


1. General Information
1.1 Materials

All reagents were purchased from Alfa Aesar or Sigddaich and used without further purification.
Deuterated solverg were purchased from Eurisop. TLC was carried out dverck silica gel 60 F254
plates. Preparative chromatography was darseng Merck Silica Gel 60 (2800 mesh) oilfeledyne Isco

CombiFlash system with RediSepNal-phase Silica Flash Columns.

Tetrabutylammonium stidte was purchased from Alfa Aesar as a 50% aqueous solution. Before drying,
the pH of this solution was checked and found to be neutral (pH=7.3 upon dilutibiMtooncentration),
confirming that the sample is essentially free frétydrogensuiate. Anhydrous salt was obtained in the
following way:ca.2 g ofthe 50% solution was transferred to5® ml roundbottom flask and most of the
water was removed oarotary evaporator with gentle heating over a few hours. Viscous residu¢heas
further dried under high vacuum over KOH to a constant mass (ind@t#¥ % loss of weight was reached).
The resulting white crystalline solid was stored in a vacuum desiccator over KOH and used for titrations.
Tetrabutylammonium chloridetetrabutylammonium benzoate andtetrabutylammonium dihydrogen
phosphatewere obtained from Sigmaldrich and used as received.

1.2 Instruments and Methods

NMR spectra were recorded using Agilent 400 MHz or Bruker Avance 500 MHz spectrometers at ambient
temperature in DMS@ls. Chemical shifts are reported in parts per million (ppm) and coupling constants

are given in hertz (Hz). Data are reported as follows: chemical shift, multiplistpglet, bsg broad

singlet, d¢ doublet, dd¢ doublet of doublets), coupling constant and integration. The residual signal of
DMSQds solvent was used as an intern&d # SNBy OS &Gl yRINR 641 ' wopnn LIL
HRESI mass spectra were obtained using a Quattro TOF mass spectrometer with methanol as a spray
solvent. Elemental analysis was performed using a CHN analyser model Vario EL Il Elementar Analyser
Chlorine content in all analysed samples was determined according to the Schoniger method.



2. Synthetic Procedures and CharacterizatiohNew Compounds
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Scheme SiSynthetic pathway leading twatenaneA. (a) NaOH BrCHCN H,O/1,4-dioxane 1:1, 1h, 49%;
(b) K:CQ/2-allyloxyethyip-toluene sulfonate acetonitrile, reflux, 20h80%; (c) NaQHH.O/MeOH 1:1
reflux, 24h, 94%; (d) SQCIDCM, reflux, 24h, assumed quantitative; (el,8diaminc3,6-
dichlorocarbazolEEtN, acetonitrile, RT, 40h, 80%; TBASQ/ tetrafluoro-1,4-benzoquinone/nitreGrela
SiPr catalystDCM, RT, 26% fty 14% for5, 10% fol6.

Synthesiof |

OH

Prepared according to the previously published procedure



Synthesiof II
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To a 250 ml two-neck roundbottom flask equipped with a magnetic stirrer, 2-(4-
hydroxyphenoxy)acetonitril¢4.474 g, 30.00 mmol) and acetonitrilg75 ml)were added. The flask was
equipped with a reflux condenser connectedaaheckvalve bulbler andargon was bhbled through the
solution for 15 min.Afterwards 2-allyloxyethyip-toluene sulfonate 7.690 g, 30.00 mmol) and solid
potassium carbonate (4.561 g, 33.0 mmol) were added in a counterstream of argon. Argon inlet was
removed and the reaction mixture was lted at reflux for 20 h under an argon atmosphere. After this
time, reactionmixturewas cooleddownto room temperature, filteredandwashed with acetonitrileThe
solvent was removedn arotary evaporator The goduct was purified by column chromatographging
hexane/AcOEt mixture (9:4.8:2 v/v). Fractions containing pure product were combined and evaporated
to yield a brown oil (5.617 g, 24.08 mmol, 80.3%)NMR in accomhce with previouslpublished data

Synthesiof 1l
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O\/\O/\/

To a 250 ml oneneck roundbottom flask equipped with amagnetic stirrer, 2-(4-(2-
(allyloxy)ethoxy)phenoxy)acetonitriliCompoundll) (2.333 g, 10.0 mmol) andmethanol (45 ml)were
added forming clear solution. Nexggueoussolution of NaOH20%)was added45 ml) The flask was
equipped with a reflux condens@&onnected toa checkvalve bubbler Reaction mixture was heated at
reflux for 24 h and the cooled down iranice bath causing precipitation afwhite solid. Mixture was
acidified to pH 7 by the addition & M aqueous HCI. Afterwards, solid was filtered, washed with water
(3x15 ml) anddried in vacuo t@ivea pure whiteproduct(2.378 g, 9.427 mmol, 94.3%).NMR(400 MHz,
DMSQds0 pmss 12.95 (s; 1H); 85 (m;J= 64 Hz; 2H); ®0 (ddt;J= 17.3; 106; 54 Hz; 1H); 27 (ddd;J
=173;37; 17 Hz; 1H); 85 (ddd;J= 104, 34; 14 Hz; 1H); #8 (s; 1H); 43 (m; 1H); 00 (dt;J=54; 15
Hz; 1H); 38 (m; 1H)Figure S1)*C NMR(101 MHzDMSGds0 pmss 170.84; 153.26; 152.28; 135.58;
116.93 11577; 11569; 7154; 68.65; 67.92; 65.49Figure S2HR MS(ESI): m/z calcd. for:4EhsOsNa
[M+Ng™: 275.0895, found: 275.0883 Elemental Analysiscalcd. for GHisOs: C61.90; H 6.39found: C
61.9Q H6.30



