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1. Experimental

1.1. General considerations

All operations were performed under an inert nigmogtmosphere using standard Schlenk and glove
box techniques. Anhydrous grade solvents (Aldrieeye dried over activated molecular sieves (5A).
Spectrophotometric-grade THF (Merck) was used faotgphysical measurements. Commercial
reagents were used without further purificatioreafpurchase. Deuterated solvents from Cambridge
Isotope Laboratories were used. NMR spectra wararded on a Bruker AM 300 (300.13 MHz fét,
75.48 MHz for'3C, 96.29 MHz fort!B) or a Bruker AVANCE Il HD 400 (400.13 MHz fdH, 100.61
MHz for *3C) spectrometer at ambient temperature. Chemidftk §fin ppm) are referenced against
external MeSi (*H, 3C) and BE-OEt (}!B). Elemental analyses were performed on a Flagi 20
elemental analyzer (Thermo Scientific) by the Rededracilities Center at University of Ulsan.
Melting points (mp) were measured by Melting Pomparatus SMP30 (Stuart Equipment). Cyclic

voltammetry experiments were carried out using atolb/PGSTAT101 system.

1.2. Synthesis
*Sl
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Scheme S1. Synthesis otloso-carborane-appended triarylborangeso-1-4.
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((5-Bromo-2-methylphenyl)ethynyl)trimethylsilane (1a)

\ /
—Si

N\

Br

4-Bromo-2-iodo-1-methylbenzene (3.0 g, 10.1 mm@Lb) (0.09 g, 0.5 mmol), and Pd(P#h(0.58 g,

0.5 mmol) were dissolved in anhydrous diisopropytean(-Pr,NH) (30 mL). Into the solution was
added trimethylsilylacetylene (1.42 mL, 10.1 mmald the reaction mixture was stirred at°@0for

20 h. The resulting solution was evaporated offemnegduced pressure and the crude product was
extracted with diethyl ether (40 mt.3). After evaporation of solvent, the solid regduas purified by
column chromatography on silica gel using hexanel@snt. Dryingn vacuo afforded a white powder

of 1a (2.33 g, 86%)H NMR (CDCk): § 7.58 (d,J = 2.1 Hz, 1H), 7.34 (dd] = 9.0, 3.0 Hz, 1H), 7.07
(d,J =9.0 Hz, 1H), 2.39 (s, 3H), 0.28 (s, 9)C NMR (CDCEk): § 139.6, 134.7, 131.5, 130.9, 125.0,
118.6, 102.5, 100.0, 20.4, 0.0.

(3-Ethynyl-4-methylphenyl)dimesitylborane (1b)
H

AN
BMes,

To a solution ofla (0.77 g, 2.89 mmol) in THF (10 mL) was adde8uLi (2.5 M in hexane, 1.38 mL,
3.4 mmol) at -78°C, and the mixture was stirred for 1 h at this terapure. A solution of
dimesitylboron fluoride (FBMes 0.852 g, 3.17 mmol) in THF (4 mL) was then additer stirring for

1 h, the reaction mixture was slowly allowed tocleaoom temperature and was stirred overnight.
Removal of the solvent under reduced pressure peatla sticky residue, which was subjected to
column chromatography on silica gel using hexane &fford ((5-(dimesitylboryl)-2-
methylphenyl)ethynyl)trimethylsilane as a white mtew (0.71 g, 56%)H NMR (CDCk): 6 7.65 (d,J

= 1.1 Hz, 1H), 7.37 (ddl = 7.6, 1.3 Hz, 1H), 7.21 (d,= 7.6 Hz, 1H), 6.84 (s, 4H), 2.51 (s, 3H), 2.34 (s
6H), 2.01 (s, 12H), 0.27 (s, 9H). Next, this compad0.71 g, 1.62 mmol) was dissolved in anhydrous
THF (30 mL) and tetra-butylammonium fluorider(-BusNF, TBAF) solution (1.0 M in THF, 1.9 mL)
was added under nitrogen atmosphere. After stimingpom temperature for 3 h, the resulting sofutio
was evaporated off under reduced pressure. The guatiuct was extracted with diethyl ether (40 mL
x 3). After evaporation of solvent, the solid regduas purified by column chromatography on silica
gel using hexane as eluent. Dryiimgvacuo afforded a white powder dfc (0.54 g, 94%)!H NMR

