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I  General Information 

 

Chemicals 

If not otherwise specified, reagents and organic solvents were commercially available 

and used without further purification. Anhydrous solvents were prepared by passage 

through activated Al2O3 and stored over 3 Å molecular sieves. CD3CN and CD2Cl2 

were purchased from Cambridge Isotope Laboratories and filtered through Al2O3 

prior to use. [B12H12]2– and [B12H11NH3]– salts and dodecaborate amides 3a–e were 

prepared according to the literature.[1–3] 

 

Reaction Conditions 

Glassware for air-sensitive reations was dried at 150 °C and allowed to cool in a 

vacuum. Reactions carried out in a glovebox were run under a nitrogen atmosphere 

with O2, H2O <1 ppm. 

 

Characterization 

Thin-layer chromatography (TLC) was carried out using silica gel 60, F254 with a 

thickness of 0.25 mm. Column chromatography was performed on silica gel 60 

(200-30 mesh). 

 

Low-resolution ESI-MS data were recorded on Advion Expression CMS instrument.  

High-resolution MS data were recorded using IT-TOF detection (Shimadzu, Japan) 

equipped with an electrospray ionization source (ESI). Accurate mass determination 

was corrected by calibration using sodium trifluoroacetate clusters as a reference. 

 

Single-crystal X-ray diffraction studies were performed on an Oxford Diffraction 

Gemini A Ultra diffractometer equipped with an 135mm Atlas CCD detector and 

using Mo K-α radiation 

 



NMR spectra were recorded on a Bruker AVANCE III 500 spectrometer (1H NMR 

500.13 MHz, 13C NMR 125.77 MHz, 11B NMR 160.46 MHz) or a Bruker AVANCE 

III 400 spectrometer (1H NMR 400.13 MHz, 13C NMR 100.62 MHz, 11B NMR 

128.38 MHz) at the temperature indicated. Data are reported as follows: Chemical 

shift in ppm, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = 

multiplet, dd = doublet of doublets, etc.), coupling constant J in Hz, integration, and 

(where applicable) interpretation. Signals were referenced against solvent peaks (1H: 

residual CHD2C(O)CD3 = 2.05 ppm, residual CHD2CN = 1.94 ppm, residual CHDCl2 

= 5.32 ppm, 13C{1H}: CD3C(O)CD3 = 29.84 ppm, CD3CN = 1.32 ppm, CD2Cl2 = 

53.32 ppm). 11B and 11B{1H} NMR spectra were calibrated against external BF3*Et2O 

= 0 ppm (BF3*Et2O capillary in C6D6). 

 



II  Experimental Section 
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Synthesis of [Et3NH][3e-H]: In a glovebox filled with N2, a 20 mL vial was charged 

with [Et3NH][B12H11NH3] (212.4 mg, 0.817 mmol, 1 equiv), NaH (138.2 mg, 5.758 

mmol, 7 equiv) and a stir bar. THF (4 mL) and DMF (4 mL) were added, and the 

mixture was stirred at room temperature for 10 minutes until there was no H2 

evolution anymore. Then pyridine-2-carbonyl chloride hydrochloride PyCOCl·HCl 

(220.2 mg, 1.237 mmol, 1.5 equiv) was slowly added. The conversion was complete 

after stirring for 5 h. The flask was transferred out of the glovebox. H2O (4 mL) was 

added, and the pH value of the reaction mixture was adjusted to 2–3 with 1 M 

aqueous HCl. [NEt3H]Cl (300 mg, 2.180 mmol, 2.7 equiv) was added, and the 

reaction mixture was extracted with MeCN/EtOAc (1:2 v/v). The organic layers were 

concentrated on a rotary evaporator. The residue was purified by recrystallization 

from methanol to afford yellowish crystals of [Et3NH][3e-H] (150 mg, 50%). 
1H{11B} NMR (400 MHz, CD3CN): δ = 8.96 (s, 1H, anionic NH), 8.90-8.86 (m, 1H, 

Py H), 8.18-8.14 (overlapping m, 2H, Py H), 7.89-7.72 (m, 1H, Py H), 6.63 (t,1H, JNH 

= 52 Hz, NH), 3.27 (s, 1H, NH),  3.20-3.15 (m, 6H, cationic N-CH2), 1.47 (broad 

signal, 5H, B-H), 1.24 (t, J = 7.4 Hz, 9H, cationic CH3), 1.20 (broad signal, 5H, B-H), 

1.13 (broad signal, 1H, B-H). 
13C{1H} NMR (101 MHz, CD3CN): δ = 166.7, 149.5, 143.9, 141.5, 129.8, 124.5 (6 

anionic signals), 48.0, 9.2 (2 cationic signals). 
11B{1H} NMR (128 MHz, CD3CN): δ = -7.6 (1B, B-N), -15.3 (5B, B-H), -15.7 

(overlapping signals, 6B, B-H).  

