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1.Synthesis procedure

NEN),
“/N
AgN(CN), —_ \)
— R\N N* N™. /

R 24h N

B

7 / H,0, RT Hy

/ / 1 N I rN 3 -

N N / Ty |
M THF | N R/ V. N j
NS . N ——» NN/ BHCN
30°C B N
2 gy NaBH;CN M

BH, BH,I — Rr_ /T N*\/)

48h TINN

1 2 B

CH,Cl,,RT He

2

4

R=-CH,CHj 2a,3a4a

-CH=CH, 2b,3b.4b

-CH,-CH,-CHj 2¢,3c,4c

-CHy-CH=CH, 2d.3d,4d

-CH,-CH,-CH,-CH; 2e¢,3e,4¢

Figure S1 The synthetic route for the asymmetric boronium-cation-based ionic

liquids
Synthesis of 1-methylimidazole borane complex

The product was a colorless liquid; yield, 92 %. '"H NMR(DMSO-dg, 400 MHz):
0=1.77 - 2.47 (m, 3H, BH3), 3.67 — 3.72 (s, 3H, CH3), 6.96 — 7.03 (s, 1H, N-CH=CH-
N), 7.24 — 7.36 (s, 1H, N-CH=CH-N), 7.92 — 8.40 ppm (s, 1H, N-CH=N); 3C NMR
(101 MHz, Deuterium Oxide) & = 34.24, 122.07, 126.31, 137.78 ppm; IR (KBr): V=
3137, 2358, 2309, 2262, 1549, 1301, 1174, 831, 748 cm’!

Synthesis of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl)
dihydroboronium iodide (2a)

The product 2a was a viscous transparent liquid; yield, 42 %. 'H NMR(DMSO-
dg, 400 MHz): 6= 1.32 — 1.45 (s, 3H, CH3), 3.79 — 3.84 (s, 3H, CH3), 4.07 — 4.25 (s,
2H, CH,), 7.37 - 7.43 (d, 2H, N-CH=CH-N), 7.53 — 7.59 (s, 1H, N-CH=CH-N), 7.66
—7.70 (s, 1H, N-CH=CH-N), 8.73 — 8.80 (s, |H,N-CH=N), 8.80 — 8.90 ppm (s, 1H,
N-CH=N); 3C NMR (101 MHz, DMSO-d6) 6 = 15.34,34.97 ,43.19, 121.92,
123.39,124.76 , 124.85, 137.80 , 138.74 ppm; IR (KBr): V= 3445, 3113, 3068, 2959,
2876, 2427, 1544, 1162, 1128 cm’!.

Synthesis of (1-methyl-1H-imidazol-3-ium-1-yl)(1-vinyl-1H-imidazol-3-ium-1-yl)
dihydroboronium iodide (2b)
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The product 2b was a viscous transparent liquid; yield, 40 %. '"H NMR(DMSO-
de, 400 MHz): 6= 3.60 — 3.87 (s, 3H, CHj3), 5.24 — 5.35 (dt, 1H, CH2=CH), 5.83 —
5.93 (dd, 1H, CH=CH), 7.17 — 7.28 (dd, 1H, CH2=CH), 7.36 — 7.42 (t, 1H, N-
CH=CH-N), 7.49 — 7.56 (m, 2H, N-CH=CH-N), 8.01 — 8.06 (s, 1H, N-CH=CH-N),
8.65 —8.70 (s, 1H, N-CH=N), 9.01 — 9.06 ppm (s, 1H, N-CH=N);!3C NMR (101 MHz,
DMSO-d) & = 35.45, 107.59, 119.60, 124.03, 125.38, 126.27, 129.41, 138.01, 139.48
ppm; IR: V=3433, 3124, 2972, 2928, 2892, 2433, 1537, 1161, 1130 cm".

Synthesis of (1-methyl-1H-imidazol-3-ium-1-yl)(1-propyl-1H-imidazol-3-ium-1-yl)
dihydroboronium iodide (2¢)

The product 2¢ was a viscous transparent liquid; yield, 44% . '"H NMR(DMSO-
ds, 400 MHz): 6= 0.74 — 0.85 (td, 3H, CH3;), 1.68 — 1.86 (m, 2H, CH,), 3.76 — 3.85 (s,
3H, CHj3), 4.02 — 4.12 (q, 2H,CH,), 7.34 — 7.38 (d, 1H, N-CH=CH-N), 7.38 — 7.42 (d,
1H, N-CH=CH-N), 7.52 — 7.58 (d, 1H, N-CH=CH-N), 7.61 — 7.68 (d, 1H, N-
CH=CH-N ), 8.66 — 8.75 (s, 1H, N-CH=N), 8.75 — 8.86 ppm (s, 1H, N-CH=N) 13C
NMR (101 MHz, DMSO-d;) 6 = 10.48, 22.99, 34.95, 49.42, 122.32, 123.51, 124.79,
124.95, 138.18, 138.82 ppm; IR (KBr): V=13445, 3113, 3068, 2965, 2876, 2427, 1544,
1161, 1129 cm!.

