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Supporting Information 
 

General Information 
 

All chemicals were purchased from commercial sources and used as received unless stated 
otherwise. All solvents were dried before use according to standard literature procedures. 
Chromatographic purifications were performed with silica gel 60 (SiO2, 40–75 μm, 200 × 400 
mesh). Thin-layer chromatography was performed on a silica gel plate w/UV254 (200 μm). 
Chromatograms were visualized by UV light or stained with iodine (I2). All NMR experiments 
were performed with Bruker 400, 600, and 850 MHz spectrometers. Deuterated solvents CDCl3, 
(CD3)2SO and C6D6 were acquired from Cambridge Isotope Laboratories. NMR data was 
processed and analyzed using Bruker software (Topspin 4.2, Dynamics center 2.8, MestReNova 
13.3.3). High-resolution mass data (HRMS) were obtained using electrospray ionization (ESI) 
techniques (Bruker ESI TOF and Thermo-fisher ESI orbitrap instruments), trapped ion mobility 
(Bruker TIMS-TOF) and MALDI-MS data (Bruker MALDI-TOF). UV-Vis spectra were recorded 
with Shimadzu UV-2401PC spectrophotometer using a 1x1 cm quartz cuvette. Circular Dichroism 
spectra were recorded with JASCO J-1500 using a 1x1 cm quartz cuvette. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Syntheses, Dynamic Imine Condensations, and Characterizations 
 

 

 

 

 

 

 

 

 

 

 
 

Scheme S1. (A) Synthesis of DBA 2 was completed following method described by McGrier and 
coworkers in Mol. Syst. Des. Eng., 2020, 5, 97-101. (B) Reduction of benzoic ester derivative i to 
benzyl alcohol derivative ii.  

 

Compound ii: A solution of i (4.30 g, 11.55 mmol) in hexanes (25 mL, 0.17 M) was cooled to -78 

°C. Meanwhile, a separate vial containing diisobutylaluminum hydride (25 mL, 1M in hexanes; 

DIBAL-H) was cooled to -78 °C. After cooling for 10 min, DIBAL-H was added dropwise to the 

solution containing i over 30 minutes. The reaction was stirred at -78°C for one hour before the 

addition of methanol (25 mL) to quench the reaction. This reaction mixture was stirred for an 

additional 15 min, after which 10 mL of 1 M solution of potassium sodium tartrate tetrahydrate 

(i.e., Rochelle salt) was added and the mixture was allowed to stir for another hour. After warming 

back to room temperature, the layers were separated, and the aqueous layer was extracted with 

hexanes (3 x 15 mL). The organic layers were combined and washed with brine (1 x 30 mL) and 



dried over Na2SO4. After removing solvent under reduced pressure, the residue was purified by 

column chromatography (SiO2, hexanes : ethyl acetate = 3 : 1), yielding ii as a dark yellow oil 

(1.62 g, 42%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.79 (d, J = 8.23 Hz, 1H), 7.45 (d, J =2.10 

Hz, 1H), 6.98 (dd, J = 8.28 Hz, 1H), 4.59 (s, 2H), 0.28 (s, 9H). 13C NMR (100 MHz, CDCl3): δ 

(ppm) 140.9, 138.9, 131.1, 129.8, 128.1, 106.4, 99.8, 99.0, 64.2, -0.07. HRMS (ESI-MS) m/z 

calculated for C12H15IOSi [M+H]+: 331.0015; found: 331.0010. 

 

 

 

 

Scheme S2. The oxidation of benzyl alcohol derivative ii to benzaldehyde derivative iii (see 
Scheme 1). 
 