High-resolution ESI-MS (negative mode, MeOH): m/z calcd for [C6H17B12N2O]– 

263.2430. Found: 263.2459. 
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Transformation of [Et3NH][3e-H] to [Et3NH]2[3e]: A 20 mL vial was charged with 

[Et3NH][3e-H] (50 mg) and a stir bar. MeCN (3 mL) and Et3N (0.5 mL) were added, 

and the solution was stirred at room temperature for 1 h. Then the stir bar was 

removed, and the solution was concentrated on a rotary evaporator and dried 

overnight under vacuum at 80 °C to afford compound [Et3NH]2[3e] in quantitative 

yield.  

 

This method can also be applied for the transformation of other compounds 3-H to 3 

quantitatively. 11B{1H} NMR spectra of 3b, 3b-H, 3e and 3e-H are displayed in 

Figure S1. 

 
1H{11B} NMR (400 MHz, CD3CN): δ = 8.56 (broad signal, 1H, Py H), 8.09-8.00 (m, 

1H, Py H), 7.99-7.80 (overlapping m, 2H, Py H and amide N-H), 7.50-7.38 (m, 1H, 

Py H), 4.63 (broad t, 2H, JNH = 52 Hz, N-H from cation), 3.25-3.01 (m, 12H, cationic 

N-CH2), 1.34 (s, 5H, B-H), 1.24 (t, J = 7.4 Hz, 9H, cationic CH3), 1.03 (broad signal, 

5H, B-H), 0.89 (broad signal, 1H, B-H). 
13C{1H} NMR (101 MHz, CD3CN): δ = 166.2, 152.9, 149.0, 138.5, 126.4, 122.2 (6 

anionic signals), 47.8, 9.1 (2 cationic signals). 
11B{1H} NMR (128 MHz, CD3CN): δ = -5.3 (1B, B-N), -15.3 (5B, B-H), -16.4 (5B, 

B-H), -18.7 (1B, B-H).  

High-resolution ESI-MS (negative mode, MeOH): m/z calcd for [C6H17B12N2O]2– 

131.1226. Found: 131.1254. 



The 11B{1H} NMR spectra of 3b, 3b-H, 3e and 3e-H are shown in Figure S1 as 

representative examples to demonstrate the effect of protonation. For both product 

pairs 3b/3b-H and 3e/3e-H, similar effects are observed. Upon protonation, the B–N 

signal is shifted from –5 ppm to –8 ppm. On the other hand, the B–H vertices become 

more deshielded; the B12 signal appears at –19 ppm in the dianionic form and 

overlaps with the B2–11 resonances in the monoanionic form. 

 

 

 

 

Figure S1. 11B{1H} NMR spectra of 3b, 3b-H, 3e and 3e-H (acetonitrile-d3,128 MHz, 

23 °C). 
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Synthesis of amidine [Et3NH][6a]: In a glovebox, a dry 20 mL vial, equipped with a 

stir bar, was charged with [Et3NH][B12H11NH3] (102 mg, 0.40 mmol, 1 equiv). Then 

anhydrous DMF (1 mL) was added. The vial was transferred to a fumehood, and dry 

Et3N (1.0 mL, 7.20 mmol, 18 equiv) was added to the solution under N2 protection. 

Then 2,4,6-trimethylphenylcarboxylic acid chloride (110 mg, 0.60 mmol, 1.5 equiv) 

was added. The mixture was stirred at 25 °C for 4 h. The reaction was quenched with 

an aqueous [Et3NH]Cl solution (2 mL H2O + 2 equiv [Et3NH]Cl); the pH value at this 

point was ca. 7–8. The mixture was extracted with DCM/MeCN = 4 : 1 (8 x 10 mL). 

