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General information 

All solvents were purchased from Fisher Scientific, Sigma-Aldrich or Acros and were 

used as received. Amines were distilled over calcium hydride before used. Aldehydes 

were distilled and stored over 4 Å molecular sieves. Technical grade solvents for 

extraction and column chromatography were bulb-to-bulb distilled prior to usage. 

Air-sensitive reactions were set up using dry glassware in a glovebox, using Schlenk 

technique. 
1
H and 

13
C NMR experiments were performed at 25 °C on a Bruker 

DPX-NMR (400 MHz, 600 MHz) at 25 °C unless otherwise stated. Chemical shifts 

are reported in parts per million (ppm) related to solvent peak, coupling constants (J) 

are reported in hertz (Hz). NMR solvents were obtained from Cambridge Isotope 

Laboratories, Inc. (Andover, MA, USA) or Deutero GmbH. The multiplicities are 

written as s = singlet, d = doublet, t = triplet, m = multiplet and their combinations, 

such as dd = doublet of a doublet. Multiplets are reported as a span of their middle. 

Thin layer chromatography (TLC) was carried out on silica gel 60 F254 glass plates 

with a 0.25 mm layer or Polygram® Alox N/UV254 with a 0.2 mm coating and 

detected with a CAMAG UV Cabinet dual wavelength, 254/366 nm. Column 

chromatography was performed using silica gel 60 (0.040–0.063 mm). High 

resolution mass spectrometry (HRMS) was determined with a Thermo Scientific LTQ 

FT Ultra spectrometer (ESI) using methanolic solutions of the respective compounds 

or a Finnigan MAT95 sectorfield spectrometer (EI). The UV–vis spectra were 

recorded with a JASCO V-670 spectrophotometer (spectral range: 190–2500 nm, 

resolution ≥ 0.1 nm). For measurement of melting points, a Krüss KSP1N capillary 
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melting-point apparatus was utilized using a heating rate of 1 °C min−
1
. All melting 

points were determined three times and are uncorrected. IR spectra were recorded on 

a Bruker IFS25 spectrometer using the attenuated total reflectance (ATR) method. 

The bidentate bisborane Lewis acid catalyst 5,10-dimethyl-5,10- 

dihydrodiboraanthracene (A) was prepared according to the method described in the 

literature [1]. Pyrrolidine (1a), pyridine (1b), triphenylphosphane (1c), 

1,2-diphenylhydrazine (1d), azobenzene (1e), benzo[c]cinnoline (1f), 

3,6-dichloropyridazine (1h), pyridazine (1j), 2,3-dihydrofuran (4a), cyclopentanone 

(4b), pentanal (4d), N-methyl allylamine (4e), phthalazine (3), and 

1,4-naphthaquinone (7a) are commercially available. 1,4-Diphenyl-1,2,3-triazole [2] 

(1g), 3,6-dimethylpyridazine [3] (1i), 6-ethoxy-1-methyl-1,2,3,4-tetrahydropyridine [1] 

(4f), anthracene-1,4-dione [4] (7b), 6-methoxy-1,4-naphthaquinone [5] (7c), and 

6,7-dimethoxy-1,4-naphthaquinone [5] (7d) were prepared according to literature 

methods. Also 1,2,4,5-tetrazine was prepared according to literature procedure [6] and 

was stored in a refrigerator below −18 °C after additional purification by sublimation. 
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Complexation of 5,10-dimethyl-5,10-dihydroboranthrene with 

Lewis bases 

1
H NMR Spectrum of the complexation with pyrrolidine in CDCl3 (1a) 

 

1
H NMR Spectrum of the complexation with pyridine in CDCl3 (1b)

 

 



S5 

1
H NMR Spectrum of the complexation with triphenylphosphine in CDCl3 (1c) 

 

 

1
H NMR Spectrum of the complexation with 1,2-diphenylhydrazine in CDCl3 (1d) 

 

 



S6 

1
H NMR Spectrum of the complexation with azobenzene in CDCl3 (1e) 

 

 

1
H NMR Spectrum of the complexation with benzo[c]cinnoline in d8-THF (1f) 
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1
H NMR Spectrum of the complexation with 1,4-diphenyl-1,2,3-triazole in CDCl3 

(1g) 

 

