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1.0 Synthetic procedures
1.1 General considerations

Commercial reagents were purchased from Sigma Aldrich and were used as received with the
following exceptions: Acetonitrile, THF, dichloromethane and toluene were purified by passing them
through columns of activated alumina under argon (Innovative Technology, Inc). CHROMA SOLV
PLUS Acetone was purchased from Sigma Aldrich and used without further purification. Deuterated
DMSO-ds was purchased from Cambridge Isotope Laboratories and deuterated THF-dg was purchased
from Sigma Aldrich. DMSO-ds was dried over molecular sieves and stored in a glove box prior to use.
THF-dg was used as received. 4,7-Dibromobenzo[c]-1,2,5-thiadiazole (3c) was purified by silica gel
chromatography eluting with hexanes followed by recrystallization from ethanol before use. 1,2-Diamino-
3,4,5,6-tetrafluorobenzene was purchased from Matrix Scientific. Unless otherwise noted, all
manipulations involving air- or water-sensitive reagents were performed under a dry argon atmosphere
using standard Schlenk techniques or under dry nitrogen in a glovebox. Solvents used during synthesis
were degassed with argon for 25 minutes and dried on 4 A molecular sieves. Stainless steel needles and
gas-tight syringes were used to transfer air and moisture-sensitive liquids.

1.2 Instrumentation

'H and "3C nuclear magnetic resonance (NMR) spectra for donor characterization were recorded
in DMSO-d; either on an Agilent DD2 500 spectrometer equipped with a 5 mm Xsens Cold Probe at 500
and 150.7 MHz, respectively, or an Agilent DD2 600 spectrometer equipped with a 5 mm OneNMR
H/F[X] probe at 600 MHz. Due to the low solubility of the donors in THF-dg, *H spectra obtained for
NMR titrations were performed on an Agilent DD2 700 spectrometer equipped with a 5 mm Xsens Cold
Probe at 700 MHz. Spectral features are tabulated in the following order: chemical shift (8, ppm);
multiplicity (s-singlet, d-doublet, t-triplet, g-quartet, m-complex multiplet); number of protons; coupling
constant (J, Hz); assignment. Chemical shifts for *H are referenced to the residual solvent peaks of & 2.50
for DMSO and & 1.73 for THF. Chemical shifts for **C spectra are reported in & downfield from
tetramethylsilane and are referenced to the carbon resonance of DMSO (8 39.52).

Infared (IR) spectra were obtained on a Perkin-Elmer Spectrum 100 instrument equipped with a
single-reflection diamond/ZnSe ATR accessory, either in the solid state or as neat liquids, as indicated.
Spectral features are tabulated as follows: wavenumber (cm™); intensity (s-strong, m-medium, w-weak,
br-broad).

Absorption spectra were recorded on a Varian Cary 5000 UV-Vis-NIR spectrophotometer at 25
°C. High-resolution mass spectra (HRMS) were obtained on a JEOL AccuTOF JMS-T1000LC (DART+).
Mass spectrometry experiments were performed on a 7T Fourier transform ion cyclotron

resonance (FTICR) mass spectrometer (Bruker Apex Qe, Bruker Daltonics, Billerica, MA). The
telluradiazole complex was ionized and carried into the gas-phase via negative ion mode nanoelectrospray
(nanoESI) ionization. The nanoESI source employs emitters pulled from borosilicate glass capillaries
(Sutter, 0.d. 1.0 mm, i.d. 0.75 mm) using a micropipet puller (Model P97, Sutter Instruments, Novato,
CA). To generate the spray, a -1200 V potential was applied to a platinum wire inserted into the glass
capillary that was placed in front of the grounded inlet to the mass spectrometer.

The vacuum system of the FT-ICR is modified to increase pressure in the first vacuum stage,
which is separated from atmosphere by a heated glass capillary inlet to the mass spectrometer and
contains an ion funnel, from 2.0 mbar to 4.5 mbar. The use of higher pressures provides a gentler
environment for complexes, and reduces the extent of gas phase dissociation in this region of the mass
spectrometer. Gaseous ions and complexes were accumulated in a storage hexapole, termed the source
hexapole, for 0.5 seconds. A quadrupole mass filter (50 m/z isolation window) was then used to isolate
the species of interest. This was done to remove unwanted salt cluster peaks which otherwise dominated
the spectrum. Following mass selection, ions were accumulated for an additional 3.0 seconds in a second
“collision” hexapole cell, where complex S/N was significantly improved by introduction of argon
collision gas (~4.5x 10 mbar, as read by an ion gauge located externally to the hexapole, corresponding
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to an estimated pressure ~10° mbar?). lons were then transferred into the ICR cell for analysis. The mass
spectrum shown is the sum of spectra from 50 separate ion populations.