The combined organic layers were dried over MgSO4, and the solution was filtered 

and concentrated by rotary evaporation. The cloudy residue was purified by silica gel 

column chromatography (eluent DCM/MeCN = 10:3, fraction size 20 mL). The 

combined eluates were concentrated on a rotary evaporator and dried under vacuum at 

60 °C overnight to afford compound [Et3NH][6a] as a colorless solid (50.4 mg, 40%). 
1H{11B} NMR (400 MHz, CD3CN, 23 °C): δ 7.76 (d, J = 16.0 Hz, 1H, N=CH-N), 

6.41 (broad signal, 1H, N-H), 3.13 (q, J = 7.2 Hz, 6H, cationic N-CH2), 3.08 (s, 3H, 

anionic N-CH3), 2.83 (s, 3H, anionic N-CH3), 1.26 (broad signal, 5H, B-H), 1.24 (t, J 

= 7.2 Hz, 9H, cationic N-CH2CH3), 1.03 (broad signal, 5H, B-H), 0.85 (broad signal, 

1H, B-H). 
13C{1H} NMR (100 MHz, CD3CN, 23 °C): δ 157.3 (N=C-N), 48.0 (cationic CH2), 

43.1, 35.7 (two N-C signals), 9.2 (cationic CH3). 
11B{1H} NMR (160 MHz, CD3CN, 23 °C): δ -4.2 (1B, B-N), -14.5 to -17.0 (10B, 

B-H), -19.0 (1B, B-H). 

High-resolution ESI-MS (negative mode, MeOH): m/z calcd for [C3H19B12N2]–: 

213.2738. Found: 213.2762.
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Synthesis of amidine [Et3NH][6b]: A dry 20 mL vial, equipped with a stir bar, was 

charged with [Et3NH]2[B12H11NHCOC6H5] (101 mg, 0.22 mmol, 1 equiv). Then 

anhydrous MeCN (3 mL) was added, and dry Et3N (0.3 mL, 2.16 mmol, 9.8 equiv) 

was added to the solution under N2 protection. Pentafluorophenylcarboxylic acid 

chloride (80.0 mg, 0.35 mmol, 1.5 equiv) was added at 25 °C. The temperature was 

raised to 50 °C. After 30 min, aniline (61 mg, 0.66 mmol, 3.0 equiv) was added. The 

mixture was stirred for another 4 h and concentrated by rotary evaporation. The 

cloudy residue was purified by silica gel column chromatography (eluent 

DCM/MeCN = 4:1, fraction size 20 mL). The combined eluates were concentrated on 

a rotary evaporator and dried under vacuum at 60 °C overnight to afford compound 

[Et3NH][6b] as a yellow solid (87.7 mg, 91%). 
1H{11B} NMR (400 MHz, CD2Cl2, 23 °C): δ 10.00 (s, 1H, N-H), 7.53-7.48 (m, 1H, 

phenyl H), 7.41-7.35 (overlapping m, 4H, phenyl H), 7.24-7.09 (overlapping m, 3H, 

phenyl H), 7.03-6.78 (overlapping broad signal and m, 3H, phenyl H and N-H), 6.65 

(broad signal, 1H, N-H) 3.29-3.22 (m, 6H, cationic N-CH2), 1.62 (broad signal, 5H, 

B-H), 1.40 (t, J = 7.2 Hz, 9H, cationic N-CH2CH3), 1.22 (broad signal, 5H, B-H), 1.05 

(broad signal, 1H, B-H). 

This spectrum contained small signals at 7.18, 6.71 and 6.67 ppm ascribed to residual 

aniline 
13C{1H} NMR (100 MHz, CD3CN, 23 °C): δ 165.6 (N=C-N), 138.1, 133.2, 131.3, 

130.4, 130.1, 129.9, 127.5, 125.6 (8 aryl signals), 48.3 (cationic N-CH2), 9.4 (cationic 

N-CH3). 

This spectrum showed small signals at 149.1, 130.2, 118.3 and 115.6 ppm ascribed to 

residual aniline. 

 



11B{1H} NMR (128 MHz, CD2Cl2, 23 °C): δ -5.8 (1B, B-N), -13.5 to -16.5 (10B, 

B-H), -17.4 (1B, B-H). 