1
H NMR Spectrum of the complexation with 3,6-dichloro-pyridazine in CDCl3 (1h) 
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1
H NMR Spectrum of the complexation with 3,6-dimethyl-pyridazine in d8-THF (1i) 

 

 

1
H NMR Spectrum of the complexation with pyridazine in CDCl3 (1j) 
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One-pot synthetic procedure of the bisborane/pyridazine 

complex 

1
H NMR Spectrum of complex B in d8-THF 
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13
C NMR Spectrum of complex B in d8-THF 

 

 

11
B NMR Spectrum of complex B in d8-THF 
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IEDDA reactions catalyzed by the air-stable bidentate Lewis 

acid catalyst B 

General procedure A for IEDDA reactions of phthalazine: In a Schlenk tube 

charged with a stirring bar, the air-stable bidentate Lewis acid catalyst B (5.00 mol %) 

and the stated solvent were added under N2. Then, the phthalazine (1.00 equiv), 

dienophile (2.00 equiv; for enamines, generated in situ from aldehyde and amine) 

were added subsequently. The reaction mixture was stirred at the given temperature. 

After the reaction was finished, the solvent was removed. The remaining residue was 

purified by flash column chromatography over SiO2 to obtain the product. 

General procedure B for IEDDA reactions of 1,2,4,5-tetrazine: The air-stable 

bidentate Lewis acid catalyst B (25.0 µmol, 5.00 mol %) and 1,2,4,5-tetrazine (5.00 

equiv) in CF3Ph (2.5 mL) were thoroughly stirred for several minutes. Then, 

1,4-naphthoquinone (1.00 equiv) was added, the reaction mixture was heated at 

110 °C for 20 h. The solvent, together with the excess of 1,2,4,5-tetrazine were 

distilled off from the resulting mixture in vacuo. The residue was purified by column 

chromatography over SiO2 (ethylacetate/cyclohexane 1:1) to obtain the product. 

 

 

2-(Naphthalen-2-yl)ethanol (5a) [1] 

According to the general procedure (A), the catalyst B (7.1 mg, 25.0 μmol, 

5.00 mol %), phthalazine (3, 66.4 mg, 0.500 mmol, 1.00 equiv), diglyme (0.6 mL), 

2,3-dihydrofuran (4a, 70.1 mg, 75.6 μl, 1.00 mmol, 2.00 equiv) and 

N,N-diisopropylethylamine (200 μl) were stirred for 3 d at 170 °C. After evaporation 

of diglyme at 80 °C/10 mbar, the residue was purified by flash column 

chromatography to obtain the naphthalene 5a (14.6 mg, 17%). 
1
H NMR (CDCl3, 

400 MHz): δ 7.83 – 7.79 (m, 3H), 7.69 (s, 1H), 7.50 – 7.43 (m, 2H), 7.37 (dd, 
3
J = 8.4 

Hz, 
4
J = 1.8, 1H), 3.95 (t, 

3
J = 6.5 Hz, 2H), 3.04 (t, 

3
J = 6.5 Hz, 2H), 1.49 (br, 1H). 

Spectroscopic data for the title compound was consistent with the literature. 
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2,3-Dihydro-1H-cyclopenta[b]naphthalene (5b) [1] 

According to the general procedure (A), the catalyst B (6.3 mg, 22.0 μmol, 

5.00 mol %), phthalazine (3, 57.8 mg, 0.440 mmol, 1.00 equiv), diglyme (0.45 mL), 

cyclopentanone (4b, 65.7 μL, 0.735 mmol, 1.67 equiv), pyrrolidine (4c, 73.0 μL, 

0.880 mmol, 2.00 equiv) were stirred for 60 h at 55 °C. After work-up with mCPBA 

and evaporation of diglyme at 80 °C/10 mbar, the residue was purified by flash 

column chromatography to yield the naphthalene 5b (26.0 mg, 35%). 
1
H NMR 

(CDCl3, 400 MHz): δ 7.78 (dd, 
3
J = 2.3, 6.1 Hz, 2 H), 7.68 (s, 2H), 7.40 (dd, 

3
J = 3.3, 

6.2 Hz, 2H), 3.08 (td, 
3
J = 7.3 Hz, 

4
J = 1.1 Hz, 4H), 2.20 – 2.13 (m, 2H). 

Spectroscopic data for the title compound was consistent with the literature. 