Synthesiof 2
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To a 100 ml singleneck roundbottom flask equipped with amagnetic stirrer, 2-(4-(2-
(allyloxy)ethoxy)phenoxy)acetic ad@2l000g, 7.928 mmol), DCM (SPS, 30 ml) and thionyl chloride (1.800
ml, 23.78 mmoljvere added.The flask was equipped with a reflux condensannected toa checkvalve
bubbler. Reaction mixture was heated atflux for 24 h. After that time, it was cooled down to room
temperature and solvent was removerh a rotary evaporator Product was drieéh vacuoat 60°C, and
used in the next synthetic step without further purification and characterization.

Synthesiof 1

OZ gO
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A 100 ml two-neck roundbottom flaskwas dried in a stream of hot air and then cooled down in vacuo.
After that, it wasequipped with anagnetic stirrerand 1,8diamino-3,6-dichlorocarbazol€0.950g, 3.568
mmol)was added. The flask was closed with rubber sepaind purged with argon. Next, acetonitrile (40
ml) and triethylamine (1.2 ml, 8.7 mmol) were addédsingleneck round bottom flask witt2-(4-(2-
(allyloxy)ethoxy)phenoxy)atd chloride(Compound®) obtaired in the previous synthetic step was closed
with a septum, purged with arggandthen acetonitrile (10 ml) was added. The solution of acetyl chloride
was added dropwise to the solution of iggamino-3,6-dichlorocarbazole. Reaction mixture was left in
room temperature for 40 h. After that, white solid was filtered, suspended in MeOH (50 ml) and placed in
ultrasonic bath. Afterwards, it was filtered again and dried in vagigdding pure precursat of catenane
(2.111 g, 2.873 mmol, 80%H NMR(400 MHzDMSQGds0 pmss 10.81 (s; 1H); 132 (s; 2H); 49 (d;J=
1.9 Hz; 2H); 75 (d;J= 14 Hz; 2H); D2 (d;J= 91 Hz; 4H); ®2 (d;J= 91 Hz; 4H); B9 (ddt;J=17.2; 106;
5.4 Hz; 2H); 27 (ddd;J= 17.3; 36; 1.7 Hz; 2H); 85 (ddd;J= 105; 33; 14 Hz; 2H); #8 (s; 4H); £4 (m;
4H); 400 (dt;J=53; 15 Hz; 4H); 39 (m; 4H)¥*C NMR101 MHzPMSQds0 pmss 167.97; 15355; 15218;
13557; 13208; 12465; 12378; 12375; 12070; 11760; 11692; 11623; 11578; 7155; 6865; 6822;
67.91,
HR MSESI): m/z calcd. forgEhsNzOsChk [M-H]: 7321879 found:732.1877.

Elemental Analysigalcd. forGsHs7NsOsCh: C62.13; H 5.08; Cl 9.65; N 5.78und: C62.01%;, H5.16;Cl
9.40; N5.70



Synthesiof catenaneA

A 100ml two-neck roundbottom flaskwas dried in an oven and cooled dowrvacuo.Thenthe flaskwas
equipped with amagnetic stirrerand acyclic precursdr (50 mg, 0.068 mmol) was added. The flask was
closed with a rubber septum, purged with argon and dry DCM (SPS, 65 ml) was addeGrdldar8iPr
catalyst (2.48 mg, 0.00328 mmol, 5% mol), dried tetrabutylammonium sulfate (20.87 mg, 0.0359 mmaol,
0.5 equiv.) and tearfluoro-1,4-benzoquinone (1.17 mg, 0.0065 mmol, 10% mol) were weighed out in three
separate vials, which were then filled with argon. DCM (SPS, 2 ml + 2 ml for vial washing) was added to the
vial with tetrabutylammonium sulfate. This solution was then adide the reaction mixture causing
immediate dissolution of the precursor. Dry DCM (SPS, 1 ml) was added to the vial with tetrafdtoro
benzoquinone. This solution was then used to dissolve catalyst. The mixture of catalyst and quinone was
added dropwisdo the reaction mixture using a syringe pump (100 uL/h). Reaction was left overnight at
room temperature. Next dayl,4-piperazinedipropaneitrile (3.268 mg, 0.017 mmol, d@ mg/mIDCM
solution) was added to the reaction mixture and sarfor 30 min. toquench the reaction. After that,

silica gel (0.5 g) was added and solvent was remared rotary evaporator(dry loading). The crude
product was purified by a flash column chromatography (CombiFlash) on 4 g cartridge using gradient
elution with DCM/MeOH nixtures (0 to 5% MeOH). Fractions containing pure products were combined
and evaporated to yield catenanA (12.5 mg, 0.0088 mmol, 25.9%)d macrocycle3 (4.1 mg, 0.0058
mmol).