1.3 Donor Preparation
1.3.1 Methods

Selenadiazoles? and telluradiazoles® were synthesized according to previous literature procedures
with slight modifications for the telluradiazole preparations. The telluradiazoles were purified by careful
trituration of toluene (3 x 10 mL) and DCM (5 x 10 mL) in the glovebox to remove any unreacted
diamine and triethylamine hydrochloride by-product. Trituration can be augmented by centrifugation if
available in the glovebox. The solids were collected by filtration.

1.3.2 Donor Characterization

1.3.2.1 benzo[c][1,2,5]telluradiazole (2)

Telluradiazole 2 was synthesized following the modified procedure using 1,2-phenylenediamine (2.0 g,
18.5 mmol), TeCl, (1.006 g, 3.39 mmol), and EtzN (3 mL, 21.5 mmol) to give 2 as an orange solid (95
mg, 0.410 mmol, 12 %). *H NMR (500 MHz, DMSO-ds) & 7.53 - 7.44 (m, 2H), 7.28 - 7.21 (m,2H). 'H
NMR (700 MHz, THF-dg) & 7.48 (dd, J = 7.0, 3.3 Hz, 2H), 7.17 (dd, J = 7.1, 3.3 Hz, 2H). **C NMR (126
MHz, DMSO-dg): § 166.2, 128.2, 127.7. HMRS calculated for CgH4N,Te [M+H]" 234.95150, found
234.95165.

1.3.2.2 4,7-dibromobenzol[c][1,2,5]telluradiazole (3a)

Telluradiazole 3a was synthesized following the modified procedure using 3,6-dibromobenzene-1,2-
diamine (1.1 g, 4.14 mmol), TeCl, (236 mg, 0.796 mmol), and EtsN (0.72 mL, 5.17 mmol) to give 3a as a
brown solid (87 mg, 0.223 mmol, 61 %). *H NMR (500 MHz, DMSO-ds) & 7.56 (s, 2H). "H NMR (600
MHz, DMSO-dg) & 7.56 (s, 2H). *H NMR (700 MHz, THF-dg) & 7.47 (s, 2H). **C NMR (126 MHz,
DMSO-dg): § 160.8, 129.6, 123.0. HMRS calculated for C¢H,Br,N,Te [M+H]" 390.76936, found
390.76835.

1.3.2.3 benzol[c][1,2,5]telluradiazole-5-carbonitrile (4)

Telluradiazole 4 was synthesized following the modified procedure using 3,4-diaminobenzonitrile (1.2 g,
9.01 mmol), TeCl, (544.6 mg, 2.021 mmol), and EtzN (1.8 mL, 12.905 mmol) to give 4 as a brown solid
(182 mg, 0.709 mmol, 35 %). "H NMR (500 MHz, DMSO-d) & 8.19 (d, J = 0.8 Hz, 1H), 7.66 (d, J = 9.1
Hz, 1H), 7.48 (dd, J = 9.1, 1.8 Hz, 1H). ‘*H NMR (700 MHz, DMSO-dg) & 8.19 (s, 1H), 7.66 (d, J = 9.1
Hz, 1H), 7.48 (dd, J = 9.0, 1.8 Hz, 1H). **C NMR (126 MHz, DMSO-dg): & 165.7,

164.2, 135.0, 129.4, 126.0, 118.7, 110.4. IR (thin film, cm™): 2219 (m), 1506 (m), 1485 (m), 1300 (w),
1277 (m), 1149 (w), 952 (w), 880 (m), 803 (s), 745 (w), 711 (s), 696 (m) 680 (m). HMRS calculated for
C;H4N3Te [M+H]" 259.94674, found 2594642.

