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S1 Synthesis of precursors: General remarks
S1.1 Instrumentation

Thin layer chromatography (TLC) was conducted on pre-coated aluminium sheets with

0.20 mm Merck Millipore Silica gel 60 with fluorescent indicator F254.

Column chromatography was carried out using Merck Gerduran silica gel 60 (particle size

40-63 pm).

Nuclear magnetic resonance (NMR) 'H, 13C, and !'B spectra were obtained on a Bruker
spectrometer AV III 600 or AV NEO 400 at the NMR centre of the University of Vienna. All
spectra were obtained at room temperature (rt). Carbon spectra were acquired with a complete
decoupling for the proton. Boron spectra were measured in quartz NMR tubes. Proton and
carbon chemical shifts are reported in parts per million (ppm, & scale) according to
tetramethylsilane (0 = 6c = 0 ppm) using the solvent residual signal (*) as an internal reference
(CDCls: 6y = 7.26 ppm). Boron chemical shifts are reported in ppm, referenced to the external
standard boron signal of BF;-Et,;O (6g = 0 ppm). Coupling constants (J) are given in Hz.

Resonance multiplicity is described as s (singlet) and m (multiplet).



High-resolution mass spectrometry (HRMS) analyses were performed by the Mass
Spectrometry Centre at the University of Vienna. GC mass spectra were measured on an Agilent
7200B GC/Q-TOF mass spectrometer. MALDI-MS spectra were recorded on a Bruker
Autoflex Speed MALDI-timsTOF (matrix: 2-[(2E)-3-(4-tert-butylphenyl)-2-methylprop-2-

enylidene]malononitrile (DCTB)) mass spectrometer.
S1.2 Materials and methods

Chemicals were purchased from Sigma Aldrich, Acros Organics, TCI, ABCR, Alfa Aesar,
Fluorochem, Thermo Fisher Scientific and BLDpharm and used as received. Solvents were
purchased from Sigma Aldrich, while deuterated solvents from Eurisotop. THF was distilled
from sodium-benzophenone, toluene was refluxed over calcium hydride. Aniline was distilled
from calcium hydride. Anhydrous conditions were achieved by drying glassware in oven at
120 °C for at least 12 h and by flaming the reaction vessels with a heat gun under vacuum and
purging with argon. The inert atmosphere was maintained using argon-filled balloons equipped
with a syringe and needle that was used to penetrate the silicon septa used to close the flask’s
necks. Alternative to the use of Schlenk line techniques, inert conditions were achieved by using
an argon-filled MBraun LabStar glove box when stated. Addition of liquid reagents was
performed using argon-purged plastic or glass syringes. Degassing of solutions was performed
by freeze-pump-thaw procedure: solutions were frozen in liquid nitrogen and kept under
vacuum for 10-15 min before thawing. Low temperature baths were prepared using different
solvent mixtures depending on the desired temperature: -84°C with liquid N,/EtOAc, and 0 °C

with ice/water.

S2 Synthetic procedures and spectral data
S2.1 Synthesis of ((4-bromo-3,5-dimethylphenyl)ethynyl)trimethylsilane 1

Prepared according to literature procedure.!
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In a 150 mL Schlenk tube, to a solution of 2-bromo-5-iodo-m-xylene (2.99 g, 9.60 mmol) in
diisopropylamine (60 mL), [PdCIy(PPhs),] (202 mg, 0.288 mmol) and Cul (110 mg,

0.576 mmol) were added. The mixture was subjected to three freeze-pump-thaw cycles and



trimethylsilylacetylene (1.64 mL, 11.5 mmol) was added. The mixture was stirred at room
temperature for 16 h, then diluted with water (50 mL) and extracted with CH,Cl, (3 x 80 mL).
The combined organic layers were dried over Na,SO,4 and the solvents removed under reduced
pressure. The residue was purified by short silica gel plug filtration (heptane), affording 1 as a
yellow oil (2.78 g, quantitative yield). The product was further purified by distillation over
CaH, (0.04 mbar, 105 °C) for subsequent lithiation reaction. Spectral properties are in

agreement with those reported in the literature.[!]