High-resolution ESI-MS (negative mode, MeOH): m/z calcd for [C13H23B12N2]–: 

337.3056. Found: 337.2382.
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Synthesis of amidine [Et3NH][6c]: A dry 20 mL vial, equipped with a stir bar, was 

charged with [Et3NH]2[B12H11NHCOC6H3Cl2] (177 mg, 0.33 mmol, 1 equiv). Then 

anhydrous MeCN (3 mL) was added, and dry Et3N (0.45 mL, 3.25 mmol, 9.8 equiv) 

was added to the solution under N2 protection. Pentafluorophenylcarboxylic acid 

chloride (128 mg, 0.55 mmol, 1.7 equiv) was added at 25 °C. The temperature was 

raised to 50 °C. After 30 min, N,N-dimethylethylamine (88 mg, 1.00 mmol, 3.0 equiv) 

was added. The mixture was stirred for another 4 h, and 1 M aqueous HCl (5 mL) was 

added. The suspension was extracted with EtOAc/MeCN 3:1 (5 x 10 mL). The 

combined organic layers were dried over MgSO4, and the solution was filtered and 

concentrated by rotary evaporation. The cloudy residue was purified by silica gel 

column chromatography (eluent DCM/MeCN = 4:3, fraction size 20 mL). The 

combined eluates were concentrated and dried under vacuum at 60 °C overnight to 

afford compound [Et3NH][6c] as a yellow solid (132 mg, 100%). 
1H{11B} NMR (400 MHz, CD3CN, 23 °C): δ 8.54 (broad signal, 1H, N-H), 7.59-7.55 

(overlapping m, 3H, aryl H), 7.46 (broad signal, 1H, N-H), 6.98 (very broad signal, 

1H, N-H), 3.43 (dt, J = 7.2 Hz, 7.2 Hz, 2H, CH2), 3.24 (t, J = 7.2 Hz, 2H, CH2), 2.77 

(s, 6H, N-CH3), 1.41 (broad signal, 5H, B-H), 1.12 (broad signal, 5H, B-H), 1.06 

(broad signal, 1H, B-H). 
13C{1H} NMR (100 MHz, CD3CN, 23 °C): δ 161.9 (N=C-N), 134.6, 134.2, 129.8, 

129.2 (4 aryl signals), 56.9, 44.8, 40.0. 
11B{1H} NMR (128 MHz, CD3CN, 23 °C): δ -6.9 (1B, B-N), -13.0 to -18.0 

(overlapping signals with peaks at -15.2 and -16-1 ppm, 11B, B-H). 

High-resolution ESI-MS (negative mode, MeOH): m/z calcd for [C11H27B12Cl2N3-H]–: 

400.2699. Found: 400.2714. 
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Synthesis of urea [NBu4]2[7a]: In a glovebox filled with N2, a 20 mL vial was 

charged with [Et3NH][B12H11NH3] (260 mg, 1.00 mmol, 1 equiv), NaH (53 mg, 2.2 

mmol, 2.2 equiv) and a stir bar. THF (10 mL) was added, and the mixture was stirred 

at room temperature for 10 minutes until there was no H2 evolution anymore. Phenyl 

isocyanate (238 mg, 2.0 mmol, 2 equiv) was slowly added. The conversion was 

complete after stirring for 5 h. The flask was transferred out of the glovebox. The 

solvent was removed under vacuum, and H2O (10 mL) was added. The aqueous 

solution was heated to 50 °C, and [NBu4]Br (677 mg, 2.1 mmol, 2.1 equiv) was added. 

A white solid precipitated immediately and was collected by filtration. It was dried 

under vacuum overnight to afford [NBu4]2[7a] as a colorless microcrystalline product 

(685 mg, 90%). 
1H{11B} NMR (400 MHz, CD3CN): δ = 8.52 (broad s, 1H, anionic NH), 7.41 (d, 2H, 

J = 8.2 Hz, Ph H), 7.18 (dd, 2H, J = 8.2 Hz, 7.6 Hz, Ph H), 6.83 (t,1H, J = 7.6 Hz, Ph 

H), 3.96 (broad s, 1H, NH), 3.25-3.01 (m, 16H, cationic N-CH2), 1.67-1.50 (m, 16H, 

cationic N-CH2CH2), 1.41-1.27 (overlapping m and s, 21H, cationic N-CH2CH2CH2 

and B-H), 1.04 (s, 5H, B-H), 0.95 (t, 24H, J = 7.3 Hz, cationic CH3), 0.85 (s, 1H, 

B-H). 
13C{1H} NMR (101 MHz, CD3CN): δ = 158.6, 142.8, 129.5 (overlapping signals), 

121.2, 59.2, 24.3, 20.3, 10.8.  
11B{1H} NMR (128 MHz, CD3CN): δ = -5.0 (1B, B-N), -15.4 (5B, B-H), -16.2 (5B, 

B-H), -19.3 (1B, B-H).  

