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1. General information

Reagents.

NaBH, 98% (Energy Chemical), NaBH3CN 95% (Energy Chemical), KBH4 98% (Acros), 1H-Tetrazole 98% (Adamas), 5-Amino-1H-Tetrazole 98%
(Adamas), Pyrazole 98% (Innochem), Glyoxaline 99% (Innochem), 1-Methylimidazole 99% (Adamas), Allyl Bromide 99% (Adamas), 1,3-
Dimethylimdazolium Chloride 98%(TCl), 1-Ethyl-3-methylimidazolium chloride 98% (Adamas), 1-Butyl-3-methylimidazolium chloride 99%
(Adamas), 1-Allyl-3-Methylimidazolium Chloride 96% (Adamas), 1-Butyl-1-Methylpyrrolidinium Bromide 97% (Adamas), 7, 1-Ethylpyridinium
Bromide 99% (Adamas), 1-Butylpyridinium Bromide 99% (Adamas), 1,3-diallyl-1H-imidazolium bromide and 1-allylpyridinium bromide were
synthesized according to the reported methods.!!

Characterization.

H, 18C, *B NMR spectra were recorded on Bruker 400 AVANCE spectrometer (400, 101, 128 MHz, respectively). IR spectra were performed on
IRAffinity-1s. High resolution mass spectra were performed on Bruker Apex IV FTMS. Elemental analysis was performed on EA3000. Thermal
property measurements were performed on DSC-60. The densities of ionic liquids were measured on analytical balance and 2 mL volumetric flask
at 25 <C. The viscosity measurements were performed on AR2000ex at 25 <C. The heat of formation were calculated by Explo5 (version 6.02)
software. Ignition of HILs with WFNA and N204 were recorded with high speed camera Optronis CR3000*2.

2. Computational methods for heats of formation.

Heat of formation of cations were calculated using the Gaussian 09 and isodesmic reaction (Table S1)./ The geometric optimization of the structures
and frequency analyses were accomplished by using the B3LYP with the 6—31+G** basis set,¥! and single-point energies were calculated at the
MP2/6—311++G** level and G2 method. Heat of formation (HOF) of all the ILs were calculated based on the Born—Haber energy cycle (Scheme
S1). Lattice energies were predicted by using the approach of Jenkins et al (see Egs. (1)(2)(3)).) Where AH L Is the lattice energy of the salt;
AH ? is the heats of formation; Upor is the lattice potential energy; p is the density; Mw is the formula weight; nm and nx depend on the ions Mp%*
and XgP- of salt MpXq; R is the constant, 8.314 mol K'%; T is the thermodynamic temperature at 298 K.
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Scheme S1. Born-Harber cycle for the formation of ionic liquids
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Table S1. Isodesmic reactions for the HOFs calculation of cations and anions.
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Table S2. Enthalpies of gas-phase species of cations and anions (based on G2 method).

ions AHt (kJ'molt) AHs (kg™
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Lo
N
H
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Table S3. Enthalpies of the gas-phase species of anions and cations based on isodesmic reactions.
lons E(MP2)? ZPE® TCHe AHcorr AHt (k‘mol?)
H
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a) Total energy calculated by B3LYP/6-31+G** method (Hartree/Particle); b) Zero-point correction (Hartree/Particle); c) Thermal correction to enthalpy (Hartree/Particle) d)

Heat of formation (kJ/mol).

Table S4. The calculated enthalpies of ionic liquids.

HiLs AHcation(kJ mol™) AHznion(kJ mol ) AHiat(kJ mol?) AHsai(kJ mol™)
1-BTB 663.0 353.5 451.1123 2.279
2-BTB 618.9 353.5 441.3525 2.026
3-BTB 555.9 353.5 436.4220 1.726
4-BTB 786.7 353.5 431.1310 2.444
5-BTB 791.5 353.5 424.0732 2.402
6-BTB 414.4 353.5 425.6674 1.167
7-BTB 586.2 353.5 433.4548 1.827
8-BTB 668.0 353.5 444.4210 2.227
9-BTB 651.2 353.5 430.5152 2.000
10-BTB 780.2 353.5 441.1251 2.555
4-DCB 786.7 -67.5 453.4138 1.413

4-BHsCN 786.7 -80.7 466.5188 1.469
4-NCA 786.7 -21.7 454.3038 1.485

4-BHs 786.7 -58.6 478.8907 1.806
4-BCB 786.7 -114.7 438.4118 1.157

4-PB 786.7 -337.9 446.4035 0.013

; 555.9 186.6 465.1709 1.242
S
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3. Explo5 program for specific impulse
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4. Synthesis of hypergolic ionic liquids
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Synthesis of NaBTB.

