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1. General experimental

All solvents and chemicals used were purchased from Sigma—Aldrich, TCI, Energy—Chemical, or
Acros and used without further purification. TLC analyses were carried out using Sorbent
Technologies silica gel (200-300 mesh) sheets. *H and 3C NMR spectra were recorded on Bruker
AVANCE 400 spectrometers and the spectroscopic solvents were purchased from Cambridge
Isotope Laboratories or Sigma—Aldrich. Either residual solvent peak or tetramethylsilane (TMS) was
used as an internal reference. The chemical shifts are expressed in 6 (ppm). High—resolution mass
spectra (HRMS) were recorded on a Bruker Apex—Q IV FTMS mass spectrometer using ESI
(electrospray ionization). X—ray crystallographic analyses were carried out on a Brucker D8 Venture
diffractometer using a u—focused Cu Ka radiation source (A = 1.54184 A). Theoretical calculations
for evaluating the stability of structures were carried out with the Gaussian 09 suite! of programs
using the X3LYP density functional.? Structural optimization was performed using a 6-31G* basis
set while single—point energy was calculated with a 6-31++g** basis set. Complexation energies
were corrected for basis set superposition error (BSSE) using the counterpoise correction method.?
4 As for UV-vis spectrum calculations, the DFT calculations were performed under Gaussian 09
suite! of programs using the PBE1PBE density functional.? Structural optimization was performed

using a 6-31G* basis set while UV-vis spectrum was calculated with a 6-311g* basis set.

2. Synthesis

Scheme S1. Synthesis of 1-cis.

Compound 2 (2-trans) was readily prepared according to the reported method.>

Synthesis of 1-cis

A solution of 2-trans (349 mg, 1.45 mmol) in DCM (500 mL) was subjected to irradiation with 365-
370 nm light until the photostationary state (PSS) was achieved. Then the resulting 2-cis solution
and the other solution of 3 (355 mg, 1.45 mmol) in DCM (500 mL) were added dropwise in parallel
into a three-necked flask (2 L) for 2 h under N, atmosphere at room temperature. After completion
of the addition, the mixture was stirred for one more hour. Subsequently, the reaction solution was
concentrated and the resulting residue was subjected to chromatography (SiO,: 200-300 mesh)

using DCM/MeOH (20/1, V/V) as the eluent. Pure product 1-cis (604 mg, 1.35 mmol) was obtained



as orange solid in 86% yield. 'H NMR (400 MHz, DMSO-dg) & (ppm) 7.34 (s, 1H, ArH), 7.19 - 7.15
(m, 3H, ArH), 7.13 (d, J = 8.4 Hz, 4H, ArH), 6.76 (d, J = 8.4 Hz, 4H, ArH), 6.26 (t, J = 6.4 Hz, 2H, NH),
6.23 (s, 2H, NH), 4.07 (d, J = 6.4 Hz, 4H, CH,), 1.50 (s, 12H, CHs). 3C NMR (100 MHz, DMSO-ds) &
(ppm) 157.3, 151.7, 148.6, 140.6, 127.4, 122.7, 120.6, 119.7, 54.5, 42.2, 29.6. HRMS (ESI) m/z
485.2660 [M + H*]* calcd for CzsH33NgO,*, found 485.2644; 502.2925 [M + NH4*]* calcd for
CasH3sN7O>*, found 502.2909; 507.2479 [M + Na*]* calcd for CysH32NeO2Na*, found 507.2461;
991.5066 [2M + Na*]* calcd for CseHeaN1204Na*, found 991.5029; 483.2514 [M — H*]™ calcd for
C2sH31N60O27, found 483.2509; 519.2281 [M + CI7]™ caled for CisH3,CINeO2”, found 519.2275;
967.5101 [2M — H*]™ calcd for CssHssN12047, found 967.5096; 1143.7485 [M + 2TBA* + HP,0737]~
caled for CseHesN12047, found 1143.7489; 902.4716 [M + H* + TBA* + HP,0;*]" calcd for
Cs6He3N12047, found 902.4724.
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Scheme S2. Synthesis of 1-trans.

Synthesis of 1-trans

1-cis (200 mg) was suspended in DCM (450 mL) and was added methanol (3 mL) dropwise until all
the solid was dissolved. Then the solution was irradiated with 410-415 nm light to the
photostationary state (PSS), a lot of orange-red solid was precipitated. After the precipitates were
filtered and washed with a small amount of CH,Cl,, pure 1-trans (89 mg) was obtained in 45% yield.
1H NMR (400 MHz, DMSO-ds) & (ppm) 7.83 (brs, 4H, Azo-H), 7.47 (d, J = 8.0 Hz, 4H, Azo-H), 6.77 (s,
1H, ArH), 6.27 (t, J = 6.3 Hz, 2H, NH), 5.91 (s, 2H, NH), 5.86 - 5.76 (m, 1H, ArH), 5.50 (d, J = 7.7 Hz,
2H, ArH), 4.04 (d, J = 6.9 Hz, 4H, CH,), 1.31 (brs, 12H, CHs). 23C NMR (100 MHz, DMSO-ds) & (ppm)
157.8,152.0, 147.1, 144.1, 130.1, 126.4, 122.7, 121.5, 121.1, 56.0, 44.5.

Note: As we known, it is usually difficult to separate one isomer from the other one of the
azobenzene derivative. To achieve this goal, the solvent utilized for this reaction was carefully
optimized. Since in our current case, the cis isomer was not able to completely (or 100%) transform
into its trans isomer. A mixture of isomers was always obtained. After careful optimization of the

solvent, we found that 1-cis was soluble in a mixture of DCM and MeOH (150:1, v/v) but 1-trans



was almost insoluble in the same solvent system. As a result, upon irradiation of a solution of 1-cis

in a mixture of DCM and MeOH (150:1, v/v), abundant precipitates occurred within 5 min, which

were evidenced to be pure 1-trans. Meanwhile, different wavelength irradiation sources were used

for photoisomerization (Fig. S1). Thus, 410-415 nm light proves the best cis-trans irradiation source.
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Fig. S1. Optimization of the irradiation source for the 1-cis—1-trans photoisomerization.