High-resolution ESI-MS (negative mode, MeOH): m/z calcd for [C7H18B12N2O]2 

138.1320. Found: 138.1331. 
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Synthesis of urea [PPh4]2[7b]: This product was prepared in a similar manner to 

[NBu4]2[7a], using 4-chlorophenyl isocyanate (307 mg, 2.0 mmol, 2 equiv) and 

[PPh4]Br (881 mg, 2.1 mmol, 2.1 equiv ). [PPh4]2[7b] was obtained as a colorless 

microcrystalline solid (869 mg, 91%). 
1H{11B} NMR (400 MHz, CD3CN): δ = 8.59 (s, 1H, anionic NH), 7.95-7.85 (m, 8H, 

cationic H), 7.81-5.58 (overlapping m, 32H, cationic H), 7.41-7.28 (m, 2H, Ph H), 

7.13-6.96 (m, 2H, Ph H), 4.00 (s, 1H, N-H), 1.33 (broad signal, 5H, B-H), 1.07 (broad 

signal, 5H, B-H), 0.88 (broad signal, 1H, B-H). 
13C{1H} NMR (101 MHz, CD3CN): δ = 158.4, 141.7, 136.4 (d, JP,C = 2.4 Hz, cation 

CH), 135.6 (d, JP,C = 10 Hz, cation CH), 131.3 (d, JP,C =13.0 Hz, cation CH), 129.2, 

124.9, 119.6, 118.8 (d, JP,C = 89 Hz, cation Cq). 
11B{1H} NMR (128 MHz, CD3CN): δ = -5.0 (1B, B-N), -15.5 (5B, B-H), -16.2 (5B, 

B-H), -19.2 (1B, B-H).  

High-resolution ESI-MS (negative mode, MeOH): m/z calcd for [C7H17B12N2OCl]2– 

155.1125. Found: 155.1133. 
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Synthesis of isocyanate [MePPh3]2[8]: In a glovebox filled with N2, a 50 mL 

round-bottom flask was charged with Cs[B12H11NH3] (594 mg, 2.0 mmol, 1 equiv), 

NaH (144 mg, 6.0 mmol, 3 equiv) and a stir bar. DMF (10 mL) was added, and the 

mixture was stirred at 25 °C for 10 minutes until there was no H2 evolution anymore. 

Then ClC(O)NMe2 (6 equiv) diluted in DMF (2 mL) was slowly added by an 

Eppendorf pipet. The conversion was complete after stirring for 4 h. The flask was 

transferred out of the glovebox, and the volatiles were removed under vacuum. The 

residue was dissolved in H2O (10 mL) at ca. 90 °C, giving a slightly yellow solution. 

The solution was stirred at 80–100 °C for 1 h, and [MePPh3]Br (1.29 g, 5 mmol, 2.5 

equiv) was added. A white precipitate formed, and it was was collected by filtration. 

Purification by column chromatography (eluent DCM/MeCN 4:3) afforded 

[MePPh3]2[8] as a colorless solid (369 mg, 25%). 
1H{11B} NMR (400 MHz, CD3CN): δ = 7.90-7.83 (m, 6H, cationic CH), 7.76-7.62 

(overlapping m, 24H, cationic CH), 2.83 (d, J = 13.8 Hz, 6H, CH3), 1.23 (broad signal, 

5H, B-H), 0.97 (broad signal, 5H, B-H), 0.75 (broad signal, 1H, B-H). 
13C{1H} NMR (101 MHz, CD3CN): δ = 136.1 (d, JP,C= 3.0 Hz, cation CH), 134.2 (d, 

JP,C= 11 Hz, cation CH), 131.1 (d, JP,C= 13 Hz, cation CH), 120.4 (d, JP,C= 89 Hz, 

cation Cq), 9.37 (d, 1JP,C= 58 Hz, cation CH3). The N=C=O carbon atom could not be 

detected unambiguously. 
11B{1H} NMR (128 MHz, CD3CN): δ = -7.74 (1B, B-N), -15.4 (5B, B-H), -16.7 (5B, 

B-H), -19.6 (1B, B-H).  

