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General Experimental. All reactions were conducted under an N, atmosphere unless stated
otherwise. Triethyl-1,3,5-benzenetricarboxylate and 2,4,6-tris(bromomethyl)mesitylene were
used as purchased from Aldrich. 10 % Pd/C was purchased from Aldrich. DMSO, DMF, and
NFP were distilled at reduced pressure and stored over activated 4 A molecular sieves prior to
use. NMP was stored over activated 4 A molecular sieves prior to use. THF used was BDH
glass distilled grade and was distilled and dried over sodium/benzophenone ketyl prior to use.
All other reagents and chromatography solvents were used as purchased without further
treatment. Computer modeling on carceplexes Seguest(s) was done using the software CS Chem
3D Pro (ver. 3.5).

MALDI Mass Spectrometry. Mass spectra were recorded on a Kratos Concept 11 HQ (DCI)
and a VG Tofspec in reflectron mode (MALDI). For our compounds, positive molecular ions
are usually detected as sodium or potassium adducts, unless other additives are present in the

matrix (e.g., H" or Ag" cations). 2,5-dihydroxybenzoic acid (DHB) was used as the matrix for
all of the compounds. Masses reported as silver adducts were generated from samples ionized

using DHB doped with silver trifluoroacetate (~100 equiv. per mole of analyte).

Synthesis and Characterization

A,C-diol 2. Tetrol 1 (7.25g, 7.13 mmol) was dissolved in 725 mL of acetone and stirred ina 1L,

single neck round bottom flask. DBU (3.20 ml, mmol, equiv.) was added and the solution was
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stirred. After 2 h, a thick white precipitate formed, and excess benzyl bromide was added (4.20
mL, 29.4 mmol, 4.1 equiv.). After ~30 min, the reaction mixture turned to a clear solution and
was allowed to stir overnight, before the solvent and excess benzyl bromide were removed by
rotary evaporation in vacuo. The yellow-brown crude syrup was resuspended in 2 M HCI and
extracted with CHCI3 (3 x 100 mL). CHCI; extracts were combined, dried over MgSQ,, filtered,
and the CHCI3 was removed by rotary evaporation. The crude syrup was purified by flash
chromatography on silica gel (230-400 mesh) eluting with ethyl acetate:hexanes (1:8 then 1:2),
to afford A,C-diol 2 as a glassy white solid that was recrystallized from acetone/hexanes to give
white crystals (1.09 g, 13 %). *H NMR spectroscopic and MALDI MS spectrometric data were

identical to previously data reported.[Eh

Hexa-benzyl trimer 3. Solution A: 1.09 g of A,C-diol 2 was dissolved in 40 mL of DMSO
(degassed only). Solution B: 0.600 mL of bromochloromethane was dissolved in 20 mL of
DMSO. Solutions A and B were slowly added to a stirring suspension of K,CO3 (4.23g, mmol)
in 540 mL of DMSO at 60 °C over a period of 48 h, after which the reaction was stirred for an
additional 24 h, before removing the solvent in vacuo. The crude yellow syrup obtained was
resuspended in 2 M HCI (100 mL) and extracted with CHCI3 (3 x 100 mL). The combined
extracts were dried over MgSOy, filtered, and the CHCI3; removed by rotary evaporation. CHCl;
extracts were combined, dried over MgSQ,, filtered, and then the CHCI3; was removed by rotary
evaporation. The crude yellow oil was recrystallized from CH,Cl,/ethyl acetate to give a white
crystalline solid, which was purified by flash chromatography on silica gel (10-40 um, “TLC
grade”™), eluting with CHCl3:hexanes (2:1). A,C-trimer 3 was isolated as a glassy white solid that
was recrystallized from CH,Cl,/ethyl acetate to give a white crystalline solid (452 mg, 42 % after
drying in vacuo overnight in a toluene reflux pistol). *H NMR spectroscopic and MALDI MS
spectrometric data were identical to previously reported data.[Iﬂ

Hexa-hydroxyl A,C-trimer 4. Hexa-benzyl A,C-trimer 3 (410 mg, 0.113 mmol) was dissolved
in benzene (25 mL) in a 250 mL round bottom flask. Methanol (20 mL) and 10 % Pd/C (117.3
mg) were added and the flask was sealed with a rubber septum. H; gas was then bubbled
through the solution for ten minutes and the vessel was sealed under H; (gas) at 1 atm. The
reaction was allow to stir for three h, after which a white precipitate (trimer 4) was observed.
The flask was opened to air and THF was added to completely dissolve the white precipitate
before filtering the mixture through Celite. Rotary evaporation gave hexa-hydroxyl trimer 4 as a
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pale yellow solid, which was precipitated from THF/methanol to give a white powder (315 mg,
90 %). 'H NMR spectroscopic and MALDI MS spectrometric data were identical to previously
reported data.dj-'l

Tris-hydroxyl trimer cavitand, 14. Procedure i. Hexa-hydroxyl trimer 4 (106.8 mg, 34.6
umol), K,CO3 (269.5 mg, 1.95 mmol), and KI (336.0 mg, 2.02 mmol) were mixed in DMF (50
mL) in a round bottom flask. 2,4,6-tris(bromomethyl)mesitylene (27.9 mg, 70.0 umol) in 2.8
mL of DMF was then added over 12 h by syringe pump, followed by stirring for an additional 24
h before removing the solvent in vacuo. The crude yellow solid was then suspended in 2 M HCI
and extracted with CHCI3. The extracts were combined, dried over MgSOy, filtered, and the
solvent was removed by rotary evaporation. Tris-hydroxyl trimer cavitand was purified by flash
chromatography on silica gel (230-400 mesh) eluting with CHCl3:hexanes (4:1) and then
CHCI3:MeOH (98:2) and then precipitated from CHCI3/MeOH to give a white solid (28.3 mg,
25 %). 'H NMR spectroscopic and MALDI MS spectrometric data were identical to previously
reported data.[a

14, R'=H
HX Hme
H
15,R'= !
CN
e Hor
He
16,R'= .
R = CH,CH,CgHs Flpa

'H NMR (500 MHz, CDCls, 300 K) & 7.27-7.10 (m, 60H, ArH (feet)), 6.93 (s, 3H, H, (cap)),
6.83 (s, 6H, H, (interbowl acetal), 6.65 (s, 3H, H, (OH)), 6.04 (d, 6H, H, or Hy"), 5.90 (d, 6H, H,
or Hy'), 5.88 (d, 3H, Hac1 OF Hac), 5.88 (d, 3H, Hacr OF Hac), 5.44 (brs, 3H, OH), 5.20 (s, 6H,
Hy), 4.93 (t, 6H, Hym or Hi'), 4.81 (t, 6H, Hyy or Hy'), 4.43 (d, 6H, H; or Hy"), 4.41 (d, 6H, H; or
Hi"), 2.89 (s, 9H, CHs (cap)), 2.75-2.38 (m, 24H, CH,CH,CgHs and CH,CH,CgHs).
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Procedure ii. A mixture containing 5e(DMF); and other trimer carceplex reaction byproducts
(140 mg) was dissolved in TFA:CH,CI; (1:1) and allowed to stir for 30 min, before removing the
solvent by rotary evaporation. Tris-hydroxyl trimer cavitand 14 was then purified by column
chromatography on silica gel (230-400 mesh) eluting with CHCI3 and then CHCI3:MeOH (98:2),
and then precipitated from CHCI3/MeOH to give a white solid (26.1 mg, 21 %).

Tris-benzyl trimer cavitand 15. Tris-hydroxyl trimer cavitand 14 (29.1 mg, 8.97 umol) and
Cs,C0O3 (103.3 mg, 317 umol) were mixed in DMF (2 mL) for at least 2 h at 60 °C before adding
benzyl bromide (20 uL, 168 umol). After stirring for another 12 h at the same temperature, the
solvent was removed in vacuo. The crude yellow solid was then suspended in 2 M HCI and
extracted with CHCI3. The extracts were combined, dried over MgSO,, filtered, and the solvent
was removed by rotary evaporation. Tris-benzyl trimer cavitand 15 was purified by flash
chromatography on silica gel (230-400 mesh) eluting with CHCl3:hexanes (4:1) and then
recrystallized from CH,Cl,/EtOAC to give a white solid (18.0 mg, 56 %).

'H NMR (400 MHz, CDCls, 300 K) & 7.29-7.04 (m, 75H, ArH (feet) and ArH (benzyl)), 6.90 (s,
3H, Hyz), 6.82 (s, 9H, Hpy and Hyg), 6.01 (d, 6H, Ho or Hy), 5.81 (d, 3H, Hac1 OF Hacz), 5.80 (d,
6H, Ho 0 Ho"), 5.68 (d, 3H, Hac1 OF Hac), 5.18 (5, 6H, Hy), 4.92 (t, 6H, Hm OF Hin'), 4.89 (s, 6H,
H,), 4.80 (t, 6H, Hm o Hy), 4.40 (d, 6H, H; or Hy), 4.37 (d, 6H, H; or H;"), 2.88 (s, 9H, CHs
(cap)), 2.75-2.61 (M, 24H, CH,CH,CgHs), 2.56-2.40 (M, 24H, CH,CH,CgHs). 2D NOESY and

COSY spectra were also recorded.