Compound iii: To a solution of ii (1.60 g, 4.84 mmol) in EtOAc (45 mL) and acetone (4.5 mL) 

was added 2-iodoxybenzoic acid (6.78 g, 24.22 mmol; IBX). The reaction was heated to 90°C for 

3 h. After cooling to room temperature, the mixture was filtered through a cotton plug. To the 

filtrate was added saturated sodium bicarbonate (20 mL), the layers were separated, and the 

aqueous layer was extracted with ethyl acetate (2 x 15 mL). Combined organic layers were washed 

with brine (1 x 15 mL) and dried over Na2SO4. The residue was concentrated in vacuo and purified 

by column chromatography (SiO2, hexanes : ethyl acetate = 2 : 1) to yield compound iii as a light-

yellow oil (1.55 g, 96%). 1H NMR (400 MHz, CDCl3) δ (ppm) 9.93 (s, 1H), 8.04 (d, J = 8.20 Hz, 

1H), 7.91 (d, J = 2.15 Hz, 1H), 7.46 (dd, J = 8.16 Hz, 1H), 0.30 (s, 9H). 13C NMR (100 MHz, 

CDCl3): δ (ppm) 191.0, 140.0, 136.1, 133.9, 131.3, 129.2, 109.6, 105.4, 101.2, 0.00. HRMS (ESI-

MS) m/z calculated for C12H13IOSi [M+H]+: 328.9859; found: 329.0052. 
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Scheme S3. Synthesis of model compound 4. 

Compound 4: To a solution of DBA 2 (10 mg, 26 µmol) in CHCl3 (5 mL) was added 

cyclohexylamine (7.74 mg, 78 µmol). The reaction was stirred at 25 °C for 24 h. After, the mixture 

was filtered through a cotton plug and solvent removed in vacuo. To the solid was added methanol 

(5 mL) and sonicated for 60 seconds, then placed in the centrifuge for 5 minutes at 6000 rpm. The 

liquid was removed to give compound 4 as a light-yellow solid (12.5 mg, 76%). 1H NMR (400 

MHz, DMSO-d6): δ (ppm) 8.36 (s, 1H), 7.80 (d, J = 4 Hz, 1H), 7.69 (dd, J = 8 Hz, 1H), 7.58 (d, J 

= 8 Hz, 1H), 3.27-3.24 (m, 1H), 1.80-1.78 (m, 2H), 1.70-1.64 (m, 4H), 1.53-1.44 (m, 2H), 1.41-

1.31 (m, 2H). 13C NMR (214 MHz, DMSO-d6) δ (ppm): 157.43, 137.62, 133.12, 131.41, 129.33, 

127.29, 126.12, 94.13, 93.15, 69.02, 34.46, 25.69, 24.55. MALDI-TOF (DCTB, reflector mode): 

m/z calculated for C45H45N3 [M+H]+ 628.369, found: 628.159 (Figure S7). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1. 1H NMR spectrum (400 MHz, 298 K) of compound ii in CDCl3. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. 13C NMR spectrum (100 MHz, 298 K) of compound ii in CDCl3. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3. 1H NMR spectrum (400 MHz, 298 K) of compound iii in CDCl3. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4. 13C NMR spectrum (100 MHz, 298 K) of compound iii in CDCl3. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S5. 1H NMR spectrum (800 MHz, 298 K) of compound 4 in DMSO-d6. 

 



 

 

Figure S6. 13C NMR spectrum (214 MHz, 298 K) of compound 4 in DMSO-d6. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S7. (Top) MALDI-MS of compound 4 (matrix: DCTB; positive reflector mode). (Bottom) The largest signal is zoomed in 
showing an ion with the mass 628.159 which is close to simulated [4+H]+ cation (bottom) at 628.369. 



