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1. General experimental and synthetic details

Solvents and reagents used for the synthetic work were purchased from Aldrich, TCI, or Alfa
Aesar and used without further purification. NMR spectra were recorded on a Bruker Advance-
300 MHz instrument. The NMR spectra were referenced to residual solvent peaks and the
spectroscopic solvents were purchased from either Cambridge Isotope Laboratories or Aldrich.
Chemical ionization (CI) and fast atom bombardment (FAB) mass spectra were recorded on a
VG ZAB-2E instrument and a VG AutoSpec apparatus, respectively. TLC analyses were
carried out using Sorbent Technologies silica gel (200 mm) sheets. Column chromatography

was performed on Sorbent silica gel 60 (40—63 mm).
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2. Determination of association constants using "H NMR spectral titrations for a slow

host-guest association/dissociation equilibrium on the NMR time scale

Ka

|[AB] [AB]
Equilibrium constant: K, = [A][B] = (c(A) - [AB])(c(B) - [AB]) (1)

c(A) and ¢(B) are the initial concentrations of A and B, and [A], [B] and [AB] are the equilibrium concentrations
of the three species.

Equilibrium: A+B

A and B is in slow exchange with the complex AB on the "H NMR time scale.

Two signals for one specific proton on A can be seen in the spectrum, corresponding to complexed and
uncomplexed forms of A:

A
AB

1

Single-point Methods

K, is determined from the integrals of complexed and uncomplexed A. If /(A) denotes the integral of a signal for
one specific proton of A and /(AB) the integral for the same proton in the complex, the concentration of AB at
equilibrium is shown by eq 2. The equilibrium expression is obtrained after substituting into eq. (1):

I(AB)
c(4)
aB=l(4) + I(AB) )
I(AB)
1A) (cB) - —8)_ayy
C - C
K,= I(A) + I(AB) 3)
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3. Binding studies of receptors 1 and 2 using 'H NMR spectroscopy
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Figure S1. Partial '"H NMR spectra of (a) 1 (3 mM) only, (b) 1+ 10 equiv of TBAF, (¢) 1 + 10
equiv of TBACI, (d) 1 + 10 equiv of TBABT, (e) 1 + 10 equiv of TBAIL (f) 1 + 10 equiv of
TEAHCO; in DMSO-d.
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Figure S2. Partial "H NMR spectra of (a) 2 (3 mM) only, (b) 2 + 10 equiv of TBAF, (¢) 2 + 10
equiv of TBACI, (d) 2 + 10 equiv of TBABET, (e) 2 + 10 equiv of TBAIL (f) 2 + 10 equiv of
TEAHCO; in DMSO-d.
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4. TH,”F NMR spectra and FAB mass spectra
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Figure S3. 'H NMR spectra recorded during the titration of 1 (3 mM) with
tetrabutylammonium fluoride (TBAF) in DMSO-d.
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Figure S4. 'H NMR spectra recorded during the titration of 1 (3 mM) with
tetracthylammonium bicarbonate (TEAHCO;) in DMSO-ds.
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Figure S5. 'H NMR spectra recorded during the titration of 2 (3 mM) with
tetrabutylammonium fluoride (TBAF) in DMSO-d,
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Figure S6. 'H NMR spectra recorded during the titration of 2 (3 mM) with
tetrabutylammonium chloride (TBACI) in DMSO-ds.
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Figure S7. 'H NMR spectra recorded during the titration of 2 (3 mM) with
tetrabutylammonium bromide (TBABr) in DMSO-d.
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Figure S8. 'H NMR spectra recorded during the titration of 2 (3 mM) tetracthylammonium
bicarbonate (TEAHCOs3) in DMSO-d.
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Figure S9. "F NMR spectra recorded during the titration of 1 (10 mM) with
tetrabutylammonium fluoride (TBAF) in DMSO-d;. Fluorobenzene (C¢HsF, 16.2 mM) was

used as an internal reference.

S12



1
[1-H*]-Fd,
(@) [1-H*)-F-d, !
t t — i
[1-H']-F-d, [1-H']-F-d,
b st
(b) 1Fd, 1 Fl d,
- S
- t d
1 'F'-dz 1 Fi'd4
(©)
= ” MMNJV\WM«.M s
(d)
" — WMMM - -
-80 -82 94 -96 =143 _144