MS (MALDI) m/z (rel intensity) 3537 ((MeCogH105036 + Na*)*; 100), calcd for
C228H1980350Na+ = 3537.

Tris-cyanobenzyl trimer cavitand 16. Tris-hydroxyl trimer cavitand 14 (38.9 mg, 12.0 umol)
and Cs,CO3 (125 mg, 385 umol) were mixed in 2 mL of DMF at 60 °C for 2 h before para-
bromotoluonitrile (22.8 mg, 116.3 umol) was added. After stirring for another 12 h at the same
temperature, the solvent was removed in vacuo. The crude yellow solid was then suspended in 2
M HCI and extracted with CHCI3;. The CHCI; extracts were combined, dried over MgSQO,,

filtered, and the solvent was removed by rotary evaporation. Tris-cyanobenzyl trimer cavitand
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16 was purified by flash chromatography on silica gel (230-400 mesh) eluting with CHCI3 and
then recrystallized from CH,CI,/EtOAc to give a white solid (10.3 mg, 24 %).

'H NMR (400 MHz, CDCls, 300 K) & 7.37 (d, 6H, Hy)), 7.30 (d, 6H, Hy)), 7.27-7.10 (m, 60H,
ArH (feet)), 6.91 (s, 3H, Hps or Hyzs), 6.86 (s, 3H, Hpy or Hyzs), 6.83 (s, 6H, Hyy), 6.03 (d, 6H, H,
or Hy"), 5.90 (d, 6H, H, or Hy"), 5.82 (d, 3H, Hac1 0or Hacz), 5.72 (d, 3H, Haer OF Hao), 5.19 (s, 6H,
Hy or Hy"), 4.96 (s, 6H, Hy or Hy"), 4.93 (t, 6H, Hy, or Hy'), 4.80 (t, 6H, Hy, or Hy"), 4.39 (d, 6H,
H; or Hi"), 4.38 (d, 6H, H; or H;"), 2.89 (s, 9H, CHj3 (cap)), 2.71 (brm, 12H, CH,CH,C¢Hs), 2.65
(brm, 12H, CH,CH,CgHs), 2.59-2.41 (m, 24H, CH,CH,CsHs). 2D NOESY and COSY spectra

were also recorded.

MS (MALDI) m/z (rel intensity) 3612 ((MeCa31H195036N3 + Na*)*; 100), calcd for
Caa1H10503sNzeNa”™ = 3612.

(Bis meta-xylyl) Trimer cavitand, 17. Trimer cavitand 14 (26.1mg, 8.05 umol), K,CO3 (99.0
mg, 717 umol), K1 (90.4 mg, 545 umol) and 6 (20.0 mg, 133 umol) were mixed in 20 mL of
NFP for 2 h a,a'-Dibromo-meta-xylene (2.1 mg, 7.96 umol) was then added in 1 mL of NFP
and the reaction was stirred for 12 h The crude yellow-orange solid was suspended in 2 M HCI
and extracted with CHCI3;. The CHCI; extracts were combined, dried over MgSO,, filtered, and
the solvent was removed by rotary evaporation. Bis meta-xylyl trimer cavitand 17 was then
purified by flash chromatography on silica gel (10-40 um, “TLC grade”) eluting with CHCI; and
then precipitated from CHCls/hexanes to give a white solid (5.2 mg, 19 %).

'H NMR (400 MHz, CDCls, 300 K) & 7.46 (s, 1H, Hma), 7.36 (t, 1H, Hinya), 7.32-7.08 (m, 62H,
ArH (feet) and Huxa), 6.94 (s, 2H, Hpy), 6.93 (s, 1H, Hy7), 6.88 (s, 2H, Hy3), 6.85 (S, 2H, Hye),
6.80 (s, 2H, Hpa), 6.77 (s, 2H, Hp1), 6.69 (s, 1H, Hys), 6.28 (d, 1H, Haer), 6.11 (d, 2H, Hgps), 6.01
(d, 2H, Hots) , 5.99 (d, 2H, Horz), 5.96 (d, 2H, Horz), 5.92 (d, 2H, Hops), 5.73 (s, 4H, Hy), 5.68 (d,
2H, Hot), 5.56 (d, 1H, Hacb), 5.50 (s, 1H, OH), 5.35 (d, 2H, Hy), 5.21 (d, 2H, Hy2), 5.01 (s, 2H,
Hxa), 4.97 (d, 2H, Hmxa), 4.97 (t, 2H, Hmp1), 4.92 (t, 2H, Hmpz), 4.89 (t, 2H, Hiss), 4.87 (t, 4H,
Humez and Hine), 4.83 (t, 2H, Himw), 4.78 (d, 2H, Hixs), 4.59 (d, 2H, Hip1),4.58 (d, 2H, Hig), 4.46
(d, 2H, Hiw), 4.39 (d, 2H, Hipz), 4.29 (d, 2H, Hiwy), 4.14 (d, 2H, Hiys), 2.89 (s, 6H, CH3 (b) cap),
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2.81 (s, 3H, CH;s (a) cap), 2.77-2.60 (brm, 12H, CH,CH,CeHs), 2.60-2.39 (brm, 12H,
CH,CH,CeHs).

17 me4 mel
R= J_'JJ A=
s ~
Hmxs
Hmx2
Hmx3

t =top. b =bottom

Proton assignments were made with the help of 2D NOESY, COSY, and long range COSY
spectra recorded. Hpi.,7 Were assigned from long range coupling correlations to Hy-3 and
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Hmp1-3. Hib1-3 Were assigned based on NOESY correlations with the methyl protons (a and b) of

the mesityl cap.

MS (MALDI) m/z (rel intensity) 3366 ((MeC215H18s036 + Na*)*; 100), calcd for
C215H1860350Na+ = 3365.

5, R' = CHg, R = CH,CH,CgHs
13, R' = H, R = CH,CH,CgHs

5eNFP. Procedure A. Tris-hydroxyl trimer 4 (10.2 mg, 3.30 umol), K,COj3 (106.0 mg, 767.0
umol), KI (39.0 mg, 235.0 umol) and NFP (9 mL) were added to a single neck round bottom
flask and stirred at 70 °C for at least 1 h 2,4,6-tris(bromomethyl)-mesitylene (5.2 mg, 13.0
umol) was then added in NFP (1 mL) and the reaction was allowed to stir overnight. The solvent
was then rotary evaporated in vacuo and the yellow-orange residue was resuspended in 2 M HCI
(10 mL) and extracted with CHCI3 (3 x 10 mL). The CHCI; extracts were combined, dried over
MgSQ,, filtered, and the solvent was removed by rotary evaporation. Carceplex SeNFP was then
purified by flash chromatography on silica gel (10-40 um, “TLC grade”) eluting with
CHCl3:hexanes (2:1) and then precipitated from CHCls/hexanes to give a white solid. Carceplex

5eNFP was isolated as an inseparable mixture that also contained ~15 % Se(NFP)s.

'H NMR (400 MHz, sieve-dried CDCls, 300K) & 7.32-7.14 (m, 60H, ArH (feet)), 6.97 (s, 6H,
Hp1), 6.78 (s, 6H, Hpp), 6.23 (s, 1H, Hy), 6.00 (d, 12H, Hy), 5.79 (s, 6H, Hac), 5.13 (s, 12H, H,),
4.92 (t, 12H, Hy), 4.10 (d, 12H, H;), 2.80 (s, 18H, CHs (cap)), 2.71 (m, 24H, CH,CH,CgHs),
2.63-2.39 (m, 24H, CH,CH,CgHs), 1.68 (m, 2H, Hq or He), 1.46 (m, 2H, Hq or He), -0.11 (m, 2H,
Hy, or H.), -0.23 (m, 2H, Hy or H), -0.30 (m, 2H, H;). 2D COSY spectra were also recorded.
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MS (MALDI) m/z (rel intensity) 3537 ((MeCa5H203037N + Na*)™; 100), calcd for
Ca25H203037NeNa” = 3536.

Hy He
O
Hs
Hc Hd

5e1l. Procedure B. Hexa-hydroxyl trimer 4 (50.4mg, 16.3 umol), K1 (251.6 mg, 1.52 mmol),
and K,CO3 (289.5 mg, 2.09 mmol) were allowed to stir in 40 mL or 11 at 85-95 °C under a N,
atmosphere for 1h, after which 2,4,6-tris(bromomethyl)mesitylene was added (21.4 mg, 52.6
umol) in 1 mL 11. After 4 d, the solvent was then rotary evaporated in vacuo and the yellow-
orange residue was resuspended in 2 M HCI (10 mL) and extracted with CHCI3 (3 x 10 mL).
The CHCI; extracts were combined, dried over MgSQ,, filtered, and the solvent was removed by
rotary evaporation. Carceplex 5e11 was then purified by flash chromatography on silica gel (10-
40 um, “TLC grade”) eluting with CHCl3:hexanes (2:1) and then precipitated from
CHCls/methanol and then CHCl3/hexanes to give a white solid (13.2 mg, 23 %).

