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Over the last few decades, a multitude of molecular cages, hosts and nanoporous 

materials enclosing nanometer-sized cavities have been reported1–5. Most of the 

nanospaces within molecular hosts are confined by aromatic walls, whereby their host-

guest behavior reflects the properties of these walls3–10. Since the first coordination-

driven nanocage6, cages having nanospaces that are surrounded by antiaromatic walls 

have not yet been developed, due to the instability of antiaromatic compounds, and hence 

the effect on their properties has not been investigated. Here we demonstrate the 

construction of an antiaromatic-walled nanospace within a self-assembled cage composed 

of four metal ions with six identical antiaromatic walls. Calculations indicate that the 

magnetic effects of the antiaromatic rings surrounding this nanospace buttress each other. 

This prediction is confirmed by the 1H nuclear magnetic resonance (NMR) signals of 

bound guest molecules, which are observed at chemical shift values up to 24 ppm 

downfield of those of the free guest due to the combined antiaromatic deshielding effect 

of the surrounding rings. This value is the largest 1H NMR chemical shift displacement 

yet observed resulting from an antiaromatic environment. This cage may thus be 

considered a new type of NMR shift reagent, which moves guest signals well beyond the 

usual NMR frequency range and opens the way to further probe the effects of an 

antiaromatic environment upon a nanospace. 

Aromaticity and anti-aromaticity are fundamental concepts in chemistry, and a long-standing 

challenge in chemistry is the preparation and study of the properties of anti-aromatic molecules. 

Most cavities within coordination cages can be considered “aromatic-walled nanospaces” due 
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to the aromatic character of the surrounding walls (Fig. 1a)3–5,10. Aromatic-walled nanospaces 

are characterized by an intermolecular aromatic NMR shielding effect, in which nuclei of 

included guests experience a weaker magnetic field than the applied one11, with endohedral 

fullerenes12 providing a canonical example of such NMR effects. In contrast, a cavity 

surrounded by antiaromatic walls would experience deshielding (Fig. 1b), or the enhancement 

of the external magnetic field, because an aromatic ring generates an induced magnetic field in 

the opposite direction to that of an aromatic ring. The creation of an antiaromatic-walled 

nanospace is a challenging task, as it requires the precise placement of unstable antiaromatic 

walls around the central cavity. The instability of these walls, reflected in a high degree of 

chemical reactivity, is a consequence of the electronic structure of antiaromatic molecules13,14. 

Antiaromatic compounds, which have a cyclic and planar -conjugated system with [4n] -

electrons, are generally quite reactive: electrons are relatively easy both to add and remove, 

and such compounds may react as diradicals15. In order to utilize antiaromatic rings as building 

blocks for antiaromatic-walled nanospaces, both high stability and strong antiaromaticity are 

required, a set of properties that initially seem mutually incompatible. After investigating 

different preparation strategies that have been reported recently for antiaromatic systems16–20, 

we came upon the work of Shinokubo and co-workers21. This team reported the facile synthesis 

of an antiaromatic porphyrinoid with 16 electrons, NiII-dimesitylnorcorrole 1 (Extended Data 

Fig. 1). Despite the strong antiaromaticity over the entire surface of the central wall of 1, it is 

stable under ambient conditions. This unusual stability permitted access to functionalization of 

1 by several chemical reactions22–26. We thus set out to employ 1 as a building block for an 

antiaromatic-walled nanospace through subcomponent self-assembly27. 