'H NMR (400 MHz, CDCl3) & 7.19 (s, 2H), 2.38 (s, 6H), 0.27 (s, 9H). 3C NMR (101 MHz,
CDCly) & 138.4, 131.4, 128.3, 121.6, 104.6, 94.6, 23.8, 0.09. GC-HRMS [M]* calc. for
[C\3H,,BrSi]*: 282.0257, found: 282.0251.

S2.2 Synthesis of N,N’,N”’-triphenyl-B,B’,B’’-tri(2,6-dimethyl-4-
((trimethylsilyl)ethynyl)phenyl)borazine 2

Prepared according to literature procedure.l!]
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All manipulations of solids and solvents were done in an argon-filled glove box. In a 100 mL
Schlenk tube, a solution of BCl; (1 M in heptane, 13 mL, 13 mmol) was added dropwise to a
solution of distilled aniline (0.54 mL, 5.9 mmol) in dry toluene (10 mL) at 0 °C. The white
suspension was refluxed for 20 h. The solution was allowed to reach room temperature, and all
volatiles were removed in vacuo, then the mixture was dissolved in dry THF (10 mL).
Parallelly, in a 100 mL Schlenk tube, tBuLi (2.3 M in heptane, 6.5 mL, 14.9 mmol) was added
dropwise over 10 min to a solution of 1 (2.0 g, 7.1 mmol) in dry THF (31 mL) at -84 °C. The
solution was stirred for 10 min at 0 °C. The chloro-borazole solution (at 0 °C) was cannulated
dropwise to the aryl lithium solution (at 0 °C). The solution was stirred at 0 °C for 10 min and
at room temperature for 16 h. The reaction mixture was diluted with EtOAc (100 mL), washed

with water (2 x 100 mL) and brine (100 mL). The organic layer was dried over Na,SO, and



concentrated under reduced pressure. The residue was purified by precipitation in MeOH and
silica gel plug filtration (CH,Cl,) affording 2 as a white solid (466 mg, 26 % yield). Spectral

properties are in agreement with those reported in the literature.[!]

'"H NMR (400 MHz, CDCl;) 8 6.83-6.60 (m, 21H), 2.24 (s, 18H), 0.15 (s, 27H). 3C NMR
(151 MHz, CDCl3) 8 145.4, 137.5, 129.0, 127.2, 126.5, 125.0, 121.1, 106.0, 92.8, 22.9, -0.04
(one signal is missing due to !'B-induced quadrupolar relaxation). ''B NMR (193 MHz, CDCl;)
0 38.0. MALDI-HRMS [M]" calc. for [Cs7HgeB3N3Si3]™: 909.4865, found: 909.4858.

S2.3 Synthesis of N,N’,N’’-triphenyl-B,B’,B’’-tri(2,6-dimethyl-4-ethynylphenyl)borazine
3

Prepared according to literature procedure.[!]
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In a 10 mL round-bottom flask, TBAF (1 M solution in THF, 0.37 mL, 0.37 mmol) was added
dropwise to a solution of 2 (100 mg, 0.11 mmol) in THF (2.6 mL) at 0 °C. The reaction mixture
was stirred at room temperature for 1 h, then diluted with brine (25 mL) and extracted with
CH,Cl; (3 x 40 mL). The combined organic layers were dried over Na,SO, and the solvents
removed under reduced pressure. The residue was purified by silica gel column
chromatography (heptane/CH,Cl, 9:1 to 7:3) affording 3 as a white solid (57 mg, 75 % yield).

Spectral properties are in agreement with those reported in the literature.!!]

'H NMR (600 MHz, CDCL3) § 6.86-6.73 (m, 15H), 6.70 (s, 6H), 2.87 (s, 3H), 2.26 (s, 18H).
IBC NMR (151 MHz, CDCl;) 6 145.4, 137.8, 129.3, 127.3, 126.6, 125.2, 120.4, 84.5, 76.1, 23.0
(one signal is missing due to !'B-induced quadrupolar relaxation). ''B NMR (193 MHz, CDCl5)
0 36.2. MALDI-HRMS [M]" calc. for [C4gsH4,B3N3]*: 693.3674, found: 693.3679.