'H NMR (400 MHz, sieve-dried CDCls, 300 K). § 7.27-7.15 (m, 24H, ArH (pendant groups) and
residual CHCls3), 7.00 (s, 3H, Hy1), 6.78 (s, 3H, Hy,), 6.32 (d, 2H, Hy), 5.90 (d, 12H, H,), 5.71 (s,
12H, Hac), 5.20 (s, 12H, Hy), 5.15 (t, 2H, H,), 4.91 (brt, 12H, Hy), 4.77 (t, 1H, Hs), 4.03 (d, 12H,
H;), 2.83 (s, 18H, CHj3 (cap)), 2.68 (t, 24H, CH,CH,C¢Hs), 2.49 (t, 24H, CH,CH,C¢Hs), 0.94 (m,
2H, Hy), -0.02 (m, 2H, Hy), -2.28 (t, 3H, H¢). 2D COSY spectra were also recorded.

MS (MALDI) m/z (rel intensity) 3655 ((MeC19H19,036 + Ag”)*; 100), calcd for
Ca19H1920360Ag" = 3656.
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13e11. Procedure B, except 1,3,5-tris(bromomethyl)benzene[a (5.4 mg, 15.1 umol, ~5 equiv.)
was used instead of 2,4,6-tris(bromomethyl)mesitylene, with hexa-hydroxyl trimer 4 (9.5 mg,
3.08 umol), K,CO3 (24.6 mg, 178 umol, 57 equiv.), KI (11.7 mg, 70.5 umol, 2.4 equiv.) and 11
(10 mL). Carceplex 1311 was isolated as a white solid (2.4 mg, 22 %).

'H NMR (500 MHz, CDCls, 300 K). & 7.44 (s, 6H, ArH (cap)), (m, 24H, ArH (pendant groups)
and residual CHCls), 6.97 (s, 3H, Hy1), 6.78 (s, 3H, Hy2), 6.28 (d, 2H, H1), 5.93 (d, 12H, H,),
5.82 (s, 12H, Hao), 5.22 (t, 2H, Hy), 4.98 (s, 12H, H,), 4.89 (brt, 12H, Hy,), 4.07 (d, 12H, H;), 2.69
(brm, 24H, CH,CH,CgHs), 2.51 (brm, 24H, CH,CH,CgHs), 0.97 (m, 2H, H,), -0.14 (m, 2H, Hy),
-2.33 (t, 3H, Hc). Hg is hidden.

MS (MALDI) m/z (rel intensity) 3503 ((MeC323H102037 + K*)*; 100), calcd for
Ca23H192037¢K™ = 3503.

5e12. Procedure A. Hexa-hydroxyl trimer 4 (10.2 mg, 3.30 umol), K,CO3 (106.0 mg, 767.0
umol), KI (39.0 mg, 235.0 umol), NFP (6.5 mL), 12 (3.5 mL), 2,4,6-
tris(bromomethyl)mesitylene (5.0 mg, 12.5 umol). Precipitation from CHCls/hexanes gave 5e12
as a white solid (2.6 mg, 22 %). 5e12 was isolated as a mixture with 13 % SeNFP.

'H NMR (500 MHz, sieve-dried CDCls, 300 K) & 7.30-7.14 (m, 60H, ArH (feet)), 7.20 (s, 3H,
Hp), 6.80 (s, 3H, Hp), 6.40 (d, 2H, Ha), 5.87 (d, 12H, H,), 5.74 6.01 (s, 6H, Hyc), 5.19 (s, 12H,
Hy), 5.00 (t, 2H, H,), 4.91 (t, 12H, Hy), 4.36 (t, 1H, Hs), 4.12 (d, 12H, H;), 2.81 (s, 18H, CH;
(cap)), 2.71 (m, 12H, CH,CH,CgHs (feet)), 2.52 (m, 12H, CH,CH,CsHs (feet)), 1.06 (m, 2H, H,),
0.05 (m, 2H, Hp), -0.60 (m, 2H, H.), -0.97 (m, 2H, Hy), -2.58 (t, 2H, He). 2D COSY spectra were

also recorded.

'H NMR (500 MHz, nitrobenzene-ds, 400 K) 6 7.68 (s, 3H, Hy), 7.52 (s, 3H, Hp), 7.32 (d, 24H,
Hortno (feet)), 7.21 (t, 24H, Hmer (feet)), 7.14 (t, 12H, Hpara (feet)), 6.60 (d, 2H, H), 6.04 (d, 12H,
H,), 6.01 (s, 6H, Hyc), 5.40 (t, 2H, H,), 5.34 (s, 12H, Hy), 5.27 (brt, 12H, Hy), 4.68 (t, 1H, H3),
4.46 (d, 12H, H;), 2.91 (brm, 66H, CH3 (cap) and CH,CH,CsHs (feet) and CH,CH,Cg¢Hs (feet)),
1.32 (m, 2H, H,), -0.38 (m, 2H, Hy), -0.26 (m, 2H, H), -0.60 (m, 2H, Hy),

-2.08 (t, 2H, He).
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MS (MALDI) m/z (rel intensity) 3601 ((MeCa1H203037 + Na*)™; 100), calcd for
C221H2080370Na+ = 3599.

5e8. Similar to procedure A. Hexa-hydroxyl trimer 4 (11.5 mg, 3.73 umol), K,COj3 (51.3 mg,
372 umol), KI (38.7 mg, 233 umol), NFP (10 mL), 8 (884.6 mg, 5.26 mmol), 2,4,6-
tris(bromomethyl)-mesitylene (9.8 mg, 24.6 umol). Precipitation with CHCls/hexanes gave 58
as a white solid (2.8 mg, 19 %).

'H NMR (400 MHz, CDCl3, 300 K) & 7.30-7.14 (m, 60H, ArH (feet)), 7.00 (s, 6H, Hp1), 6.81 (s,
6H, Hy2), 6.00 (d, 12H, H,), 5.87 (s, 6H, Hyc), 5.05 (s, 12H, CH; (cap)), 4.95 (t, 12H, Hp), 4.34
(s, 3H, ArH (guest)), 4.31 (d, 12H, H;), 2.72 (m, 24H, CH,CH,C¢Hs), 2.67 (s, 18H, CHj3 (cap)),
2.53 (m, 24H, CH,CH,CsH5s), 0.53 (s, 9H, OCHj3 (guest)).

MS (MALDI) m/z (rel intensity) 3592 ((MeCa31H204039 + Na*)™; 100), calcd for
C221H2040390Na+ = 3591.

5e9. Similar to procedure A. Hexa-hydroxyl trimer 4 (11.2 mg, 3.63 umol), K;,CO3 (63.0 mg,
457 umol), K1 (58.9 mg, 355 umol), NFP (8 mL), 9 (2 mL, umol), 2,4,6-
tris(bromomethyl)mesitylene (5.0 mg, 12.5 umol). Precipitation with CHCls/hexanes gave 59
as a white solid (7.3 mg, 56 %).

'H NMR (400 MHz, CDCl3, 300 K) & 7.29-7.15 (m, 60H, ArH (feet)), 7.00 (s, 6H, Hp1), 6.80 (s,
6H, Hy2), 5.98 (d, 12H, Ho), 5.86 (5, 6H, Ha), 5.12 (s, 3H, ArH (guest)), 5.11 (s, 12H, Hy), 4.94
(t, 12H, Hp), 4.28 (d, 12H, H)), 2.78-2.63 (M, 24H, CH,CH,CgHs), 2.70 (s, 18H, CHj (cap)),
2.63-2.41 (m, 24H, CH,CH,CgHs), 0.77 (g, 6H, CH,CHj (guest)), -2.03 (s, 9H, CH,CHj (guest)).
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MS (MALDI) m/z (rel intensity) 3585 ((C231H210036 + Na*)"; 100), calcd for
Czs1H210036eNa” = 3585.

5e7. Similar to procedure A. Hexa-hydroxyl trimer 4 (10.1 mg, 3.27 umol), K,CO3 (50.7 mg,
367 umol, 112 equiv.), KI (38.4 mg, 231 umol, 71 equiv.), NFP (10 mL), 1,3,5-
trimethylbenzenecarboxylate (962.9 mg, 3.82 mmol), 2,4,6-tris(bromomethyl)mesitylene (6.0
mg, 15.0 umol, ~4.5 equiv.). Precipitation with CHCls/hexanes gave 57 as a white solid

(1.9 mg, 16 %).

'H NMR (nitrobenzene-ds, 500 MHz, 400 K) & 7.62 (s, 6H, Hp1 or Hpp), 7.57 (s, 3H, ArH
(guest)), 7.34 (d, 24H, Horno (feet)), 7.22 (t, 24H, Hmer (feet)), 7.15 (t, 12H, Hpara (feet)), 6.25 (s,
6H, Hyc), 6.00 (d, 12H, H,), 5.36 (t, 12H, Hy,), 5.08 (s, 12H, Hy), 4.79 (d, 12H, H;), 3.03-2.86 (m,
66H, CH,CH,CsHs and CH3 (cap) and CH,CH,CgHs), -0.10 (s, 9H, COOCHj; (guest)). Note,
signal(s) for the other six H, protons are hidden under nitrobenzene-ds residual proton signals.

