.31900000 -15.62500000
10.68900000 -14.93800000
12.59200000 -15.92900000
12.93300000 -15.47400000
13.42000000 -16.82900000
14.39000000 -17.06100000
14.31000000 -16.27600000
15.09600000 -15.29500000
13.09000000 -16.13100000
12.46400000 -16.91100000
12.67000000 -14.82700000
11.85300000 -14.73000000
13.58100000 -13.59000000
13.01900000 -12.71100000
14.39900000 -13.68700000
13.95900000 -13.51300000
11.75800000 -15.04000000
10.53200000 -15.27200000
17.90600000 -26.53500000
18.95200000 -26.33200000
17.67700000 -28.05800000
16.63100000 -28.26200000
18.04100000 -28.47100000
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3.87200000
2.95400000
3.87700000
3.78400000
3.05500000
4.79500000
4.00600000
4.92400000
3.18400000
4.00300000
5.04800000
2.78100000
1.09300000
0.53500000
0.52700000
1.10000000
-0.92500000
0.56000000
-0.97700000
-1.51300000
-1.60200000
0.10800000
-2.93700000
-0.89700000
-3.48600000
-3.56600000
-1.52600000
0.14100000
-4.60400000
-2.86000000
-0.97600000
-3.34900000
3.55300000
3.68300000
4.70300000
4.70400000
4.67200000
6.00000000
3.63800000
5.16900000
5.35400000
5.96900000
5.38800000
5.95400000
4.92100000
6.02100000
6.58700000
5.92800000
6.04700000
6.62100000
7.05300000
7.11400000
5.54400000
5.40500000
4.40300000
4.38300000
4.47300000
3.10000000
5.51600000
3.99300000
3.79600000
3.12100000
3.20000000
3.76700000
3.22300000
2.57400000
3.14100000
4.23200000
2.10800000
2.54400000
3.11700000

18.43100000 -28.69400000
18.06800000 -28.28200000
18.20100000 -30.21700000
17.15500000 -30.42000000
18.72500000 -30.65900000
18.56400000 -30.63000000
19.93700000 -28.40300000
20.30000000 -28.81600000
20.46100000 -28.84500000
20.09800000 -27.34500000
2.30600000 -26.12100000
1.59500000 -25.45500000
2.10600000 -27.26700000
1.89000000 -26.46600000
1.99300000 -28.59600000
1.27000000 -29.17500000
1.53200000 -28.53700000
3.33100000 -29.32100000
0.55600000 -28.05300000
2.25100000 -27.96800000
1.38400000 -29.87800000
3.42400000 -30.49300000
0.96500000 -29.94600000
1.66600000 -31.05500000
0.74600000 -29.03100000
0.82900000 -31.19000000
1.53000000 -32.29800000
1.99200000 -31.00200000
0.50300000 -31.24200000
1.11100000 -32.36600000
1.75000000 -33.21300000
1.00500000 -33.33400000
12.26800000 -14.97500000
13.24200000 -14.78800000
11.40900000 -15.17500000
10.62000000 -14.42300000
10.76500000 -16.55700000
12.19600000 -15.05800000
10.61000000 -16.86400000
11.41700000 -17.27400000
9.42100000 -16.65000000
13.43000000 -14.81500000
8.73600000 -17.87000000
8.86100000 -15.51600000
9.17200000 -18.75400000
7.49000000 -17.95600000
7.61500000 -15.60200000
9.39500000 -14.56600000
6.95600000 -18.90600000
6.93000000 -16.82200000
7.17900000 -14.71800000
5.96000000 -16.88900000
15.94700000 -14.86700000
14.96700000 -14.71600000
16.81600000 -15.07000000
17.57800000 -14.29100000
17.50800000 -16.42700000
16.03100000 -15.01500000
17.66900000 -16.69900000
16.88300000 -17.17900000
18.85800000 -16.49100000
14.78900000 -14.81300000
19.28500000 -17.68300000
19.68000000 -15.35900000
18.64400000 -18.56400000
20.53500000 -17.74200000
20.93000000 -15.41800000
19.34700000 -14.43100000
20.86800000 -18.67000000
21.35800000 -16.61000000
21.57100000 -14.53700000



14.29300000 28.36100000 -30.12100000
12.63500000 27.79100000 -31.38600000
10.82000000 27.17700000 -32.38800000
13.18800000 27.94500000 -32.31300000
1.12000000 4.51600000 -28.65400000
1.81600000 16.72400000 -15.19600000
7.29100000 11.51400000 -15.22900000
8.45100000 24.19200000 -28.10900000
7.69100000 24.26100000 -27.46200000
1.79800000 17.66000000 -15.54900000
7.32100000 10.58600000 -15.60400000
1.80000000 4.40500000 -27.92900000
0.84700000 5.34800000 -28.90000000
8.06300000 11.93400000 -14.99400000
1.03700000 16.30200000 -14.98600000
8.77700000 23.37400000 -28.34100000