CatenaneA'H NMR(500 MHz, DMS@s0 pmss 10.82 ps, 1H), 10.2%6, 2H)8.18 bd, 2H), 7.76kd, 2H),

7.03 (d,J=9.0 Hz, 4H), 6.90 (@ 9.0 Hz, 4H), B7 (bt, 2H), 4.75s, 4H), 4.04 3.96 (8H), 3.66 (m, 4H)

13C NMR(126 MHz, DMS@) 1 pmss 167.41, 153.09, 151.65, 131.59, 128.92, 124.22, 123.32, 120.13,
117.16, 115.80, 115.29, 70.08, 68.09, 67.8446.HR MSESI): m/z calcd. for GHsaNsO16Ch [M-2H]*
704.1561; found: 704.1562

Macrocycle3 'H NMR(500 MHz, DMS@)  pmss 11.02 (bs, 1H), 10.24 (bs, 2H), 8.19 (bd, 2H), 7.83 (bd,
2H), 7.08 (dJ= 7.5 Hz, 4H), 6.91 (@ 7.7 Hz, 4H), 5.78 (bs, 2H), 4.74 (bs, 4H), 4.01 (8H), 3.67 (bs, 4H).
13C NMR(126 MHz, DMS@) { pwss 167.36, 153.20, 151.57, 131.47, 128.84, 124.26,31123119.89,
117.13,115.88, 115.30, 69.73, 68.02, 67.92, 6718R MJESI): m/z calcd. for4EksN:OsCbNa [M+Nal:
728.1530; found: 728.1542.



NMR Spectra
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Figure S1'H NMRspectrum of compoundll in DMSGds.
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Figure 8. *H NMRspectrum ofprecursorl in DMSGds.
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Figure 3. 2D 'H'H ROES¥pectrum ofcatenaneA in DMSGds. No cross signals characteristic for an
interlockedarchitecture were found.
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Figure 31. Comparison otH NMR spectra of catenamfeand macrocycl&. Lower staclpresens zoom
of aromatic 6.788.00 ppm regionSignas of carbazole Ci2 proton and hydroquinong@rotonsB & Care
slightly shifted downfields a result of shielding effect in the interlocked architecture.
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4. DOSY Experiments
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Figure 94.DOSpectrum of catenané in DMS@ds. Concentration ofA: 0.002 M. Temperature
The calculated diffusion coefficieauals to: @=1.0310° cn¥/s.
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Figure 5. DOSYspectrum of catenané in the presence of 1 equivalent GBASQ in DMSGQds.
Concentration ofA: 0.002 M. Temperature: 298 Khe calculated diffusion coefficieagjuals to: [xsos=

1.11110° crré/s.
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5. Binding Studies

5.1 H NMR Titrations

General Procedure

All the reagentsvere weighted separately on a Mettler Toledo Excellence XA105DU analytical balance
(readability 0.01 mg) in screweapped vials sealed with Teflmovered septaDMSO/HO mixtures were
obtained using MiliQ HO and their concentrations were expressed asghtweight percentageAll the
solvent/solution manipulations were done using gagt Hamilton glass syringes. Titrants were prepared

by dissolving appropriate salts in the solution of the receptor (unless specified otherwise), in order to avoid
dilution of the receptor during titration. Titrations were performed in screapped NMR tubes sealed
with Tefloncovered septa, by adding aliquots of the titrant solution to the receptor solution (0.600 mL, 2
mM) and recordingH NMR spectra after each additiofhe NMR spectra were measured on Agilent 400
MHz spectrometer TheH NMR titration data were fitted with WinEQNMR2 software when possible.
Association constants and chemical shifts of both 1:1 BBdomplexes were set as free parameters for
fitting, whereas chemical shifts of free ligands were constrained to be equal to experimentally measured
values.

5.1.1 'H NMR titration of 0.00 M solution of catenaneA in DMSGds + 0.5% LD with 0.015M

(TBA)SQ.
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— i‘ \H"" -
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Figure 98. Stack ofHNMR spectra obtained during titration 6f001M solution of catenanéin DMSQ
ds + 0.5% kO with 0.015V (TBAYSQ.
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5.1.2 H NMR titration of 0.000M solution of catenané in DMSGdes/H-O 9:1 with 0.0015
(TBAYSQ. Water suppression (wetlD) wased.
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Figure 99. Stack ofHNMR (wet 1D supression) spectra obtained during titratio.0001M solution of
catenaneAin DMSGds/H-0 9:1 with 0.0018/ (TBA)SQ.

Table 3. Chemicabhifts of proton signalobtained during titration 00.000L M solution of catenané\in
DMSGQGds/H-0 9:1 with 0.00% M (TBA)SQ.