ppm

Figure S10. '°F NMR spectra of a solution of 1 (10 mM) + 6.0 equiv of TBAF in DMSO-d
(a) after allowing the solution to stand overnight, (b) right after adding 10% water to (a), (c)
after allowing (b) to stand for 10 minutes, and (d) after allowing (b) to stand for 30 minutes.
Fluorobenzene (C¢HsF, 16.2 mM) was used as an internal reference.
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Figure S11. '"F NMR spectra recorded during the titration of 2 (10 mM) with
tetrabutylammonium fluoride (TBAF) in DMSO-dg. Fluorobenzene (C¢HsF, 16.2 mM) was
used as an internal reference.
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Figure S12. Partial 'H (left) and '°F (right) NMR spectra of 2 (10 mM) recorded (a) with 1.0
equiv of TBAF in DMSO-dg, (b) with 6.0 equiv of TBAF in DMSO-dq, (¢) after allowing the
(b) solution to stand overnight, and (d) after adding 10% water to (c). Fluorobenzene was used
as an internal reference.
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Figure S13. '°F NMR spectra of a DMSO-d; solution of 2 (10 mM) (a) after being allowed to
stand overnight in the presence of 6.0 equiv of TBAF, (b) right after, (c) 10 minutes after, (d)
30 minutes after adding 10% water to the (a) solution. Fluorobenzene (C¢HsF, 16.2 mM) was
used as an internal reference.
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Figure S14. '"H NMR spectra recorded during the titration of 1 (3 mM) with TBAF in CD;CN.
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Figure S15. '°F NMR spectra recorded during the titration of 1 (5 mM) with TBAF in CD;CN.
Fluorobenzene (C¢H;sF, 16.2 mM) was used as an internal reference.
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Figure S16. Partial 'H (left) and '°F (right) NMR spectra of CD;CN solutions of 1 (5 mM)
recorded (a) with 1.0 equiv of TBAF, (b) with 1.5 equiv of TBAF, (c) with 8.0 equiv of TBAF,
(d) after being allowed to stand overnight with excess TBAF, and (e) after adding 10% water
to (d). Fluorobenzene (C¢H;sF, 16.2 mM) was used as an internal reference.
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Figure S17. '°F NMR spectra of CD;CN solutions of 1 with excess TBAF (5 mM) (a) after
being allowed to stand overnight, (b) right after, (¢) 10 minutes after, and (d) 30 minutes after
10% water was added to (a). Fluorobenzene (C¢HsF, 16.2 mM) was used as an internal
reference.
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Figure S18. 'H NMR spectra recorded during the titration of 2 (3 mM) with TBAF in CD;CN.
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Figure S19. '°F NMR spectra recorded during the titration of 2 (5 mM) with TBAF in CD;CN.
Fluorobenzene (C¢H;sF, 16.2 mM) was used as an internal reference.
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Figure S20. FAB mass spectra of receptor 2 recorded in the absence (a) and presence (b) of
TBAF in CD;CN.
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Figure S21. '"H NMR spectra recorded during the titration of 1 (3 mM) with TBAF in CDCls.
* denotes the peak of CHCI; from the NMR solvent.
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Figure S22. '°F NMR spectra recorded during the titration of 1 (10 mM) with TBAF in CDCl;.
Fluorobenzene (C¢HsF, 16.2 mM) was used as an internal reference.
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Figure S23. Partial 'H (left) and '°F (right) NMR spectra of 1 (10 mM) recorded (a) with 1.0
equiv of TBAF in CDCl;, (b) with 2.0 equiv of TBAF in CDCl;, (c¢) with excess equiv of TBAF
in CDCls;, (d) after allowing (c) to stand overnight, and (e) after adding 30% methanol to (d).
Fluorobenzene (C¢H;sF, 16.2 mM) was used as an internal reference.
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Figure S24. 'H NMR spectra recorded during the titration of 2 (3 mM) with TBAF in CDCls.
* denotes the peak of CHCl; from the NMR solvent.
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Figure S25. '°F NMR spectra recorded during the titration of 2 (10 mM) with TBAF in CDCI-
3. Fluorobenzene (C¢HsF, 16.2 mM) was used as an internal reference.
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Figure S26. Partial '"H NMR spectra of (a) 2 (3 mM) only, (b) 2 + TBAF (excess equiv), and
(c) after adding 10% methanol to (b) in CDCl;. * denotes the CHCIl; peak arising from the
NMR solvent.
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Figure S27. '"H NMR spectra recorded during the titration of 2 (3 mM) with TEAHCOj in
CDCls.
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Figure S28. FAB mass spectra of receptor 2 recorded in the absence (a) and presence (b) of
2.5 equiv. of TEAHCOj; in CDCl;.
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Figure S29. Partial 'TH NMR spectra of (a) 1 (3 mM) only, (b) 1 + excess TEAHCO;
(tetraecthylammonium bicarbonate) in CD;CN.
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Figure S30. Partial 'H NMR spectra recorded during the titration of 2 (3 mM) with TEAHCO;
in CD;CN.
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5. X-ray experimental for receptors 1 and 2
X-ray experimental for the receptor 1¢ethyl carbonate

Table S1. Crystal data and structure refinement for 1ethyl carbonate.

Empirical formula C61 H78 N6 O7

Formula weight 1007.29

Temperature 296.15

Wavelength 0.71073

Crystal system monoclinic

Space group Cl2kcl

Unit cell dimensions a=231.9700(7) A a=90°.

b=222512(5) A B=120.4190(10) °.
c=21.3925(4) A v=90°.