3. HRMS Spectra and NMR Spectra
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Fig. S2. HRMS (ESI, positive mode) of compound 1.
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Fig. S3. Expanded ESI mass spectrum of compound 1, displaying the peak of [1 + H*]".
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Fig. S4. HRMS (ESI, negative mode) of compound 1.
483.2509 NL:
100 3.17E5
° 30: XSL-3#18 RT:
e o Experimental 029 AV:1T:
3 A FTMS {1,2} -p
= 60— ESI Full ms
2 [100.00-1000.00]
o 40|
2 484.2544
& 20-
. \ 485.2580
0 J Bl
483.2514 NL:
100 7.18E5
80— C2sH31 Ng O2:
1 Theoretical C28 H31Ns O2
4 pa Chrg -1
60—
407 4842548
20
1 485.2581
0 | |
L L L L L L L L L L e L L L e
483.0 4835 484.0 4845 485.0 4855
m/z

Fig. S5. Expanded ESI mass spectrum of compound 1, displaying the peak of [1 — H*]".
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Fig. S6. 'H NMR spectrum of 1-cis recorded in DMSO-ds at 298 K.
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Fig. S7. Partial 'H NMR spectra of 1-cis (a) before and (b) after addition of D,0 recorded in DMSO-

ds at 298 K.
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Fig. $10. HSQC (*H-'3C) spectrum of 1-cis recorded in DMSO-ds at 298 K.
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Fig. S11. Expanded HSQC (*H-'3C) spectrum of 1-cis recorded in DMSO-ds at 298 K.
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Fig. S12. 'H-H COSY spectrum of 1-cis recorded in DMSO-ds at 298 K.

de
w

A
Y,
0[]
A
\\//\b}‘

ﬁh ((fk‘;
i l
"2 i) @@
,‘-‘F‘\/ﬂﬁ. v
b | { -
gh§ w-g‘S‘ HJ.\,@_\ | Q\\ "

74 73 72 71 70 69 68 67 66 65 64 63 62
o/ ppm

Fig. S13. Expanded 'H-'H COSY spectrum of 1-cis recorded in DMSO-ds at 298 K.
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Fig. S14. 'H NMR spectrum of 1-trans recorded in DMSO-ds at 298 K.

(b) ND DN
0]
EN:N = I M}M J« d M
+D,0
(a) NH HN €
0:<NH: HFO d
&‘/‘N:NJ
95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 4.0

&/ ppm
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DMSO-ds at 298 K.
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f(1-cis) ] .

C— ]

r—|

45 40 35 30 25 20 15

o/ ppm
Fig. S18. HSQC (*H-'3C) spectrum of 1-trans recorded in DMSO-ds at 298 K.

75 70 65 60 55 50

68 66 64 62 60 58 56 54

S/ ppm

78 76 74 72 7.0

Fig. S19. Expanded HSQC (*H-'3C) spectrum of 1-trans recorded in DMSO-ds at 298 K.

L 30
L 40
L 50
L 60
L 70
L 80

£
Loo &

110
120
+130
-140

150

1118
L 120
L122
L 124
126
L128
L 130
1132
L134F
Q
L1364
L 138%
L 140
L142
L 144
L 146
L 148
L 150
L152
L 154




% fo W 1.5
> C L2.0
NH HN
— NHg D HN [ 2.5
CL\ ‘N\/j I 30
b N
—_ a | 3.5
_ i c-d i ! 4.0
L4.5 &
5.0 =
gw g-h i} 5.5
tobeh L6.0
d
ﬁﬂ Be 6.5
J v L7.0
§ 7.5
f a-b 8.0

75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
5/ ppm
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Fig. S21. X-ray single crystal structures of 1-cis (left, CCDC: 2288134) and 1-trans (right, CCDC:

2288135). Solvent molecules are omitted for clarity.
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Interestingly, the UV adsorption spectrum of 1-trans in DMSO showcases three strong absorption
peaks (at 347 nm, 359 nm, and 375 nm, respectively) at the range of 250-400 nm, significantly
differing from those of other trans isomers of azobenzenes (e.g. 2-trans) with only one absorption
peak at 339 nm seen (Fig. S23). This presents the most significant distinguishing spectroscopic
feature of 1-trans in solution. This observation could be rationalized by the fact that the
macrocyclic ring strain forced the azobenzene unit to be nonplanar, reducing the conjugation
between the azo unit and two connecting benzene rings. However, the absorption spectrum of 1-
cis is somewhat similar to that of other cis isomers of azobenzenes (e.g. 2-cis), indicating that
macrocyclization didn’t appreciably affect the conjugation of cis azobenzene unit compared with

other acyclic cis azobenzenes.
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Fig. S24. FTIR spectra of 1-cis (in light blue), 1-trans (in red), and 2 (in gray).




Next, we performed Fourier transform infrared spectroscopic (FTIR) analysis to further characterize
1-trans and 1-cis. In terms of specifics, characteristic urea NHs peaks (stretching vibration mode)
were observed at 3371.2 and 3312.7 cm™ for 1-cis and at 3369.8 and 3298.5 cm™ for 1-trans while
the vibration (stretching vibration mode) of urea C=0 units is located at 1632.0 cm™ for 1-cis and
1650.8 cm™for 1-trans (Fig. S24). This observation could be rationalized by the closer contact of
the two urea units of 1-cis, forming intramolecular hydrogen bonding. More importantly,
characteristic peaks at 1577.2 cm™ and 1555 cm™ could be attributed to the N=N vibration mode
of the azobenzene units for 1-cis and 1-trans, respectively, suggesting that the N=N bond strength

can be reduced by macrocyclic ring strain.
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Fig. $25. NOESY spectrum of 1-cis recorded in DMSO-ds at 298 K.
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Fig. $28. ROESY spectrum of 1-trans recorded in DMSO-ds at 298 K.