S3



(CDCl): 9 7.67 (d,J = 1.2 Hz, 1H), 7.41 (dd} = 7.6, 1.3 Hz, 1H), 7.22 (d,= 7.6 Hz, 1H), 6.84 (s, 4H),
3.25 (s, 1H), 2.53 (s, 3H), 2.33 (s, 6H), 2.021@H)13C NMR (CDCE): 6 145.1, 143.2, 141.5, 140.9,
140.6, 138.8, 136.9, 129.4, 128.4, 121.9, 82.8,,28.6, 21.4, 21.1.

1-(M es;B)-3-(2-H-o-car bor an-1-yl)-4-methylbenzene (closo-1)

H
/
C

\
@&
A toluene solution (20 mL) of decaboraned s, 0.22 g, 1.80 mmol) and diethyl sulfide {&t 0.87
mL, 8.9 mmol) was stirred at room temperature tértdand therdb (0.54 g, 1.48 mmol) in toluene (10
mL) was slowly added to this solution. The mixtwas refluxed for 4 days under nitrogen atmosphere.
After cooling down to room temperature, the solweat evaporated off under reduced pressure and the
residue was purified by column chromatography ticasgel using hexane as eluent, givoigso-1 as a
white powder (0.16 g, 22%3)H NMR (CDCk): 6 7.68 (s, 1H), 7.42 (d} = 7.6 Hz, 1H), 7.15 (d] = 7.6
Hz, 1H), 6.89 (s, 4H), 4.43 (s, 1H), 2.67 (s, 3B%86 (s, 6H), 2.03 (s, 12HYC NMR (CDCE): § 144.0,
141.1, 140.8, 139.3, 139.2, 139.1, 137.1, 133.8,6,3128.5, 78.2, 59.9, 23.7, 23.6, 2B NMR
(CDCl): 6 75.9 (br s), 1.1 (1B), —-3.3 (2B), —9.0 (7B). mpl80 °C. Anal. Calcd for gHz9B11: C,
67.21; H, 8.15%. Found: C, 67.20; H, 8.12%.

1-Bromo-3-(2-H-o-car bor an-1-yl)-4-methylbenzene (2a)

4
C

Br

A toluene solution (20 mL) of decaboraneidis, 1.18 g, 9.65 mmol) and diethyl sulfide {&t 4.06
mL, 40.3 mmol) was stirred at room temperature G&¥ h. Into the solution was added a toluene
solution (10 mL) of 4-bromo-2-ethynyl-1-methylbeneg(1.57 g, 8.06 mmol), which was obtained from
desilylation ofla using TBAF in THF. The mixture was refluxed foddys under nitrogen atmosphere.
Work-up and purification of the crude product byumon chromatography on silica gel using hexane as
eluent affordec®a as a white powder (0.61 g, 24%)4 NMR (CDCk): § 7.70 (d,J = 1.8 Hz, 1H), 7.39
(dd,J = 8.1, 1.8 Hz, 1H), 7.02 (d,= 8.4 Hz, 1H), 4.55 (s, 1H), 3-4.0 (br, 10H, BH), 2.53 (s, 3H).
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13C NMR (CDCh): § 135.4, 134.0, 133.9, 133.7, 132.5, 120.5, 76.9, 22.9.1B NMR (CDCk): &
~1.8 (2B), -8.6 (3B), -10.8 (5B).