Di-substituted aniline based subcomponent 2 was synthesized from 1 in three steps based on 

Shinokubo’s, Yi’s and Chmielewski’s methods (Extended Data Fig. 1)22,26. Antiaromatic cage 

3 was then constructed using subcomponent self-assembly. Diamine 2 (6 equiv), 2-

formylpyridine (12 equiv), and iron(II) bis(trifluoromethanesulfonyl)imide (NTf2
–) (4 equiv) 

were mixed in CH3CN, resulting in the formation of FeII
4L6 cage 3 as the uniquely observed 

product (Fig. 2a). The structure of 3 was characterized by NMR spectroscopy, mass 

spectrometry (MS), and X-ray crystallography analyses. All of the 1H NMR signals were 

assigned using different NMR techniques (Supplementary Figs. 10-21). A set of signals for 

norcorrole moieties (Hd-f) was observed from 1.76-2.02 ppm, in the same high field region as 

1 and 2, indicating that the antiaromaticity of the norcorrole skeleton was retained following 

assembly into cage 3 (Fig. 2c and Supplementary Fig. 10). The signals of the bulky mesityl 

groups (Hb,c), which cannot freely rotate, split in two, corresponding to environments inside 

and outside of the cage. The phenylene signals (Hg,h) were significantly broadened at room 
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temperature. We thus infer phenylene rotation to be restricted by the nearby mesityl and 

pyridine moieties. However, a set of four sharp phenylene doublets was observed at 243 K, 

which corresponded to protons inside and outside of the cage, as with the mesityl signals (Fig. 

2d and Supplementary Fig. 11). The diffusion-ordered spectroscopy (DOSY) NMR spectrum 

shows a single band with a diffusion coefficient (D) of 3.98 × 10–10 m2s–1, which corresponds 

to a diameter of 3 of ca. 3 nm (Supplementary Fig. 21). Prominent signals of the antiaromatic 

cage were observed under standard electrospray ionisation time-of-flight (ESI-TOF) MS 

conditions (Supplementary Fig. 22). 

X-ray crystallographic analysis provided unambiguous evidence for the formation of the 

FeII
4L6 antiaromatic structure of 3. Dark red single crystals of 3 were obtained by slow diffusion 

of Et2O into a solution of 3 in CH3CN. Six ligands bridge four octahedral iron(II) centers to 

provide the expected tetrahedral cage with T symmetry (Fig. 3a, Supplementary Figs. 23,24 

and Supplementary Table 1), having four apertures of ~3.3 Å (between proximal Hd-He on 

adjacent norcorrole units) on the faces. All FeII centers in each tetrahedron have the same 

handedness ( or ). The metal-metal distances are 21.9 Å for Fe…Fe, and 14.6 Å 

between Ni…Ni antipodes. Each norcorrole wall displays a 165.4(3)° bend inward (measured 

as the C3-Ni-C12 angles; Supplementary Fig. 25). Although norcorrole 1 and previously 

reported 3,12-substituted norcorroles24 are planar (180.0°), the ditopic norcorrole walls of 3 

bow inward. As a result of this bending, the face apertures are minimized via stacking between 

mesityl groups and the neighboring norcorrole edges in the crystal. This conformation is also 

present in solution, as indicated by NOESY NMR, where correlations are observed between 

the mesityl and norcorrole moieties (Hc
in-Hd,f and Hb

in-Hd,f) of 3 (Supplementary Figs. 17,26). 

The cavity volume for the X-ray crystal structure was estimated to be 1150 Å3 by PLATON 

(Supplementary Fig. 24), which deviates substantially from the 1950 Å3 volume of a model 

having planar norcorrole walls (Supplementary Fig. 27). 

The UV-vis-NIR spectra of 3 and 2 are shown in Supplementary Fig. 28. Subcomponent 2 

displayed broad absorption bands around 600 nm and 1000 nm. The former is assigned to 

intramolecular charge transfer from the HOMO-4 to the LUMO26 and the latter is a 

characteristic band for antiaromatic porphyrinoids21. These peaks were significantly broadened 

following cage formation, in the spectrum of 3. These results are consistent with the time-

dependent density functional theory (TD-DFT) calculations of the spectra of 2 and 3’. Complex 

3’ is a computable model of a single edge of 3: a bis(FeII) complex, where each iron center is 

bound to one edge of a 2’ ligand and two (E)-N-phenyl-(pyridin-2-yl)methanimine. 