In order to further study the conformation of 1-cis and 1-trans, NOESY experiments were carried
out in DMSO-ds. NOESY correlation of Ar-Ha (Ar-Hb) to N-Hd was found (Fig. S25), indicating that
those protons are in close proximity. This observation support the cis configuration of 1-cis. Such
conclusion can be also drawn from similar ROESY experiments (Fig. S26). However, no such NOESY
or ROESY correlation of similar protons were seen in the NOESY and ROESY spectra of 1-trans (Figs.

527 and $28).

4. Stability of receptor 1-trans, 1-cis, and 2-cis
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Fig. S29. Partial 'H NMR spectra of 1-trans (1.0 mM in DMSO—djs) recorded under dark conditions
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room temperature after standing for 0 h, 24 h, and 48 h, respectively.
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Fig. 31. The cis-trans and trans-cis isomerization stimulated by thermal stimulus (60°C, 100°C,

and 140°C).



We performed extra experiments at different temperature (viz 60°C, 100°C, and 140°C) to study
the thermal isomerization (Fig. 32). As a result, like other azobenzene derivatives whose trans
isomers are usually unable to thermally isomerize into their corresponding cis ones, 1-trans was
found stable at 60 °C (standing for 10 min) without any occurrence of 1-cis product. Interestingly,
unlike linear azobenzenes whose cis isomers can be spontaneously or thermally (e.g. 60 °C)
induced to transform into their corresponding trans isomers, 1-cis was unable to isomerize into 1-
trans at 60 °C within 10 min. Upon increasing the temperature into 100 or 140 °C, both 1-cis—
1-trans and 1-trans — 1-cis isomerization were observed, indicating an unmet thermal

isomerization phenomenon in azobenzene chemistry.
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Fig. $33. VT 'H-NMR spectrum (400 MHz, DMSO-de) of 1-trans at 298 K, 318 K, 338 K, 358 K, and

373 K, respectively.

Generally, the structure in the solid state does not have to be necessarily the same in solution. In
the case of 1-cis, all proton resonance signals in the 'H NMR spectrum at 298 K are simplified and
well recognized as sharp peaks, indicating that 1-cis is conformationally flexible and can undergo
fluxional behavior. In contrast, most of the proton resonance signals of 1-trans at 298 K are not
split well, giving abnormal broadened peaks due to the ring strain mediated restriction of units in
the macrocycle (Fig. S33). However, upon increasing the temperature to 65°C, significant
improvement of the peak splitting and resolution was observed with only one set of proton
resonance signal shown. Continuing increase in the temperature to 100°C led to the occurrence
of a new set of proton resonance signals assignable to 1-cis, suggesting that, unprecedentedly,

thermal stimulus is able to drive the isomerization of 1-trans into 1-cis.
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Fig. S34. Partial 'H NMR spectra (DMSO—-ds) of 1-trans (1.0 mM) (a) before and (b) after irradiation
with 365—-370 nm light and (c) followed by the photoirradiation at 410-415 nm; further followed

by 365—370 nm light irradiation back to (b).

5. Binding studies and photo-stimulation
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Fig. S35. Selected regions of the 1H NMR spectra (DMSO-d6, 298 K, 400 MHz) of solutions of 1—cis
(1.0 mM) recorded in the absence or presence of 20.0 equiv. of CI-, Br, I, N3, SCN~, NO3—, H,PO4",
HSO4, ClO4~, or HP,07*, respectively, as their TBA* salts. Green asteristks: aromatic proton (w);

blue asterisks: urea NH (e); red asterisks: urea NH (d) (also refer to Scheme 1).
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Fig. $36. 'H NMR spectroscopic titration (400 MHz) of receptor 1—cis (1.0 mM) with TBACI in
DMSO-ds at 298 K.
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Fig. S37. The Job plot of a 1:1 complex of 1-cis with Cl (as its TBA salt) as measured by *H NMR
spectroscopy carried out in DMSO-ds. The total concentration of 1-cis and Cl" was found to be 2.0

x 1073 M.
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Fig. $38. Nonlinear least—square analysis of the 'H NMR binding data corresponding to the
formation of 1-cis-CI- complex. The data extracted from Fig. S36 were fitted to a 1:1 binding model
to give Ky = (1.74 + 0.07) x10 ML, The residual distribution is shown below the binding isotherm.
All solid lines were obtained from non—linear curve—fitting to a 1:1 binding model using the

www.supramolecular.org web applet. &2
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Fig. $39. 'H NMR spectroscopic titration (400 MHz) of receptor 1—cis (1.0 mM) with TBAHP,O4 in
DMSO—-d¢ at 298 K.
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Fig. S40. The Job plot of a 1:1 complex of 1-cis with H,PO4 (as its TBA salt) as measured by 'H NMR
spectroscopy carried out in DMSO-ds. The total concentration of 1-cis and H,PO4” was found to be
2.0x 1073 M.
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Fig. S41. Nonlinear least—square analysis of the 'H NMR binding data corresponding to the
formation of 1-cis-H,PO4~ complex. The data extracted from Fig. S39 were fitted to a 1:1 binding
model to give K, = (8.08 * 0.34) x10 M. The residual distribution is shown below the binding
isotherm. All solid lines were obtained from non—linear curve—fitting to a 1:1 binding model using