 

 

 

 

 

 

 

 

 

 

 

 

Figure S8. Dynamic imine condensation of DBA 2 and R-CDA was monitored in six solvents 
using MALDI spectrometer (9-nitroanthracene as matrix; positive reflectron mode). Red and green 
boxes show two regions with ions whose mass corresponds to [2+3] cage 1 and/or [4+6] cage 3 
(see Figure 1B in main text). The lower resolution of data from low mass MALDI measurement 
prevented isotope distribution analysis. General procedure: DBA 2 (0.53 µmol) was combined 
with R-CDA (1.13 µmol) in 1 mL of the probed solvent. Trifluoroacetic acid (0.11 µmol) was 
added, and the reaction was stirred at 25 oC for 24 h. Next, 1 µL of a sample from the reaction was 
mixed with 1 µL of saturated matrix solution (9-nitroanthracene) in acetonitrile and spotted on a 
MALDI plate. Measurements were done in the linear reflectron mode. Discussion: The results of 
MALDI measurements show that imine condensations in chloroform, dimethylformamide, 
benzene, and toluene have a desired outcome. Dimethylformamide was not chosen for 1H NMR 
studies due to limited solubility of DBA 2. We disregarded chloroform since this solvent contains 
small amounts of acid giving inconsistent results when the reaction was monitored with 1H NMR 
spectroscopy (not shown here). Finally, benzene and toluene remained as solvents of choice to 
study the condensation.  
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Figure S9. 1H NMR spectra (600 MHz, C6D6) of DBA 2 (1.30 µmol), R-CDA (1.95 µmol), and 
13 µL of trifluoroacetic acid (0.2eq) in 600 µL of C6D6 were recorded over 300 min.  

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme S4. Synthesis of cages 1-P and 1-M by condensation of DBA 2 with R-CDA (top) and S-

CDA (bottom). Cage 1-P and Cage 1-M. To DBA 2 (5 mg, 13.0 μmol) in a round bottom flask 

was added benzene (10 mL) and a stirring bar. In a separate vial, (1R,2R)-cyclohexane-1,2-diamine 

(2.23 mg, 19.5 μmol; R-CDA) or (1S,2S)-cyclohexane-1,2-diamine (2.23 mg, 19.5 μmol; S-CDA) 

was dissolved in 3 mL of benzene followed by its transfer to the solution of DBA 2. Next, 13 µL 



of 20 mM trifluoroacetic acid in dichloromethane was added and the reaction mixture was allowed 

to stir for 8 h. After, the solution was filtered through a cotton plug and concentrated in vacuo; note 

that the reaction will begin as a suspension and then turn transparent over this time. Anhydrous 

methanol (5 mL) was added, and the mixture sonicated for 60 s. The resulting suspension was 

centrifuged for 5 minutes at 6000 rpm, the organic layer removed, and the solid left to dry giving 

cage 1-P (12 mg, 91 %) or 1-M (11.5 mg, 88%) as a bright yellow solid. 1H NMR (600 MHz, 

C6D6) δ (ppm): 7.64 (dd, 8 Hz, 1H), 7.5 (s, 1H), 7.29 (d, 8 Hz, 1H), 6.66 (d, 2 Hz, 1H), 3.16-3.14 

(m, 1H), 2.08-2.06 (m, 1H), 1.88-1.86 (m, 2H), 1.52-1.49 (m, 1H). 13C NMR (214 MHz, C6D6) δ 

(ppm): 163.62, 136.40, 134.47, 132.12, 129.24, 124.90, 94.55, 94.13, 75.78, 24.87, 23.14. HRMS 

(ESI): m/z calculated for C72H54N6: 1003.4488 [M+H]+, found: 1003.4476 (Figure S12). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S10. 1H NMR spectrum (600 MHz, 298 K) of cage 1 from the imine condensation of DBA 2 and R-CDA in C6D6.  Later in the 
text, product 1 is labeled as 1-P. Note that 1H NMR spectrum of the product from the condensation of DBA 2 and S-CDA (i.e., 1-M) is 
identical to 1-P (Figure S16). 