Equivalents g
(TBAYSQ
0.00 10.6893 10.2962 7.6607 | 8.0934 |4.7078|6.9746| 6.8409| 5.7218
0.10 10.6946 10.307| 7.6839| 8.0674 |4.7238(6.9522| 6.8175| 5.7181
0.20 10.704110.3501 7.7106 | 8.0354 |4.7399|6.9296| 6.7902 | 5.7135
0.29 11.027|10.3504 7.7559| 7.9674|4.75726.8962| 6.7489| 5.7116
0.40 broad | broad | 7.7881| overlap|4.7786|6.8750| 6.6887 | 5.7074
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0.50 broad | broad | 7.8122| overlap |4.7917|6.8567| 6.6650| 5.7046
0.60 broad |11.1379 7.8285| overlap | 4.8082|6.8391| 6.6368 | 5.7015
0.70 12.381111.1324] 7.8529| 7.7859|4.8201| 6.8261| 6.6221| 5.699
0.80 12.3938 11.1418 7.8694 | 7.7735|4.8276/6.8169| 6.6113| 5.6971
0.90 12.383511.1461] 7.8696 | 7.7682|4.8318/6.8121| 6.6049 | 5.6965
1.00 12.3884111.1509 7.8727| 7.7629|4.8336| 6.8101| 6.6025| 5.696
1.20 12.3982/11.1572] 7.8748| 7.761 |4.8351|6.8089| 6.6008 | 5.6959
140 12.4029 11.1605 7.8763| 7.7602|4.8355| 6.8085| 6.6002 | 5.6959
1.60 12.406|11.1629 7.8767| 7.7603| 4.836 | 6.8085| 6.6001 | 5.6956
1.80 12.41 |11.1652 7.8771| 7.76 |4.8365/6.8087| 6.6004 | 5.6961
2.00 12.4117) 11.167| 7.8778| 7.7599|4.8369| 6.8090| 6.6007 | 5.6961
2.50 12.417511.1714 7.8798| 7.7609 | 4.8382| 6.8098| 6.6016 | 5.6961
3.00 12.422511.1771] 7.8811| 7.7608|4.8393| 6.8106| 6.6026 | 5.6962
4.00 12.4368/11.1884] 7.8849| 7.7639|4.8419|6.8126| 6.6050 | 5.6969
5.00 12.449111.1974 7.8881| 7.7655|4.8447|6.8148| 6.6077 | 5.6975
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Figure 0. Binding isotherms obtained during titration 6000L M solution of catenanéA in DMSO
ds/H20 9:1 with 0.00% M (TBA)SQ. No fitting was performed
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5.1.3 H NMR titration of 0.005 M solution of catenaneA in DMSQ®ds + 0.5% bD with 0.005 M
TBALPO,.
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Figure 21. Stack of'H NMR spectra obtained during titration @.0005 M solution of catenanéA in
DMSQds + 0.5% kD with 0.00 M TBAHPQ.

Table . Chemicabhifts of proton signalobtained duringitration of 0.0005 M solution of catenané\in
DMSQGds + 0.5% kD with 0.00/5 M TBAHPQ.

o'ff?;ggfgj h j 2 4 A B c | per| E G
0.00 |10.803410.2819 7.7524| 8.1765| 4.7446) 7.027 | 6.8938 | 3.9921| 3.6596| 5.7634
0.10 |10.8323 10.31 | 7.7644| 8.1698| 4.752| 7.023| 6.8916] 3.9905| 3.6583| 5.7619
020 |10.875310.3704 7.7886| 8.1583 | 4.7649] 7.0164| 6.8881 3.9893| 3.6567| 5.7613
029 |10.9696 10.4453 7.8138| 8.146 | 4.7784) 7.0095| 6.8861 3.9877| 3.6555| 5.7593
040 | broad | broad | 7.8406| 8.1308 | 4.7935| 6.9996| 6.8824 3.9866| 3.6524| 5.7595
050 | broad | broad | 7.8636| 8.1197 | 4.8076| 6.9913 6.8783| 3.9852| 3.6509| 5.7585
0.60 | broad | broad | 7.8894| 8.1018 | 4.8213 6.9822| 6.8737] 3.9841| 3.6496| 5.7575
0.70 | broad | broad | 7.9127| 8.0875|4.8352 6.9699 6.867 | 3.983 | 3.6484| 5.7562
0.80 | broad | broad | 7.9342| 8.0717 | 4.8476 6.961 | 6.8628 3.9822| 3.6459| 5.7565
0.90 | broad | broad | 7.9563| 8.0449|4.8583| 6.9503 6.8571|3.9809] 3.6447| 5.756
1.00 | broad | broad | 7.9769| 8.0168 | 4.8683 6.9329] 6.849 | 3.9809| 3.6429| 5.7553
110 | broad | broad | 7.9996| 7.9996| 4.8777| 6.9245| 6.8482|3.9802| 3.6426 5.755
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1.20 broad | broad | overlap| overlap| 4.885 | 6.9047| 6.8351|3.9793| 3.6409| 5.7546
1.30 broad | broad | overlap| overlap|4.8927| 6.897 | 6.831 | 3.9787| 3.6385| 5.7549
1.40 broad | broad | 8.0179| 7.9573|4.8971| 6.8848| 6.8186|3.9777| 3.6371| 5.7546
1.60 broad | broad | 8.0139| 7.927 |4.9043|6.8714| broad |3.9769| 3.6359| 5.7543
1.80 broad | broad | broad | broad |4.9069| 6.8649| 6.7867 | 3.9764| 3.6337| 5.753
2.00 broad | broad | 8.0047| 7.8684|4.9083| 6.8554| 6.7639 | 3.9756| 3.6324| 5.7527
2.50 broad | broad | 7.967 | 7.8206|4.9068| 6.8414| 6.7336|3.9744| 3.6295| 5.7522
3.00 broad | broad | 7.9375| 7.76 |4.9018| 6.832| 6.7111| 3.973 | 3.6252| 5.7512
4.00 broad | broad | 7.9286| 7.7418| 4.897 | 6.8175| 6.6948|3.9719 3.6206| 5.7493
5.00 broad | broad | 7.9306| 7.7405|4.8956| 6.815| 6.687 |3.9702 3.6162| 5.7494

—8—CH-4 —8—CH-2

Chemical Shift [ppm]