the www.supramolecular.org web applet. &8
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Fig. S42. 'H NMR spectroscopic titration (400 MHz) of receptor 1—cis (1.0 mM) with TBA3HP,07 in
DMSO—d; at 298 K.
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Fig. S43. Nonlinear least—square analysis of the 'H NMR binding data corresponding to the
formation of 1—cis-HP,07>~ complex. The data extracted from Fig. S42 were fitted to a 1:1 binding
model to give K, = (1.93 + 0.28) x10®> M. The residual distribution is shown below the binding
isotherm. All solid lines were obtained from non—linear curve—fitting to a 1:1 binding model using

the www.supramolecular.org web applet. &8
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Fig. S44. 'H NMR spectroscopic titration (400 MHz) of receptor 1-trans (1.0 mM) with TBACI in
DMSO—d; at 298 K.
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Fig. S45. The Job plot of a 1:1 complex of 1-tran with Cl (as its TBA salt) as measured by *H NMR
spectroscopy carried out in DMSO-ds. The total concentration of 1-tran and Cl- was found to be 2.0

x 1073 M.
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Fig. S46. Nonlinear least—square analysis of the 'H NMR binding data corresponding to the
formation of 1-trans-CI- complex. The data extracted from Fig. S44 were fitted to a 1:1 binding
model to give K;= 7.26 £ 0.25 M. The residual distribution is shown below the binding isotherm.
All solid lines were obtained from non—linear curve—fitting to a 1:1 binding model using the

www.supramolecular.org web applet. &2
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Fig. S47. Stacked 3!P NMR spectra of (a) TBAsHP,05; (b) 1-cis + 1.0 equivalent of TBAsHP,07; (c) 1-

cis + 2.0 equivalents of TBAsHP,0;.
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Fig. S49. ESI mass spectrum of 1-cis-H,PO4~ complex.
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Fig. $52. 'H NMR spectroscopic titration (400 MHz) of receptor 1-trans (1.0 mM) with TBAH,PO,
in DMSO—ds at 298 K.
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Fig. S53. The Job plot of a 1:1 complex of 1-trans with H,PO4 (as its TBA salt) as measured by *H
NMR spectroscopy carried out in DMSO-des. The total concentration of 1-trans and H,POs was

found to be 2.0 x 1073 M.
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Fig. S54. Nonlinear least—square analysis of the 'H NMR binding data corresponding to the

formation of 1-trans-H,PO4~ complex. The data extracted from Fig. S52 were fitted to a 1:1 binding

model to give K, = (5.13 * 0.15) x10 M. The residual distribution is shown below the binding

isotherm. All so

lid lines were obtained from non-linear curve—fitting to a 1:1 binding model using

the www.supramolecular.org web applet. &8
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Fig. S55. 'H NMR spectroscopic titration (400 MHz) of receptor 1-trans (1.0 mM) with TBAsHP,0-

in DMSO—ds at 298 K.
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Fig. $56. Nonlinear least—square analysis of the 'H NMR binding data corresponding to the
formation of 1-trans-HP,07*~ complex. The data extracted from Fig. S55 were fitted to a 1:1 binding
model to give Ky = (2.82 + 0.33) x10?> M. The residual distribution is shown below the binding

isotherm. All solid lines were obtained from non-linear curve—fitting to a 1:1 binding model using
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the www.supramolecular.org web applet. &8
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Fig. S57. Partial 'H NMR spectra (400 MHz, DMSO-de) of 1-cis (a) in the absence or in presence of
1.0 equivalent of (b) TBACI, (c) TBAH,PQO,, (d) TBA3HP,07, and (e) equal-molar TBACI, TBAH,PQ,,
and TBAsHPzO7.

we carried out extra competitive experiments to investigate the selectivity of 1-cis toward PPi
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against other anions. As stated in the main text, 1-cis displayed very weak or negligible binding of
Br-, I7, N3~, SCN~, NOs~, HSO4~, and ClO4~ (as their tetrabutylammonium (TBA) salts). H,PO4~, and
CI~ could be the interfering anionic species. As is shown in Fig. S57, one equivalent of either H,PO4~
or CI™ failed to cause appreciable changes of the chemical shifts of 1-cis in DMSO-ds. In contrast,
under identical conditions, significant changes in chemical shifts of 1-cis was observed in the
presence of one equivalent of HP,07*, indicating strong interaction between 1-cis and HP,07*~
anion. More importantly, in the presence of one equivalent of equal-molar HPO4, CI-, and HP,07*",
similar chemical shifts of 1-cis were seen, suggesting that 1-cis has decent selectivity to HPPi over

the competitive H,PO4~ and CI~ anions.
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Fig. S58. Partial 'H NMR spectra (400 MHz, DMSO-ds) of 1-cis in the absence or in presence of 20.0
equivalent of TBA3;PO4, AMP, ADP, and ATP, respectively. The concentration of 1-cis is 1.0 mM.
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Fig. S59. 'H NMR spectroscopic titration (400 MHz) of receptor 1—cis (1.0 mM) with TBA3;PO, (0-47
equivalents) in DMSO—dg at 298 K.
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Fig. $60. Nonlinear least—square analysis of the 'H NMR binding data corresponding to the
formation of 1—cis-PO43~ complex. The data extracted from Fig. S59 were fitted to a 1:1 binding
model to give K, = (1.0 + 0.1) x10%> ML The residual distribution is shown below the binding
isotherm. All solid lines were obtained from non—linear curve—fitting to a 1:1 binding model using

the www.supramolecular.org web applet. &8



http://www.supramolecular.org/

Fig. S61. DFT optimized binding model of 1-trans-HPPi complex.
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Fig. S62 (a) Switching cycles of 1-trans (10.0 uM in DMSO) in the presence of 20.0 equiv of
TBA3HP,07 upon alternating irradiation using 365—370 and 410—415 nm light sources to the
PSS state. The absorbance change at 359 nm was monitored during the switching cycles.
(b) Insert: Cartoon illustration of the switchable binding and release of PPi anions mediated

by UV—Vis irradiation.
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Fig. S63. Reversible photo—switch between 1-trans and 1—cis (10.0 uM) in the presence of 20.0
equiv. of TBAsHP,07 in DMSO monitored by UV—vis spectroscopy.