Sodium borohydride, NaBH4 (49, 106 mmol), was added with stirring to 70 mL of anhydrous acetonitrile in 250 mL round-bottom flask. While
rapidly stirring the mixture, 1H-tetrazole (14.814 g, 106 mmol) was added slowly in small portions. Then the flask was fitted with a reflux condenser
and the slurry was reflux 4 days under Ar atmosphere with continuous rapid stirring. The solution was cooled and the solid was collected on filter
paper and then dried in vacuum to yield 17.512 g (95 % yield). *H NMR (400 MHz, D20) § 8.93 (s, 2H), 4.2-3.5 (m, 2H). **C NMR (101 MHz,
DMSO-ds). § 147.75. 1B (128 MHz, D20) § -11.66. HRMS (ESI) m/z: [M]" calcd for C2HsBNg:151.0657, Found: 151.0658.

Synthesis of KBATB.
According to the literature®®: 91% yield. *H NMR (400 MHz, CDsCN) § 8.59 (s, 2H), 4.20 — 3.80 (m, 2H).**C NMR (101 MHz, DMSO-ds) 147.24.
1B (128 MHz, D20) & —14.656. HRMS (ESI) m/z: [M] calcd for C:HsBN107:181.0875, Found: 181.0877.

Synthesis of NaBH2CN(tetz).

Sodium cyanoborohydride (6.284 g, 100 mmol) was added with stirring to 70 mL of toluene in 250 mL round-bottom flask. Then 1H-tetrazole (7.075
g, 101 mmol) of was added. Then the flask was fitted with a reflux condenser and the slurry was reflux 4 hours under Ar atmosphere with continuous
rapid stirring. The solution was cooled and the solid was collected on filter paper. Then the solid was recrystallized from THF/ dioxane. And dried
in vacuum to yield 10.536 g (81% yield). *H NMR (400 MHz, Dz0) § .8.80 (s, 2H), 3.50 — 2.00 (m, 2H). *C NMR (101 MHz, DMSO-ds). 5 150.60,
139.51 (m). 1B (128 MHz, D20) § 24.24 (t, J = 102.0 Hz). HRMS (ESI) m/z: [M]" calcd for C2HsBNs:108.0487, Found: 108.0488.

Synthesis of KBH2(pz)2.

According to the literaturel®: 919% yield. *H NMR (400 MHz, D20) & 7.70 (s, 2H), 7.58 (s, 2H), 6.30 — 6.25 (m, 2H), 4.00 - 3.30 (m, 2H).**C NMR
(101 MHz, DMSO-ds). & 140.26, 135.94, 104.40. 1B (128 MHz, D20) 5 —7.51 (t, J = 95.9 Hz). HRMS (ESI) m/z: [M]" calcd for CsHsBN,:147.0848,
Found: 147.0849.

Synthesis of KBH(im)s.

According to the literaturel”: 92% yield. *H NMR (400 MHz, DMSO-ds) & 7.26 (s, 2H), 6.82 (s, 2H), 5.00 — 4.00 (m, 1H).13C NMR (101 MHz,
DMSO-ds). § 139.65, 128.06, 120.54. 1B (128 MHz, D20) 5 —4.74 (d, J = 99.58 Hz). HRMS (ESI) m/z: [M]" calcd for CeH10BNs:213.1065, Found:
213.1067.

Synthesis of KBHz(im)2.
According to the literaturel®: 89% yield. *H NMR (400 MHz, D;0) & 7.61 (s, 2H), 7.03 (s, 2H), 6.96 (s, 2H), 3.90 — 3.20 (m, 2H).2*C NMR (101
MHz, D20) 141.97, 127.10, 123.39. B (128 MHz, D20) & -10.09. HRMS (ESI) m/z: [M]" calcd for CsHsBN14:147.0848, Found: 147.0849.