3
Equiv of Anion

~—8—(H-B —@—CH-C

3
Equiv of Anion

Figure 2. Binding isotherms obtained during titration 6f0005 M solution of catenané\in DMSGds +
0.5% HOwith 0.005 M TBAHPQ. No fitting was performed.
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5.1.4 H NMR titration of 0.005 M solution of catenaneA in DMSQ®ds + 0.5% bD with 0.005 M
TBA2hCOO
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Figure 3. Stack of!H NMR spectra obtained during titration @.00® M solution of catenaneA in
DMSQds + 0.5% KD with 0.006 M TBAPhCOO

Table 8. Chemicakhifts of proton signalobtained duringditration of 0.00 M solution ofcatenaneAin
DMSQds + 0.5% kD with0.005 M TBAPhCOO

Equivalents
of h i 2 4 A B C D&F E G

TBAPhCOO
0.00 10.8045 10.2822 7.7528 | 8.1759|4.7452| 7.0262| 6.8933|3.9912| 3.6587| 5.7623
0.10 10.9508 10.3564| 7.7839| 8.1647|4.7572 7.0119| 6.8857|3.9854| 3.6493| 5.7575
0.20 11.1228 10.4475 7.8162| 8.1564|4.7644 7.0016| 6.8794|3.9846| 3.648 | 5.757
0.30 11.322510.5383 7.8492| 8.146 |4.7739 6.992 | 6.8727|3.9833| 3.647 | 5.7559
0.40 11.4857,10.6215 7.88 | 8.1388|4.7807,6.9807| 6.8674|3.9822| 3.6467| 5.7552
0.50 11.636|10.7015 7.914 | 8.1324|4.7874| 6.972 | 6.8615|3.9813| 3.6449| 5.7531
0.60 11.7966 10.7807 7.9362 | 8.1257|4.7952| 6.9615| 6.8573|3.9817| 3.6449| 5.7541
0.70 11.9353 10.8479 7.9538| 8.1189| 4.801 | 6.9556| 6.8534|3.9821| 3.6443| 5.7558
0.80 12.0549 10.9093 7.9846| 8.1132| 4.806 | 6.9482| 6.8487|3.9803| 3.646 | 5.7534
0.90 12.155610.9621] 8.0037 | 8.1083|4.8111| 6.9414| 6.8443|3.9803| 3.6447| 5.7555
1.00 12.267|11.0153 8.0216| 8.1022|4.8165| 6.936 | 6.8422|3.9798| 3.644 | 5.7533




1.10 12.3436 11.06 | 8.0358| 8.0968| 4.821| 6.931| 6.839 |3.9798| 3.6443| 5.7537
1.20 12.436|11.1014 8.0521| 8.0926 | 4.8242| 6.9262| 6.8365|3.9795| 3.6414| 5.7544
1.35 12.5209 11.147| 8.0672| 8.0852|4.8283|6.9212| 6.8319|3.9799 3.6439| 5.754
1.60 12.6491 11.212| 8.087 | 8.087 |4.8348| 6.914 | 6.8298|3.9794| 3.6448| 5.7537
1.80 12.7595 11.2713 8.1112| 8.0805|4.8417|6.9081| 6.8243|3.9789| 3.6417| 5.755
2.00 12.855|11.3198 8.1302| 8.0736 | 4.84576.9022| 6.8211|3.9789| 3.6406| 5.7549
2.50 13.0388 11.4094 8.1653 | 8.0647|4.8555|6.8916| 6.8155|3.9782| 3.64 | 5.755
3.00 13.158411.4728 8.1895| 8.0581|4.86196.8841 6.8107 | 3.9794| 3.6401| 5.7552
4.00 13.321511.5571 8.2192 | 8.0497|4.8704|6.8734| 6.8074|3.9778| 3.6404| 5.755
5.00 13.4205 11.6067| 8.2383| 8.0448|4.8755|6.8674| 6.8028| 3.979 | 3.6415| 5.7538
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Figure 24. Binding isotherms obtained during titration 6f00® M solution ofcatenaneAin DMSCGds +
0.5% HO with 0.006 M TBAPhCOMo fitting was performed.
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5.1.5 'H NMR titration of 0.00 M solution ofcatenaneAin DMSG@ds + 0.5% kKD with 0.05 MTBACI
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Figure 25. Stack of'H NMR spectra obtained during titration @&.00L M solution of catenaneA in

DMSQde + 0.5% BD with 0.05 M TBACI.

Table 8. Chemicakhifts of proton signalsobtained duringtitration of 0.00L M solution ofcatenaneAin

DMSQds + 0.5% kD with 0.05 M TBACI.