6. X-ray experimental details

X-ray experimental for 1-trans

Single crystals of 1-trans was obtained as red block via the evaporation of a DMF solution of
receptor 1-trans in a brown vial. A suitable crystal was selected and the data were collected on a
Bruker D8 VENTURE PHOTON 100 CMOS system equipped with a mirror monochromator and a Cu—
Kot INCOATEC IuS micro focus source (A = 1.54184 A). The crystal was kept at 100.00(10) K during
data collection. Using Olex2,® the structure was solved with the ShelXT structure solution
program using Direct Methods and refined with the ShelXL! refinement package using Least
Squares minimization. The absolute structure has not been determined based on the data. Tables
of positional and thermal parameters, bond lengths and angles, torsion angles and figures are in

the CIF file. CCDC deposition number: 2288135.

Fig. S64. View of 1-trans. Displacement ellipsoids are scaled to the 50% probability level.



Table S1 Crystal data and structure refinement for 1-trans.

Identification code 1-trans -DMF
Empirical formula C31H39N703
Formula weight 557.701
Temperature/K 100.00(10)

Crystal system

Space group

a/A

b/A

c/A

of°

B/°

v/°

Volume/A3

z

Peaicg/cm?

/mm-

F(000)

Crystal size/mm?3

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=20 (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

Flack parameter

orthorhombic

P21212;

12.2849(2)

14.4216(2)

16.5790(2)

90

90

90

2937.27(7)

4

1.261

0.672

1195.9

0.19 x 0.05 x 0.02
CuKo (A =1.54184 A)
8.12t0 151.42

-14 < h < 15,-18 < k = 15,-20 = | < 20
19146

6009 [Rint = 0.0373, Rsigma = 0.0356]
6009/0/388

1.049

R1=0.0370, wR, = 0.0943
R1=0.0397, wR; = 0.0963
0.34/-0.35

-0.13(10)




X-ray experimental for 1—cis

Single crystals of complex 1—cis were obtained as orange block via the evaporation of a DMF
solution of receptor 1—cis in a brown vial. A suitable crystal was selected and the data were
collected on a Bruker D8 VENTURE PHOTON 100 CMOS system equipped with a mirror
monochromator and a Cu—Ka INCOATEC IuS micro focus source (A = 1.54184 A). The crystal was
kept at 298.00(10) K during data collection. Using Olex2,° the structure was solved with the
ShelXT!® structure solution program using Direct Methods and refined with the ShelXL!
refinement package using Least Squares minimization. The absolute structure has not been
determined based on the data. Tables of positional and thermal parameters, bond lengths and

angles, torsion angles and figures are in the CIF file. CCDC deposition number: 2288134,

a

Cﬁi

L

Q

Fig. S65. View of 1—cis. Displacement ellipsoids are scaled to the 50% probability level.




Table S2 Crystal data and structure refinement for 1-cis.

Identification code 1-cis

Empirical formula C28H32N60>

Formula weight 484.604

Temperature/K 298.00(10)

Crystal system orthorhombic

Space group Aea2

a/A 11.4339(5)

b/A 9.3891(4)

c/A 24.5636(11)

o/° 90

B/® 90

v/° 90

Volume/A3 2637.0(2)

z 0.5

Pcaicg/cm’ 1.210

w/mm? 0.634

F(000) 1019.4

Crystal size/mm3 0.22 x0.12 x 0.08
Radiation Cu Ko (A =1.54184 A)

20 range for data collection/® 7.2t0141.04

Index ranges -12 £ h £13,-4 £k £11,-29 £ 1 £ 30
Reflections collected 3578

Independent reflections 1760 [Rint = 0.0172, Rsigma = 0.0174]
Data/restraints/parameters 1760/1/166
Goodness-of-fit on F2 1.065

Final R indexes [I>=20 (I)] R1=0.0356, wR, =0.0917
Final R indexes [all data] R;=0.0373, wR; = 0.0941
Largest diff. peak/hole / e A3 0.11/-0.14

Flack parameter 0.01(18)




7. Geometrical coordinates of the optimized structures

1-cis
Cartesian coordinates:
Symbol

0]

O rr O r r r 6O T O T T T O I O T T O T O O O Z2 I O O O O T Z2 T 2

X
-1.06455900
-1.92296700
-1.91696700

0.06284100
0.18473100
-3.25189300
-0.99340600
-3.89853200
-3.15201100
-2.10900100
5.53596100
2.41256600
4.45264100
-5.23990100
-5.85288700
1.30297700
1.63688500
1.04424600
3.73652900
3.97474800
-3.07757800
-2.62489400
-4.05628500
-2.44068600
4.75717200
5.78700300
-4.07853400
-4.27993500
-5.03505100
-3.51592700
2.13594900
1.12107000
3.13695800

Y
-4.36958100
-2.40809000
-1.87792000

-3.28630600
-2.36720700
-2.44289300
-3.42908800
-1.07132800
0.09558600
0.00306200
-0.73383000
-3.15011700
-1.49380200
-0.93573300
-1.81180200
-4.01918100
-4.48253100
-4.82758300
-3.30487600
-4.06207000
-2.60613300
-3.57045600
-2.53509600
-1.81204500
-2.51141500
-2.64935600
-3.61804400
-3.49592600
-3.71735300
-4.54244500
-2.17711600
-2.05660300
-1.34734600