General procedure for preparation of ionic liquids (1-BTB — 10-BTB):

Synthesis of salt 1: 2.652 1, 3-dimethylimdazolium chloride (20 mmol) was dissolved in 30 mL CH3CN at room temperature, and then 4.174 g
NaBTB was added. The reaction was stirred for 7 days, then the insoluble solid was filtrated and the solvent was evaporated. The residual substance
was extracted with 20 mL of dichloromethane and the solution was washed three time with 1 mL distilled water. And then the dichloromethane was
evaporated under reduced pressure. The product was vacuum dried at 50 <C for 24 h to reduce any traces of water and then subjected to further
characterization.
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1-BTB: Colorless liquid, 85% yield. *H NMR (400 MHz, D20) & 8.88 (s, 2H), 8.53 (s, 1H), 7.29 — 7.23 (m, 2H), 4.00 — 3.50 (m, 8H). 3C NMR
(100 MHz, D20) § 147.88, 136.32, 123.21, 35.50. 1B (128 MHz, D20) 5 —11.69. IR (KBr): v = 3466, 3157, 3122, 2961, 2435, 1576, 1464, 1102;
HRMS (ESI) m/z: [M]* calcd for CsHoN2*: 97.0760, found: 97.0763. [M]~ calcd for C2HaBNs™: 151.0657, found: 151.0656. Anal. calcd for
C7H13BN1o: C 33.89, H 5.28, N 56.47; found: C 33.39, H, 5.39, N 55.48.

2-BTB: Colorless liquid, 80% yield. *H NMR (400 MHz, D20) & 8.84 (s, 2H), 8.55 (s, 1H), 7.24 — 7.20 (m, 2H), 4.04 -3.40 (m, 7H), 1.27 (t, J=7.4
Hz, 3H). 3C NMR (100 MHz, D20) & 147.82, 135.22, 123.24, 121.61, 44.63, 35.53, 14.21. *'B (128 MHz, D20) § —11.74. IR (KBr): v = 3467, 3146,
3116, 2988, 2441, 2364, 1576, 1465, 1357, 1101; HRMS (ESI) m/z: [M]* calcd for CeH1:N2*: 111.0917, found: 111.0918. [M]" calcd for C2H4BNs™
151.0657, found: 151.0659. Anal. calcd for CsHisBN1o: C 36.66, H 5.77, N 53.44; found: C 37.01, H, 5.85, N, 53.01.

3-BTB: Colorless liquid, 84% yield. *H NMR (400 MHz, D20) 5 8.90 (s, 2H), 8.61 (s, 1H), 7.32 — 7.31 (m, 2H), 4.05 — 3.40 (m, 7H), 1.68 — 1.61
(m, 2H), 1.15 — 1.09 (m, 2H), 0.75 (t, J = 7.5 Hz, 3H). °C NMR (100 MHz, D20) § 147.90, 135.63, 123.34, 122.04, 49.14, 35.55, 31.10, 18.60,
12.45; 1'B (128 MHz, D20) § —11.73. IR (KBr): v = 3451, 3147, 3115, 2963, 2937, 2876, 2437, 2364, 2302, 1569, 1467, 1357, 1169; HRMS (ESI)
m/z: [M]* calcd for CsHisN2*: 139.1230, found: 139.1229. [M]" calcd for C2H4BNs™: 151.0657, found: 151.0656. Anal. calcd for CioH19BN1o: C
41.40, H 6.60, N 48.27; found: C 41.33, H, 6.58, N, 47.76.

4-BTB: Colorless liquid, 83% yield. *H NMR (400 MHz, D>0) & 8.88 (s, 2H), 8.61 (s, 1H), 7.30 — 7.29 (m, 2H), 5.90 — 5.83 (m, 1H), 5.30 — 5.19
(m, 2H), 4.66 (d, J = 6 Hz, 2H), 4.0 — 3.5 (m, 5H). 3C NMR (100 MHz, D20) & 147.89, 135.81, 130.01, 123.40, 122.04, 121.00, 51.34, 35.61. !B
(128 MHz, D20) 6 —11.71. IR (KBr): v = 3438, 3146, 3116, 2439, 2375, 1570, 1460, 1158, 1101; HRMS (ESI) m/z: [M]* calcd for C7H1:N2*:
123.0917, found: 123.0917. [M] " calcd for C2H4BNs™: 151.0657, found: 151.0658. Anal. calcd for CoHisBNio: C 39.44, H 5.52, N 51.10; found: C
39.41, H, 5.28, N, 50.74.