S3 NMR spectra
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Figure S1.'"H NMR (400 MHz, CDCl;) spectrum.
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Figure S2.3C NMR (101 MHz, CDCl;) spectrum.



S3.2 Characterization of 2
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Figure S3. '"H NMR (400 MHz, CDCl;) spectrum.
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Figure S4. 3C NMR (151 MHz, CDC]ls) spectrum.
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Figure S6. 'H NMR (600 MHz, CDCls) spectrum.
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S4 Gas-phase DFT calculations

Restricted Kohn-Sham DFT calculations of the trimer in gas-phase were conducted with ORCA
(6.0.0).2 For the geometry optimization and single-point energy calculations the B3LYP
functional with the SVP basis-set and def2/J auxiliary basis-set was used in combination with
D3 dispersion correction. Due to the large size of the trimer, we limited the calculations to
require “LooseOPT” for the geometry and “NormalSCF” for the SCF. The optimization was
run with the grid “defgrid3” and in cartesian coordinates “COPT”.
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Figure S9. Overview of the occupied gas-phase DFT calculated orbitals of the molecular

trimer. The isosurfaces are set to 0.01 [a.u.].

Structure of the relaxed trimer in cartesian coordinates [A]:

B -1.35260927051924  21.59414106243853  0.10816839486428
N -0.45727530910039  22.72656443618584  0.13808965237681
B 0.97880130054047  22.57144856818365  0.15111175932502
N 1.50988649895475  21.22853802731270  0.14326879652649
N -0.76778756732095  20.27499397522939  0.08523069319075
C 2.93291274645302  21.04629540624024  0.17170229753116
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S5 Characterization of the nanoporous covalent network
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Figure S10. STM images of the hexagonal network at the indicated biases and a current setpoint
of 10 pA (sizes: 3.54 nm x 3.64 nm). The panel on the bottom right compares apparent height
profiles recorded at -1.5 V and -1.9 V, respectively. The selected path is indicated in the two
STM images. The arrows mark features related to the phenyl groups. The increase in apparent

height is consistent with the STS data presented in the main text.
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Figure S11. Wide scan XPS spectra of alkyne-terminated borazine on Au(111) collected after

deposition at room temperature (black) and after annealing at 160 °C (red).
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Figure S12. XPS spectra of the Cls (left panel), N1s (middle panel), Bls (right panel) core

level regions of the alkyne-terminated borazine after deposition at room temperature, 160 °C

and 250 °C. The corresponding fits are shown as well.
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Figures S13. XPS spectra of the Cls (top left), Nls (top right), Bls (bottom left) core level
regions and wide scan (bottom right) of a cyclotrimerized monolayer of the alkyne-terminated

borazine after deposition at 160 °C. The corresponding fits are shown as well.

XPS experiments correlating to the STM measurements on the same sample (Figure S13) were
conducted in a different UHV chamber equipped with a non-monochromated X-ray source (Mg
Ko, hv = 1253.64 eV) and a SPECS PHOIBOS 100 hemispherical analyser. The sample was
transferred from the STM to the XPS setup using a Ferrovac VSN40S UHV vacuum suitcase.

The XPS measurement geometry was a magic angle with normal emission.



Table S1. Elemental composition in atomic percentages (at.%) of carbon (C), nitrogen (N)

and boron (B) after deposition, annealing at 160 °C and 250 °C.

Atomic

percentages

(at.%)
Annealing at 87.8+0.4 7.3+3.4 50+£29
250 °C

Annealing at 86.3+0.3 7.1£0.9 6.6£2.5
160 °C
Deposition 87.8+£0.5 6.7+1.1 55+2.1

Theoretical 88.8 5.6 5.6

The Cls, N1s and Bls core level spectra were measured in different spots to calculate the area,
which after the appropriate normalization (photoemission cross section, transmission of the

analyser) gives the atomic percentage with the uncertainty.
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