 

Figure S11. 13C NMR spectrum (176 MHz, 298 K) of cage 1 from condensation of DBA 2 and R-CDA in C6D6.  Later in text, product 
1 is labeled as 1-P. Note that 13C NMR spectrum of the product from the condensation of DBA 2 and S-CDA (i.e., 1-M) is identical to 
1-P. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S12: (Top) Experimental (red) mass spectrometry (ESI-MS) data for the observed ions from the product of condensation of DBA 
2 and R-CDA. (Bottom) Experimental (red) and simulated (green) mass spectrometry (ESI-MS) data showing singly charged ion at 
1003.4476 corresponding to [2+3] cage 1 (simulated mass,1003.4482) that we label 1-P later in the text.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S13. (Top) 1H NMR DOSY spectrum (600 MHz, 298 K) of cage 1 (also labeled as 1-P) in C6D6. The DOSY data were processed 
in MestReNova (i.e., Furrier transformation, phasing, and baseline correction). (Bottom) Changes in the intensity of 1H NMR resonances 
from 1 as a function of the magnetic field gradient strength g (G/cm) were fit using peak fit method in MestReNova v15.0.0-34764. For 
each proton nucleus, the corresponding diffusion coefficient D (m2/s) were obtained (third column) from which the mean value (bottom) 



was chosen for further analysis. Two Stokes Einstein equations were used to obtain hydrodynamic radii (see main text) with the viscosity 
of benzene η = 0.604 mPa·s at 298 K.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S14. (Top) 1H-1H COSY spectrum (600 MHz, 298K) of cage 1 (i.e., 1-P) in C6D6. (Bottom) Two segments from 1H-1H COSY 
spectrum of 1, with labeled cross peak from scalar couplings. From the top segment, HB couples with HC while HA shows a smaller set 



of cross peaks with HA (a long-range coupling). HD remained isolated with no cross signals. From the second segment, HE (the most 
deshielded proton of the cyclohexane ring) couples with diastereotopic HF/F’. At last, HF/F’ show cross peaks with HG/G’. 
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Figure S15. (Top) 1H-1H ROESY spectrum (600 MHz, 298 K) of cage 1 (i.e. 1-P ) in C6D6. Note the large cross peaks between HE and 
HD nuclei. (Bottom) Two segments of ROESY spectrum showing blue ROE cross peaks. From the left segment, a cross peak between 
HD and HA is stronger than HD and HC.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S16. 1H NMR spectra (600 MHz, 298K) of 1-P (top, condensation of DBA 2 and R-CDA), 1-M (middle; condensation of DBA 
2 and S-CDA), and racemic 1-P/M (bottom, condensation of DBA 2 and racemic R/S-CDA) in C6D6.    



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S17. UV-Vis spectra of 53 µM solution of 1-P (green), 40 µM solution of 1-M (blue), and 20 µM solution of 1-P/M (orange)in 
tetrahydrofuran.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme S5. A schematic representation of the Pinnick oxidation of 1-M and 1-P cages into robust 
amide cages 5-M and 5-P. Cages 5-M and 5-P. To a vial containing THF (5 mL), NaClO2 (27 mg, 
0.29 mmol), and 2,3-dimethylbut-2-ene (59 µL, 0.49 mmol) was added 140 µL of 90 mM 
NaH2PO4 in water. After stirring for a few minutes, the solution turned pale yellow. Once the 
solution changed color, 5 mL of 1 mM solution of cage 1-P (or 1-M) in anhydrous THF was added 
dropwise over 5 minutes. The solution was stirred vigorously overnight and diluted with 5 mL of 
EtOAc. The organic layer was washed with NaHCO3 (2 x 5 mL), Na2S2O3 (1 x 5 mL), H2O (1 x 5 
mL) and brine (1 x 5 mL), then dried over Na2SO4, filtered, and concentrated in vacuo. After, 
anhydrous methanol (5 mL) was added, and the mixture sonicated for 60 seconds. The resulting 
suspension was centrifuged for 5 minutes at 6000 rpm, the organic layer removed, and the solid 