'H NMR (CDCls5, 500 MHz, 250 K) & 7.29-7.14 (brm, 63H, ArH (feet) and ArH (guest) and H;
and H; and Hs), 6.90 (s, 12H, Hy1), 6.85 (s, 6H, Hp,' or Hp2"), 6.66 (S, 6H, Hy,' or Hp,"), 6.06
(brd, 6H, H, or Hy"), 6.98 (s, 6H, Hyc), 5.85 (brd, 6H, H, or H,"),4.98 (t, 6H, Hy or Hy'), 4.94 (t,
6H, Hm or Hy'), 4.92 (d, 6H, Hy' or H,"), 4.83 (d, 6H, H,' or H,"), 4.58 (d, 6H, H; or H;'), 4.30 (d,
6H, H; or H;"), 2.72 (brm, 24H, CH,CH,Cg¢Hs), 2.53 (s, 18H, CH3 (cap)), 2.53 (brm, 24H,
CH,CH,C¢Hs), -0.66 (s, 9H, Hy). See Chart 1 for guest proton labels.

MS (MALDI) m/z (rel intensity) 3677 ((C227H204042 + Na*)™; 85), calcd for
C227H204O420Na+ = 3675.

5e6. Procedure C. Procedure A, except at room temperature. Hexa-hydroxyl trimer 4 (28.6 mg,
9.26 umol), K,CO3 (167.9 mg, 1.22 mmol), KI (167.5 mg, 1.01 mmol), NFP (10 mL), 1,3,5-
tris(ethynyl)benzene[m (51.4 mg, 325 pumol), 2,4,6-tris(bromomethyl)mesitylene (15.6 mg, 39.1
umol). Precipitation with CHCls/hexanes gave 56 as a white solid (12.4 mg, 40 %).

'H NMR (500 MHz, CDCls, 300 K) & 7.29-7.16 (m, 60H, ArH (feet)), 6.98 (s, 3H, Hyz), 6.80 (s,
3H, Hyp), 5.99 (d, 12H, Ho), 5.91 (s, 3H, Hy, (guest)), 5.87 (s, 6H, Ha), 5.06 (5, 12H, H,), 4.94 (t,
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12H, Hy), 4.37 (d, 12H, H;), 2.72 (m, 24H, CH,CH,C¢Hs (feet)), 2.67 (s, 18H, CHj (cap)), 2.53
(m, 24H, CH,CH,CgHs (feet)), -1.24 (s, 3H, Hy). See Chart 1 for guest proton labels.

MS (MALDI) m/z (rel intensity) 3574 ((C231H108036 + Na*)"; 100), calcd for

Co31H1080360Na” = 3573.

13e6. Procedure C, except that 1,3,5-tris(br0momethyl)benzeneEI(14.0 mg, 39.3 umol, 4.0
equiv.) was used instead of 2,4,6-tris(boromomethyl)mesitylene. Hexa-hydroxyl trimer 4 (31.0
mg, 0.010 mmol), K,CO3 (152.01 mg, 1.10 mmol), KI (124.7 mg, 0.75 mmol, 75 equiv.), NFP
(30 mL), 1,3,5- tris(ethynyl)benzenem (58.0 mg, 0.384 mmol). Carceplex 136 was isolated as a
white solid (21.0 mg, 60 %).

'H NMR (500 MHz, CDCls, 300 K) & 7.27-7.08 (m, 66H, ArH (cap) and ArH (feet)), 6.94 (s,
3H, Hp1), 6.80 (s, 3H, Hy), 6.00 (d, 12H, H,), 5.99 (s, 6H, Hac), 5.87 (s, 3H, Hy), 4.91 (t, 12H,
Hm), 4.79 (s, 12H, H,), 4.33 (d, 12H, H;), 2.71 (brm, 24H, CH,CH,CgHs (feet)), 2.52 (brm, 24H,
CH,CH,CgHs (feet)), -1.18 (s, 3H, H,). See Chart 1 for guest proton labels.

MS (MALDI) m/z (rel intensity) 3491 ((C225H186036 + Na*)*; 100), calcd for
Ca2sH186036eNa” = 3489.

5¢(NFP),. Procedure C was used with hexa-hydroxyl trimer 4 (15.6 mg, 5.05 umol), K,CO3
(41.2 mg, 299 umol), KI (52.0 mg, 313 umol), 2,4,6-tris(bromomethyl)mesitylene (12.9 mg,
32.3 umol), and NFP (10 mL). Carceplex 5e¢(NFP), was isolated as a white solid (6.1 mg, 26
%). Note that 5¢(NFP), was isolated as a mixture with 5eNFP (~2:1 5e(NFP),:5eNFP).

'H NMR (400 MHz, sieve-dried CDCls, 300 K) & 7.28-7.16 (m, 60H, ArH (feet)), 6.99 (s, 3H,
Hp1), 6.77 (s, 3H, Hp2), 5.99 (d, 12H, Hy), 5.84 (s, 6H, Hy), 5.19 (s, 12H, Hy), 4.93 (t, 12H, Hy),
4.30 (d, 12H, H;), 2.84 (s, 18H, CH3 (cap)), 2.72 (m, 24H, CH,CH,C¢Hs (feet)), 2.52 (m, 24H,
CH,CH,CgHs (feet)), 1.70 (m, 4H, Hq or He), 1.51 (m, 4H, Hq or He), 0.13 (m, 4H, Hy or Hy), -
0.01 (m, 4H, Hy or H.), -0.32 (m, 4H, H,). 2D COSY spectra were also recorded. CHO is
hidden under H, for Se(NFP), at 6.00 ppm. This is based on the observation that the CHO shifts

downfield from the H; protons in spectra in nitrobenzene-ds at temperatures above 350 K.
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Hp He
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Ha N— 1
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Hc Hd
MS (MALDI) m/z (rel intensity) 3650 ((C231H214038N5 + Na*)*; 100), calcd for
C227H210038N20Na+ = 3649.

5¢(DMA),. Procedure C was used with hexa-hydroxyl trimer 4 (22.9 mg, 7.40 umol), K,CO3
(53.3 mg, 384 umol), KI (57.4 mg, 346 umol), DMA (10 mL), and 2,4,6-
tris(bromomethyl)mesitylene (9.9 mg, 39.1 umol). Carceplex Se(DMA), was obtained as a
white solid (8.8 mg, 33 %).

'H NMR (400 MHz, sieve-dried CDCls, 300 K) & 7.27-7.15 (m, 60H, ArH (feet)), 6.99 (s, 3H,
Hp1), 6.78 (s, 3H, Hp2), 5.96 (d, 12H, Hy), 5.83 (s, 6H, Hy), 5.13 (s, 12H, Hy), 4.93 (t, 12H, Hy),
4.31 (d, 12H, H;), 2.78 (s, 18H, CH3 (cap)), 2.71 (m, 24H, CH,CH,CsHs (feet)), 2.54 (m, 24H,
CH,CH,C¢Hs (feet)), 1.44 (s, 6H, NCH3), 0.56 (s, 6H, NCH3), -0.97 (s, 6H, COCH3). 2D COSY

spectra were also recorded.

MS (MALDI) m/z (rel intensity) 3596 ((C227H210038N2 + Na*)™; 100), calcd for
C227H210038N20Na+ = 3597.

13¢(DMA),. Procedure C, except l,3,5-tris(bromomethyl)-benzene (4.9 mg, 13.7 umol) was
used instead of 2,4,6-tris(bromomethyl)mesitylene with hexa-hydroxyl trimer 4 (10.8 mg, 3.50
umol), K,CO3 (51.0 mg, 370 umol), KI (37.4 mg, 225 umol), DMA (10 mL). Carceplex
13¢(DMA), was obtained as a white solid (9.9 mg, 81 %).

'H NMR (400 MHz, CDCls 300 K) & 7.44 (s, 6H, ArH (cap)), 7.27-7.15 (m, 60H, ArH (feet)),
6.97 (5, 3H, Hpy), 6.75 (s, 3H, Hyz), 5.97 (d, 12H, H,), 5.91 (s, 6H, Hag)), 4.95 (5, 12H, H,), 4.91
(t, 12H, H), 4.30 (d, 12H, Hy), 2.71 (M, 24H, CH,CH,CgHs (feet)), 2.51 (m, 24H, CH,CH,CeHs
(feet)), 1.41 (s, 6H, NCH3), 0.44 (s, 6H, NCHs), -0.94 (s, 6H, COCH).
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MS (MALDI) m/z (rel intensity) 3514 ((C227H210038N2 + Na*)*; 100), calcd for
Ca27H21003sN20Na”™ = 3513.

5e¢(NMP),. Procedure C was used with hexa-hydroxyl trimer 4 (14.9 mg, 4.83 umol), K,CO3
(28.6 mg, 172 umol), KI (34.4 mg, 249 umol), NMP (13 mL), 2,4,6-tris(bromomethyl)-
mesitylene (7.3 mg, 183 umol). Carceplex 5¢(NMP), was obtained as a white solid (8.8 mg, 33
%).