We carried out cyclic voltammetry (CV) experiments (Supplementary Fig. 29) to investigate 

the electrochemical properties of 2 and 3. Whereas subcomponent 2 displayed three reversible 
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reduction peaks and one irreversible oxidation peak, attributed to oxidation of the primary 

amines, cage 3 gave a more complex collection of oxidation and reduction waves. The 

reduction peak at –2.29 V was attributed to the pyridyl-imines coordinated to FeII28. The 

multiple overlapping waves from –2.0 to +0.5 V most likely arose from electrochemical 

communication among the norcorrole walls of 3. The calculated HOMO-LUMO gaps of 1, 2, 

and 3’ are the same (i.e. 1.5 eV, Supplementary Fig. 30), which is consistent with 1 and 2 

having the same gap between their first reduction and oxidation (Supplementary Fig. 29). 

To investigate the extent of the antiaromaticity experienced within the void volume of 3, we 

carried out nucleus-independent chemical shift (NICS) calculations. Calculated NICS(0) 

values of the norcorrole moieties are given in Supplementary Fig. 31. For the norcorrole walls 

in 1, 2 and 3, the large positive values at the center of each ring that includes the nickel atom 

are consistent with strong cavity wall antiaromaticity. This result prompted us to seek further 

insight into the environment of the central nanospace. The two-dimensional NICSiso plot of 3 

orthogonal to the ring revealed an enhanced antiaromaticity-induced magnetic field within the 

cavity in comparison with model complex 3’ (Fig. 3b-e). The graphic (Fig. 3a) and animation 

provided as a supplementary video provide a three-dimensional visualisation of this field, as 

calculated using a three-dimensional NICSiso grid. The calculated NICS(n) at the centroid of 3 

is  = +7.4 ppm, which is approximately six times larger than the NICS(n) of a corresponding 

point at the same distance from 3’ (Supplementary Figs. 32a,b). This result indicates that the 

six norcorrole walls of 3 have an additive effect upon the antiaromaticity influence of the 

central environment. Furthermore, positive NICS(n) values around the centroid within 3 were 

sustained at high values, whereas the values at the same coordinates of 3’ were decreasing as 

the distance increased from the Ni center (Supplementary Fig. 32c). These computational 

studies thus support cooperativity between the antiaromatic walls in increasing the antiaromatic 

character within 3. The anisotropy of the induced current density (ACID) of 1, 2, and 3, which 

traces out ring currents, also supports the results of NICS (Supplementary Fig. 33). 

Host-guest studies were conducted to investigate experimentally the effect of guest binding 

within the antiaromatic-walled cavity of 3. When 3 (1.0 mg, 0.12 µmol) and coronene (4; 5 

equiv) were mixed in CD3CN, formation of the 1:2 host-guest complex 3•(4)2 was observed by 

MS (Supplementary Fig. 37) and NMR analyses (Fig. 4a). In the 1H NMR spectrum of 3•(4)2, 

the host signals were observed at similar chemical shift values to the empty host. Remarkably, 

however, the encapsulated guest signal was shifted downfield by 8.1 ppm, compared to the free 

guest (Fig. 4c and Supplementary Fig. 34), as a result of the antiaromatic deshielding effect 

from the surrounding norcorrole walls. This downfield signal was observed to diffuse at the 

same rate as 3 in the DOSY spectrum (Supplementary Fig. 36). A heteronuclear single quantum 



 5 

coherence (HSQC) spectrum allowed this new signal to be unambiguously assigned to the 

encapsulated coronenes (Supplementary Fig. 35). 

Similarly, the treatment of corannulene (5), dibenzo(g,p)chrysene (6), truxene (7), carbon 

nanobelt (8)29, and N-methylfulleropyrrolidine (9) with 3 in acetonitrile gave rise to 1:2 or 1:1 

host-guest complexes, likely driven by a combination of dispersion forces, aromatic stacking, 

CH-π interactions and solvophobic effects (Fig. 4b and Supplementary Figs. 38-60). The 

polycyclic aromatic hydrocarbons 6-9 that have low solubility in acetonitrile all showed 

encapsulation after mixing a solution of 3 with an excess of solid guest at room temperature. 