left to dry yielding amide cage 5-P (3.8 mg, 69%) or 5-M (4.1 mg, 74%) as a light-yellow solid. 
1H NMR spectra of 5-P and 5-M are identical (Figure S18). 1H NMR (600 MHz, DMSO-d6): δ 
(ppm) 7.96-7.95 (m, 1H), 7.73 (dd, J = 4 Hz, 1H), 7.39 (d, J = 4 Hz, 1H), 7.23 (d, J = 4 Hz, 1H), 
4.01 (m, 1H), 1.84-1.83 (m, 2H), 1.66 (m, 1H), 1.36 (m, 1H). HRMS (ESI-MS): m/z calculated for 
C72H54N6O6: 1099.4177 [M+H]+, found 1099.4178.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S18. 1H NMR spectra (600 MHz,298 K) of cages 5-P (top) and 5-M (bottom) in DMSO-d6. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S19. 1H-1H COSY (600 MHz, 298K) spectrum of cage 5-P in DMSO-d6. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S20. 1H-1H ROESY spectrum (600 MHz, 298K) of cage 5-P in DMSO-d6. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S21. 1H NMR spectra (600 MHz, 298K) of model compound 4 (bottom), imine cage 1-P (middle), and amide cage 5-P (top) in 
DMSO-d6. 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S22. ESI-MS (Thermo Orbitrap) data of  5-P, with experimental (top) and simulated (bottom) peaks. The mass of the labeled 
ions (singly and doubly charged) along with their isotope distribution (top) match the simulated mass of ions from 5-P.  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S23. UV-Vis spectra of 55 µM solution of 5-P (orange) and 45 µM solution of 5-M (blue) in tetrahydrofuran. The presence of 
impurities (not easily detectable by 1H NMR spectroscopy) could have affected the spectra at lower wavelengths. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S24. Circular dichroism (CD) spectra of 25 µM solution of 5-P (orange) and 18 µM solution of 5-M (blue) in tetrahydrofuran. 

 

 



 

 

 

 

 

 

 

 

Scheme S6. A scheme showing Ni(0) metalation of 5-P into [Ni(0)Ì5-P]. The procedure was 
completed inside an argon glovebox with the use of flame dried glassware and ahydrous/degassed 
solvents. Ni(COD)2 (1.25 mg, 4.55 µmol) was added to a solution of 5-P (5 mg, 4.55 µmol) in 
toluene (2 mL) followed by stirring for 16 h. The resulting suspension changed from yellow to 
dark blue during this time. Next, 2 mL of hexanes was added leading to precipitation. The 
precipitate was collected by vacuum filtration and washed with hexanes (~10 mL) to yield a dark 
blue solid material. 

 

 

 

 

 

 

 

 

 

 

 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S25. MALDI-TOF experimental data from a suspension of the solid product in Ni(0) metalation of 5-P in tetrahydrofuran. An 
ion with the mass corresponding to [Ni(0)Ì5-P] is labeled. 



Computational Methods 
Organic cage 1-M with (S,S) stereochemistry containing DBA moieties with imine linkages was subjected to geometry optimizations 
with Gaussian 161 and the 6-31+G* basis set (note, these calculations utilized the standard 6D cartesian d functions for these 
calculations).2-5 Four different density functional theory (DFT) methods were applied, including the B3LYP,6-9 B3LYP-D3,6-10 CAM-
B3LYP,11 and ωB97XD12 functionals, for the geometry optimizations of each basket. Due to the strong similarities between the structures 
obtained from B3LYP, CAM-B3LYP, and ωB97XD, only the B3LYP and B3LYP-D3 geometric structures were utilized for time-
dependent density functional theory (TD-DFT) calculations for UV-vis evaluations. Each of these calculations were completed in the 
gas phase. 