'H NMR (400 MHz, sieve-dried CDCls, 300 K) & 7.30-7.10 (m, 60H, ArH (feet)), 6.99 (s, 3H,
Hp1), 6.77 (s, 3H, Hpp), 5.96 (d, 12H, Hy), 5.82 (s, 6H, Hy), 5.14 (s, 12H, Hy), 4.93 (t, 12H, Hy),
431 (d, 12H, H;), 2.79 (s, 18H, CHjs (cap)), 2.70 (m, 24H, CH,CH,C¢Hs (feet)), 2.49 (m, 24H,
CH,CH,CgHs (feet)), 1.87 (m, 4H, H,), 0.16 (m, 4H, Hy), 0.06 (m, 4H, H.), -0.53 (s, 6H, Hg). 2D
COSY spectra were also recorded.

MS (MALDI) m/z (rel intensity) 3620 ((C220H210038N2 + Na*)*; 100), calcd for
C229H210038N20Na+ = 3621.

5¢(NFPeDMSO). Procedure A was used with hexa-hydroxyl trimer 4 (10.8 mg, 3.50 umol),
K,COj3 (42.1 mg, 305 umol), KI (32.3 mg, 195 pumol), NFP (10 mL), DMSO (60 uL), 2,4,6-
tris(bromo- methyl)mesitylene (10.3 mg, 25.8 umol). Carceplex S¢(NFPeDMSO) was obtained
as a white solid (4.7 mg, 37 %). Note that 5¢(NFPeDMSO) was isolated with ~7 % SeNFP.

'H NMR (400 MHz, sieve-dried CDCls, 300 K) & 7.30-7.13 (m, 60H, ArH (feet)), 6.98 (s, 3H,
Hp1), 6.77 (s, 3H, Hpp), 6.43 (s, 1H, H¢), 5.97 (d, 12H, H,), 5.80 (s, 6H, Hac), 5.16 (s, 12H, H,),
4.93 (t, 12H, Hy), 4.29 (d, 12H, H;), 2.81 (s, 18H, CH3 (cap)), 2.71 (m, 24H, CH,CH,C¢Hs
(feet)), 2.51 (m, 24H, CH,CH,C¢Hs5 (feet)), 1.73 (brm, 2H, Hy or He), 1.36 (brm, 2H, Hq or He), -
0.13 (brm, 2H, Hy, or H), -0.02 (brm, 2H, Hy or H.), -0.40 (brs, 6H, (CH3),S0), -0.59 (brm, 2H,
H.). 2D COSY spectra were also recorded.
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Hp He
0]
Ha N— 1
H
Hc Hd
MS (MALDI) m/z (rel intensity) 3615 ((C227H19803sNS + Na*)"; 100), calcd for
C227H198038NS ONa+ = 3614.

5e(NFPe4'-ethylacetophenone). Procedure A was used with hexa-hydroxyl trimer 4 (10.1 mg,
3.27 umol), K,CO; (42.5 mg, 308 umol), K1 (42.8 mg, 258 pmol), NFP (10 mL), 4'-
ethylacetophenone (1 mL), 2,4,6-tris(bromomethyl)mesitylene (9.4 mg, 23.6 umol). Carceplex
5e(NFPe4'-ethylacetophenone) was obtained as a white solid (1.2 mg, 10 %).

'H NMR (500 MHz, nitrobenzene-ds, 400 K) & 7.72 (s, Hp), 7.68 (s, Hp), 7.58 (s, Hp), 7.55 (s,
Hp), 7.35-7.12 (brm, 60H, ArH (feet)), 6.63 (brd, 2H, H1), 6.33 (brd, 2H, H,), 6.20 (brs, 2H, Ha),
6.15 (brm, 4H, Hyc and Hy), 6.11 (brd, 2H, H,), 6.08 (brs, 2H, H,), 6.03 (brd, 2H, H,), 6.00 (brd,
2H, Ho), 5.93 (brd, 2H, H,), 5.91 (brd, 2H, H,), 5.40-5.25 (brm, 20H, H,s and Hps), 5.20 (brd,
2H, H,), 5.10 (brd, 2H, Hy), 5.06 (brd, 2H, H;), 4.76 (brd, 2H, H;), 4.67 (brd, 2H, H;), 4.63 (brd,
2H, Hy), 4.57 (brd, 2H, H;), 4.54 (brd, 2H, H;), 4.42 (brd, 2H, H;), 2.97 (brm, 66H, CH,CH,CsHs
and CH,CH,CgHs and CH3 (cap)), 1.66 (brm, 2H, Hq or He), 1.47 (brm, 2H, Hq or He), 1.09 (q,
2H, CH,CHj3), -0.02 (brm, 2H, Hy or H¢), -0.41 (brm, 2H, Hy or Hy), (s, 3H, C(CO)CHj3), -1.15
(brm, 2H, H,), -1.89 (t, 3H, CH,CH3). 2 D COSY spectra were also recorded.

Ho He o H, Hi
Hy (0]
el L,
WARY HaC CHs

MS (MALDI) m/z (rel intensity) 3684 ((C23sH21503sN + Na*)*; 100), calcd for
02'3,5H215O33N0Nc’ilJr = 3684.

5e(NFPeacetophenone). Procedure A was used with hexa-hydroxyl trimer 4 (12.5 mg, 4.05
umol), K,CO3 (41.2 mg, 299 umol), KI (31.9 mg, 192 umol), NFP (10 mL), acetophenone (100
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uL), 2,4,6-tris(bromomethyl)mesitylene (9.8 mg, 24.6 umol). Carceplex Se(NFPeacetophenone)
was obtained as a white solid (2.2 mg, 10 %). Note that 5e(NFPeacetophenone) was isolated as

a mixture containing 52 % SeNFP.

'H NMR (500 MHz, nitrobenzene-ds, 400 K) & 7.69 (s, 6H, Hp1 or Hpp), 7.53 (s, 6H, Hp1 or Hyo),
7.32 (brd, 24H, Hortho (feet)), 7.21 (brt, 24H, Hieta (feet)), 7.14 (brt, 12H, Hpara (feet)), 6.73 (d,
2H, H,), 6.12 (s, 6H, Hac), 6.11 (d, 12H, Hy), 5.89 (t, 2H, H,), 5.69 (t, 2H, Hs), 5.53 (s, 1H, CHO
(NFP guest)), 5.29 (s, 12H, H,), 5.27 (t, 12H, Hn), 4.66 (d, 12H, H,), 3.00-2.85 (brm, 66H,
CH,CH,C¢Hs and CH,CH,CgHs and CH3 (cap)), 1.67 (brm, 2H, Hq or He), -0.33 (brm, 2H, H,, or
Hc), -0.46 (brm, 2H, H;, or H¢), -0.60 (s, 3H, COCHj3), -0.80 (brm, 2H, H,). Note that either Hy
or He is hidden under the H,O signal at ~1.85ppm, as indicated in the COSY spectrum.

Hp He o H, H,
O
e EEasE
CHs
Hc Hg

MS (MALDI) m/z (rel intensity) 3664 ((C233sH21:03sN + Na*)*; 100), calcd for
CzssH21103sNeNa” = 3665.

5e(NFPepropiophenone). Procedure A was used with hexa-hydroxyl trimer 4 (10.9 mg, 3.53
umol), K,CO3 (46.0 mg, 333 umol), KI (32.0 mg, 193 umol), NFP (10 mL), propiophenone (60
uL), 2,4,6-tris(bromomethyl)mesitylene (13.1 mg, 32.9 umol). Carceplex
S5e(NFPepropiophenone) was isolated as a white solid (1.9 mg, 15 %). Note that carceplex

5e(NFPepropiophenone) was isolated as a mixture containing 65 % 5eNFP and 5e(NFP),).

'H NMR (500 MHz, nitrobenzene-ds, 400K) & 7.69 (s, 6H, Hp1 or Hp2), 7.67 (s, 6H, Hpa or Hpy),
7.33 (brd, 24H, Hortho (feet)), 7.21(brt, 24H, Hieta (feet)), 7.14 (brt, 12H, Hpara (feet)), 6.90 (d,
2H, H,), 6.14 (d, 12H, H,), 6.07 (s, 6H, Hy), 5.50 (t, 2H, Hy), 5.34 (s, 12H, Hy), 5.27 (t, 12H,
Hm), 5.14 (s, 1H, Hy), 5.04 (t, 1H, Hs), 4.64 (d, 12H, H,), 2.93 (brm, 66H, CH,CH,CgsHs and
CH,CH,CgHs and CH3 (cap)), 1.71 (m, 2H, Hq or He), 1.33 (m, 2H, Hq or He), 0.19 (q, 2H, Hy), -
0.24 (brm, 2H, Hy, or Hc), -0.36 (brm, 2H, Hy, or Hc), -1.01 (brm, 2H, H,), -2.24 (t, 3H, Hy"). 2D

COSY spectra were also recorded.
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MS (MALDI) m/z (rel intensity) 3669 ((C23sH21303sN + Na*)*; 100), calcd for
C234H213038N0Na+ = 3670.

5¢(DMSO)s. Procedure C was used with hexa-hydroxyl trimer 4 (11.0 mg, 3.56 umol), K,CO3
(61.4 mg, 445 umol), K1 (52.3 mg, 315 pumol), NFP (8 mL), DMSO (2 mL), 2,4,6-
tris(bromomethyl)mesitylene (4.9 mg, 12.3 umol). Carceplex 5¢(DMSO); was obtained as a
white solid (3.1 mg, 13 %).