Zz
0.47914500
-0.38670000
-1.24917800
-1.19898500
-1.60586500
0.27537600
-0.30470600
0.01427400
0.22765900
0.51401200
1.15231600
-0.40658200
0.59439600
-0.36252100
-0.54131800
-0.97113300
-1.90720000
-0.27988000
-0.83392100
-1.57725800
1.80207700
2.03420100
2.28737700
2.20319100
-0.31432800
-0.62981300
-0.27733800
-1.34742700
0.24575600
-0.12950200
0.56338800
0.93104000
1.05338500
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1-trans

Cartesian coordinates:

2.90441400
-5.80458300
-6.84622600
-3.70524600

5.51528200

2.68268100

4.51109500
-5.04926400
-5.51740200

1.62894500

1.48492900

1.93077200

2.87464800

2.28394900

3.80754600

3.98043600

3.45076600

3.34201600

4.34781400

4.92862600
-0.39058900
-1.61102000
-1.79956100

0.31438100

0.31803900
-2.83370800
-0.55685500
-3.53064700
-2.83134600
-4.41280900
-3.84260200
-2.45742900
-1.90916800
-3.36981800
-1.83365700

-0.59179400
0.32973500
0.42204600
1.37735000

0.51396300
2.98853100
1.29322400
1.47924000
2.45004200
3.82809200
4.77977000
4.03865100
3.06882100
3.77529300
2.25534700
2.33794700
2.07409900
2.02393300
1.21905000
0.50503800
4.22118000
2.45555300
2.03273200
3.18097300
2.25727000

2.60791600
3.35170500
3.93938000
4.75771800
4.09597300
3.97642800
2.58817200
1.67596600
2.61601000
3.44863700

1.79565700
-0.50771700
-0.80266400

0.09566900

1.20759100
-0.75381200

0.53706700
-0.27931900
-0.39453900
-1.44717900

-0.93393100
-2.47900600

0.63283600

1.20858500

1.27009400

2.33901000
-1.48408900

-2.56580300
-0.85103800
-1.42551000

0.43410700
-0.42732000
-1.32803600

-1.48760200
-1.90379000
0.40570300
-0.41630500
0.07305400

0.25666300

0.70242300
-0.97654800

1.90304900

2.15491600

2.50743900

2.14765800



Symbol

(@)

T 0o 0O O O T O T T T O T O I O O O T O O T 0o O O O T 60O 0 2 2 2 T 2 2 2 0

X
4.43156600
-4.55253900
3.51317100
-3.50196800
-5.03066500
-4.64576900
5.08517700
0.38633000
-0.32963200
4.32300000
-0.01294400
0.00141800
1.20593300
-4.34943200
-1.25056400
1.16953100
2.09601300
2.57240700
-1.25105100
-2.19150600
-1.71186400
4.32073300
-3.56263300
-3.98804000
-0.04959000
-0.06455000
-2.43513100
-3.42121800
-1.93555200
-1.84872800
3.58430000
3.97974700
1.76474100
-4.28022500
-2.59981900
3.16229300
4.13972900

Y
0.87315200
0.90267700
1.83161100
1.74278300
-0.00182500
-0.10772700
0.12835300
-3.53931400
-3.30767700
0.94547000
2.73727200
3.61158900
2.20361700
0.89057600
2.17707900
1.06955800
0.64016200
2.84262200
1.04568100
0.59897700
-3.17803400
-2.12394400
-2.78677000
-2.82366200
0.49728200
-0.39100700
3.80024200
4.15609400
3.35330400
4.66712100
-2.20523500
-1.73756500
-3.27690500
-2.15457600
2.78824100
3.51480000
3.95331900

yA
-1.24186700
-1.03366500
0.65108100
0.84695300
1.01286900
1.94451900
0.82140100
0.36920500
-0.64258800
-0.02042900
0.20716100
0.84494100
-0.24057000
0.17715400
-0.14821100
-1.06136000
-1.42609700
0.10137900
-0.97272100
-1.27524600
-0.37153300
0.20218000
1.12253900
2.12439100
-1.41464600
-2.03995000
1.44731900
1.75942800
2.31604800
1.13177800
-0.99181700
-1.88777700
0.17992500
0.09085100
0.29794600
-1.15426100
-0.92534000
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1-cis@PPi

Cartesian coordinates:

Symbol
P
0]

3.28953500
2.48568200
2.46321400
2.02521100
3.46089400
1.84463800
2.32081500
1.71440200
-2.28988000
-1.69645100
3.81633000
4.39375500
-3.25905100
-3.42174600
-4.22699700
-2.60538500
-2.47801600
-2.01904900
5.50610100
5.96211600
6.27376200
-3.75053200
-4.29897700
2.54720500
2.10784000
-5.47179600
-6.13726100
-6.05109000
3.37134700
4.77940100
-3.28672200

X
0.02747100
1.06535000

2.80508500
4.31348700
3.91029500
3.50354800
4.29406300
4.75165400
-2.77693600
-2.76653200
-3.29121100
-3.69702400
-2.75177300
-2.73653000
3.51676000
2.84752200
3.93310800
4.33749800
-2.68574600
-2.62726200
-1.18450700
-1.01256600
-1.57147000
-2.17006100
-1.69486300
-3.32280000
-3.73559200
-1.27871500
-1.75541400
-1.04238100
1.64859900
0.09086600
1.49576300

Y
0.14138600
-0.91853800

-1.96933400
-1.47532200
1.20557900
2.12577700
1.43752600
0.88235100
-1.00946900
-1.90765100
0.90528600
1.71664300
1.34813700
2.27068700
-0.88991700
-1.73242800
-0.59039200
-1.20296200
-1.43471200
-2.41680300
0.30193300
-0.67357500
0.97960900
-1.20349400
-2.01000900
1.34101200
2.24394600
0.42446100
1.15140900
-0.46868900
1.63530100
1.78711100
1.80360700