1-Bromo-3-(2-M e-o-car bor an-1-yl)-4-methyl benzene (2b)

&R

/

C
e

Sodium hydride (NaH, 60% dispersion in mineral 0i06 g, 1.43 mmol) was suspended in dry DMF (5
mL). After cooling down to OC, a solution of2a (0.30 g, 0.96 mmol) in DMF (5 mL) was added
slowly to the suspension. The mixture was stirred & for 1 h, and then Mel (0.18 mL, 2.08 mmol)
was added. After stirring at room temperature oghn the reaction was quenched by addition of
saturated aqueous ME solution, and the mixture was extracted withtlaye ether (20 mLx 3). The
organic layer was washed with water (20 mB), separated, and dried over MgS®he solvent was
evaporated under reduced pressure and the resaiipwified by column chromatography on silica gel
using hexane as eluent. Dryiimgvacuo afforded a white powder @b (0.23 g, 74%)*H NMR (CDCb):
58.01 (d,J = 1.8 Hz, 1H), 7.47 (dd] = 8.1, 1.8 Hz, 1H), 7.14 (d,= 8.1 Hz, 1H), 2.68 (s, 3H), 3:4.0

(br, 10H, B-H), 1.74 (s, 3H)13C NMR (CDCE): ¢ 139.0, 137.4, 135.9, 133.5, 130.6, 120.1, 82.%,79
23.8, 23.611B NMR (CDCk): 6 —1.8 (1B), =3.4 (1B), 8.5 (2B), —10.9 (6B).

1-(M es:B)-3-(2-M e-o-car bor an-1-yl)-4-methylbenzene (closo-2)

Me
C/

C
To a solution ofb (0.20 g, 0.61 mmol) in THF (10 mL) was added aamexsolution oh-BuLi (2.5 M,
0.26 mL, 0.67 mmol) at —78C, and the mixture was stirred for 1 h at this terafure. A solution of
dimesitylboron fluoride (0.18 g, 0.67 mmol) in TH# mL) was then added. After stirring for 1 h, the
reaction mixture was slowly allowed to warm to rotemperature and was stirred overnight. Work-up
and purification of the crude product by columnachatography afforded a white powder abdso-2

(0.18 g, 61%)H NMR (CDCk): 6 7.98 (s, 1H), 7.46 (d} = 7.6 Hz, 1H), 7.24 (d] = 7.6 Hz, 1H), 6.86
(s, 4H), 2.78 (s, 3H), 2.35 (s, 6H), 2.00 (s, 12HB5 (s, 3H)3C NMR (CDCh) § 144.0, 143.2, 141.9,
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141.2, 140.7, 139.2, 137.8, 134.3, 128.5, 128.48,8M.2, 24.5, 23.5, 23.4, 214B NMR (CDCk): §
77.3 (br s), 1.5 (2B), —-3.4 (2B), —8.9 (6B). mp ZIC. Anal. Calcd for @gHa1B11: C, 67.73; H, 8.32%.
Found: C, 67.69; H, 8.27%.

1-Bromo-3-(2-i-Pr-o-car boran-1-yl)-4-methyl benzene (3b)

% %C—"Pr
/
C

Br

This compound was prepared in a manner analogaihe teynthesis dtb using2a (0.30 g, 0.96 mmol)
andi-Prl (0.26 g, 2,80 mmol) in DMF (5 mL) to give a iéhpowder of3b (0.29 g, 56%)H NMR
(CDCl): 0 7.99 (dJ = 1.9 Hz, 1H), 7.47 (ddl = 8.3, 2.0 Hz, 1H), 7.13 (d,= 8.3 Hz, 1H), 2.67 (s, 3H)
3.6-1.4 (br, 10H, BH), 1.74 (sept]) = 6.9 Hz, 1H), 1.07 (dJ = 6.9 Hz, 6H).13C NMR (CDCEk): 6
139.0, 137.5, 135.9, 133.5, 130.5, 120.2, 91.12,8%.2, 24.0, 23.6'B NMR (CDCk): 6 —4.0 (1B),
-6.1 (1B), -11.4 (8B).