'H NMR (400 MHz, sieve-dried CDCls, 300 K) & 7.30-7.15 (m, 60H, ArH (feet)), 7.00 (s, 3H,
Hp1), 6.74 (s, 3H, Hpp), 5.91 (d, 12H, Hy), 5.78 (s, 6H, Hy), 5.19 (s, 12H, Hy), 4.94 (t, 12H, Hy),
4.50 (d, 12H, Hj), 2.73 (s, 18H, CH3 (cap)), 2.72 (m, 24H, CH,CH,CsHs (feet)), 2.51 (m, 24H,
CH,CH,CgHs (feet)) -0.06 (brs, 18H, (CH3),S0).

MS (MALDI) m/z (rel intensity) 3659 ((C225H210037S3 + Na")*; 100), calcd for
Ca25H210057S3eNa” = 3657.

13¢(DMF)3. Procedure C was used, except 1,3,5-tris(bromomethyl)benzeneEI (2.2 mg, 6.18
umol) was used instead of 2,4,6-tris(bromomethyl)-mesitylene with A,C-trimer 4 (5.0 mg, 1.62
umol), K,CO3 (20.3 mg, 0.147 mmol, 24 equiv.), KI (4.7 mg, 0.028 mmol, 4.5 equiv.), DMF (5
mL). Carceplex 13¢(DMF)3; was obtained as a white solid (2.3 mg, 40 %).

'H NMR (500 MHz, CDCls, 300 K) & 7.42 (s, 6H, ArH (cap)), 7.30-7.10 (m, 60H, ArH (feet)),
6.96 (s, 3H, Hp1), 6.75 (s, 3H, Hyz), 5.94 (d, 12H, H,), 5.90 (s, 3H, Hy), 5.88 (s, 6H, Hac), 4.96 (s,
12H, Hy), 4.92 (t, 12H, Hy), 4.47 (d, 12H, H;), 2.70 (m, 24H, CH,CH,CgHs (feet)), 2.50 (m, 24H,
CH,CH,C¢Hs (feet)), 0.97 (s, 9H, H.), -0.17 (s, 9H, Hy).
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MS (MALDI) m/z (rel intensity) 3560 ((C20H201039N3 + Na*)*; 100), calcd for
C225H210037830Na+ = 3558.

NMR Spectroscopy. NMR spectra were recorded on Bruker Avance 400 or AMX 500
spectrometers equipped with inverse-gradient probes. Prior to beginning experiments at different
temperatures and at different solvents, the probe was tuned. Before starting all 2D (NOESY,
ROESY, COSY, HMQC) experiments and 1D EXSY experiments, the 90° pulse width was
optimized. Chemical shifts are reported relative to the residual proton signals in the deuterated
solvent used (i.e., CDCl3, CD,Cl,, (CDCI,),, C¢Dg, toluene-dg, pyridine-ds and nitrobenzene-ds).
All deuterated solvents used were purchased from Cambridge Isotopes Inc.

Temperature calibrations[Ei were performed for all kinetic runs (1D EXSY experiments
and coalescence temperature measurements). Calibration standards (4 % methanol in methanol-
d4 (T <300 K) or 80 % ethylene glycol in DMSO-dg (T > 300)) provided by Bruker were
equilibrated in the probe of the spectrometer for at least 10 min before recording a *H NMR
spectrum. The temperature dependent Ad values between the hydroxyl protons and the
methylene (ethylene glycol) or methyl protons (methanol), respectively, were measured and the
actual probe temperature was interpolated from a calibration graph provided by Bruker. The
temperatures reported were the temperatures that were measured and should not differ from the
actual temperature by more than 1-2 °C.

Activation energies (AG.) in kcal/mole for the two-site exchange processes in 57 and

5e¢(NFPeDMSO) were calculated using equation S1,
AG¢* = RT[In(kg/rh) + In(TJ/AV)] equation S1

where R (universal gas constant) = 1.9872 cal K™ mole™; kg (Boltzman constant) = 3.2995x10%*
cal K*; h (Planck’s constant) = 1.5836x10 cal s; T is the coalescence temperature in K; and
Av is the chemical shift difference, in Hz.[a This equation only applies to exchange between two

equally populated noncoupled spin systems.
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The activation energy (AG*) for the exchange process observed in complex 176 was
calculated using the method reported by Shanan-Atidi and Bar-EIi.[El This method provides a
quick and convenient way of determining the activation energies from the coalescence
temperature for two unequally populated noncoupled spin systems that are in exchange. X (X =
2nAvt), where 7 is the average lifetime of the two spin states and Av is the frequency difference

in Hz) is first is calculated from the population difference AP, with the equation S2:

2 _ 3/2
AP =P, - P, :(X 3 2] % equation S2

For 176, AP =2 - 1 = 1, and therefore, X = 2.83. The free energies of exchange between both

spin systems are then calculated using equations S3 and S4,

k(T ] :
AG," =RT,In LS G (e, equation S3

| hm {Av \1-AP /|

k(T ] :
AG," =RT, In LENE X equation S4

 hzm {Av \1+AP |

AGA* is undefined, but AGg* can be solved by inserting Av = 39.0 Hz, T, = 330 K, and X = 2.83.

1D EXSY Experiments. All 1D EXSY (NOESY) experiments were performed on a
Bruker Avance 400 MHz spectrometer. The pulse sequence used was selnogp.2 (Avance-
version- 00/02/07), which is a 1D NOESY that uses selective refocusing with a shaped pulse.
Dipolar coupling may be due to NOE or chemical exchange. NOE was discounted for carceplex
5e7 and complexes 36 and 156 from the broadening and coalescence of exchanging signals
observed by variable temperature *H NMR spectroscopy.

For each specific set of experiments, a relaxation delay (d1) of 5 T;s of the exchanging
nuclei was used. T;s were measured by the inversion-recovery method using the Bruker pulse
program called invgs (avance- version- 00/02/07). A total of ten experiments were performed at
different relaxation delays of 0.001 s, 0.003 s, 0.010 s, 0.030 s, 0.100 s, 0.300 s, 1.00°s, 3.00 s,
10.0 s, 30.0 s. Peak heights were measured using the Bruker xwinnmr software and T1S were
calculated using the simfit command from the equation:

I, =1, +Pe '™
where |; is the peak height at time t (s), lo is the initial peak height, P is a constant and T; is the

longitudinal relaxation time constant (in s).
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Each set of EXSY experiments involved the selective irradiation of the signals for each
exchanging nucleus at a series of at least five mixing times (t,). The choice of t,,s depended on
the observed rate of exchange, which could be adjusted by changing the temperature.
Temperatures were set so that integration of the irradiated (i) and response (I;) signals in each
EXSY spectrum gave ratios (lir:1I;) between 10:1 and 1:1 at t,s below 400 ms. Relative peak
areas were obtained from the integration values of both irradiated and response signals in each
1D *H-'H EXSY spectrum obtained using Bruker Win NMR 1D software (ver. 6.0). The
equilibrium magnetization (M) was measured from the integration of the signals of interest in
the 1D *H spectrum. Rate constants were calculated using matrix analysis[E] from the equation:

MM, =g/t equation S5

where the variables in bold are n x n (n =1, 2, 3...) square matrices: M is the matrix of
integration intensities at a particular mixing time (ty, in s), Mg is the matrix of equilibrium
magnetization values and R is the matrix containing the site-to-site rate constants. The matrix R
was calculated from the linearized form of equation S5:

Rtyn= -IN[MM] = -X(InA)X ! equation S6
where X is the square matrix that diagonalizes MMy to A, so that In A is a diagonal matrix
whose elements are the logarithms of the eigenvalues of MMy ™. All matrix operations were
performed using Maple 5.0 software. The individual first order site-to-site rate constants (in s)
that make up the matrix R, were obtained graphically by plotting each element of the matrix-

X(InA)X™* versus t,, (see Figures 81-83).[Ei Note that for two-site exchange,

X(InA)X™ = [a“ alz}
21 a'22
Additional EXSY Data for Complexes 3e6 and 15e6. The kinetics of guest exchange
for complexes 36 and 156 were examined by 1D NOESY (EXSY) spectroscopy at 330 K in
nitrobenzene-ds (see Tables S1 and S2, and Figures S1 and S2). A sample calculation is shown
for complex 3e6 from the EXSY data for t,, = 0.250 s.
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Table S1 Additional 1D EXSY data for complex 3e6 (nitrobenzene-ds, 330 K).

l11 l12 21 22
fm (S) (Gfree) (Gbound) (Gfree) (Gbound) a2 1
0.050 7.90 1.00 1.00 6.79 0.14 0.14
0.100 4.08 1.00 1.00 3.37 0.27 0.28
0.150 2.82 1.00 1.00 2.34 041 041
0.200 2.18 1.00 1.00 1.78 0.55 0.56
0.250 1.90 1.00 1.00 1.47 0.68 0.69
0.300 1.71 1.00 1.00 1.28 0.81 0.83
0.350 1.56 1.00 1.00 1.17 0.94 0.96
0.400 1.49 1.00 1.00 1.08 1.05 1.07

lij (i =J) = Integration intensities of selectively irradiated signal. I;; (i = j) = Integration

intensities response signals. a;; = X(InA)X™ matrix elements. Gy = free guest. Gpoung = bound

guest. Integration of 'HNMR spectrum gave the ratio 1.02:1 for the signals at Gree: Gpound-