YA
2.53829300
2.14796900
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-1.41795500
0.29349400
0.30217500
0.21528300
0.83628900
2.36343300
0.24282900
0.28701800

-1.31719000
0.37242800
0.69994900

-1.55177600

-1.31029000
1.28321500

-0.85395500
2.54681700
2.71191700
1.96483600

-5.76511500

-3.81191700

-5.08929400
3.56743400
3.46689500

-2.96915700

-3.24770700

-3.14494300

-4.58930700

-4.62663100
0.56797800

-0.33355700
1.23677600
0.29560800

-5.25689100

-5.83503000
1.68071100
2.25982400
2.28157300
0.76451700

-0.34056400
3.22446600
0.65519400
1.48515500
3.04318200
2.88220200
3.92916000
1.67620200
-4.51859900
-2.95817300
-2.21172100
-2.88427600
-1.89909100
-3.56502600
-3.51000700
-2.71029800
-1.38827400
-0.90912500
0.82396000
-2.18304300
-0.18836200
-3.28516800
-4.30425100
-3.15529800
-3.06979900
-4.18462200
-1.20006600
-1.15850500
-3.68116400
-4.28545500
-4.13054800
-2.67956400
-0.23124200
0.54958300
-4.97585200
-4.88242200
-5.53598800
-5.53529400

2.38145600
3.55026200
4.05138700
1.65134000
2.12358500
2.01837700
1.02032300
4.03146400
-0.01854300
0.28993000
0.94119000
1.57091100
1.86850100
-0.69089000
0.57106400
-0.93605300
-0.50710900
0.12124700
-1.38829300
0.89008900
-0.62668800
-1.71963800
-2.08348700
1.70139700
2.75989300
1.37341600
1.50671500
2.59215900
-2.06511600
-1.96138900
-2.80935500
-2.41283700
0.75844100
1.24628200
-0.17808900
0.74740600
-0.90519900
0.02346500
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-3.73677400
-3.13316700
-4.35575000
-4.24599600
4.70112800
5.47444700
3.86573800
-5.14377800
-1.02271700
-3.72914600
4.85207100
5.74168400
0.42485000
0.85999000
0.39987700
-1.93932700
-1.59889100
-3.27238800
-3.99523500
-1.48564200
-0.82025100
-2.81377100
-3.10713700
2.67234000
2.87407700
2.59342600
1.30126400
0.99873100
4.06438600
2.31243900
4.31222600
4.39220200
5.23059400
3.46633700
5.26781800
5.10922800
6.22129100
5.33372100

-2.18831500
-2.95147300
-1.19769300
-1.17362600
-2.56095600
-3.02083400
-0.64435800
1.68674800
2.69514400
1.90247300
-1.24582500
-0.69226800
3.14364200
2.62916200
4.22056600
2.92553300
3.41853300
2.56474500
2.77417600
2.08636400
1.94301800
1.67763400
1.20866000
1.51789400
1.58721700
2.07744300
2.89658900
3.26035500
0.75374100
1.95979100
0.54018700
1.50612300
-0.04578400
0.01400600
1.50999700
1.66523200
0.98691700
2.48664700

-0.51100100
-0.99486200
-1.26441900
-2.34539600
-2.05877300
-2.67544200
-0.83412800
-2.06107600
-2.29523500
-2.05090100
-1.61774700
-1.89993600
-2.47557800
-3.34189500
-2.72812800
-3.33461500
-4.24599500
-3.20636900
-3.99191900
-1.11996700
-0.27143800
-1.00174500
-0.07124900
-2.60859900
-0.31435600
0.57543400
-1.37094500
-0.43679900
-0.21307800
-1.49698800
1.30122800
1.80772400
1.44566300
1.75488600
-0.82259700
-1.89383900
-0.66416500
-0.33180500
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Cartesian coordinates:

Symbol
0]
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X
4.45711100
-3.94562700
3.62484200
-2.41304400
-4.45715500
-3.97119300
4.11251500
-1.11392300
-1.64085400
4.05949400
0.98577200
1.26818800
1.97969500
-3.59118800
-0.34238200
1.59545500
2.32844900
3.44984800
-0.70885100
-1.75227300
-2.89719000
2.94505000
-4.19189100
-4.33091200
0.25459200
-0.03643100
-0.72764700
-1.50069000
-0.25863700
0.04066800
2.49113400
3.16082200
0.29691400

Y
-0.29383800
2.79519600
1.02445300
2.20053600
1.18721100
0.61612900
-1.18451100
-3.98801700
-3.39837600
-0.15305800
2.65606500
2.45577800
2.53379000
2.11939600
2.95982900
2.65854200
2.56174400
2.31723300
3.04762400
3.20573400
-2.81926800
-3.23411100
-1.70727900
-1.51849100
2.88699300
2.94283100
3.26848000
3.48123100
2.31412300
4.04823700
-3.54151800
-3.38747700
-4.02395500

Z
-2.07372500
-1.25829200
-0.34716000
0.39298500
0.32127700
1.02545200
0.01890100
-1.16201200
-2.14699000
-0.89983100
-0.48563200
0.54516500
-1.47409300
-0.27357400
-0.79786100
-2.81172400
-3.60756700
-1.02162700
-2.15156600
-2.41075400
-1.79486300
-0.71112900
-0.08844100
0.97212000
-3.14270800
-4.19202600
1.70765800
2.45448400
1.96057000
1.76249400
-2.00591900
-2.85083800
-1.13842800
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-4.74518400
-1.38282700
4.44074500
5.46174700
4.28317600
4.35171100
3.79023100
3.24270600
4.86329000
3.54668200
1.17090100
0.78467000
-3.26464700
-2.67802400
2.08196500
2.36885500
-2.01960800
-2.57748000
-2.71508500
-1.23175700
-3.55693300
-3.24159700
4.27902100
4.86147700
4.85828900
-4.46819100
-4.87940400
0.76983800
0.05022200
-5.38006900
-6.29519500
-5.64997800
3.13058100
3.54906000
-2.20720800
-1.26276300
-1.42938800
-2.39781500