Synthesis of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl)
dihydroboronium iodide (2d)

The product 2d was a viscous transparent liquid; yield, 42%. '"H NMR (400 MHz,
DMSO0-d6) :6= 3.75 — 3.83 (s, 3H, CH3), 4.74 — 4.83 (dt, 2H, CH,), 5.18 — 5.34 (m,
2H, CH,), 5.92 — 6.10 (m, 1H, CH), 7.35 — 7.40 (s, 1H, N-CH=CH-N), 7.40 — 7.44 (s,
1H, N-CH=CH-N), 7.53 — 7.56 (s, 1H, N-CH=CH-N), 7.56 — 7.60 (s, 1H, N-CH=CH-
N), 8.69 — 8.75 (s, 1H, N-CH=N), 8.75 — 8.81 ppm (s, 1H, N-CH=N); 3C NMR (101
MHz, DMSO-ds) 6 = 34.95, 50.05, 119.58, 122.34, 123.49, 124.83, 125.10, 132.31,

138.19, 138.85 ppm; IR: V=13478, 3110, 2941, 2426, 1542, 1423, 1160, 1124 cm™!.
Synthesis of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl)
dihydroboronium iodide (2¢)

The product 2¢ was a viscous transparent liquid; yield, 42 %. '"H NMR(DMSO-dj,
400 MHz): 6= 0.76 — 0.91 (t, 3H, CHs3), 1.14 — 1.26 (dt, 2H, CH;), 1.68 — 1.80 (p, 2H,
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CH.,), 3.78 — 3.80 (s, 3H, CH;), 4.05 — 4.15 (t, 2H, CH,), 7.36 — 7.38 (m, 1H, N-
CH=CH-N), 7.38 — 7.41 (t, 1H, N-CH=CH-N), 7.54 — 7.56 (s, 1H, N-CH=CH-N),
7.58 — 7.69 (s, 1H, N-CH=CH-N), 8.71 — 8.73 (s, 1H, N-CH=N), 8.76 — 8.88 ppm (s,
1H, N-CH=N); 3C NMR (101 MHz, DMSO-d) 3 = 13.77, 19.37, 32.0 , 35.48, 48.16,
122.81, 124.00, 125.30, 125.45, 138.64, 139.32 ppm; IR (KBr): V= 3112, 3068, 2959,
2933, 2870, 2427, 1543, 1161, 1128 cm'.

Synthesis of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl)

dihydroboronium dicyandiamide (3a)

The aqueous solution of 2a(20 mmol) in 40 ml H,O was added dropwise into the
suspension of silver dicyanamide (4.18 g, 24 mmol) in 60 ml H,O.In the absence of
light ,the mixture should be with vigorously stirring for 24h. After filtration,the water
could be removed by rotary evaporation to get a viscous transparent liquid 3a. 85%
Yield. "H NMR (400 MHz, DMSO-d6) :6 = 1.35 — 1.46 (td, 3H, CHj3), 3.77 — 3.82 (s,
3H, CHj3), 4.09 — 4.19 (s, 2H, CH), 7.33 — 7.43 (m, 2H, N-CH=CH-N), 7.50 — 7.59 (s,
1H, N-CH=CH-N), 7.60 — 7.72 (s, 1H, N-CH=CH-N), 8.65 — 8.71 (s, 1H, N-CH=N),
8.72 — 8.80 ppm (s, 1H, N-CH=N); 3C NMR (101 MHz, DMSO-dy) 6 = 15.77, 35.31,
43.72, 119.56, 122.45, 123.96 , 125.41 (d, J=9.8), 138.35, 139.30 ppm; "B NMR
(193 MHz, DMSO-ds) 6 = -9.20 ppm; IR (KBr): V= 3487, 3135, 3079, 2987, 2429,
2239, 2130, 1546, 1161, 1129 cm'; HRMS (ESI) m/z: [M]* caled for CoH gBNy™:
191.14625, found: 191.14568. [M] calcd for C,N;37:66.00867,found: 66.00907.