Sample calculation. From the integration in the 1D *H NMR spectrum, the ratio of

free:bound (l:1g) guest 6 was measured to be 1.02:1.00. Therefore,
I, O 1.02 0.00 . |1 0 1/1.02 0.00
Mo = = and Mo = =
0o 1, 0.00 1.00 0 1/1, 0.00 1.00
At t, =0.250 s,
M:[In ﬂ{l.go 1.00}
l,, 1,| |1.00 1.47

N 1.87 0.98
° 11.00 1.47

Therefore,

Using Maple 5.0 the eigenvalues of MM,™ were calculated to be 0.47 and 2.49 and the
eigenvectors of MM, ™ were calculated to be

-0.63 0.77
and
[— 0.78} {0.64}

Therefore,

-0.63 0.77 0.47 0.00
X= and A =
0.78 0.64 0.00 2.49
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Using Maple 5.0, X, InA, and then X(InA)X* were calculated,

X(InA)X* =| % B | 0.42 0.68
2 8y 0.69 0.15

where a;, = 0.68 and a,; = 0.69 (Table 3.18). Note that

R — |:k11 k12 :|
k21 k22

where the elements kj; (i, j = 1, 2) are the rate constants for exchange from site i to j, which can
be calculated from the average of slopes of the two plots of a;, and ay; vs t, (equation S6, Figure

S1). kjj can also be determined from single point calculations at each tp:

_ X(InA)X* [0.42/0.25 0.68/0.25] [1.68 2.72
- t 0.69/0.25 0.15/0.25| |2.76 0.60

m

R=R

where ki, =2.7 st and ky; =2.8 s,
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0.00 0.05

0.10 0.15

0.20

0.25
tm (s)

0.30

0.35

0.40 0.45

0.50

Figure S1 Plot of X(InA)X™* matrix elements (a1, and a,1) versus mixing time (tn) for complex

36 (nitrobenzene-ds, 330 K). [3] =6.37 mM, [6] = 12.4 mM and [7] = 318 mM.
(ki) = (2.63 £ 0.8) s, y-intercept = 0.0143, r> = 0.999).
intercept = 0.0121, r* = 0.999). Errors in kijs were based on 95 % confidence limits from

regression analysis.

= ay, (slope

= a,; (slope (k1) = (2.69 + 0.8) s, y-

Table 3.19 Additional 1D EXSY data for complex 156 (nitrobenzene-ds, 330 K).

I l12 21 122
fm (S) (Gfree) (Gbound) (Gfree) (Gbound) a2 a2
0.050 10.12 1.00 9.83 1.00 0.11 0.09
0.100 4.27 1.00 5.03 1.00 0.22 0.20
0.150 3.16 1.00 3.13 1.00 0.35 0.30
0.200 241 1.00 2.40 1.00 046 041
0.250 2.05 1.00 1.99 1.00 0.61 0.53
0.300 1.71 1.00 1.74 1.00 0.71 0.63
0.350 1.60 1.00 1.61 1.00 0.80 0.71
0.400 1.44 1.00 1.44 1.00 0.93 0.82

lij (i =) = Integration intensities of selectively irradiated signal. I;; (i = j) = Integration

intensities response signals. a;; = X(InA)X'1 matrix elements. Gy = free guest. Gpoung = bound
guest. Integration of 'H NMR spectrum gave the ratio 1:1.14 for the signals at Gree: Gpound-
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1.20

1.00 4

0.80 ~

aij 960 |

0.40 ~

0.20 4

0.00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

tm (s)

Figure S2 Plot of X(InA)X ™" matrix elements (a1, and a,1) vs. mixing time for complex 15¢6
(nitrobenzene-ds, 330 K). [15] =5.67 mM and [6] =8.22 mM. = ay; (slope (k2) =2.35 +
0.11) s, y-intercept = 0.005, r* = 0.998). = a,; (slope (kz1) = (2.09 + 0.08) s,

y-intercept = 0.009, r’ = 0.999). Errors in kijs were based on 95 % confidence limits from
regression analysis.

Additional 1D EXSY Data for Trimer Carceplex 5e7. The individual elements ajj, (i, j
=1, 2) of the matrix X(InA)X™ were calculated at various randomized mixing times at 267 K in
CDCI; for 5e7 are shown in Table S3. The rate constants were obtained from the linear plots

shown in Figure S3.
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Table S3 Additional 1D EXSY data for trimer carceplex 57 (CD,Cl,, 267 K).

I11

117

121

122

tm (5) (4.87 ppm) (469 ppm) (4.87 ppm) (4.69ppm) A2 8
0.005 13.10 1.00 1.00 13.64 0.08 0.07
0.015 4.44 1.00 1.00 4.86 0.22 0.21
0.030 2.35 1.00 1.00 2.36 0.44 0.48
0.045 1.81 1.00 1.00 1.89 0.64 0.59
0.060 1.48 1.00 1.00 1.44 0.83 0.88
0.075 1.28 1.00 1.00 1.45 0.96 0.93
0.100 1.14 1.00 1.00 1.15 1.31 1.37

lij (i =J) = Integration intensities of selectively irradiated signal. I;; (i = j) = Integration
intensities response signals. a;; = X(InA)X™ matrix elements. Integration of *H NMR spectrum
gave the ratio 1:1 for the signals at 4.87 ppm:4.69 ppm.

1.6

aij

0.02

0.04

0.06
tm (s)

0.08

0.1

0.12

Figure S3 Plot of X(InA)X ™" matrix elements (a1, and a,1) versus mixing time for 5e7 (CD,Cl,,
267 K). = ay, (slope (ki) = (12.8 £ 1.8) s, y-intercept = 0.0386, r* = 0.997).
(slope (kz1) = (13.2 + 1.8) s, y-intercept = 0.0241, r* = 0.986). Errors in kijs were based on 95 %
confidence limits from regression analysis.

=an

S25



Free energies of activation (AG*, in kcal/mol) were calculated from k (in s™) using the
equation:
AG* = -RTIn(kh/kgT)

Template Ratios

Competition Experiments. Competition experiments were conducted using a procedure
similar to procedure A, except that the competing guests, guest 1 (G;) and guest 2 (G,), were
added at concentrations ranging from 0.1 to 5.0 mole % of the solvent, NFP. Separate reactions
were conducted both at ambient conditions (298 K) and at 70 °C. The results of all competition

experiments at room temperature and 70 °C are listed in Table S4 in Table S5, respectively.

Table S4 Single-guest competition experiments at room temperature.

G G, TR(G) TR(Gy

6 9 50.1 1.00
6 7 2.25 1.00
6 8 38.9 1.00
7 8 4.46 1.00
8 9 1.08 1.00
8 12 4.70 1:00
8 11 24.6 1.00

Table S5 Single-guest competition experiments at 70 °C.

G G, TR(G) TR(Gy)

6 7 38.8 1.00
6 8 42.4 1.00
7 8 1.09 1.00
7 NFP 264 1.00
8 NFP 256 1.00
8 12 5.70 1.00
8 11 24.1 1.00
12 11 10.9 1.00
12 NFP 47.0 1.00
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Competitions between NFPeguestl versus NFPeguest2 (Table S6), and NFPeguest versus

single-molecule guests (Table S7) were also conducted using procedure A.

Table S6 Competition results for 5e(NFPeguest) at 70 °C.

TR2, TR2,

G G
' ? (G1) (G2)
4'-ethylacetophenone  propiophenone 155 1.00
4'-ethylacetophenone  acetophenone 6.3 1.00
acetophenone propiophenone 2.3 1.00

Table S7 Single- versus two-molecule template competition results at 70 °C.?

G G PR TR
B (GINFPeGg)  (G/NFPeGg)
4'-ethylacetophenone (0.0130) NFP (8.70) 0.73 0.00952 M
4'-ethylacetophenone (0.0133) NFP (8.96) 0.60 0.00781 M
4'-ethylacetophenone (0.0132) NFP (8.87) 0.62 0.00847 M
4'-ethylacetophenone (0.0132) NFP (8.85) 0.62 0.00813 M
4'-ethylacetophenone (0.00669)  NFP (8.92) 1.36 0.00909 M
4'-ethylacetophenone (0.0267) NFP (8.89) 0.33 0.00893 M
4'-ethylacetophenone (0.0132) 8 (0.0618) 1.28 281 M
4'-ethylacetophenone (0.0132) 8 (0.0802) 0.96 1.91 M
4'-ethylacetophenone (0.00669) 8 (0.0551) 2.07 226 M
4'-ethylacetophenone (0.0267) 8 (0.0549) 0.63 2.76 M
4'-ethylacetophenone (0.0132) 12 (0.058) 0.23 032 M
acetophenone (0.0254) NFP (8.92) 2.64 0.0671 M
acetophenone (0.0256) NFP (8.96) 1.98 0.0513 M
propiophenone (0.0521) NFP (8.92) 2.92 0155 M
propiophenone (0.233) NFP (8.70) 0.63 0147 M

®Bracketed values in the first two columns correspond to [Gg] and [G], respectively, in M.
PR = product ratio.