The signals of all encapsulated guest molecules showed significant downfield shifting within 

the antiaromatic-walled nanospace. The two encapsulated molecules of D2-symmetric 6 

displayed eight peaks in the range of 9-22 ppm ( = +1.7-13.4 ppm; Fig. 4d and 

Supplementary Figs. 42-46). The signals of the aromatic and aliphatic moieties in C3h-

symmetric 7 appeared in the downfield region at 8-19 ppm ( = +0.7-13.6 ppm; Fig. 4e and 

Supplementary Figs. 47-52). Two sets of guest signals were observed in the case of 7. These 

signals are attributed to diastereomeric dimeric guest configurations within the chiral cavity of 

3. The most extreme downfield shifting was observed for Carbon nanobelt (8). The signals of 

the bay hydrogen atoms appeared at 23 ppm, +14.9 ppm shifted compared with free 8, whereas 

the outer hydrogen signals are shifted by only +6.5 ppm (Fig. 4f and Supplementary Figs. 53-

55). Among the set of guests encapsulated (Fig. 4b), the extent of shifting ( varies from 0.7 

to 14.9 ppm (Supplementary Fig. 71), depending on the guest and proton position. To get 

further insight into the antiaromaticity-influenced environment within 3, we conducted NICS 

calculations at various key points in this nanospace (Supplementary Figs. 32a,b). In contrast to 

positive NICS values around the norcorrole walls, the vertex and aperture sites show negative 

values, which indicate shielding caused by aromaticity. Consequently, protons that are 

localized near vertices and apertures show relatively minor downfield shifting (Supplementary 

Figs. 70,72). The overall association constant β2 for the 1:2 host–guest complex 3•(5)2 was 

estimated to be 4.3 × 105 M–2 ± 45% in CD3CN at 263 K (Supplementary Figs. 73,74). The 

association constants for the other guests could not be determined because of their low 

solubility in acetonitrile. 

When 3 and tetraoxa[8]circulene (10)30 were mixed in acetonitrile, the 1:3 host-guest complex 

3•(10)3 was formed without notable effect on guest relaxation times (Figs. 4g,h and 

Supplementary Figs. 61-67), resulting in full occupation of the antiaromatic-walled nanospace. 

Within the three-guest stack, the central and outer molecules of 10 are influenced differently 

by the deshielding effects of the surrounding norcorroles. Whereas the central guest displayed 

a shift of +12.8 ppm, the outer ones only shifted by +2.8 ppm. 
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A remarkable hetero-guest ‘sandwich’ 3•(5•10•5), with one circulene intercalated between two 

corannulenes, was observed to form selectively when 5 (40 equiv) was added to an acetonitrile 

solution of 3•(10)3, as confirmed by NMR and ESI-MS spectra (Figs. 4g,h and Supplementary 

Figs. 68-69). Interestingly, the outer corannulenes show large downfield shifts ( = +6.3 ppm), 

similar to 3•(5)2 ( = +6.6 ppm), in contrast with the smaller downfield shifts of the outer 

molecules of 10 in 3•(10)3 ( = +2.8 ppm). The central 10 experienced a similar degree of 

antiaromatic ring current as in 3•(10)3 ( = +12.0 ppm vs. +12.8 ppm, respectively). We infer 

that the smaller, concave nature of 5 led to a positioning of its protons within 3•(5•10•5), which 

induced a stronger antiaromatic deshielding effect as compared to the outer equivalents of 10 

in 3•(10)3 (Figs. 4h). 

Cage 3 thus serves as a new kind of NMR shift reagent that acts without notable shortening of 

the nuclear relaxation times of guest species, as opposed to paramagnetic NMR shift reagents. 