5-BTB: Slight yellow liquid, 86% yield. *H NMR (400 MHz, D20) & 8.88 (s, 2H), 8.70 (s, 1H), 7.38 — 7.35 (m, 2H), 5.91 — 5.88 (m, 2H), 5.31 —
5.22 (m, 4H), 4.75 — 4.65 (m, 4H), 4.20 — 3.25 (m, 2H). **C NMR (100 MHz, D20) § 147.91, 135.27, 130.06, 122.35, 121.12, 51.54. B (128 MHz,
D20) 8 —11.74. IR (KBr): v = 3442, 3140, 3109, 2990, 2437, 2360, 2300, 1564, 1157; HRMS (ESI) m/z: [M]* calcd for CoH13N2*: 149.1073, found:
149.1072. [M] calcd for C2H4BNs™: 151.0657, found: 151.0656. Anal. calcd for C11H17BN1o: C 44.02, H 5.71, N 46.67; found: C 43.56, H, 5.56, N,
46.20.

6-BTB: Colorless liquid, 82% yield. *H NMR (400 MHz, D20) § 8.93 (s, 2H), 4.10 — 3.31 (m, 6H), 3.12 — 3.07 (m, 2H), 2.88 (s, 3H), 2.03 — 2.02
(m, 4H), 1.50 — 1.48 (m, 2H), 1.12 - 1.05 (m, 2H), 0.75 — 0.66 (m, 3H). **C NMR (100 MHz, D20) § 147.93, 64.11, 63.98, 47.94, 24.90, 21.15,
19.03, 12.61. B (128 MHz, D20) 5 —11.67. IR (KBr): v = 3462, 3127, 2966, 2877, 2437, 2362, 1464, 1356, 1100; HRMS (ESI) m/z: [M]* calcd for
CoH20N*: 142.1590, found: 142.1589. [M]™ calcd for C2H4BNs™: 151.0657, found: 151.0659. Anal. calcd for C11H24BNo: C 45.06, H 8.25, N 43.00;
found: C 44.59, H, 8.11, N, 42.47.

7-BTB: Slight yellow liquid, 80% yield. *H NMR (400 MHz, D20) § 8.93 (s, 2H), 5.95 — 5.85 (m, 1H), 5.61 — 5.50 (m, 2H), 4.10 — 3.30 (m, 8H),
2.92 (s, 3H), 2.20 — 2.00 (m, 4H). *3C NMR (100 MHz, D20) & 147.98, 128.03, 125.02, 65.64, 63.47, 48.28, 21.21. 1B (128 MHz, D20) § —11.67.
IR (KBr): v = 3455, 3128, 2985, 2437, 2364, 1456, 1356, 1102; HRMS (ESI) m/z: [M]* calcd for CgH1sNe*: 126.1277, found: 126.1278. [M] " calcd
for C2HsBNs™: 151.0657, found: 151.0656. Anal. calcd for CioH20BNo: C 43.34, H 7.27, N 45.29; found: C 43.14, H, 7.07, N, 44.75.

8-BTB: Colorless liquid, 85% yield. *H NMR (400 MHz, D20) § 8.87 (s, 2H), 8.74 (d, J = 5.6 Hz, 2H), 8.39 (t, J = 8 Hz, 1H), 7.94 — 7.92 (m, 2H),
4.55(q, J=7.2 Hz, 2H), 4.1 -3.30 (m, 2H), 1.53 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, D20) § 147.88, 145.25, 143.71, 128.07, 57.25, 15.50. 'B
(128 MHz, D20) 6 —11.74. IR (KBr): v = 3447, 3133, 3067, 2982, 2943, 2435, 2358, 1635, 1490, 1357, 1100; HRMS (ESI) m/z: [M]* calcd for
C7H10Ne*: 108.0808, found: 108.0810. [M]™ calcd for C2HsBNs™: 151.0657, found: 151.0658. Anal. calcd for CoH14BNg: C 41.72, H 5.45, N 48.66;
found: C 41.33, H, 5.36, N, 48.19.