1-(M es;B)-3-(2-i-Pr -o-car bor an-1-yl)-4-methylbenzene (closo-3)

C/’Pr
<& @
C

This compound was prepared in a manner analogotietsynthesis afloso-2 using3b (0.18 g, 0.51
mmol) to give a white powder afoso-3 (0.15 g, 55%fH NMR (CDCk): § 7.95 (s, 1H), 7.45 (d] =
7.6 Hz, 1H), 7.23 (d) = 7.6 Hz, 1H), 6.85 (s, 4H), 2.76 (s, 3H), 2.356(d), 1.99 (s, 12H), 1.67 (sept,
= 6.9 Hz, 1H-CHCHj3), 1.00 (d,J = 6.9 Hz, 6H~CHCH3). 3C NMR (CDCE%): § 144.6, 143.9, 143.0,
141.2, 140.7, 139.3, 137.6, 134.3, 128.5, 128.29,988.0, 31.9, 24.3, 23.8, 23.5, 218 NMR
(CDCl): 6 77.9 (br s), —=3.2 (1B), —-4.5 (2B), —10.0 (7B). m@.54°C. Anal. Calcd for GHa4sB11: C,
68.68; H, 8.65%. Found: C, 68.65; H, 8.63%.

1-lodo-5-(2-H-o-car bor an-1-yl)-2,4-dimethylbenzene (4a)
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4
C

To a THF solution (5 mL) ob-carborane (0.29 g, 2.0 mmol) in a pressure vesaslslowly added-
PrMgCl (2.0 M in THF, 1.2 mL, 2.4 mmol) at @, and the mixture was stirred for 1 h. After
evaporation of THF, toluene (5 mL), 1,5-diiodo-2li4nethylbenzene (0.78 g, 2.2 mmol), and N{6I2
mg, 0.04 mmol) were added and the mixture was Heattd 40°C for 36 h. The reaction mixture was
then quenched with water (10 mL) and extracted wdi#gthyl ether (20 mlx 3). The combined ether
layers were concentrated to dryness under redueesssyre. The crude product was purified by flash
column chromatography on silica gel using hexanel@nt to give a white powder & (0.38 g, 50%).
'H NMR (CDCk): 6§ 7.92 (s, 1H), 7.00 (s, 1H), 4.50 (s, 1H), 2.503H), 2.37 (s, 3H)!}3C NMR
(CDCl): 6 143.3, 140.9, 135.0, 134.7, 131.1, 98.3, 76.48,587.2, 22.91'B NMR (CDCk): § 3.0
(3B), —8.3 (7B).

1-1odo-5-(2-M e-o-car bor an-1-yl)-2,4-dimethylbenzene (4b)

4
C

This compound was prepared in a manner analogaihe teynthesis d?b using4a (0.25 g, 0.66 mmol)
in DMF (5 mL) to give a white powder @b (0.20 g, 77%)*H NMR (CDCBk): 6 8.23 (s, 1H), 7.11 (s,
1H), 2.63 (s, 3H), 2.40 (s, 3H), 1.73 (s, 3HC NMR (CDCh): 6 144.6, 144.4, 139.8, 135.3, 128.0,
98.0, 82.6, 79.4, 27.3, 23.7, 23!1B NMR (CDCh): § -3.2 (2B), —9.7 (8B).

1-(M es:B)-5-(2-M e-o-car bor an-1-yl)-2,4-dimethylbenzene (closo-4)

Me
C/
C
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This compound was prepared in a manner analogotietsynthesis afloso-2 using4b (0.19 g, 0.49
mmol) to give a white powder afoso-4 (0.14 g, 56%)H NMR (CDCk): § 7.65 (s, 1H), 7.01 (s, 1H),
6.81 (s, 4H), 2.70 (s, 3H), 2.32 (s, 6H), 2.053(4), 1.98 (s, 12H), 1.57 (s, 3H}C NMR (CDCEk): 6
146.1, 144.8, 142.6, 142.3, 141.9, 140.2, 139.8,913128.6, 125.8, 84.4, 79.2, 23.9, 23.2, 23.15,21
21.4.1'B NMR (CDCBh): ¢ 78.0 (br s), 2.1 (1B), —4.4 (1B), —8.9 (3B), -4@4B), -12.6 (1B). mp =
187°C. Anal. Calcd for @H43B11: C, 68.22; H, 8.49%. Found: C, 68.42; H, 8.25%.