Temperature Dependence of the Template Ratios TR13, TR12, and TRy Procedure A
was used for competitions between tris-acetylene 6, NFPeDMSO, and (DMSQO)s, except
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different temperatures were used. Reactions were heated at constant temperatures using
thermostated silicon oil baths. Template ratios determined from each experiment at each
temperature were the average of two runs.
Enthalpic (AAH°+AAH?*) and entropic (AAS°+AAS*) values were obtained from the slopes
and y-intercepts, respectively, of plots of RIN(TRy,) versus 1/T. Note that:
RIN(TRmn) = -(AAH+AAH?)/T-(AAS°+AASY)
where m =1,2, n=2,3. The plots are shown below as Figures S4-S6. Refer to Table S6 for the

template ratio data.

11

10.5

10 4

8.5

7.5 4

3.05 3.1 3.15 3.2 3.25 3.3
(1/T)*1000

Figure S4 Plot of In(TRy3) versus 1/T for 6/(DMSO); competitions.

Slope = AAH°+AAH* = -(14.1 + 1.6) kcal/mol, y-intercept = AAS°+AAS* = (54.3 + 5.2) cal mol™
K r?=0.987. Errors are the standard errors of one standard deviation.
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15.6 4
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15.2 A

15 T T T T T
3.05 3.1 3.15 3.2 3.25 3.3

(1/T)*1000

Figure S5 Plot of In(TRy,) versus 1/T for 6/(NFPeDMSQO) competitions.
Slope = AAH°+AAH* = -(5.25 + 0.07) kcal/mol, y-intercept = AAS°+AAS* = (32.7 + 0.2) cal mol
LK™ r?=1.000. Errors are the standard errors of one standard deviation.

-5.5 1

RIn(TR23)
[e)]
on

'
~
L

-7.5

-85
(1/T)*1000 (1/K)

Figure S6 Plot of In(TRy3) versus 1/T for (NFPeDMSO)/(DMSO); competitions.

Slope = AAH+AAH* = -(9.49 + 1.82) kcal/mol, y-intercept = AAS°+AAS* = (23.7 + 5.8)
cal mol™* K, r* = 0.965. Errors are the standard errors of one standard deviation.
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Host—Guest Complexes with Trimer Derivatives

General Complexation Experiments. *H NMR complexation experiments were

conducted as follows. Separate stock solutions of host and guest were prepared separately in

each solvent. Aliquots of each host and guest stocks were added to an NMR tube. The tube was

shaken to mix the two solutions and then a *H NMR spectrum was recorded immediately.

Samples were equilibrated within minutes, as no further changes in the relative intensities of the

signals after longer periods of time (except for meta-xylyl 17 with tris-acetylene 6). Association

constants, Kgs, were calculated from the relative integration of the free and bound host and guest

signals measured in the *H NMR spectra, using the equation:

H+G

HeG

_ [HeG]
" [HI[C]

H is the host, G is the guest and HeG is the host-guest complex.

A,C-Trimers 3 and 4

Table S8 *H NMR chemical shifts (ppm) for selected protons of 3e6 in various deuterated

solvents at 300 K.2

Solvent H, Hac Hy Hn H; Guest
cocly® 582 575 463 483 420 oo
CD,CI,’ 584 573 470 481 429 ooF
CeD¢” 6.17 5.90 477 522  4.44 -0.47
toluene-dg” 6.12 5.87 474 516  4.67 -0.52
nitrobenzene-ds®  6.20 6.15 495 519 476 -0.32

®The aryl protons and the methylene protons of the feet (R) of the host are not listed because
either they are hidden under solvent or other host signals, or do not change in chemical shift

significantly from that of the free host in the respective solvents. ®400 MHz. °Hy, of guest 6 is

hidden. 9500 MHz.
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Table S9 *H NMR chemical shifts (ppm) of complex 4e6 in various deuterated solvents at
300 K.

AFH . CHZS Hb! Ha
Solvent (Feet) Hp H, H.. Hm H; (feet)  (6)
CDCI3? 7.22- 6.86, 591 584 482 4.25 2.64, 6.44,

7.07 6.67 2.45 -0.86
nitrobenzene-ds 7.24, h 6.42 6.25 519 4.88 2.82, h,

7.10 2.49 -0.13

5% (v/v) CD3OD added. h = hidden.

Table S10 *H NMR chemical shifts of selected protons of complexes 3eguest (nitrobenzene-ds,
300 K).2

Guest H, Hac Hy Hm Hi Guest

6 620 6.15 495 519 476 -0.32

18° 6.16 620 522 519 473 8.02, 7.98 h, 0.55
7° 627 627 526 490 4.83 7.99,0.45

o 628 6.12 501 515 464 6.15 1.64,-1.24
gd 6.18 594 516 509 468 5.50,1.48

*Additional signals: & 4.56 (d, ArH (feet)), 7.64 (s, Hpz or Hpz), 7.52 (s, Hps O Hp2), 7.41 (t, ArH
(feet)), 7.24 (t, ArH (feet)), 7.21 (d, ArHs (feet)), 7.14 (t, ArHs (feet)), 7.12 (t, ArHs (feet)), 2.80
(brm, CH;s (feet)). °Additional signals: & 7.65 (s, Hp1 or Hpz), 7.64 (S, Hp1 Or Hpy), 7.33-7.02 (m,
ArHs (feet and benzyls)), 2.83 (m, CH,s (feet)). ‘Additional signals: 8 7.64 (s, Hp1 or Hp), 2.77
(brm, CHjs (feet)). Note that the other Hp; or Hy, is hidden under another signal. dAdditional
signals: 8 7.70 (s, Hp1 or Hyp), 7.53-7.06 (m, ArHs (feet and benzyls)): 2.77 (brm, CH,s (feet)).
Note that the other Hp; or Hp; is hidden under another signal. h = hidden.
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R= CH2CH2C6H5

Trimer Cavitand Complexes

Table S11 *H NMR chemical shifts (ppm) of trimer cavitand 15 and complex 156 in
(nitrobenzene-ds, 500 MHz, 300 K).

Proton 15 156

ArH (feet and benzyl) h (d), 7.45 (t), 7.29 (d), 7.35-7.05  h (d), 7.37-7.06 (m)

Hp 7.81,7.71,h 7.72,7.65,h

Ho 6.07, 6.07 6.19, 6.08

Hac 5.81, 5.02 6.17, 6.05

Hy 5.37 4.88

Hm 5.25,5.08 5.28,5.14

Hy' 5.37 5.13

Hi 4.62, 4.37 4.69, 4.56

CHgs (cap) 3.07 2.88

CHgs (phenyl ethyl feet)  2.99-2.67 3.00-2.70 (m)
guest - 6.67 (), -0.54 (s)

h = hidden (either under other host signals or residual protio solvent signals).
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Table S12 *H NMR chemical shifts (ppm) of trimer cavitand 16 and complex 16e6 in

nitrobenzene-ds (500 MHz)

Proton 16 1666
H, h 7.39 (d)
H, 7.76 (d) 7.45 (d)
ArH (feet and benzyl) 7.28 (d), 7.18 (m), 7.09 (m) 7.25-7.04 (m)
Hp 7.81(s),h,h 7.72(s), h, h
Ho 6.19 (d), 6.08 (d) 6.18 (d), 6.18 (d)
Hac 5.85 (d), 5.09 (d) 6.18 (d), 6.10 (d)
Hp 5.42 (s) 5.09 (s)
Hm 5.38 (t), 5.25 (t) 5.13 (1), 5.13 (1)
Hy' 5.09 (s) 5.29 (s)
H; 4.66 (d), 4.37 (d) 4.68 (d), 4.64 (d)
CHs (cap) 3.06 (s) 2.91 (s)
CHgs (phenyl ethyl feet)  2.88 (m), 2.82 (m), 2.76 (M) 2.91 (m), 2.81 (m)
guest - 6.79 (s), -0.56 (s)

h = hidden (either under other host signals or residual protio solvent signals).

Table S13 *H NMR chemical shifts (ppm) of trimer cavitand 14 and complex 146 in

nitrobenzene-ds (400 MHz).

Proton 14 146
OH 6.61 () 6.78 ()
ArH (feet and benzyl) 7.39-7.01 (m) 7.39-7.01 (m)
Hp 7.79 (s), 7.69 (s), 7.47 (s) 7.42(s), h, h
Ho 6.21 (d), 6.08 (d) 6.22 (d), 6.22 (d)
Hac 6.02 (d), 5.94 (d) 6.22 (d), 6.15 (d)
Hm 5.22 (t), 5.15 (1) 5.22 (t), 5.15 (1)
Hy' 5.28 (s) 5.28 ()
H; 4.66 (d), 4.43 (d) 4.74 (d), 4.43 (d)
CHgs (cap) 2.95 (s) 2.92 (s)
CHas (phenyl ethyl feet)  3.05-2.73 (m) 2.92 (m), 2.81 (m)
guest - 6.88 (s), -0.53 (s)

h = hidden (either under other host signals or residual protio solvent signals).
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