-0.83868800
3.24493500
2.51269700
2.36527500
1.79352000
3.53898600
3.37874700
3.17085600
3.33106400
4.38940600
-3.92195200
-4.04402500
-2.66848000
-3.13194400
-3.41790600
-3.06574900
4.63213600
4.66727900
4.86258100
5.39585100
-2.06152200
-2.15809800
-2.54296200
-2.49306600
-3.10809800
-1.07242000
-0.40361300
-3.82655800
-3.78126900
0.44749500
0.23068500
1.11008900
0.98293000
-1.09325000
1.41466700
-0.89280600
-2.34341500
0.05386700

-1.04080000
0.31223800
-2.18222100
-1.81417100
-2.98350100
-2.56571100
0.05825000
0.98146000
0.28538500
-0.29645900
-2.23179900
-3.24043100
-0.44389100
0.34273300
0.37540000
1.36516300
0.06891400
-0.86675300
0.88626300
0.05751200
-2.77236600
-3.80917700
-0.46960500
-1.39398100
0.27658500
-2.39326300
-3.14815800
0.16940000
0.98511800
-0.53602500
0.03838000
-1.36335500
0.57507000
0.90283600
1.05193400
2.53917300
2.12673300
2.09441800



I O O W O O O

2—trans
Cartesian coordinates:
Symbol

C

I I I I I I I T I Z2 Z2 O O O O O O O O 2 2 0O 0O O O O

1.34987800
-1.08149400
0.13854200
1.67232300
2.56014000
2.16037800
-0.13286900

X
-3.97250900
-2.58777900
-1.76834300
-2.35591100
-3.73671800
-4.56535900
-0.37622000

0.34772200
1.73984800
2.56102400
3.94587900
4.53725200
3.70749000
2.32585500
-6.07115700
6.04182800
-6.55328400
6.74814400
-4.60081700
-2.11537900
-1.71152200
-4.20141800
2.08701500
4.58572800
4.15909000
1.68280800
-6.35200100

0.10827800
-0.76514000
-0.25303500
-0.00107000
-1.20066900
1.30366200
-0.41980300

Y
-1.40708400
-1.54125200
-0.40672000

0.86885900
0.99308000
-0.14192400
-0.65805200
0.37361800
0.12299500
1.25718900
1.12866600
-0.13869500
-1.27167400
-1.15276800
-0.00142400
-0.29612800
1.17644200
0.78213300
-2.29468600
-2.51741000
1.74067400
1.97334000
2.23324800
2.00472900
-2.26127000
-2.02535400
0.13658000

4.20688400
4.14854200
1.97274100
2.70652500
2.31941400
2.03596100
4.32130000

Z
-0.10648000
-0.05814900
-0.06156200
-0.11611500
-0.16926700
-0.16873000
-0.00395100
0.00209900
0.05886700
0.06320200
0.11597300
0.16422100
0.15182300
0.10447900
-0.26344000
0.25775500
0.46323000
-0.43854900
-0.09397000
-0.00853700
-0.11587900
-0.20122200
0.02443200
0.11218300
0.17725300
0.09313300
-1.31727400



I T I I T I =T

2—cis
Cartesian coordinates:
Symbol

N

O T o r o T 60O T T O O 6O Z2 T O T O T O T O I I O O O

-6.53433900
6.34119800
6.31103600

-7.55514500

-6.41307900
7.75059200
6.59330200

X
-0.62101300
-3.28712000
-1.43082700
-4.30607700
-4.81858000
-5.08250100
-3.37874500
-4.17273600
-2.48362000
-2.57636600
-2.25940800
-2.18946400
-1.33295900
-0.54241200
0.62118900
3.28707900
1.43096300
4.30594700
4.81852300
5.08234100
3.37925200
4.17360600
2.48421000
2.57737200
2.25890800
2.18854200
1.33253900

-0.95250600
-0.24499200
-1.31087900

1.28397000
1.04437700
0.69023100
0.70224800

Y
-2.75678500
0.53770700
-1.57419600
1.65785700
1.72177500
1.39918000
-0.45608500
-0.40665600
-1.52155500
-2.31400000
0.44841500
1.21476800
-0.58775600
-0.64327200
-2.75678500
0.53788700
-1.57417000
1.65812700
1.72199900
1.39956000
-0.45632000
-0.40715200
-1.52185500
-2.31461200
0.44892700
1.21558900
-0.58732400

0.05315700
1.31433300
-0.08485800
0.31987700
1.46346700
-0.28919200
-1.44218200

Z
-0.06679800
0.03870500
-0.04744200
0.10058800
-0.87536400
0.83432900
-0.94228100
-1.68398000
-0.96763500
-1.70413900
0.98753200
1.75273300
0.94505800
1.68577700
0.06666900
-0.03872100
0.04744200
-0.10059800
0.87531900
-0.83441300
0.94180100
1.68312900
0.96714600
1.70326100
-0.98707300
-1.75192400
-0.94458100



H 0.54160000 -0.64256000 -1.68490500

N 3.70040600 2.91621300 -0.54717000
H 3.05334700 3.25621500 0.16233700
H 4.42082600 3.62771100 -0.65068600
N -3.70063700 2.91594100 0.54732300
H -3.05348100 3.25600200 -0.16206700

H -4.42109500 3.62741200 0.65077200
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