 

  

2-Propylnaphthalene (5c) [7] 

According to the general procedure (A), the catalyst B (4.4 mg, 15.4 μmol, 5.00 

mol %), phthalazine (3, 40.4 mg, 0.307 mmol, 1.00 equiv), THF (0.5 mL), pentanal 

(4d, 83.3 μl, 67.5 mg, 0.767 mmol, 2.50 equiv) and pyrrolidine (4c, 30.6 μl, 26.5 mg, 

0.368 mmol, 1.20 equiv) were stirred for 20 h at 60 °C. The solvent was then removed 

under reduced pressure, and the residue was purified by flash column chromatography 

to obtain the naphthalene 5c (9.0 mg, 17 %). 
1
H NMR (CDCl3, 400 MHz): δ 7.85 – 

7.74 (m, 3H), 7.61(s, 1H), 7.50 – 7.38 (m, 2H), 7.37 – 7.31 (m, 1H), 2.88 – 2.63 (m, 

2H), 1.89 – 1.64 (m, 2H), 0.99 (t, 
3
J = 7.4 Hz, 3H). Spectroscopic data for the title 

compound was consistent with the literature. 
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1,3,3a,4,5,9b-Hexahydro-2-methyl-10-propyl-(1R,3aS,5S,9bS,10S)-rel-1,5-methan

o-2H-benz[e]isoindole (5d) [8] 

According to the general procedure (A), catalyst B (8.4 mg, 29.6 μmol, 5.00 mol %), 

phthalazine (3, 77.8 mg, 0.592 mmol, 1.00 equiv), THF (1.5 mL), pentanal (4d, 159 

μl, 129 mg, 1.47 mmol, 2.48 equiv) and N-allylmethylamine (4e, 70.4 μl, 52.2 mg, 

0.704 mmol, 1.19 equiv) were stirred for 15 h at 60 °C. The solvent was then removed 

under reduced pressure, and the residue was purified by flash column chromatography 

to obtain the naphthalene 3d (68.7 mg, 48 %). 
1
H NMR (CDCl3, 400 MHz): δ 7.22 – 

7.17 (m, 1H), 7.19 – 7.17 (m, 2H), 7.12 – 7.08 (m, 1H), 3.25 (t, 
3
J = 4.4, 1H), 3.07 (dd, 

3
J = 5.4, 9.6 Hz, 1H), 2.81 (q, 

3
J = 3.0 Hz, 1H), 2.62 (d, 

3
J = 9.6 Hz, 1H), 2.51 (s, 3H), 

2.46 (d, 
3
J = 4.4 Hz, 1H), 2.20 – 2.12 (m, 1H), 1.84 (td, 

3
J = 3.2, 7.7 Hz, 1H), 1.69 

(ddd, 
3
J = 2.2, 10.0, 12.4 Hz, 1H), 1.58 – 1.50 (m, 1H), 1.32 – 1.25 (m, 2H), 0.79 (t, 

3
J = 7.4 Hz, 3H), 0.75 – 0.64 (m, 1H), 0.62 – 0.49 (m, 1H). Spectroscopic data for the 

title compound was consistent with the literature. 

 

  

1-Methyl-1,2,3,4-tetrahydrobenzo[g]quinoline (5e) [1] 

According to the general procedure (A), catalyst B (8.4 mg, 29.6 μmol, 5.00 mol %), 

phthalazine (3, 77.8 mg, 0.592 mmol, 1.00 equiv), CF3Ph (1.5 mL), 

6-ethoxy-1-methyl-1,2,3,4-tetrahydropyridine (4f, 167 mg, 1.18 mmol, 2.00 equiv) 

were stirred for 19 h at 100 °C. The solvent was then removed under reduced pressure 

and the residue was purified by flash column chromatography to obtain the 

naphthalene 5e (107 mg, 92 %). 
1
H NMR (CDCl3, 400 MHz): δ 7.69 – 7.61 (m, 2 H), 

7.44 (s, 1 H), 7.38 – 7.32 (m, 1 H), 7.23 – 7.17 (m, 1 H), 6.82 (s, 1 H), 3.37 (t, 
3
J = 5.9 
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Hz, 2 H), 3.05 (s, 3 H), 2.98 (t, 
3
J = 6.3 Hz, 2 H), 2.11 – 2.02 (m, 2 H). Spectroscopic 

data for the title compound was consistent with the literature. 