Synthesis of (1-methyl-1H-imidazol-3-ium-1-yl)(1-vinyl-1H-imidazol-3-ium-1-yl)
dihydroboronium dicyandiamide (3b)

The following compound was all synthesized like 3a. The product 3b was a
viscous transparent liquid; yield, 90%. '"H NMR (400 MHz, DMSO-d6) :6=3.74 — 3.84
(s, 3H, CHj3), 5.24 — 5.35 (dt, 1H, CH), 5.83 — 5.93 (dd, 1H, CH), 7.17 — 7.28 (dd, 1H,
CH), 7.36 — 7.42 (t, 1H, N-CH=CH-N), 7.49 — 7.56 (m, 2H, N-CH=CH-N), 8.01 —
8.06 (s, 1H, N-CH=CH-N), 8.65 — 8.70 (s, 1H, , N-CH=N), 9.01 — 9.06 (s, 1H, N-
CH=N). 3C NMR (101 MHz, DMSO-d;) 6 = 34.89, 107.07, 119.10, 123.54, 124.94,
125.80, 128.96, 137.57, 139.02 ppm; "B NMR (193 MHz, DMSO-d;) & = -8.42 ppm;

IR (KBr): v= 3483, 3135, 3077, 2957, 2872, 2432, 2237, 2136, 1538, 1161, 1130 cm™!;

S3



HRMS (ESI) m/z: [M]" calcd for CoHsBN4": 189.13060, found: 189.13036. [M]~
calcd for C,N37:66.00867,found: 66.00966.

Synthesis of (1-methyl-1H-imidazol-3-ium-1-yl)(1-propyl-1H-imidazol-3-ium-1-yl)

dihydroboronium dicyandiamide (3¢)

The product 3¢ was a viscous transparent liquid; yield,87%. '"H NMR (400 MHz,
DMSO-d6) :6 = 0.79 — 0.85 (td, 3H, CH3), 1.74 — 1.83 (q, 2H, CH,), 3.75 — 3.82 (s,
3H, CH;3), 4.02 — 4.10 (m, 2H, CH,), 7.33 — 7.37 (s, 1H, N-CH=CH-N), 7.37 — 7.42 (s,
1H, N-CH=CH-N), 7.49 — 7.55 (s, 1H, N-CH=CH-N), 7.59 — 7.65 (s, 1H, N-CH=CH-
N), 8.64 — 8.71 (s, 1H, N-CH=N), 8.72 — 8.79 ppm (s, 1H, N-CH=N); 3C NMR (101
MHz, DMSO-dg) 6 = 10.98, 23.47, 35.33, 49.96, 119.57, 122.79, 124.00, 125.40 (d,
J=16.3), 138.70, 139.33 ppm; ''B NMR (193 MHz, DMSO-ds) 6 = -9.53 ppm; IR

(KBr): = 3488, 3131, 3077, 2968, 2879, 2429, 2239, 2130, 1546, 1161, 1129 cm™;
HRMS (ESI) m/z: [M]" caled for CioH;sBN4": 205.16190, found: 205.16201. [M]~
calcd for C;N37:66.00867,, found66.00884.

Synthesis of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl)
dihydroboronium dicyandiamide (3d)

The product 3d was a viscous transparent liquid; yield, 85%.'H NMR (400 MHz,
DMSO0-d6) :6= 3.73 — 3.80 (s, 3H, CH3;), 4.72 — 4.79 (d, 2H, CH,), 5.16 — 5.25 (dd,
1H,CH), 5.25 — 5.33 (dd ,1H,CH), 5.95 — 6.10 (1H, ddt), 7.34 — 7.43 (dt, 2H, N-
CH=CH-N), 7.50 — 7.58 (dt, 2H,N-CH=CH-N), 8.67 — 8.72 (s,|H,N-CH=N), 8.73 —
8.78 ppm (s, 1H, N-CH=N); 13C NMR (101 MHz, DMSO-d¢) & = 35.35, 50.57,
119.54, 120.04, 122.87, 124.01, 125.36, 125.63, 132.86, 138.76, 139.40 ppm; ''B
NMR (193 MHz, DMSO-d;) 6 = -8.68 ppm; IR (KBr): V= 3426, 3129, 2429, 2229,
2136, 1543, 1160, 1126 cm’!; HRMS (ESI) m/z: [M]" caled for C;oH;sBNy":
203.14625, found: 203.14596. [M]~ calcd for C,;N37:66.00867, found 66.00940.