This result confirms theoretical predictions of intermolecular effects involving multiple 

antiaromatic molecules, which had yet to be demonstrated. Future work will explore chemical 

reactivity within this new kind of nanospace. 
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Figure Legends: 

Figure 1 | Cartoon representations of nanospaces. (a) An aromatic-walled nanospace 

surrounded by aromatic walls and (b) an antiaromatic-walled nanospace with antiaromatic 

walls, as reported herein. B0 is an applied magnetic field. 

 

Figure 2 | Synthesis and NMR characterization of 3. (a) Subcomponent self-assembly of 

antiaromatic cage 3. 1H NMR spectra (500 MHz) of (b) subcomponent 2 in CDCl3 at 298 K, 

and 3 in CD3CN at (c) 298 K and (d) 243 K. 

 

Figure 3 | Crystal structure and NICS calculations for 3. (a) X-ray crystal structure of 3 

( enantiomer) in stick representation with a three-dimensional NICS grid, showing the 

magnetic deshielding experienced within the antiaromatic-walled nanospace (displayed only 

NICSiso > 3; a front layer was sliced off to show the inside region; a more complete view of 

this three-dimensional NICS grid is shown in the supplementary video). Representations of 

http://www.nature.com/reprints
mailto:jrn34@cam.ac.uk
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calculated cross-sections of (b) bis(FeII) model complex 3’ and (c) 3 for two-dimensional NICS 

calculation. NICS slice plots of (d) 3’ and (e) 3 using a 0.25 Å resolution grid were conducted 

based on the crystal structure at the B3LYP/SDD (for Ni, Fe), 6-31G(d) (for C, N, H) levels. 

Red and blue represent deshielding (positive) and shielding (negative) zones, respectively. The 

chemical structure is overlaid in white as visual aid. 

 

Figure 4 | Host-guest chemistry within antiaromatic-walled nanospace. (a) Schematic 

representation of encapsulation of 4 and a MM3 optimized structure of 3•(4)2 based on the 

crystal structure of 3. (b) Molecules observed to bind within 3. Partial 1H NMR spectra (500 

MHz, CD3CN, 298 K) of (c) 3•(4)2, (d) 3•(6)2, (e) 3•(7)2, and (f) 3•8, showing the downfield 

region (red circles: aromatic signals, green triangles: aliphatic signals). (g) Schematic 

representation of co-encapsulation of 5 and 10 starting from 3•(10)3 with MM3 optimized 

structures (the front norcorrole walls are transparent for clarity). (h) 1H NMR spectra (500 MHz, 

CD3CN, 298 K) of top: 3•(10)3 and bottom: 3•(5•10•5) (red circle: central 10, gray square: 

outer 10, yellow triangle: outer 5). 

 

Methods: 

Synthesis of 3,12-Di(4-aminophenyl) NiII-dimesitylnorcorrole (2). 

To a 100 mL two-necked glass flask were added mixture of di(4-nitrophenyl) NiII-

dimesitylnorcorrole 1b (45.5 mg, 0.0555 mmol), SnCl2•2H2O (1.25 g, 5.55 mmol), and dry-

THF (40 mL) under N2. The resulting solution was stirred at 70 ºC overnight. The mixture was 

poured in AcOEt (100 mL) and washed with saturated NaHCO3 aq., water, and brine. The 

organic phase was dried over MgSO4, filtrated, and concentrated under reduced pressure. The 

crude product was purified by preparative TLC on silica gel plate with CH2Cl2 to afford 2 as a 

dark brown solid (19.4 mg, 46%). 

1H NMR (500 MHz, CDCl3, 298 K): 1.73 (s, 6H, para-Mes), 1.74 (d, J = 4.0 Hz, 2H, -CH), 

1.86 (s, 2H, -CH), 1.90 (d, J = 4.0 Hz, 2H, -CH), 2.72 (s, 12H, ortho-Mes), 3.19 (br, 4H, 

NH2), 5.30 (d, J = 8.5 Hz, 4H, Ph), 5.59 (d, J = 8.5 Hz, 4H, Ph), 5.99 (s, 4H, Mes).  