 

  

2,3-Diaza-9,10-anthraquinone (8a) [9] 

According to the general procedure (B), catalyst B (2.8 mg, 10.0 μmol, 5.00 mol %), 

1,4-naphthaquinone (7a, 31.6 mg, 0.200 mmol, 1.00 equiv), tetrazine (6, 82.1 mg, 

1.00 mmol, 5.00 equiv) and CF3Ph (1.0 mL) were stirred for 20 h at 110 °C. The 

solvent was then removed under reduced pressure and the residue was purified by 

flash column chromatography to give the pure product (39.0 mg, 93 %). 
1
H NMR 

(CDCl3, 400 MHz): δ 10.00 (s, 2H), 8.33 (dd, 
3
J = 4.0, 4.0 Hz, 2H), 7.94 (dd, 

3
J = 4.0, 

4.0 Hz, 2H). Spectroscopic data for the title compound was consistent with the 

literature. 

 

  

2,3-Diaza-5,12-naphthacenedione (8b) [9] 

According to the general procedure (B), catalyst B (2.8 mg, 10.0 μmol, 5.00 mol %), 

anthracene-1,4-dione (7b, 41.6 mg, 0.200 mmol, 1.00 equiv), tetrazine (6, 82.1 mg, 

1.00 mmol, 5.00 equiv) and CF3Ph (1.0 mL) were stirred for 20 h at 110 °C. The 

solvent was then removed under reduced pressure and the residue was purified by 

flash column chromatography to give the pure product (42.7 mg, 82 %). 
1
H NMR 

(CF3CO2D, 400 MHz) δ 10.26 (d, 
5
J = 2.6 Hz, 2H), 8.94 (d, 

5
J = 2.8 Hz, 2H), 8.11 – 

8.14 (m, 2H), 7.78 – 7.81 (m, 2H). Spectroscopic data for the title compound was 

consistent with the literature. 
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6-Methoxy-2,3-diaza-9,10-anthraquinone (8c) 

According to the general procedure (B), catalyst B (4.0 mg, 14.0 μmol, 5.00 mol %), 

6-methoxy-1,4-naphthaquinone (7c, 52.7 mg, 0.280 mmol, 1.00 equiv), tetrazine (6, 

115 mg, 1.40 mmol, 5.00 equiv) and CF3Ph (3.0 mL) were stirred for 20 h at 110 °C. 

The solvent was then removed under reduced pressure and the residue was purified by 

flash column chromatography to give the pure product (59.3 mg, 88 %). 
1
H NMR 

(CDCl3, 400 MHz): δ 9.99 (d, 
5
J =1.2 Hz, 1H), 9.95 (d, 

5
J = 1.2 Hz, 1H), 8.27 (d, 

3
J = 

8.7 Hz, 1H), 7.71 (d, 
4
J = 2.6 Hz, 1H), 7.38 (dd, 

3
J = 8.7 Hz, 

4
J = 2.6 Hz, 1H), 4.02 (s, 

3H); 
13

C NMR (100 MHz, CDCl3): δ 182.6, 181.0, 165.6, 147.4, 146.9, 134.6, 130.3, 

126.1, 125.63, 125.59, 122.6, 110.5, 56.4; HRMS (ESI) m/z calcd for C13H8N2O3 

[M+Na]
+
 263.0427, found: 263.0429; Mp: 178.3 °C–178.7 °C. 

1
H NMR Spectrum of 6-methoxy-2,3-diaza-9,10-anthraquinone in CDCl3 (8c) 
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13
C NMR Spectrum of 6-methoxy-2,3-diaza-9,10-anthraquinone in CDCl3 (8c) 

 

  

 

6,7-Dimethoxy-2,3-diaza-9,10-anthraquinone (8d) 

According to the general procedure (B), catalyst B (4.0 mg, 14.0 μmol, 5.00 mol %), 

6,7-dimethoxy-1,4-naphthaquinone (7d, 61.1 mg, 0.280 mmol, 1.00 equiv), tetrazine 

(6, 115 mg, 1.40 mmol, 5.00 equiv) and CF3Ph (3.0 mL) were stirred for 20 h at 

110 °C. The solvent was then removed under reduced pressure and the residue was 

purified by flash column chromatography to give the pure product (71.9 mg, 95 %). 