Eg?#’sgl‘ts h j 2 4 A B C | D&F | E G
0.00 |10.8059 10.2837 7.7555| 8.1746 | 4.7468| 7.0277| 6.8904 |3.9905 3.659 | 5.7627
0.10 | 10.821|10.2872 7.7585| 8.1721| 4.7498| 7.0251 | 6.88905 3.9901| 3.6581| 5.7623
020 |10.834110.2903 7.7611| 8.1706 | 4.7514| 7.02455 6.88825 3.9887 3.6571| 5.7622
029 |10.846110.2942 7.763 | 8.1695|4.7539| 7.02325 6.8871| 3.989 | 3.6572| 5.762
040 |10.860110.2971] 7.7641| 8.1673|4.7556| 7.0208| 6.8872|3.9883) 3.6553| 5.7613
050 |10.8728 10.3008 7.7668| 8.1662|4.7572| 7.0212| 6.8868 | 3.9886| 3.6556| 5.7613
0.60 |10.885210.3042 7.7679| 8.165 | 4.7594] 7.0195| 6.8858|3.9871| 3.655 | 5.7607
0.70  |10.8996 10.3073 7.7698| 8.1642|4.7608| 7.0199| 6.8848|3.9877| 3.6558| 5.7605
0.80 | 10.913|10.3102 7.7716| 8.1634|4.7623| 7.0191| 6.885 |3.9874 3.6551| 5.7605
0.90 |10.923310.3129 7.7725| 8.1612| 4.764 | 7.0172| 6.8836 | 3.9869) 3.6547| 5.7599
1.00 |10.936810.3156 7.7737| 8.1609|4.7654) 7.0186 | 6.8837| 3.987 | 3.6546| 5.7599
110 | 10.9484 10.319| 7.7751| 8.1601|4.7671 7.0183| 6.8839|3.9871] 3.654 | 5.7592
120 |10.9584/10.3218 7.776 | 8.1588|4.7681 7.0185| 6.8835| 3.986 | 3.6536| 5.7592
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1.40 10.9822/10.3271 7.7781| 8.1581|4.7703] 7.018 | 6.8827|3.9863| 3.6531| 5.7584
1.60 11.0036/10.3321 7.7801| 8.1562|4.7723| 7.0172| 6.8833|3.9862| 3.6527| 5.7586
1.80 11.024110.3373 7.7827| 8.1563|4.7747| 7.0175| 6.8853 | 3.9856| 3.6528| 5.7588
2.00 11.0472/10.3428 7.784 | 8.1552|4.7766| 7.0178| 6.8845|3.9861| 3.6527| 5.7582
2.50 11.0948 10.3537| 7.7878| 8.1527| 4.781 | 7.0187| 6.8831|3.9859| 3.652 | 5.7588
3.00 11.1371}10.3619 7.7917| 8.1502| 4.784 | 7.0179| 6.8832|3.9858| 3.6519| 5.7583
4.00 11.2188 10.3801 7.7974| 8.1462|4.7911 7.0201| 6.8827|3.9853| 3.6519| 5.7579
5.00 11.2896/10.3968 7.8037| 8.1426|4.7971 7.0194 | 6.8847|3.9855| 3.6525| 5.7577
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Figure 26. Binding isotherms obtained during titration 6f001L M solution ofcatenaneAin DMSQds +
0.5% HO with 0.05 MTBAC No fitting was performed.
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5.1.6 H NMR titration of 0.00 M solution ofcatenaneAin DMSQds + 0.5% b with 0.05 MTBAHISQ.
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Figure 7. Stack of'H NMR spectra obtained during titration @&.00L M solution of catenaneA in
DMSGQds + 0.5% kD with 0.05 MTBAHSO

Table S. Chemicakhifts of proton signalsobtained duringtitration 0.001 M solution of catenaneA in
DMSQds + 0.5% KD with 0.05 MTBAHS®O

Equivalents h

of TBAHSQ i 2 4 A B C D&F E G

0.00 10.8128 10.29 | 7.7538| 8.1774|4.7456| 7.0286 | 6.89205 3.9949| 3.6592| 5.7632

0.20 10.8093 10.288| 7.7562| 8.1748|4.7478| 7.02625 6.8891 | 3.9923| 3.6568| 5.7619

0.40 10.8089 10.2886 7.7564| 8.173 |4.74797.02395 6.8876| 3.993 | 3.6557| 5.7609

0.60 10.8112/10.2906 7.7583| 8.1723|4.7493| 7.02345 6.88715 3.9922| 3.6555| 5.7613

0.80 10.8116/10.2912 7.7597| 8.1717|4.7502| 7.02235 6.8856 | 3.9925| 3.6558| 5.7611

1.00 10.8114/10.2917) 7.7606| 8.1709|4.7514| 7.02125 6.88515 3.9916| 3.6552| 5.7605

1.20 10.8108 10.2913 7.7615| 8.17 |4.7523| 7.0202|6.88415 3.9906| 3.655 | 5.7608

1.40 10.8127/10.2905 7.7614| 8.168 |4.7521|7.01945 6.88325/ 3.9905| 3.653 | 5.76

1.60 10.8126/10.2917| 7.7631| 8.167 |4.7536| 7.0184|6.88335 3.9919| 3.654 | 5.7603

1.80 10.8139 10.2925 7.7635| 8.1665|4.7535| 7.0178| 6.883 |3.9917| 3.6535| 5.7601

2.00 10.8147/10.2935 7.7645| 8.1657|4.7551] 7.0168|6.88205 3.9918| 3.653 | 5.7595

2.50 10.813110.2939 7.7675| 8.1643|4.7556| 7.0169|6.88175 3.99 | 3.6528| 5.7594
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3.00 10.813510.2925 7.7681| 8.163 |4.7573|7.01445 6.87745 3.9881 3.652 | 5.7593

4.00 10.8189 10.2987| 7.7698| 8.1593|4.7585| 7.01195 6.8745|3.9888| 3.6521| 5.7591

5.00 10.8186 10.3016 7.7743| 8.1591|4.7599| 7.0111| 6.8759|3.9873 3.6505| 5.7583
—e—NH-a —@—NH-B —e—CH4 —8—CH-2

Chemical shift [ppm]

—-—— 00— ®

3
Equiv of Anion

Chemical Shift [ppm]

3
Equiv of Anion

Figure £8. Binding isotherms obtained during titration 6f00L M solution ofcatenaneAin DMSQds +
0.5% HO with 0.05 MTBAHS©O
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5.1.7 H NMR titration of 0.00 M solution of macrocycle3 in DMS@ds + 0.5% KD with 0.056 M

TBASQ.
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Figure 29. Stack of'H NMR spectra obtained during titration @001 M solution of macrocycle3 in
DMSQds + 0.5% bD with 0.05 M TBASQ.
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Table $. Chemicakhifts of proton signal®btained duringditration of 0.00L M solution ofmacrocycle3in
DMSQds + 0.5% bD with 0.05 M TBASAQ.