1.3.2.4 perfluorobenzo[c][1,2,5]telluradiazole (5)

Telluradiazole 5 was synthesized following the modified procedure using 1,2-Diamino-3,4,5,6-
tetrafluorobenzene (216.7 mg, 1.203 mmol), TeCl, (76.5 mg, 0.284 mmol), and Et;N (0.26 mL, 1.864
mmol) to give 5 as a red solid (23 mg, 0.076 mmol, 27 %). °F NMR (564 MHz, DMSO-d;) & -149.78 —
-149.85 (m, 2H), -162.38 — -162.45 (m, 2H) HMRS calculated for C¢H;F,N,Te [M+H]" 306.91381, found
306.91347.
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1.3.3 NMR spectra

1.3.3.1 benzo[c][1,2,5]telluradiazole (2)
Figure S 1: 'H NMR spectrum of 2 taken in DMSO-dg at 500 MHz.
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Figure S 2: 'H NMR spectrum of 2 taken in THF-dg at 700 MHz.
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Figure S 3: *C NMR spectrum of 2 taken in DMSO-dg at 126 MHz
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1.3.3.2 4,7-dibromobenzol[c][1,2,5]telluradiazole (3a)
Figure S 4: 'H NMR spectrum of 3a taken in DMSO-dg at 500 MHz
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Figure S 5: 'H NMR spectrum of 3a taken in DMSO-dg at 600 MHz
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Figure S 6: *H NMR spectrum of 3a taken in THF-dg at 700 MHz
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Figure S 7: *C NMR spectrum of 3a taken in DMSO-dg at 126 MHz
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1.3.3.3 benzo[c][1,2,5]telluradiazole-5-carbonitrile (4)
Figure S 8: 'H NMR spectrum of 4 taken in DMSO-dg at 700 MHz

20150120_vnmrs_700_GG-462_DMSO-PROTON_01

2.500 Dimethyl Sulfoxide-d6

Te
N/ 8 \N
N
5——14
/ \3 VINANYMMmo
\ / 2888288
! ? | =
\VJ\
N
1
B (d)
7.659
A(s)
8.186
C (dd)
7.478
.
g
T T T T T T T T T T T T T T T
13 12 11 10 9 8

6
f1 (ppm)

S10

L 950

900

1850

L 800

L 750

L 700

L 650

L 600

L 550

L 500

L 450

L 400

L 350

L 300

L 250

L 200

L 150

L 100

L 50




Figure S 9: 'H NMR spectrum of 4 taken in DMSO-dg at 500 MHz
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Figure S 10: **C NMR spectrum of 4 taken in DMSO-dg at 126 MHz
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1.3.3.4 perfluorobenzo[c][1,2,5]telluradiazole (5)
Figure S 11: F NMR spectrum of 5 taken in DMSO-d, at 546 MHz
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1.3.4 IR Spectra

1.3.4.1 benzol[c][1,2,5]telluradiazole-5-carbonitrile (4)
Figure S 12: IR spectrum of 4
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1.4 Diamine decomposition product characterization

1.4.1 NMR assignments

1.4.1.1 1,2-phenylenediamine

'H NMR (700 MHz, THF-dg) 8 6.52 (dd, J = 5.6, 3.5 Hz, 2H), 6.43 (dd, J = 5.7, 3.4 Hz, 2H).

1.4.1.2 3,6-dibromobenzene-1,2-diamine
'H NMR (700 MHz, THF-dg) & 6.68 (s, 2H).

1.4.2 NMR spectra

1.4.2.1 1,2-phenylenediamine
Figure S 13: *H NMR spectrum of 1,2-phenylenediamine taken in THF-dg at 700 MHz.
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1.4.2.2 3,6-dibromobenzene-1,2-diamine
Figure S 14: 'H NMR spectrum of 3,6-dibromobenzene-1,2-diamine taken in THF-dg at 700 MHz.
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1.4.3 UV/Vis spectra

1.4.3.1 1,2-phenylenediamine 1.4.3.3 3,4-diaminobenzonitrile
Figure S 15: UV/Vis spectrum of 1,2-phenylenediamine in Figure S 17: UV/Vis spectrum of 3,4-diaminobenzonitrile
THF. Amax = 299 nm. in THF. Apax =316 nm.
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Figure S 16: UV/Vis spectrum of 3,6-dibromobenzene-1,2- Figure S 18: UV/Vis spectrum of 1,2-diamino-3,4,5,6-
diamine in THF. Ay = 304 nm. tetrafluorobenzene in THF. Apay = 284 nm.
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2.0 Association constants
2.1 Methodology