Using both the B3LYP/6-31+G* and the B3LYP-D3/6-31+G* optimized geometries of the ground states of 1-M, a simulated UV-vis 
spectrum was computed in Gaussian 16 using the 6-31+G* basis set and the B3LYP, B3LYP-D3, CAM-B3LYP, and ωB97XD 
functionals. In each case, 50 excited states were calculated. The computed spectrum for the imine cage optimized through B3LYP-D3 
before using ωB97XD for the TD-DFT calculation was further analyzed due to similarities to the experimental spectrum. The structure 
of 1-M optimized at B3LYP-D3/6-31+G* is shown in Figure S26. An energy shift of -0.16 eV was performed on the computed UV-vis 
spectrum after comparison to the experimental results in THF. Through each TD-DFT calculation, a respective circular dichroism (CD) 
spectrum was calculated for the cage. Using the respective energy shifts from the UV-vis calculation, this spectrum was compared to 
the experimental CD spectrum taken in THF. The computed CD spectrum was used to determine which excited states contributed 
significantly to the excitonic coupling.  

 

 
Figure S26. Structure of 1-M optimized by B3LYP-D3/6-31+G*. Nitrogen atoms are colored dark blue and carbon atoms are colored 

grey. Note that all hydrogen atoms have been omitted for clarity. 
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Figure S27. (a) Experimental UV-vis spectrum for 1-M in THF. (b) Computed UV-vis spectrum for 1-M.  A broadening function of 0.05 
eV as the UV-vis peak half-width at half height was applied. The cage was optimized at the B3LYP-D3/6-31+G* level of theory and the 
spectrum was computed at the ωB97XD/6-31+G* level of theory. Excited states hypothesized to be involved in relevant transitions have 
been labelled. 

States 
11 & 12 

States 
7 & 8 

b) 



 

 
 
 

Figure S28. (a) Experimental CD spectrum for 1-M in THF. b) Computed CD spectrum for 1-M, with (S,S) stereochemistry. A 
broadening function of 0.05 eV as the UV-vis peak half-width at half height was applied. The cage was optimized at the B3LYP-D3/6-
31+G* level of theory and the spectrum was computed at the ωB97XD/6-31+G* level of theory. Excited states hypothesized to be 
involved in excitonic coupling have been labelled. 

States 
11 & 12 

States 
7 & 8 

States 
5 & 6 

b) 

a) 



Figure S27: The computed UV-vis spectrum of compound 1-M. An energy shift was performed to match the highest-intensity peak with 
that of the experimental spectrum at 303 nm. Following the energy shift, the computed spectrum displayed an additional excited state 
of lower intensity at 320 nm. The experimental spectrum shows a similar peak at 317 nm, although it has a higher relative intensity 
compared to the peak at 303 nm. The experimental spectrum also displays a small, broad peak with a maximum absorbance at 370 nm; 
the computed spectrum shows a similar low-intensity excited state at 352 nm. Despite some discrepancies between the computed and 
experimental spectra for this compound, the overall similarities between the two ultimately display a level of agreement between the 
two for this basket. 
 
Figure S28: The experimental CD spectrum of compound 1-M. The computed spectrum shows two significant excited states above the 
x-axis, with the peak at 303 nm having a higher intensity than that at 312 nm. Similarly, the experimental spectrum shows two peaks 
above the x-axis, with a peak at 308 nm having a lower intensity than a peak at 325 nm. Additionally, the computed spectrum displays 
a peak below the x-axis at 337 nm; the experimental spectrum shows a peak below the x-axis at 336 nm. The nearly identical nature of 
this peak coupled with the similar trends of the additional peaks above the x-axis offer further computational evidence displaying the 
agreement between the experimental and TD-DFT results. 