9-BTB: Colorless liquid, 80% yield. *H NMR (400 MHz, D20) § 8.82 (s, 2H), 8.67 (d, J = 5.6, 2H), 8.33 (t, J = 7.6 Hz, 1H), 7.88 (t, J = 6.4 Hz, 2H),
4.40 (t, J =7.2 Hz, 2H), 4.1 - 3.0 (m, 2H), 1.71 — 1.63 (m, 2H), 1.05 — 0.96 (m, 2H), 0.59 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, D-0) § 147.79,
145.24, 143.90, 128.03, 61.54, 32.40, 18.51, 12.45. !B (128 MHz, D20) & —11.82. IR (KBTr): v = 3442, 3132, 3065, 2964, 2937, 2876, 2441, 2360,
1635, 1489, 1356, 1155; HRMS (ESI) m/z: [M]* calcd for CoH1aNe*: 136.1121, found: 136.1120. [M]™ calcd for C2HsBNs™: 151.0657, found:
151.0656. Anal. calcd for C11H18BNg: C 46.01, H 6.32, N 43.90; found: C 45.41, H, 6.04, N, 43.30.

10-BTB: Slight yellow liquid, 84% yield. *H NMR (400 MHz, D20) § 8.89 (s, 2H), 8.75 (d, J = 5.2 Hz, 2H), 8.46 (t, J = 7.6 Hz, 1H), 7.98 — 7.97
(m, 2H), 6.07 — 5.99 (m, 1H), 5.47 — 5.35 (m, 2H), 5.15 (d, J = 5.2 Hz, 2H), 3.86 — 3.50 (m, 2H). 13C NMR (100 MHz, D-0) & 147.91, 145.79,
144.08, 129.70, 128.13, 122.93, 63.35. !B (128 MHz, D20) § —11.72. IR (KBr): v = 3438, 3129, 3064, 2985, 2437, 2364, 1633, 1487, 1156, 1101;
HRMS (ESI) m/z: [M]* calcd for CsHioNg*: 120.0808, found: 120.0809. [M]~ calcd for C2H4BNs™: 151.0657, found: 151.0658. Anal. calcd for
CioH14BNg: C 44.31, H 5.21, N 46.50; found: C 44.03, H, 5.20, N, 45.97.
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5. Hydrolysis study of hypergolic ionic liquids
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7. I1Ds Test

Table S5. The IDs of N-hydroboration salts with WFNA?,

NaBTB KBATB NaBH,CN(tetz) KBH2(p2)s KBH(im)s KBHz(im)s

IDs (ms) 4 96 10 221 635 100

a) The droplet test was performed by directly adding the sample particle (ca. 5 mg) into the oxidizer liquid pool. Although the IDs of solid can be effected by the solid state, the
IDs can somewhat reveal the reactivity of the compounds with WFNA.

Table S6. The standard deviation of 1Ds with WFNA?2.

HILs - Test (msz) - Aver(aSgDe)\b/alue
1-B8TB - - " o0
#BTe 18 16 18 17 (1)
3-BTB 35 w © o
4-BTB " ” " o
5-BTB " , ” o
6-BTB - . . o
7-BTB 0 o - .
&eTe 1 16 15 14 (4)
9-BTB “ u » -
10-8TB 9 10 9 o (1)

a) Compound 1-10: Each sample was recorded on average of three measurements. b) The values into parenthesis represent standard deviation.

Table S7. The standard deviation of 1Ds with N204.

HILs - Test (msz) - Aver(f;gDe)l/alue
1-BTB 139 97 115 117 (30)
2BT8B 159 175 159 154 (35)
3BTB 129 101 108 113 (21)
4-BTB 60 47 53 53(9)
SBTB 31 26 29 29 (4)
6-BTB 86 69 77 77 (12)
-BTB 53 46 57 52 (8)
8BTB 138 156 129 141 (24)
o-BTB 117 105 138 120 (4)
10-BTB 62 51 58 57 (8)

a) Compound 1-10: Each sample was recorded on average of three measurements. b) The values into parenthesis represent standard deviation.
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8. Copies of NMR, IR, HRMS Spectra and DSC.