Volume 13123.2(5) A’

Z 8

Density (calculated) 1.020 Mg/m3

Absorption coefficient 0.067 mm’'

F(000) 4336

Crystal size 0.503 x 0.298 x 0.089 mm’

Theta range for data collection 2.21 to 26.19°.

Index ranges -42<=h<=42, -29<=k<=29, -28<=]<=28

Reflections collected 16327

Independent reflections 11960 [R(int) = 0.0374]

Completeness to theta = 25.25° 100%

Absorption correction Multi-scan

Max. and min. transmission 0.7457 and 0.7197

Refinement method Full-matrix least-squares on F’

Data / restraints / parameters 16327 /4 /687

Goodness-of-fit on F2 1.038

Final R indices [I>2sigma(])] R1=0.0524, wR2 = 0.1394

R indices (all data) R1=0.0717, wR2 =0.1525

Extinction coefficient -

Largest diff. peak and hole 0.587 and -0.700 e.A”

CCDC 2248755
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Figure S31. View of the ethyl carbonate complex in 1 showing a partial atom labeling scheme.
Displacement ellipsoids are scaled to the 50% probability level. Most hydrogen atoms have

been removed for clarity. Dashed lines are indicative of H-bonding interactions.
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X-ray experimental for the receptor 2

X-ray Experimental for complex Cy4sH4sN4O,: Crystals grew as colorless prisms by slow
cooling. The data crystal was cut from a larger crystal and had approximate dimensions; 0.30
x 0.25 x 0.15 mm. The data were collected on a Rigaku Oxford Diffraction SuperNova Dual
Source diffractometer using a p-focus Cu Ko radiation source (A = 1.5418A) with collimating
mirror monochromators. A total of 956 frames of data were collected using o-scans with a scan
range of 1° and a counting time of 4 seconds per frame with a detector offset of -41.7° and 11
seconds per frame with a detector offset of 107.1°. The data were collected at 100 K using an
Oxford Cryostream low temperature device. Data collection, unit cell refinement and data
reduction were performed using Agilent Technologies CrysAlisPro V 1.171.41.70a.! The
structure was solved by direct methods using SHELXT? and refined by full-matrix least-
squares on F’ with anisotropic displacement parameters for the non-H atoms using SHELXL-
2016/6.3 Structure analysis was aided by use of the programs PLATON* and OLEX2.> The
hydrogen atoms on carbon were calculated in ideal positions with isotropic displacement
parameters set to 1.2xUeq of the attached atom (1.5xUeq for methyl hydrogen atoms). The
hydrogen atoms on the pyrrole group nitrogen atoms were located in a AF map and refined

with isotropic displacement parameters.

The function, Sw(|Fo|” - |F¢[)’, was minimized, where w = 1/[(c(Fo))" + (0.0524*P)” +
(1.2722*P)] and P = (|Fo|* + 2|F¢[*)/3. Rw(F’) refined to 0.103, with R(F) equal to 0.0382 and
a goodness of fit, S, = 1.03. Definitions used for calculating R(F), RW(FZ) and the goodness
of fit, S, are given below.® The data were corrected for secondary extinction effects. The
correction takes the form: Feorr = kF¢/[1 + ( 1.8(4)x10'7)* Fc2 7»3/(sin2e)]0'25 where k is the
overall scale factor. Neutral atom scattering factors and values used to calculate the linear
absorption coefficient are from the International Tables for X-ray Crystallography (1992).7 All

figures were generated using SHELXTL/PC.® Tables of positional and thermal parameters,

bond lengths and angles, torsion angles and figures are found elsewhere.
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Table S2. Crystal data and structure refinement for 2.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.684°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [I>2sigma(])]
R indices (all data)
Extinction coefficient

Largest diff. peak and hole
CCDC

C46 H46 N4 02
686.87

99.98(10) K
1.54184 A
monoclinic
P12I/mn1
a=13.20282(17) A
b=15.89028(16) A
c=18.32713(20) A

3722.28(7) A’
4

1.226 Mg/m’

0.587 mm’"
1464

a=90°.
B=104.5129(11)°.
y=90°.

0.304 x 0.248 x 0.153 mm’

3.721 to 73.274°.

-16<=h<=15, -13<=k<=19, -21<=1<=22

20997

7296 [R(int) = 0.0194]

99.7 %

Semi-empirical from equivalents

1.00000 and 0.88935

Full-matrix least-squares on F

7296 /0 /491
1.033

R1=0.0382, wR2 =0.0988
R1=0.0426, wR2 =0.1028

n/a

0.375 and -0.237 e.A”

2376015
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Figure S32. View of 2 showing the heteroatom labeling scheme. Displacement ellipsoids are
scaled to the 50% probability level. The methyl group hydrogen atoms have been omitted for

clarity.
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