 

 

 

 

 

 

 

 

 

 

 

 



Noncovalent Interaction Plot 

Cage 1-M was optimized in Gaussian 16 using B3LYP-D3/6-31+G* level of theory. A noncovalent interaction (NCI) plot was 
generated for the optimized structure in multiwfn (Lu, T. A Comprehensive Electron Wavefunction Analysis Toolbox for Chemists,   
Multiwfn. J. Chem. Phys., 161, 082503 (2024). 10.1063/5.0216272 and Lu, T.; Chen, F. Multiwfn: A multifunctional wavefunction 
analyzer. J. Comp. Chem. 33, 580-592 (2012). 10.1002/jcc.22885) and visualized in PyMOL. Two views of the resulting plot are 
shown in Figure S29, with the green isosurface representing the noncovalent bonds. The centers of each benzene and cyclohexane 
moiety show regions of repulsions.  

 

Figure S29. Noncovalent interaction plot (NCI) of 1-M, (B3LYP-D3/6-31+G*) with the green isosurface between the two DBA units 
depicting p-p noncovalent bonding. 

 

 

 

 

 



Compound 1-M 
B3LYP-D3/6-31+G* 
 
Cartesian Coordinates 
 C    5.75081  -3.22612   1.53640 
 N    6.24656  -4.36720   1.24741  
 C   -5.66931  -3.36729   1.53640 
 N   -6.90539  -3.22608   1.24741  
 C   -0.08150   6.59341   1.53640 
 N    0.65883   7.59328   1.24741  
 C    5.66931  -3.36729  -1.53640 
 N    6.90539  -3.22608  -1.24741  
 C   -5.75081  -3.22612  -1.53640 
 N   -6.24656  -4.36720  -1.24741  
 C    0.08150   6.59341  -1.53640 
 N   -0.65883   7.59328  -1.24741  
 C   -0.66661  10.06151  -1.32210 
 C    0.01412   8.79509  -0.78580 
 C   -0.01412   8.79509   0.78580 
 C    0.66661  10.06151   1.32210 
 C    0.00572  11.33256   0.76834  
 C   -0.00572  11.33256  -0.76834  
 C    9.04682  -4.45345  -1.32210 
 C    7.60971  -4.40977  -0.78580 
 C    7.62383  -4.38532   0.78580 
 C    8.38021  -5.60805   1.32210 
 C    9.81143  -5.67123   0.76834  
 C    9.81715  -5.66133  -0.76834  
 C   -8.38021  -5.60805  -1.32210 
 C   -7.62383  -4.38532  -0.78580 
 C   -7.60971  -4.40977   0.78580 
 C   -9.04682  -4.45345   1.32210 
 C   -9.81715  -5.66133   0.76834  
 C   -9.81143  -5.67123  -0.76834  
 H    6.37790  -2.32046   1.55202  
 H   -5.19853  -4.36320   1.55202  
 H   -1.17938   6.68365   1.55202  
 H    5.19853  -4.36320  -1.55202  
 H   -6.37790  -2.32046  -1.55202  
 H    1.17938   6.68365  -1.55202  
 H   -1.72881  10.03294  -1.04208  