Mass-spectrometric characterization of this product proved difficult; the results that 

were obtained by negative-mode ESI-MS are shown in Figure S2, along with the IR 

spectrum in Figure S3. 



 

 

Figure S2. (–)-ESI Mass spectrum of 8 in MeOH. 

 

 

 

 
Figure S3. IR spectrum of [PPh4]2[8]. 

 



III  X-ray Crystallography 

 

CCDC1861483–1861492 contain the supplementary crystallographic data for this 

publication. These data can be obtained free of charge from the Cambridge 

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

Crystals of the products [Et3NH]2[3b], [Et3NH][3d-H], [Et3NH]2[3e], 

[Et3NH][3e-H], [MePPh3][6a], [Et3NH][6c] and [MePPh3]2[8] were measured at room 

temperature because the X-ray facility of our department does not routinely offer 

measurements with nitrogen cooling.  



Crystal structure of [Et3NH]2[3a] (CCDC1861488) 
 

Compound [Et3NH]2[3a] (20 mg) was dissolved in acetone/MeCN (0.25 mL/0.25 mL) 

in a 1 mL glass vial. The resulting colorless solution was filtered into an 18 cm long 

NMR tube and layered with hexanes (1 mL). Colorless crystals of the composition 

[Et3NH]4[B12H11NHCOPh]2·H2O suitable for X-ray diffraction grew within 3 d at 25 

°C. 

 

 

 



 
 

Figure S4. ORTEP representation of [Et3NH]4[B12H11NHCOPh]2·H2O; 30% 

displacement ellipsoids. 



Crystal structure of [Et3NH]2[3b] (CCDC1861489) 
 

Compound [Et3NH]2[3b] (20 mg) was dissolved in acetone/MeCN (0.25 mL/0.25 mL) 

in a 1 mL glass vial. The resulting colorless solution was filtered into an 18 cm long 

NMR tube and layered with hexanes (1 mL). Colorless crystals of the composition 

[Et3NH]2[B12H11NHCO-C6H4-F]·0.5CH3C(O)CH3 suitable for X-ray diffraction grew 

within 1 d at 25 °C. 

 

 
 



 

 

Figure S5. ORTEP representation of [Et3NH]4[B12H11NHCO-C6H4-F]2·CH3C(O)CH3; 

30% displacement ellipsoids. 



Crystal structure of [Et3NH]2[3c] (CCDC1861486) 

 

Compound [Et3NH]2[3c] (20 mg) was dissolved in MeCN (0.5 mL) in a 1 mL glass 

vial. The resulting colorless solution was filtered into an 18 cm long NMR tube and 

layered with Et2O (1 mL). Colorless crystals of the composition [Et3NH]2 

[B12H11NHCO-C6H4-I] suitable for X-ray diffraction grew within 1 d at 25 °C. 

 

 

 



 
 

Figure S6. ORTEP representation of [Et3NH]2[B12H11NHCO-C6H4-I]; 30% 

displacement ellipsoids. 

 



Crystal structure of [Et3NH][3d-H] (CCDC1861491) 

 

Compound [Et3NH][3d-H] (10 mg) was dissolved in acetone (0.5 mL) in a 1 mL 

glass vial. The resulting colorless solution was filtered into a 18 cm long NMR tube 

and layered with hexanes (1 mL). Colorless crystals of the composition [Et3NH] 

[B12H11NHC(OH)-C6H4-OCH3] suitable for X-ray diffraction grew within 5 d at 25 

°C. 

 

 
 



 

 

Figure S7. ORTEP representation of [Et3NH][B12H11NHC(OH)-C6H4-OCH3]; the 

protonated 4-methoxybenzamide moiety and the triethylammonium cation are both 

disordered. Only one of the two disordered parts is shown for clarity; 30% 

displacement ellipsoids. 