1
H NMR (CDCl3, 400 MHz): δ 9.95 (s, 2H), 7.69 (s, 2H), 4.10 (s, 6H); 

13
C NMR 

(100 MHz, CDCl3): δ 181.6, 155.2, 147.0, 127.7, 125.6, 108.4, 56.9; HRMS (ESI) 

m/z calcd for C14H10N2O4 [M+Na]
+
 293.0533, found: 293.0527; Mp: 243.7 °C–

244.9 °C. 
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1
H NMR Spectrum of 6,7-dimethoxy-2,3-diaza-9,10-anthraquinone in CDCl3 (8d) 

 

13
C NMR Spectrum of 6,7-dimethoxy-2,3-diaza-9,10-anthraquinone in CDCl3 (8d) 
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UV–vis spectra 

UV–vis spectrum of adduct complex B in CHCl3 (concentration: 4.52 × 10
−5

 mol/L) 

 

 

 

UV–vis spectrum of bisborane A in CHCl3 (Concentration: 4.52 × 10
−5

 mol/L) 
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UV–vis spectrum of pyridazine in CHCl3 (concentrations: 3.68 × 10
−5

 mol/L) 
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X-ray crystallography 

Some single crystals of C18H18B2N2 * 0.5 (C4H8O2) * 0.17 (C6H5Br1) were 

transferred into inert oil (Fomblin Y, 1600 cst, Sigma Aldrich GmbH, Steinheim, 

Germany). A suitable crystal was then mounted onto a micromount sample holder 

(MiTeGen, Dual-Thickness MicroMounts, 100 μm) and immediately placed into a 

stream of cold N2 (100K) inside the diffractometer (Bruker D8 Venture, Bruker, 

Karlsruhe, Germany). MoKα radiation (λ = 71.073 pm) from an Incoatec microsource 

was used. After unit cell determination, the reflection intensities were collected. The 

software of the diffractometer (Bruker Apex III)[10] was used for data collection, unit 

cell determination and processing of the raw data. Absorption correction was applied 

using SADABS [11]. The structure was solved by Direct Methods using SHELXS 

[12], full matrix least squares refinement on |F²| using SHELXL-2016/6 [12] as 

implemented in the Olex2- program [13] was used for structure refinement.  

All non-hydrogen atoms could be refined with anisotropic displacement 

parameters. EADP constraints were used for the refinement of some of the 

ethylacetate molecules. All hydrogen atoms could be refined using AFIX codes of 

SHELXL. The program Diamond was used for graphical representations [14]. The 

CCDC reference number is 1567302. 
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Table S1: Crystal data and structure refinement data of compound C18H18B2N2 * 0.5 (C4H8O2) * 

0.17 (C6H5Br1) for the X-ray measurement at 100 K. 

Empirical formula C18H18B2N2 * 0.5 (C4H8O2) * 0.17 (C6H5Br1) 

Formula weight 354.10 g/ mol 

Temperature 100 K 

Wavelength 71.073 pm 

Crystal system monoclinic 

Space group P21/n 

Unit cell dimensions a = 33.8537(14 Å 

 b = 13.8270(6) Å 

 c = 24.6202(10) Å 

 = 90.773(1)° 

Volume V = 11523.5(8) x 10
6
 Å3 

No. of formula units 24 

Density (calculated) 1.225 g/cm
3
 

F(000) 4478 

Theta range for data collection 2.29 to 27.90° 

Index ranges -44<=h<=44, -18<=k<=18, -31<=l<=32 

Rint and Rσ  0.0775 and 0.0407 

Reflections collected 425631 

Independent reflections 27661 

Crystal size 0.137 x 0.147 x 0.244 mm3 

Absorption coefficient 0.418 mm-1 

Absorption correction numerical 

Max. and min. transmission 0.945 and 0.905 

Refinement method Full-matrix least-squares on F
2
 

Data/ restraints/ parameters 27661 / 0 / 1417 

Goodness-of-fit on F² 1.028 

Final R- indices (I>2sigma(I) R1 = 0.0775, wR2 = 0.1935 

R indices (all data) R1 = 0.01105, wR2 = 0.2148 

Largest diff. peak and hole 3.097 and -1.244 e
-
/Å³ 
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