A solution of chalcogen bond donor was prepared. In order to keep the concentration of the donor
constant throughout the titration, the donor solution was then used to prepare the acceptor solution. UV-
vis titrations were carried out via serial dilution of the acceptor by adding aliquots of the acceptor solution
to a known volume of donor solution. NMR titrations were set up in different samples by mixing varying
ratios of the two solutions. The concentrations of the solutions used in the experiments were chosen such
that the complexation ratio (B = [donor]/[acceptor]) would be between 0.2 and 0.8.* NMR titrations were
characterized by an upfield shift of the *H aromatic resonances. Taken at the wavelength or peak of
greatest change, graphs of AAbs or A verses acceptor concentration were curve-fitted to a 1:1 binding
isotherm® in Origin 6.0. Stoichiometry of binding was determined using the continuous variation method
(Job Plot).”

Association constants were determined as averages from repeat experiments. The errors are
reported as standard deviations.

2.2 Association constant summary

In the tables below, #fits gives the number of 1:1 binding curves used to determine the
association constants and the experimental error in the measurement. Pts/fit give the number of data
points used for each curve. 3 is the complexation ratio.

Table S 1: Association constants determined for 2 with various acceptors in THF.

Acceptor K. (M)
TBACI 970 * 10
TBABr 193 ¢
TBANO; 15 1
Quinuclidine 19.0 # 0.3

Table S 2: Association constants determined for 2 with various acceptors in ACN.

Acceptor K, (M)
TBACI 74 + 1
TBABr 30.1 + 0.4
TBAI 8.58 * 0.09
TBANO; <10 t

Table S 3: Association constants determined for 3a with various acceptors in THF.

Acceptor K. (M?)
TBACI 12200 + 300
TBABr 1170 + 20
TBANO, 82 + 4
Quinuclidine 56 %
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Table S 4: Association constants determined for 4 with various acceptors in THF.

Acceptor K, (M)
TBACI 38000 + 6000
TBABr 2200 + 200
TBANO; 80 + 10*
Quinuclidine 53 + 4*

*decomposition of donor observed during titration

Table S 5: Association constants determined for 5 with various acceptors in THF.

Acceptor K, (M™)
TBACI 130000 + 200000
TBABr 9800 + 600
TBANO; 190 + 10*
Quinuclidine 9% ¢t 6

*decomposition of donor observed during titration

Table S 6: Association constants determined for 2 with TBACI in various solvents.

Solvent K, (M?)
THF 190 ¢ 0.3
Acetone 27 1
ACN 40 ¢ 2
DCM 55 ¢ 3
Toluene 82 ¢ 2

2.2.1 Substituent effects )
Figure S 19: Plot of experimentally determined log(K,) for the binding of Cl in THF versus V.« calculated at the B97D3 level
of theory
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2.3 Associations constants determined by UV/Vis spectroscopy
2.3.1 THF

2.3.1.1 benzo[c][1,2,5]telluradiazole (2)

2.3.1.1.1 TBACI

2.3.1.1.1.1 Spectrum

Figure S 20: Representative spectral change of 2 upon the addition of TBACI in THF. Titration carried out at 15.5 uM 2, every
other spectrum removed for clarity.
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2.3.1.1.1.2 Job Plot
Figure S 21: UV/Vis Job Plot for the 2-CI” complex in THF. [2 + TBACI] = 103.6 uM.
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2.3.1.1.1.3 Titrations
Figure S 22: Plots of AAbs versus TBACI concentration for the UV/Vis titration of 2 in THF. From left to right: 17.3 uM 2, K, =
958.5 M, 17.3 M 2, K, = 974.4 M, 17.3 pM 2, K, = 950.8 ML, 155 pM 2, K, = 983.4 M, 15.5 uM 2, K, = 970.6 M™%,
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2.3.1.1.2 TBABr
2.3.1.1.2.1 Spectrum 2.3.1.1.2.2 Job Plot

Figure S 23: Representative spectral change of 2 upon the Figure S 24: UV/Vis Job Plot for the 2-Br~ complex in
addition of TBABr in THF. Titration carried out at 11.4 uM THF. [2 + TBABI] = 293 uM.
2, every other spectrum removed for clarity.
0.035
R
0.14 4 0.030 4
012 £ 0025 S
e}
’5 0.10 g) 0.020 / \
< 5 0015 x/ \
@ 0.08 - < \
2 " / \
I} < 0.010 4 / \
£ 0.06 D
§ / < 0005+ / \
< 0,04 / \
0.000 X X
0.02
-0.005 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
0.00 - -
360 380 400 420 440 460 430 500 [21/([21+[Br])