 



Crystal structure of [Et3NH]2[3e] (CCDC1861492) 

 

Compound [Et3NH]2[3e] (20 mg) was dissolved in MeCN (0.5 mL) in a 1 mL glass 

vial. The resulting colorless solution was filtered into an 18 cm long NMR tube and 

layered with Et2O (1 mL). Colorless crystals of the composition [Et3NH]2 

[B12H11NHCO-C5H4N] suitable for X-ray diffraction grew within 2 d at 25 °C. 

 

 

 



 
 

Figure S8. ORTEP representation of [Et3NH]2[B12H11NHCO-C5H4N]; 30% 

displacement ellipsoids. 

 



Crystal structure of 3e-H (CCDC1861490) 

 

Compound [Et3NH][3e-H] (25 mg) was dissolved in MeOH/MeCN (1 mL/1 mL) at 

ca. 50 °C in a 4 mL glass vial and allowed to cool to room temperature. Colorless 

crystals of the composition [Et3NH][B12H11NHCO-C5H4N-H]·CH3CN suitable for 

X-ray diffraction were obtained within 1 d. 

 

 

 



 
 

Figure S9. ORTEP representation of [Et3NH][B12H11NHCO-C5H4N-H]·CH3CN; 30% 

displacement ellipsoids. 

 



Crystal structure of [Et3NH][6a] (CCDC1861483) 

 

Compound [Et3NH][6a] (10 mg, 0.031 mmol) was dissolved in acetonitrile (0.5 mL) 

in a 1 mL glass vial. The resulting colorless solution was filtered into a 18 cm long 

NMR tube and layered with diethylether (1 mL). Colorless crystals of the composition 

[Et3NH][B12H11NH=CH–N(CH3)2]·2CH3CN suitable for X-ray diffraction grew 

within 5 d at 25 °C. 

 

 

 



 

 

Figure S10. ORTEP representation of [Et3NH][B12H11NH=CH–N(CH3)2]·2CH3CN; 

30% displacement ellipsoids. 

 



Crystal structure of [MePPh3][6a] (CCDC1861484) 

 

Single crystals of 6a were also obtained with the [MePPh3]+ cation, and the structure 

is similar to that of [Et3NH][6a]. [Et3NH][6a] (30 mg) was suspended in water (1 mL), 

and NaOH (2 equiv) was added to form the Na+ salt. To this solution [MePPh3]Br (2 

equiv) was added to give [MePPh3][6a] as a colorless precipitate. [MePPh3][6a] (20 

mg) was dissolved in acetone (0.5 mL). The resulting colorless solution was filtered 

into an 18 cm long NMR tube and layered with Et2O (1 mL). Colorless crystals of the 

composition [MePPh3] [B12H11NH=CH–N(CH3)2] suitable for X-ray diffraction grew 

within 2 d at 25 °C. 

 

 



 
 

Figure S11. ORTEP representation of [MePPh3][B12H11NH=CH–N(CH3)2]; 30% 

displacement ellipsoids. 

 



Crystal structure of [Et3NH][6c] (CCDC1861485) 

 

Compound [Et3NH][6c] (10 mg) was dissolved in acetonitrile (0.5 mL) in a 1 mL 

glass vial. The resulting colorless solution was filtered into a 18 cm long NMR tube 

and layered with diethylether (1 mL). Colorless crystals of the composition [Et3NH] 

[B12H11NH=C(C6H5)(NH-C6H5)]·H2O suitable for X-ray diffraction grew within 5 d 

at 25 °C.	
  

 

 

 



 

 

Figure S12. ORTEP representation of [B12H11NH=C(C6H5)(NH-C6H5)]·H2O; 30% 

displacement ellipsoids. 

 



Crystal structure of [MePPh3]2[8] (CCDC1861487) 

 

[MePPh3]2[8] (10 mg) was dissolved in acetone (0.5 mL) in a 1 mL glass vial. The 

resulting colorless solution was filtered into an 18 cm long NMR tube and layered 

with Et2O (1 mL). Colorless crystals of the composition [MePPh3]2[B12H11N=C=O] 

suitable for X-ray diffraction grew within 2 d at 25 °C. Single crystals could also be 

obtained by recrystallization from aceotone. 

 

 
 



 
 

Figure S13. ORTEP representation of [MePPh3]2[B12H11N=C=O]; 30% displacement 

ellipsoids. 
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