Synthesis of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl)

dihydroboronium dicyandiamide (3e)

The product 3e was a viscous transparent liquid; yield, 86%. 'H NMR (400 MHz,
DMSO-d6) :6= 0.85 — 0.94 (t, 3H, CH3), 1.19 — 1.30 (q, 2H,CH,), 1.70 — 1.83 (p, 2H,

CH,), 3.74 — 3.83 (s, 3H,CH;), 4.06 — 4.14 (t, 2H, CH,), 7.35 — 7.42 (d, 2H, N-
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CH=CH-N), 7.51 — 7.56 (s, 1H, N-CH=CH-N), 7.60 — 7.65 (s, 1H, N-CH=CH-N),
8.65 — 8.70 (s, 1H, N-CH=N), 8.73 — 8.78 ppm (s, 1H, N-CH=N);.3C NMR (101
MHz, DMSO-ds) & = 13.75, 19.40, 32.02, 35.33, 48.18, 119.56, 122.79, 124.00,
125.33, 125.48, 138.66, 139.33 ppm; ''B NMR (193 MHz, DMSO-dy) & = -9.59 ppm;

IR (KBr): V= 3487, 3132, 3078, 2961, 2872, 2429, 2232, 2133, 1546, 1162, 1129cm!;
HRMS (ESI) m/z: [M]" caled for Ci;Hy0BN4": 219.17755, found: 219.17756. [M]~
caled for C,N37: 66.00867, found66.00926.

Synthesis of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl)
cyanoborohydride (4a)

The product 4a was a viscous transparent liquid; yield 80%. 'H NMR (400 MHz,
DMSO-dg): 6 =0.03 — 0.50 (dd, 3H, BH3), 1.26 — 1.49 (m, 3H, CH3), 3.77 — 3.80 (s,
3H, CH;), 4.06 — 4.18 (d, 2H, CH,), 7.31 — 7.39 (d, 2H, N-CH=CH-N ), 7.49 — 7.52 (s,
1H), 7.58 — 7.63 (s, 1H), 8.63 — 8.65 (s, |H, N-CH=N), 8.70 — 8.73 (s, 1H, N-CH=N)).
3C NMR (101 MHz, DMSO-dy) & =15.79, 43.74, 122.48, 123.99, 125.39, 125.49,
139.31.1IR (KBr): v= 3428, 3138, 3082, 2982, 2948, 2428, 2322, 2221, 2171, 1609,
1549, 1450, 1262, 1128, 1066 cm'. HRMS (ESI) m/z: [M]* caled for CoH gBNy™:
191.14625, found: 191.14601.

Synthesis of (1-methyl-1H-imidazol-3-ium-1-yl)(1-vinyl-1H-imidazol-3-ium-1-yl)
cyanoborohydride (4b)

The product 4b was a viscous transparent liquid; yield 72%.'"H NMR (400 MHz,
DMSO-dg): 6 =-0.41 — 0.81 (dd, 3H, BH3;), 3.79 — 3.81 (s, 3H, CH3), 5.24 — 5.37 (d,
1H.CH=CH,), 5.83 — 5.97 (d, 1H,CH=CH,), 7.20 — 7.29 (dd, 1H, CH=CH,), 7.36 —
7.42 (s, 1H, N-CH=CH-N), 7.50 — 7.52 (s, 1H, N-CH=CH-N), 7.52 — 7.55 (s, 1H, N-
CH=CH-N ), 7.92 — 8.12 (s, 1H, N-CH=CH-N), 8.66 — 8.70 (s, lH, N-CH=N), 9.01 —
9.06 (s, 1H, N-CH=N). 3°C NMR (101 MHz, DMSO-d¢) 6= 35.43, 107.60, 119.58,
124.01, 125.40, 126.27, 129.38, 137.97, 139.46.IR (KBr): v= 3425, 3134, 2432, 2322,
2223, 2167, 1651, 1537, 1423, 1263, 1129, 1006 cm™!. HRMS (ESI) m/z: [M]" calcd
for CoH BN, ™: 189.13060, found: 189.13016.