Wavelength (nm)

2.3.1.1.2.3 Titrations
Figure S 25: Plots of AAbs versus TBABr concentration for the UV/Vis titration of 2 in THF. All titrations carried out at 11.4
UM 2. From left to right: K, = 190.3 M}, K, = 189.6 M}, K, = 199.8 M.
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2.3.1.1.3 TBANO;

2.3.1.1.3.1 Spectrum
Figure S 26: Representative spectral change of 2 upon the addition of TBANO; in THF. Titration carried out at 20.7 uM 2, every
other spectrum removed for clarity.
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2.3.1.1.3.2 Titrations
Figure S 27: Plots of AAbs versus TBANO; concentration for the UV/Vis titration of 2 in THF. All titrations carried out at 27.6
UM 2. From left to right: K, = 14.8 MY, K, =159 M}, K, = 146 M, K, = 14.2 M.,
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2.3.1.1.4 Quinuclidine

2.3.1.1.4.1 Spectrum
Figure S 28: Representative spectral change of 2 upon the addition of Quinuclidine in THF. Titration carried out at 17.3 uM 2,
every other spectrum removed for clarity.
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2.3.1.1.4.2 Titrations
Figure S 29: Plots of AAbs versus Quinuclidine concentration for the UV/Vis titration of 2 in THF. All titrations carried out at
17.3 uM 2. From left to right: K, = 19.1 M}, K, =19.3 M, K, =187 M, K, = 18.6 M.
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2.3.1.2 4,7-dibromobenzo[c][1,2,5]telluradiazole (3a)
2.3.1.2.1 TBACI
2.3.1.2.1.1 Spectrum

Figure S 30: Representative spectral change of 3a upon the
addition of TBACI in THF. Titration carried out at 14.4 uM

3a, every other spectrum removed for clarity.
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2.3.1.2.1.2 Job Plot
Figure S 31: UV/Vis Job Plot for the 3a-CI™ complex
in THF. [3a + TBACI] = 102.6 pM.
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2.3.1.2.1.3 Titrations
Figure S 32: Plots of AAbs versus TBACI concentration for the UV/Vis titration of 3a in THF. All titrations carried out at 14.4
UM 3a. From left to right: K, = 12145.9 M}, K, = 12520.1 M, K, = 11999.8 M,
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2.3.1.2.2 TBABr

2.3.1.2.2.1 Spectrum

Figure S 33: Representative spectral change of 3a upon the
addition of TBABr in THF. Titration carried out at 12.3 uM
3a, every other spectrum removed for clarity.

2.3.1.2.2.2 Job Plot
Figure S 34: UV/Vis Job Plot for the 3a-Br~ complex in
THF. [3a + TBABI] = 164 pM
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2.3.1.2.2.3 Titrations
Figure S 35: Plots of AAbs versus TBABr concentration for the UV/Vis titration of 3a in THF. All titrations carried out at 12.3
UM 3a. From left to right: K, = 1137.2 M™%, K, = 1159.0 M, K, = 11955 M}, K, = 11725 M™%,
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2.3.1.2.3 TBANO;

2.3.1.2.3.1 Spectrum
Figure S 36: Representative spectral change of 3a upon the addition of TBANO; in THF. Titration carried out at 12.3 uM 3a,
every other spectrum removed for clarity.
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2.3.1.2.3.2 Titrations
Figure S 37: Plots of AAbs versus TBANO; concentration for the UV/Vis titration of 3a in THF. All titrations carried out at 12.3
1M 3a. From left to right: K, =80.3 M™, K, =79.0 M, K,=81.1 M, K,=88.4 M™%,
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2.3.1.2.4 Quinuclidine
2.3.1.2.4.1 Spectrum

Figure S 38: Representative spectral change of 3a upon the addition of Quinuclidine in THF. Titration carried out at 8.2uM 3a.
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2.3.1.2.4.2 Titrations

Figure S 39: Plots of AAbs versus Quinuclidine concentration for the UV/Vis titration of 3a in THF carried out at 8.2 uM 3a. K,

=49 M K,=57 M1 K,=58 M K,=60 M.
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