2.05600000 22.33200000 -16.65600000
8.35700000 26.53600000 -26.61900000
8.85600000 26.72000000 -25.77300000
9.01000000 26.71300000 -27.89900000
8.47100000 27.45800000 -28.48400000
10.45000000 27.18300000 -27.72100000
9.04100000 25.40900000 -28.68400000
10.45900000 28.13600000 -27.19200000
11.00600000 26.44300000 -27.14500000
11.21600000 27.39600000 -29.00500000
9.57200000 25.37200000 -29.82400000
12.54700000 27.82800000 -28.96300000
10.59400000 27.16200000 -30.23800000
13.03100000 28.01000000 -28.00300000
13.25700000 28.02500000 -30.15400000
11.30400000 27.35900000 -31.42800000
9.55800000 26.82600000 -30.27000000
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Making a Right or Left Choice: Chiral Self-Sorting as a Tool for the
Formation of Discrete Complex Structures

Hanna Jedrzejewska and Agnieszka Szumna™

Institute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw, Poland

ABSTRACT: This review discusses chiral self-sorting—the process of choosing an

interaction partner with a given chirality from a complex mixture of many possible y_ N R\
racemic partners. Chiral self-sorting (also known as chiral self-recognition or chiral self- C_—_e l
discrimination) is fundamental for creating functional structures in nature and in the V
world of chemistry because interactions between molecules of the same or the opposite

chirality are characterized by different interaction energies and intrinsically different A

resulting structures. However, due to the similarity between recognition sites of =
enantiomers and common conformational lability, high fidelity homochiral or =
heterochiral self-sorting poses a substantial challenge. Chiral self-sorting occurs among

natural and synthetic molecules that leads to the amplification of discrete species. The A
review covers a variety of complex self-assembled structures ranging from aggregates k

made of natural and racemic peptides and DNA, through artificial functional receptors, ‘ \ l
macrocyles, and cages to catalytically active metal complexes and helix mimics. The Y .
examples involve a plethora of reversible interactions: electrostatic interactions, 7—x

stacking, hydrogen bonds, coordination bonds, and dynamic covalent bonds. A generalized view of the examples collected from
different fields allows us to suggest suitable geometric models that enable a rationalization of the observed experimental
preferences and establishment of the rules that can facilitate further design.
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Oswiadczam, ze mdj wktad w powstanie artykutow wchodzgcych w sktad rozprawy doktorskiej:

“Peptide-based capsules with chirality-controlled functionalized interiors — rational design and
amplification from dynamic combinatorial libraries” H. Jedrzejewska, A. Szumna, Chem. Sci., 2019,
DOI:10.1039/c8sc05455j, byt nastepujacy: projektowanie sekwencji peptyddw, synteza wszystkich
peptyddw, kawitandéw i kapsut, rejestracja widm 'H NMR, interpretacja widm NMR i ECD,
obliczenia TD DFT, modele kapsut w roztworze, krystalizacja i rozwigzanie struktur kapsut w ciele
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opracowanie koncepcji przegladu i selekcja artykutdw, przygotowanie grafik i wstepnej wersji
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Oswiadczam, ze méj wkiad w powstanie artykutow:

e “Peptide-based capsules with chirality-controlled functionalized interiors — rational design
and amplification from dynamic combinatorial libraries” H. Jedrzejewska, A. Szumna,
Chem. Sci., 2019, DOI:10.1039/c8sc05455j,

e "Making a Right or Left Choice: Chiral Self-Sorting as a Tool for the Formation of
Discrete Complex Structures" H. Jedrzejewska, A. Szumna, Chem. Rev., 2017, 117,
4863-4899,

e "Switching of inherent chirality driven by self-assembly” H. Jedrzejewska, M. Kwit,, A.
Szumna, Chem. Commun., 2015, 51, 13799-13801,

e "Dynamic Formation of Hybrid Peptidic Capsules by Chiral Self-sorting and Self-
assembly" H. Jedrzejewska, M. Wierzbicki, P. Cmoch, K. Rissanen, A. Szumna, Angew.
Chem. Int. Ed., 2014, 53, 13760—-13764,
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K. Rissanen, A. Szumna, Angew. Chem. Int. Ed., 2014, 53, 13760-13764) byt nastepujgcy: rozwigzanie

i udoktadnienie struktur kapsut w ciele statym, oraz korekta manuskryptu.
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Szumna, Chem. Commun., 2015, 51, 13799-13801) byt nastepujacy:
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