8.932

4.790
2.047

)
\_'_1 \_'_1
\
ppmléls) 10.0 5.0 0.0
'H-NMR spectrum of compound NaBTB
5 £993883
;o
N
® N
Na H
H\é‘/@
N
ND
N-N
\ \
ppm (t1300 150 100 50

13C-NMR spectrum of compound NaBTB

S12



-11.661

ppm (t1)

\
50

-50

-100

1B-NMR spectrum of compound NaBTB

#10% |-ESI Sean [1.335 min) Frag=150 0% L<v0437.d Sublract

1.39
1.29
114

1
0.9
0.8
0.74
0.6+
0.5
0.4+
0.34
0.24
0.1+

o

108.0433

1510658
(M-H)-

2 20 20z
Counts vs. Mass-to-Charge [m/z)

HRMS: BTB-

S13




G89'8

N
I
z
N\N H/@ =Z
I Z-m-Z W
-— / ST
z T =
4
£ €

Ju

% 2.15

Qv 2.00

5.0 0.0
'H-NMR spectrum of compound KBATB

10.0

pprt )

ovT'T

cL0'6e
T6T°6€
T1€'6E
0EY'6€
675'6€
0S5'6€
699'6€
88.'6¢

8.0°8TT

STT'6ST

N
I
4
NnN H/@ =Z
I zZ-0-Z ,N
— ’ ~
z £ >
e
I x

\
50

\
100
13C-NMR spectrum of compound KBATB

\
150

ppm (200

S14



-14.656

ppm (t1) 50 0 -50 -100

NMR spectrum of compound KBATB

#1068 [-ESI Scan [1.034 min) Frag=150.00 L<v0364.d Subtract

181.0877
[M-HF

180.0910

ol . o 1

178 1785 173 1795 180 1805 181 1815 182 1825 183 1935 184 1845 185 1855 186 185 187 1875 188 1385
Counts vs, Mazs-to-Charge [méz]

HRMS: BATB-

S15



8.801
4.790

N-N
LN
Na® H \é/g
CN
L
\_'_1 \_'_1
5 ®
\
ppml("i_’lg 10.0 5.0

'H-NMR spectrum of compound NaBH2CN(tetz)

616
235
193
983
854

150.600
139
139
139
138
138

\ \ \ \
ppm (tl?OO 150 100 50

13C-NMR spectrum of compound NaBH-CN(tetz)

S16



23.444

25038
So——— 24240

ppm (t1)

\
100

\
50

spectrum of compound NaBH2CN(tetz)

¥10%
1.4
1.3
1.2
114

034
084
074
06
054
044
034
024
014

-ESI Sean (1.557 min) Frag=150.0V L<v0405.d Subtract

1080488
[MH}

107.0523

W 1 1z s e ds s air
Counts vs. Mass-to-Charge (/2]

HRMS: BH2CN(tetz)

S17

1B-NMR



7.699
6.281
6.278
4.790
3.817

X N
2 3
// \\
N
O N~
K
H\ég
N\N
W
b e .
\ \ \ \
ppmlél(? 10.0 5.0 0.0
'H-NMR spectrum of compound KBH.(pz)2
g3 g
S8 g
{/ W\
N
® N’
K
H\ég
N N
W
I I I I
ppm (&5)0 150 100 50

13C-NMR spectrum of compound KBH2(pz)2

S18



-6.751
-7.505
-8.249

ppm (t1) 50

\ \
0 -50

“B-NMR spectrum of compound KBH2(pz).

-ESI Scan [1.087 min] Frag=150.0% L<v0414.d Subtract

425 147.0843
[M-H}-

3171585

0 100 190 120 130 140 150

0 170 140 180 200 210 200 230 240 20 260 20 260 230 3m
Counts vz, Magz-to-Charge [m/z)

HRMS: BHz(pz)2

S19




I 2 3 2 g
o @ © ™ ¥ 0
N < < o» [N
[N
\
o L
K H-2
“B-NTSN
(3 =
N
L_JL_M I
s —
g & g
T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘
. 7. . . 4. . 2. 1.
ppm (t1)8 0 0 6.0 5.0 0 3.0 0 0
. 'H-NMR spectrum of compound KBH(im)s
<t ©o 3] LN~ O MY
0
® N
K e
HNTB\N/‘N
[/) \—/
N
! I I I I I
ppm (@LS)O 150 100 50 0

13C-NMR spectrum of compound KBH(im)s

S20



-4.354
-5.132

\ \ \
50 0 -50

1B-NMR spectrum of compound KBH(im)s

ppm (t1)

105 |-ESI Sean [1.033 min) Frag=150.0v L4Y0380.d Subiract
2131067
[MH)-

o N A .