E)?#'é’zggs h j 2 4 A B c D E F G
0.00 |10.999710.2326 7.825358.18415 4.7371] 7.0749| 6.9054 | 4.0185 3.6691| 3.9972| 5.7799
0.10 |11.196710.3669 7.8346| 8.1605|4.7483 7.07 | 6.8938|4.0163 3.665 | 3.9941| 5.7773
020 |11.4771] 10.562| 7.8473|8.12895 4.7667| 7.06515 6.879 |4.0141| 3.6615| 3.9917| 5.7756
029 |11.786310.7703 7.8616| 8.0989|4.7874 7.062 |6.86565 4.0127| 3.6578| 3.9887| 5.7734
040 |12.140711.0073 7.8789| 8.0683 | 4.8152 7.06045 6.85245| 4.0118| 3.6543| 3.9861| 5.7711
045 |12.275911.1359 7.8878| 8.0553| 4.829 | 7.06045 6.8472 |4.0118| 3.6524| 3.9849) 5.7706
050 |12.4256/11.2122 7.8961 | 8.0437 | 4.8421] 7.0606 | 6.8425 |4.0116| 3.6512| 3.9838| 5.7695
054 | broad |11.3339 7.9057| 8.0318 | 4.8571)7.06135 6.838 |4.0114| 3.6496| 3.9836| 5.7687
0.60 | broad |11.4617 7.9182| 8.0176|4.8772 7.06285 6.83275 4.0115| 3.6479| 3.982 | 5.7677
0.70 |13.160311.7011 7.941 | 7.9953|4.9137| 7.06705 6.82545| 4.0127| 3.6445| 3.9803| 5.7661
0.80 |13.481411.9441 7.9676| 7.9737|4.9536 7.07315 6.82 |4.0144| 3.6421| 3.9778| 5.7646
090 | 13.813|12.1583 7.989 | 7.9613| 4.9953 7.0809 | 6.81645|4.0166| 3.6392| 3.9756) 5.7635
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1.00 14.097|12.3854| 8.0142| 7.9481|5.0378| 7.09015 6.81475/ 4.0194| 3.6372| 3.9739| 5.7626
1.10 14.3085/12.5538 8.0358 | 7.93795 5.0747| 7.09955| 6.81455 4.0224| 3.6355| 3.972 | 5.7616
1.20 14.3749 12.6067| 8.04145 7.93515 5.0875| 7.1033|6.81455/ 4.0236| 3.6339| 3.9715| 5.7616
1.40 14.3838 12.614|8.04195/7.93475 5.089| 7.104 | 6.8146|4.0235 3.634 | 3.9712|5.7614
1.60 14.3844,12.6148/8.04185 7.9346 | 5.089 | 7.10395| 6.81455/ 4.0238| 3.6341| 3.9706| 5.7613
1.80 14.3847/12.6151] 8.0419|7.93475 5.0892| 7.10415 6.81465 4.0237| 3.634 | 3.971 | 5.7613
2.00 14.3853 12.61518.04185 7.93465 5.089| 7.1041| 6.8146|4.0236| 3.634 | 3.9707|5.7612
2.50 14.3864] 12.616| 8.0419| 7.9346| 5.089 | 7.1042| 6.8146|4.0239| 3.6341| 3.9708| 5.7612
3.00 14.3869 12.6169 8.0419|7.93465 5.0894| 7.1043|6.81465 4.0236| 3.6341| 3.971 | 5.7611
4.00 14.3891 12.6177| 8.0418|7.93465 5.0891|7.10435 6.8146|4.0235| 3.6338| 3.9708| 5.7609
5.00 14.39 |12.6185/8.04175 7.93455 5.089 | 7.1044 | 6.8145|4.0236| 3.6336| 3.9708| 5.7607
150 —8—NH-a —8—NHp s‘z —8—CH-4 ®—CH-2
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Figure S0. Binding isotherms obtained during titration 8f001L M solution ofmacrocycle3in DMSGds +
0.5% HO with 0.05 MTBASQ.
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5.1.8 H NMR titration of 0.001 Msolution ofmacrocycledin DMSQds/D.0 9:1 with 0.00% MTBASAQ.
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Figure $1. Stack of'H NMR spectra obtained during titration @000L M solution of macrocycle3 in
DMSQds/D-0O 9:1 with 0.00% M TBASQ.
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Table S. Chemicabhifts of proton signalobtained duringtitration of 0.000L M solution ofmacrocycle3
in DMSGde/D,0 9:1 with 0.00% M TBASQ.