13C NMR (125 MHz, CDCl3, 298 K): 18.0 (CH3), 20.6 (CH3), 112.3 (CH), 113.5 (CH), 115.9 

(CH), 122.2 (Cq), 125.5 (CH), 125.8 (CH), 126.7 (Cq), 127.7 (CH), 133.8 (Cq), 136.7 (Cq), 

144.4 (Cq), 145.3 (Cq), 147.7 (Cq), 153.6 (Cq), 156.2 (Cq), 160.3 (Cq), 171.1 (Cq).  

HR MS (ESI-TOF, CH2Cl2) m/z: [M]+ calcd for C48H40N6Ni, 758.2662; found 758.2648. 

Formation of antiaromatic-walled nanospace 3.  

Subcomponent 2 (50.0 mg, 0.0658 mmol), Fe(NTf2)2•4.5H2O (30.4 mg, 0.0436 mmol), 2-

formylpyridine (14.0 mg, 0.131 mmol) and CH3CN (25 mL) were added to a 50 mL round-
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bottom flask, and the mixture was stirred at room temperature overnight. The dark red solution 

was concentrated to 5 mL under reduced pressure and poured in Et2O (50 mL). The resulting 

solid was collected by centrifugation, washed with additional Et2O, then dried to give 3 as a 

dark red solid (83.7 mg, 0.0103 mmol, 95%). 

1H NMR (500 MHz, CD3CN, 298 K): 1.28 (s, 36H, para-Mes), 1.76 (d, J = 4.0 Hz, 12H, -

CH), 1.86 (s, 12H, -CH), 2.02 (d, J = 4.0 Hz, 12H, -CH), 2.15 (br, 12H, Ph), 2.36 (s, 36H, 

ortho-Mes), 3.15 (s, 36H, ortho-Mes), 3.78-5.00 (br, 24H, Ph), 4.77 (s, 12H, Mes), 5.27-6.43 

(br, 12H, Ph), 5.51 (s, 12H, Mes), 6.82 (d, J = 5.5 Hz, 12H, py), 7.30 (s, 12H, imine), 7.46 (dd, 

J = 6.5, 5.5 Hz, 12H, py), 7.98 (d, J = 7.5 Hz, 12H, py), 8.12 (dd, J = 7.5, 6.5 Hz, 12H, py).  

1H NMR (500 MHz, CD3CN, 243 K): 1.28 (s, 36H, para-Mes), 1.67 (d, J = 4.0 Hz, 12H, -

CH), 1.78 (s, 12H, -CH), 1.93 (d, J = 4.0 Hz, 12H, -CH), 2.06 (d, J = 8.0 Hz, 12H, Ph), 2.23 

(s, 36H, ortho-Mes), 3.15 (s, 36H, ortho-Mes), 4.24 (d, J = 8.0 Hz, 12H, Ph), 4.34 (d, J = 8.0 

Hz, 12H, Ph), 4.73 (s, 12H, Mes), 5.45 (s, 12H, Mes), 5.81 (d, J = 8.0 Hz, 12H, Ph), 6.80 (d, J 

= 5.5 Hz, 12H, py), 7.25 (s, 12H, imine), 7.45 (dd, J = 6.5, 5.5 Hz, 12H, py), 7.99 (d, J = 7.5 

Hz, 12H, py), 8.13 (dd, J = 7.5, 6.5 Hz, 12H, py). 