120 130 140 150 160 170 160 150 200 2l 260 230 240 20 260 20 280 20 300 310 30 330 30 30 360 370
Counts vs. Mass-to-Charge [m/2)

HRMS: BH(im)s

S21



ge8'e ——
Ov9'E —— 206

06L'Y —

5.0
'H-NMR spectrum of compound KBHz(im)2

| 988°€2T ———__
§60°22T

190 | 896°TVT
& 201
% 2.00

S09°L

0 i T ed 3
Zz-m- i =
z~/ £ = | Z=/ T

@ @

4 X

\
melglq

50

S22

100
13C-NMR spectrum of compound KBHz(im)2

150

\
ppm (@90




-9.298
-10.089
-10.872

\ \
50 0

“B-NMR spectrum of compound KBHz(im):

ppm (t1)

¥10% |-ES] Scan [1.054 min] Frag=150.0 Lxv0393.d Subtract
H 147.0849
25l [HH)-
26
2.4
224
24
1.8
1.6
1.4
1.2
14
0.8
0.6
0.4
0.2
o

@ g0 o 1o 120 130 tdo 150 60 170 180 130 200 2o 20 2o 20 280
Counts vs. Mass-to-Charge [mdz]

HRMS: BHa(im)"

S23



18L°€

06LYy —

T€T’L
16¢°L
§Ge'L
L92°L
6L¢’L
18¢°L

\

€698 ——

1188

Qv 8.15

_ % 1.96

F 0.99
F 2.00

0.0

5.0

10.0

ppm (t1)

005°G€

pectrum of compound 1-BTB

60¢°€CT

H-NMR s

[44 %A

088°LvT

\
100
S1

\
150

\
200

ppm (t1)

13C-NMR spectrum of compound 1-BTB

S24



-11.691

ppm (t1)

NN
N
N .
NN N
— H
1EN H‘l%@
N
N
-N
\ \
50 0 -50

1B-NMR spectrum of compound 1-BTB

3466, 23

3186, 64~
3121, 92—
2060, 86
2938, 23—
2363, 87—
2302, 14—
1576.91—
1464, 03—

P
2500 2260

|
1750

[
2000

[ (R
anoa 2750

IR spectrum of compound 1-BTB

S25

1356, 98—

1102. 37

135 —




1170113161405 #69 RT: 0.69 AV: 1 NL: 6.24E9
T FTMS + p ESI Full ms [50.00-750.00]
100— 97.0763

0x[xwx[xwxyxwxyxwx[xwx[xwx[xwx[xwxyxwxywxwywxwywxw
60 80 100 120 140 160 180 200 220 240 260 280
m/z
HRMS: cation of compound 1-BTB

1#70 RT:0.66 AV:1 NL:1.02E10
T: FTMS - p ESI Full ms [50.00-750.00]

1004 151.0656

95

907

704
65
607
551
50
453
407

35

303

T T T
60 80 100 120 140

T T T
160 180 200 220 240 260 280

miz

HRMS: cation of compound 1-BTB

S26



DSC
mW

10. 00

0. 00 i

—10. 00

Onset
Endset
Iransition

Mid Point

3T
23.72C

0. 03 mW
20.53C

Peak

Onset

—70.

I
00 0.00

L L L L L L L L L L L L L L L L L
20.00 40.00 60.00 80.00 100.00 120.00 140.00 160. 00 180. 00 200. 00 220. 00 240. 00 260. 00 280. 00 300. 00 320. 00 340. 00
-~ ic

emp

DSC of compound 1-BTB at a scan rate of 5 € min under nitrogen atmosphere.