Equivalents
of TBASQ

0.00 7.7528| 8.1454|4.7164| 7.0461| 6.8797 |3.9877| 3.6427| 3.9684| 5.7475
0.10 7.7631| 8.1353|4.7299| 7.0468| 6.8766 | 3.9886| 3.6382| 3.9684| 5.7446
0.20 7.7752| 8.1245|4.7458| 7.0476| 6.8737 |3.9876| 3.6392| 3.9676| 5.7457
0.29 7.7872| 8.113 |4.7631 7.0488| 6.8705|3.9875| 3.6376| 3.9648| 5.7443
0.40 7.8018| 8.1003|4.7821 7.0497| 6.8667 | 3.9858| 3.6366| 3.964 | 5.7447
0.50 7.8129| 8.0909 (4.7982| 7.0505| 6.8643|3.9854| 3.6341| 3.963 | 5.7431
0.60 7.8261| 8.0782|4.8177| 7.0517| 6.8610 |3.9863| 3.6327| 3.961 | 5.7432
0.70 7.8379| 8.067 |4.8346| 7.0532| 6.8575|3.9874| 3.6361| 3.9602| 5.7418
0.80 7.8506| 8.0578|4.8513| 7.0540| 6.8547 |3.9867| 3.6312| 3.9585| 5.742
0.90 7.8612| 8.0484|4.8665| 7.0552| 6.8521 | 3.9866| 3.6296| 3.9586| 5.7418
1.00 7.8723| 8.0393| 4.881 | 7.0560| 6.8496 | 3.9854| 3.627 | 3.9566| 5.7411
1.10 7.882 | 8.0309|4.8943| 7.0571| 6.8476|3.9864| 3.6274| 3.9558| 5.7401
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1.20 7.8921 | 8.0233|4.9075| 7.0581 | 6.8454|3.9858| 3.6271| 3.9555| 5.7403
1.40 7.9101| 8.0084|4.9322 7.0594| 6.8417(3.9847| 3.6257| 3.9538| 5.7393
1.60 7.9233| 7.9979|4.9503| 7.0605| 6.8386| 3.986 | 3.6266| 3.9519| 5.7367
1.80 7.9348 | 7.9886|4.9663| 7.0618| 6.8363|3.9868| 3.6239| 3.951 | 5.7378
2.00 7.9438 | 7.9811|4.9785| 7.0630| 6.8345|3.9866| 3.623 | 3.9507| 5.7374
2.50 7.962 | 7.9661|5.0021| 7.0647| 6.8308|3.9862| 3.6218| 3.9483| 5.7362
3.00 7.9681| 7.9622|5.0156| 7.0658| 6.8288|3.9864| 3.6197| 3.9471| 5.7353
4.00 7.9808| 7.9517|5.0312 7.0670| 6.8267|3.9859| 3.6197| 3.9467| 5.735
5.00 7.9867 | 7.9462|5.0394| 7.0675| 6.8253|3.9875| 3.6193| 3.945 | 5.7354
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Figure 82 Binding isotherms obtained during titration 6f00QL M solution ofmacrocycle3 in DMSQ
ds/D-0 9:1 with 0.00% M TBASAQ.
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Figure 83. Fitting of 2:1 & 1:1(receptor:anion)model to resultsof titration of 0.00QL M solution of
macrocycle8 in DMSQ@de/D,0 9:1 with 0.00% M TBASQ for CHa protons using WinEQNMR.

Binding constants K derived from averagihg results from fittingof 2:1 & 1:1(receptor:anionymodel to
titration results forCH2, CH4 andCHa protons using WinEQNNMR

log Ki:1 = 455, Std Dev. = 010

log Ki.2=3.0Q Std Dev. = 0®
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5.1.9 H NMR titration of 0.002 M solution of macrocycle3 in DMSQde¢/D.O 9:1 with 0.06 M
TBALPQ.

Figure 34. Stack of'H NMR spectra obtained during titration @00® M solution of macrocycle3 in
DMSQds/D-0 9:1 with 0.06 M TBAHPQ.

Table 8. Chemicabhifts of proton signalobtained duringtitration of 0.00@® M solution ofmacrocycle3
in DMSGds/D,0 9:1 with 0.06 M TBAHPQ.

Equivalents
of TBAJ,PO,

0.00 7.7479| 8.1430|4.7141| 7.0444| 6.8785| 3.985 | 3.6375| 3.9675| 5.7451
0.20 7.7537| 8.1390|4.7198| 7.0429| 6.8775|3.9844| 3.6372| 3.9669| 5.7442
0.39 7.7599| 8.1356 | 4.7252| 7.0419| 6.8765| 3.986 | 3.6368| 3.9669| 5.7433
0.59 7.7655| 8.1323|4.7303| 7.0408| 6.8755|3.9853| 3.6362| 3.9658| 5.7429
0.80 7.7716| 8.1285|4.7355| 7.0393| 6.8749| 3.985 | 3.6363| 3.9647| 5.7419
0.99 7.7769| 8.1253|4.7401| 7.0383| 6.8742|3.9857| 3.6351| 3.9642| 5.7416
1.20 7.7824| 8.1220|4.7448) 7.0372| 6.8733|3.9849| 3.6351| 3.9625| 5.741
1.41 7.7876| 8.1189|4.7498| 7.0361| 6.8726 | 3.9854| 3.6344| 3.9627| 5.7407
1.61 7.7925| 8.1156 | 4.7544) 7.0350| 6.8721| 3.985 | 3.6339| 3.9618| 5.74
1.81 7.7972| 8.1132|4.7585| 7.0343| 6.8714 | 3.9856| 3.6341| 3.9614| 5.7396
2.01 7.8015| 8.1102|4.7623| 7.0334| 6.8707 |3.9848| 3.634 | 3.9612| 5.7388
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