General synthesis of nido-car borane-appended triarylbor anes, nido-1-4

Closo-carborane compounds (0.2 mmol) arnBusNF (TBAF) (1.0 mmol) were dissolved in THF (20
mL) and the mixture was refluxed for 4mdo-1, 2, 4) or for 5 d Qido-3). After cooling down to room
temperature, the solvent was evaporated, and gieueewas purified by column chromatography on
alumina using CEClo/hexane (1:1, v/v) followed by acetone as eluergite a white powder afido-

carborane derivatives. The product was furtherfigdrby recrystallization from C¢Cl./hexane.

©)
R;=H; Ry =H (closo-1) BusN Ry =H; Ry =H (nido-1)
R; = Me; R, = H (closo-2) R4 = Me; Ry = H (nido-2)
R4 ='Pr; R, = H (closo-3) R, =Pr; R, = H (nido-3)
R = Me; R, = Me (closo-4) R¢ = Me; R, = Me (nido-4)

Scheme S2. Synthesis ofnido-carborane-appended triarylboranegjo-1-4. Reaction time: 4 d for
nido-1, 2, 4 and 5 d fomido-3.

[BusN][1-(M esB)-3-(8-H-7,8-nido-C2BgH 10)-4-M eCsH3] (nido-1)

Yield = 64%.2H NMR (acetonesk): 6 7.54 (s, 1H), 7.097.03 (m, 2H), 6.79 (s, 4H), 3:5.5 (br, 9H,
B-H), 3.45 (tJ = 9 Hz, 8H), 2.49 (s, 3H), 2.26 (s, 6H), 1.961H), 1.83 (quiny = 9, 8H), 1.67 (s, 1H,
Ccv-H),1.43 (sextJ = 7.8, Hz, 8H), 0.98 (t) = 7.5 Hz, 12H), -2.53 (br s, 1H,-B-B). 3C NMR
(acetoneds): 0 145.6, 144.2, 142.7, 141.3, 140.2, 139.2, 13538,Q, 129.0, 127.6, 59.3 (BAw), 24.4
(BwN), 24.0, 23.6, 21.2, 20.3 (BM), 13.9 (BuN) (Cb-C signals were not observedfB NMR
(acetoneds): 6 78.1 (br s), —7.9 (2B), —11.0 (1B), —15.7 (1B),7-&(3B). —33.1 (1B), —35.6 (1B). mp =
222 °C. Anal. Calcd for GsH7sB1oN: C, 72.32; H, 10.59; N, 1.96%. Found: C, 72.16;18.83, N,
2.01%.
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[BuaN][1-(M es:B)-3-(8-M e-7,8-nido-C2BgoH 10)-4-M eCeH 3] (nido-2)

Yield = 83%.2H NMR (acetonese): § 7.23 (s, 1H), 7.21 (d] = 1.6 Hz, 1H), 7.10 (d] = 7.8 Hz, 1H),
3.5-1.5 (br, 9H, BH), 3.45 (t,J = 9 Hz, 8H), 2.40 (s, 3H), 2.28 (s, 6H), 1.981(H), 1.84 ((quin,) =
8.1, 8H)), 1.45 (sext] = 7.5, Hz, 8H), 1.04 (s, 3H,d6-CHs), 0.99 (t,J = 7.3 Hz, 12H), =2.46 (br s, 1H,
B-H-B). 13C NMR (acetoneds): 6 146.1, 143.2, 142.8, 141.2, 139.4, 138.8, 1346,9 128.9, 59.4
(BwN), 24.4 (BuN), 23.7, 23.6, 22.2, 21.2, 20.4 (B), 13.9 (BuN) (Cb-C signals were not
observed)!'B NMR (acetoneds): 6 78.0 (br s), —8.7 (1B), -12.0 (1B), -16.1 (2B),83 (br, 3B),
-33.5 (1B), -36.2 (1B). mp = 22%C. Anal. Calcd for GH77BioN: C, 72.57; H, 10.66; N, 1.92%.
Found: C, 72.18; H, 10.85, N, 2.02%.