0 O O o AN < W0 O N M w0
[S2Ye) o O [<2] S N O o< D I~ W
@ 18 &3 R 3533~ SRR
o o ~ o~ < <t T T T O™ — - -
N-
(¢ 0N
N N
/@jH\‘/H
<N\ Ee
N
N
wow L e v
N o ~ w
o o o o o
o o, w © ©o
I I I
10.0 5.0 0.0

ppm (t1)

S27

'H-NMR spectrum of compound 2-BTB




[ag} n o o
@ & 93 8 8 e
~ 7o) I RN «© o N
3 g S S I 8 3
N-N )
N
N N’
(8] g
NTON
N
N-N
200 150 100 50
ppm (1)
13C-NMR spectrum of compound 2-BTB
S2
i
<
~
=
¢
N N’N
_H
@] g
N \
) N
[
N-N
I I I
50 0 -50
ppm (t1)

1B-NMR spectrum of compound 2-BTB

S28



1o0—
%T |
0 —
N i 1
— oo .
- [ o
4 = & 5
80— ] i o iR
] =z =
il s [ b
J S 5 #
o= 3
— o o =
=] =% = w0
| = = =1 |
J Z B :
: = g5
] -3
A0 — =
- 1 [ ] | 1 [t 1 1 [ 1 | 1 [t T | 1 [ 1 1 [t 1 | 1 1 1 | 1 [t 1 ‘ 1 [t 1 1 1 1 | 1 [t 1 [ 1 [ ] 1 |
3750 3500 3250 30ao 2750 2500 2250 2000 1750 1500 1250 1000 T80
IR spectrum of compound 2-BTB
2#59 RT:0.59 AV:1 NL: 7.82E9
T: FTMS + p ESI Full ms [100.00-1500.00]
111.0918
lOOj
90
80
70
60
50
407
30
20
10
0: |
LARARE AAAE RAMAE RAAMS NS LARRE RAMAS RRAAS LA RARY RARAS NRAAE MARMY MY NAAS RARAE MM RAARS RASEE LARMN RAAME NRARE RARME RAARS SARAS LARAE RARRY RARAS EARAE RARAY RARAL HARAS LAARE MR RARA) RARAE RARM RARA RARM |
100 120 140 160 180 200 220 240 260 280 300
m/z
HRMS: cations of compound 2-BTB
2#64 RT. 061 AV:1 NL:848E9
T: FTMS - p ESI Full ms [50.00-750.00]
100; 151.0659
95%
90%
o]
50%
=
40%
35%
30%
25%
20%
153
10%
OZ\A\ w\wlww\ww\ww\w T T T T T T T T T T T T T T T T T T
60 80 100 120 140 160 180 200 220 240 260 280

S29

21

500
cm-1



HRMS: anion of compound 2-BTB
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6#69 RT:0.69 AV:1 NL: 1.73E10
T: FTMS + p ESI Full ms [100.00-1500.00]
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HRMS: cations of compound 6-BTB
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HRMS: anion of compound 6-BTB
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DSC of compound 6-BTB at a scan rate of 5 € min™ under nitrogen atmosphere.
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7#70 RT: 066 AV:1 NL:1.02E10
T: FTMS - p ESI Full ms [50.00-750.00]
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HRMS: anion of compound 7-BTB
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DSC of compound 7-BTB at a scan rate of 5 € min under nitrogen atmosphere.
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8#61 RT:0.61 AV:1 NL: 4.67E9
T: FTMS + p ESI Full ms [100.00-1500.00]
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HRMS: cation of compound 8-BTB

8#68 RT:0.65 AV:1 NL: 1.01E10
T: FTMS - p ESI Full ms [50.00-750.00]
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HRMS: anion of compound 8-BTB
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DSC
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DSC of compound 8-BTB at a scan rate of 5 € min't under nitrogen atmosphere.
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9#70 RT:0.66 AV:1 NL:1.02E10
T: FTMS - p ESI Full ms [50.00-750.00]
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HRMS: anion of compound 9-BTB

Maaasans: T T T
60 80 100 120 140

DSC
mW

20. 00 -

Peak 17%1.43C

Onset 166.36C

L Endset 1[75.25C
[l

10. 00 -

—10. 00 —

—60.00 —40.00 —20.00 0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00 220.00 240.00 260.00
Temp C|

DSC of compound 9-BTB at a scan rate of 5 € min't under nitrogen atmosphere.
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10#69 RT:0.69 AV:1 NL: 1.46E10
T: FTMS + p ESI Full ms [100.00-1500.00]
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HRMS: cation of compound 10-BTB
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HRMS: anion of compound 10-BTB
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DSC of compound 10-BTB at a scan rate of 5 € min under nitrogen atmosphere.
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