Synthesis of (1-methyl-1H-imidazol-3-ium-1-yl)(1-propyl-1H-imidazol-3-ium-1-yl)
cyanoborohydride (4c)
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The product 4c was a viscous transparent liquid; yield 79%.'"H NMR (400 MHz,
DMSO-dg): 6 = -0.19 — 0.57 (m, 3H, BH3), 0.81 — 0.85 (td, 3H, CH3), 1.76 — 1.82 (q,
2H, CH,), 3.78 — 3.80 (m, 3H, CHs), 4.05 — 4.08 (m, 2H, CH,), 7.36 — 7.37 (s, 1H, N-
CH=CH-N), 7.38 — 7.40 (s, 1H, N-CH=CH-N), 7.52 — 7.54 (s, 1H, N-CH=CH-N),
7.59 —7.65 (s, 1H, N-CH=CH-N), 8.66 — 8.68 (s, 1H, N-CH=N ), 8.71 — 8.77 (s, 1H,
N-CH=N). 3C NMR (101 MHz, DMSO-d;) 6= 10.98, 23.47, 35.38, 49.96, 122.82,
124.03, 125.34, 125.50, 138.70, 139.34.IR (KBr): v= 3410, 3133, 3082, 2967, 2878,
2428, 2331, 2222, 2173, 1611, 1546, 1458, 1263, 1127, 1047 cm*'. HRMS (ESI) m/z:
[M]* caled for CioH BN, 205.16190, found: 205.16164.

Synthesis of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl)
cyanoborohydride (4d)

The product 4d was a viscous transparent liquid; yield 76%."H NMR (400 MHz,
DMSO-dy): 6=-0.12 — 1.00 (m, 3H, BHj3), 3.87 (s, 3H, CH3), 4.85 (d, 2H, CH,), 5.12
—5.48 (m, 2H, CH,=CH-CH,), 6.10 (dtt, 1H, CH,=CH-CH2), 7.34 — 7.70 (m, 4H, N-
CH=CH-N), 8.66 — 8.89 (m, 2H, N-CH=N)."*C NMR (101 MHz, DMSO-d) 3 35.38,
35.40, 50.60, 120.13, 122.87, 124.01, 125.39, 125.67, 132.80, 138.72, 139.38.IR
(KBr): v= 3424, 3136, 2428, 2362, 2172, 1642, 1546, 1424, 1261, 1128, 995 cm'!
HRMS (ESI) m/z: [M]" calcd for Cio(H;sBN4*: 203.14625, found: 203.14606.

Synthesis of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl)
cyanoborohydride (4e)

The product 4e was a viscous transparent liquid; yield 80%.'"H NMR (400 MHz,
DMSO-dg): 6= 0.01 — 0.51 (m, 3H, BH3), 0.88 (td, 3H, CH3), 1.23 (q, 2H, CH,), 1.76
(p, 2H,CH,), 3.80 (s, 3H,CH3), 4.10 (dt, 2H, CH,), 7.37 (d, 2H, N-CH=CH-N), 7.52 (s,
1H, N-CH=CH-N ), 7.61 (s, IH, N-CH=CH-N), 8.65 (s, 1H, N-CH=N), 8.73 (s, 1H,
N-CH=N).13C NMR (101 MHz, DMSO-d) 6 13.73, 19.39, 32.03, 35.36, 40.54, 48.21,
122.80, 124.01, 125.35, 125.49, 138.65, 139.33. IR (KBr): v= 3415, 3133, 3078, 2967,
2878, 2429, 2330, 2172, 1612, 1546, 1458, 1263, 1161, 1128, 1048 cm™!. HRMS (ESI)
m/z: [M]" calcd for C,;H,0BN4™: 219.17755, found: 219.17731.
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2 .NMR and HRMS-ESI Spectra
THNMR BCNMR "BNMR spectra and HRMS of the ionic liquids
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Figure S2 THNMR (400 MHz) of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-Ds.
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Figure S3 CNMR (101 MHz) of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-Ds.
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Spectrum
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Figure S5 HRMS-ESI spectrum of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (positive) solvent (CH,Cl,) .
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Figure S6 HRMS-ESI spectrum of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (negative) solvent (CH,Cl,).
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Figure S10 HRMS-ESI spectrum of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-
1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (positive) solvent (CH,Cl,).
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Figure S13 3CNMR (101 MHz) of (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
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Figure S14 "BNMR (193 MHz) of (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
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Figure S15 HRMS-ESI SPECTRUMof (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-
1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (positive) solvent (CH,Cl,).
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Figure S16 HRMS-ESI SPECTRUM of (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-
1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (negative) solvent
(CH,Cl).
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Figure S17 1HNMR (400 MHz) of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-Ds.
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Figure S18 3CNMR (101 MHz) of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-Ds.
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Figure S19 "BNMR (193 MHz) of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-Ds.
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Figure S20 HRMS-ESI SPECTRUM of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (positive) solvent (CH,Cl,).
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Figure S21 HRMS-ESI SPECTRUMof (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-
1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (negative) solvent
(CH,Cl).
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Figure S22 THNMR (400 MHz) of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D.
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Figure S23 3CNMR (101 MHz) of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1 H-
imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-Ds.
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Figure S25 HRMS-ESI SPECTRUMof (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-
1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (positive) solvent (CH,Cl,).
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Figure S26 HRMS-ESI SPECTRUM of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (negative) solvent