 H   -0.62832  10.04919  -2.41866  
 H   -1.07885   8.79950   1.08195  
 H    0.62832  10.04919   2.41866  
 H    1.72881  10.03294   1.04208  
 H   -1.02910  11.39555   1.13746  
 H    0.52825  12.22027   1.14699  
 H    1.02910  11.39555  -1.13746  
 H   -0.52825  12.22027  -1.14699  
 H    9.55318  -3.51928  -1.04208  
 H    9.01702  -4.48045  -2.41866  
 H    8.16001  -3.46544   1.08195  
 H    8.38870  -5.56874   2.41866  
 H    7.82438  -6.51366   1.04208  
 H   10.38339  -4.80655   1.13746  
 H   10.31893  -6.56761   1.14699  
 H    9.35429  -6.58900  -1.13746  
 H   10.84719  -5.65265  -1.14699  
 H   -7.82438  -6.51366  -1.04208  
 H   -8.38870  -5.56874  -2.41866  
 H   -7.08117  -5.33406   1.08195  
 H   -9.01702  -4.48045   2.41866  
 H   -9.55318  -3.51928   1.04208  
 H   -9.35429  -6.58900   1.13746  
 H  -10.84719  -5.65265   1.14699  
 H  -10.38339  -4.80655  -1.13746  
 H  -10.31893  -6.56761  -1.14699  
 H    1.07885   8.79950  -1.08195  
 H    7.08117  -5.33406  -1.08195  
 H   -8.16001  -3.46544  -1.08195  
 C   -4.73991  -2.24450   1.73201  
 C   -2.84362  -0.14706   1.80723  
 C   -3.37043  -2.52565   1.78305  
 C   -5.16240  -0.90222   1.73401  
 C   -4.22795   0.12386   1.77738  
 C   -2.40910  -1.50369   1.81244  
 H   -3.03019  -3.55740   1.75943  
 H   -6.22504  -0.68616   1.68228  
 H   -4.55332   1.16009   1.77434  
 C   -1.02522  -1.82627   1.82353  
 C    0.15995  -2.09906   1.81967  
 C    4.31375  -2.98263   1.73201  



 C    1.54917  -2.38912   1.80723  
 C    3.36255  -4.01965   1.73401  
 C    3.87249  -1.65606   1.78305  
 C    2.50678  -1.33450   1.81244  
 C    2.00671  -3.72345   1.77738  
 H    3.70675  -5.04796   1.68228  
 H    4.59590  -0.84552   1.75943  
 H    1.27199  -4.52334   1.77434  
 C   -1.89782   0.91101   1.81967  
 C   -1.06899   1.80100   1.82353  
 C    0.42616   5.22714   1.73201  
 C    1.29446   2.53618   1.80723  
 C    1.79985   4.92188   1.73401  
 C   -0.50206   4.18171   1.78305  
 C   -0.09768   2.83819   1.81244  
 C    2.22124   3.59959   1.77738  
 H    2.51829   5.73412   1.68228  
 H   -1.56570   4.40292   1.75943  
 H    3.28133   3.36324   1.77434  
 C    1.73787   1.18805   1.81967  
 C    2.09421   0.02527   1.82353  
 C   -4.31375  -2.98263  -1.73201  
 C   -1.54917  -2.38912  -1.80723  
 C   -3.87249  -1.65606  -1.78305  
 C   -3.36255  -4.01965  -1.73401  
 C   -2.00671  -3.72345  -1.77738  
 C   -2.50678  -1.33450  -1.81244  
 H   -4.59590  -0.84552  -1.75943  
 H   -3.70675  -5.04796  -1.68228  
 H   -1.27199  -4.52334  -1.77434  
 C   -2.09421   0.02527  -1.82353  
 C   -1.73787   1.18805  -1.81967  
 C   -0.15995  -2.09906  -1.81967  
 C    1.02522  -1.82627  -1.82353  
 C   -0.42616   5.22714  -1.73201  
 C   -1.29446   2.53618  -1.80723  
 C    0.50206   4.18171  -1.78305  
 C   -1.79985   4.92188  -1.73401  
 C   -2.22124   3.59959  -1.77738  
 C    0.09768   2.83819  -1.81244  
 H    1.56570   4.40292  -1.75943  



 H   -2.51829   5.73412  -1.68228  
 H   -3.28133   3.36324  -1.77434  
 C    4.73991  -2.24450  -1.73201  
 C    2.84362  -0.14706  -1.80723  
 C    5.16240  -0.90222  -1.73401  
 C    3.37043  -2.52565  -1.78305  
 C    2.40910  -1.50369  -1.81244  
 C    4.22795   0.12386  -1.77738  
 H    6.22504  -0.68616  -1.68228  
 H    3.03019  -3.55740  -1.75943  
 H    4.55332   1.16009  -1.77434  
 C    1.89782   0.91101  -1.81967  
 C    1.06899   1.80100  -1.82353 
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