13C NMR (125 MHz, CDCl3, 298 K): 17.2 (CH3), 18.8 (CH3), 20.2 (CH3), 116.9 (CH), 116.9 

(CH), 117.1 (CH), 119.7 (CH), 122.2 (Cq), 124.8 (CH), 126.5 (CH), 127.9 (CH), 128.2 (CH), 

130.3 (CH), 131.7 (CH), 132.0 (CH), 132.7 (Cq), 133.7 (Cq), 134.8 (Cq), 137.5 (Cq), 140.4 

(CH), 146.2 (Cq), 147.7 (Cq), 148.5 (Cq), 149.6 (Cq), 156.2 (CH), 158.1 (Cq), 159.5 (Cq), 168.3 

(Cq), 169.7 (Cq), 173.4 (CH).  

13C NMR (125 MHz, CDCl3, 243 K): 16.7 (CH3), 18.5 (CH3), 19.8 (CH3), 116.4 (CH), 116.6 

(CH), 117.0 (CH), 119.1 (CH), 121.7 (Cq), 123.4 (CH), 125.9 (CH), 127.5 (CH), 127.6 (CH), 

129.8 (CH), 131.4 (CH), 131.6 (CH), 131.9 (Cq), 133.0 (Cq), 134.4 (Cq), 137.1 (Cq), 139.9 

(CH), 145.9 (Cq), 147.3 (Cq), 147.9 (Cq), 149.2 (Cq), 155.8 (CH), 157.5 (Cq), 159.3 (Cq), 168.1 

(Cq), 169.6 (Cq), 173.2 (CH). 

19F NMR (471 MHz, CD3CN, 298 K): –80.5 (s, CF3). 

ESI-TOF MS (CH3CN): m/z 1742.3 [3 – 4NTf2
–]4+, 1337.9 [3 – 5NTf2

–]5+, 1068.3 [3 – 

6NTf2
–]6+, 875.7 [3 – 7NTf2

–]7+, 731.2 [3 – 8NTf2
–]8+.  

Host-Guest chemistry: 

Cage 3 (1.0 mg, 0.12 µmol), polyaromatic guest (5 or 40 eq.), and CD3CN (0.5 mL) were added 

to a 2 mL glass vial. The mixture was sonicated for 30 s and stirred at room temperature for 1 

h. The formation of a host-guest complex was confirmed by NMR and ESI-MS analyses. 

Data availability: All data needed to evaluate the conclusions in the paper are present in the 

paper and the Supporting Information. Any additional data related to this paper may be 

requested from the authors. Crystallographic data for the structure reported in this paper has 
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been deposited at the Cambridge Crystallographic Data Centre, under the deposition number 

1893553. This data can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif. 

 

Extended Data Figure Legends: 

Extended Data Figure 1 | Preparation of diamine 2 from norcorrole 1. When 1 was treated 

with 1,3-dibromo-5,5-dimethylhydantoin (DBH), inseparable mono-, di- and tri-brominated 

products were obtained. As bromination randomly occurred at positions 3,7,12 and 16 (i.e., 

adjacent to the mesityl moieties), the 3,12- and 3,16-substituted dibromonorcorroles trans-1a 

and cis-1a were obtained as the main products (Supplementary Figs. 1,2). Subsequently, di-

substituted trans-1b and cis-1b were obtained by Suzuki-Miyaura cross-coupling in 43% yield 

as a mixture of two regioisomers (Supplementary Figs. 3,4). Finally, 3,12-substituted 

subcomponent 2 could be isolated as a single regioisomer in 46% yield following reduction of 

the NO2 groups and chromatography (Supplementary Figs. 5-9). Reagents and conditions: (i) 

1,3-dibromo-5,5-dimethylhydantoin, CH2Cl2, –78 ºC, 1 h, 94% (mixture of trans-1a, cis-1a, 

and other brominated species). (ii) 4-nitrophenylboronic acid pinacol ester, Pd(PPh3)4, K3PO4, 

THF, 70 ºC, 1 h, 43% (mixture of trans-1b and cis-1b). (iii) SnCl2•H2O, THF, 70 ºC, overnight, 

46% (isolated 2). 

 

 

http://www.ccdc.cam.ac.uk/data_request/cif