(CH,ClL,).
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Figure S27 THNMR (400 MHz) of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-Dg.
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Figure S28 3CNMR (101 MHz) of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-Ds.
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Figure S29 HRMS-ESI spectrum of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride (positive) solvent (H,0).
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Figure S30 'HNMR (400 MHz) of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-Dsg.
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Figure S31 3CNMR (101 MHz) of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-Dsg.
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Figure S32 HRMS-ESI spectrum of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-
1H-imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride (positive) solvent

(H,0).
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Figure S33 THNMR (400 MHz) of (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-Dg.
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Figure S34 3CNMR (101 MHz) of (1-vinyl-1H-imidazol-3-ium-1-y1)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-Dsg.
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Figure S36 1HNMR (400 MHz) of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-Dg.
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Figure S37 3CNMR (101 MHz) of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-Dsg.
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Figure S38 HRMS-ESI SPECTRUMof (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-
1H-imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride (positive) solvent

(H20).
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Figure S39 THNMR (400 MHz) of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-Ds.
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Figure S40 3*CNMR (101 MHz) of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-Ds.
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Figure S41 HRMS-ESI SPECTRUMof (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-
1H-imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride (positive) solvent

(H,0).

3.Computational details

Figure. S42. NPA charge of the BH,(NHj3),".

3.1 Geometry optimizated coordinate for the cations
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HN(CN),

N(CN),” + H'
Figure S41 protonation reaction of dicyandiamide anion

Table S1 Heat of formation of the compound

Compounds Heat of the formation
I-methylimidazole 127.1[]
1-ethylimidazole 97.911[b]
1-propylimidazole 76.210]
1-butylimidazole 55.4I0]
I-vinylimidazole 223 7Mb]
l-allylimidazole 212.8[b]
NH; -45.91al
BH,(NH;)** 418.46/b]

[a] The data was got from the NIST [b]Heat of formation was calculated based on G2

Table S2 Enthalpies of the gas-phase species of cations and anions (based on

isodesmic reactions).

Compound Eo(a.u.) ZPE(au.)  Tc(au.) Hr KJ/mol
I-methylimidazole -264.8298954 0.098967 0.105307  15.9798432
1-vinylimidazole -302.80676 0.103732 0.110759  17.71141296
2-buthylimidazole -382.4209903 0.184402 0.194616  25.74418272
1-propylimidazole -343.2252806 0.155963 0.164841  22.37682144
1-allylimidazole -342.0020938 0.132327 0.140673  21.03592608
1-ethylimidazole -304.0292598 0.12753 0.135051 18.95653008
CHy4 -40.3796279 0.044816 0.048629  9.61059024
NH; -56.4154632 0.034373 0.038191  9.62319264
BH,(NH;)," -138.6134981 0.104521 0.110416  14.8582296

Table S3 Enthalpies of the gas-phase species of cations (based on isodesmic reactions)

Compound Eo(a.u.) ZPE(a.u.) Tc(au.) Ht KJ/mol

2a -594.7005807 0.2562 0.271208 37.82736384
2b -593.474067 0.232351 0.24681 36.44362032
2¢c -633.8972456 0.284599 0.301002 41.34343344

S53



2d -632.6742095 0.261018 0.276829 39.85130928
2e -673.0934798 0.312987 0.330777 44.8393392

Table S4 Optimized structures of cations of the ionic liquid

Ionic liquids Cations

3a

3b

3c

3d
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3e

Table S7 The lattice energy with heat of formation of cation and anion of ionic salts

AH{
AHg
Compound AH; [kJ mol']  (cation)
(anion) [kJ mol']
[kJ mol-']
3a 430.07 572.51 118.6
3b 430.33 708.55 118.6
3c 419.00 549.99 118.6
3d 421.89 685.29 118.6
3e 413.56 526.93 118.6
4a 433.04 572.51 -80.6
4b 422.95 708.55 -80.6
4c 436.47 549.99 -80.6
4d 429.36 685.29 -80.6
4e 414.84 526.93 -80.6
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