[Bu4N][1-(M es;B)-3-(8-'Pr-7,8-nido-C2BgH 10)-4-M eCgH3] (nido-3)

Yield = 59%.2H NMR (acetoneds): 6 7.55 (s, 1H), 7.147.08 (m, 2H), 6.80 (s, 4H), 3.50.50 (br, 9H,
B-H), 3.45 (t,J = 8.6 Hz, 8H), 2.60 (s, 3H), 2.27 (s, 6H, MEsls), 1.98 (s, 12H, Me<CH3), 1.84
(quin, J = 7.2 8H), 1.44 (sext] = 7.5 Hz, 8H), 1.25 (sepd,= 6.6 Hz, 1H), 0.99 () = 7.2 Hz, 12H),
0.97 (d,J = 2.1 Hz, 3H), 0.64 (d] = 6.9 Hz, 3H), —2.60 (br s, 1H,BI-B). 13C NMR (acetonel): J

146.2, 142.8, 142.6, 141.2, 140.5, 138.8, 134.0,11328.9, 59.4 (NBy, 26.2, 25.3, 24.4 (NBi) 23.7,
23.6, 21.2, 20.4 (NB4), 13.8 (NBu) (Cb-C signals were not observedB NMR (acetoneds): 6 77.7
(br s), =7.7 (1B), -8.7 (1B), -11.6 (1B), —-17.2 §3B19.3 (1B), -33.4 (1B), -35.9 (1B). mp = 172

Anal. Calcd for GeHsiB1oN: C, 73.06; H, 10.80; N, 1.85%. Found: C, 72.861BL.71; N, 1.87%.

[BusN][1-(M es:B)-5-(8-M e-7,8-nido-C2BoH10)-2,4-M e:CsH2] (nido-4)

Yield = 61%.'H NMR (acetoneds): § 7.23 (s, 1H), 6.87 (s, 1H), 6.76 (s, 4H),-3% (br, 9H, B-H),
3.44 (t,J = 8.4 Hz, 8H), 2.44 (s, 3H), 2.25 (s, 6H), 1.963/d), 1.95 (s, 12H), 1.83 (quid,= 8.4, 8H),
1.44 (sext] = 7.5, Hz, 8H), 1.04 (s, 3H), 0.98 {t= 7.5 Hz, 12H), —2.43 (br s, 1H-B-B).13C NMR
(acetoneds): 0 144.7, 144.1, 144.0, 140.7, 140.4, 140.1, 1383%,6, 131.8, 128.9, 59.3 (EwW), 24.3
(BwsN), 23.5, 23.2, 21.9, 21.8, 21.2, 20.3 4B) 13.8 (BuN) (Cb-C signals were not observed}B
NMR (acetoness): 6 78.0 (br s), —7.9 (2B), —14.2 (1B), -16.0 (3B)8-4 (1B), -32.8 (1B), -35.1 (1B).
mp = 227°C. Anal. Calcd for @GsH79B1oN: C, 72.82; H, 10.73; N, 1.89%. Found: C, 72.791B.73; N,
1.91%.

[MesN][1-(M esB)-3-(8-H-7,8-nido-C2BoH10)-4-M eCsH3z] (Me&sN salt of nido-1)

Closo-1 (70 mg, 0.145 mmol) was added into a solution 6HK(69 mg, 1.16 mmol) in EtOH (8 mL).

The mixture was stirred for 1 h at room temperatame then refluxed for 48 h. After cooling the

mixture to room temperature, the solvent was ewatpdrand the resulting yellow residue was dissolved
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in water. Addition of excess NMEI in water gave a precipitate. The solid was fdte washed with
(50 mL x 3), and driedn vacuo, which afforded a tetramethylammonium saltnodo-1 as awhite
powder (63 mg, 82%). Single crystals suitable fera} diffraction study were grown from vapor
diffusion of EtO into a MeCN solutiontH NMR (acetoneds): 5 7.56 (s, 1H), 7.147.05 (m, 2H), 6.81
(s, 4H), 3.46 (s, 12H), 3-83.5 (br, 9H, BH), 2.50 (s, 3H), 2.28 (s, 6H), 1.97 (s, 12H), 1(691H,
Ccpr—H), =2.55 (br s, 1H, BH-B). 13C NMR (acetoneak): 6 145.5, 145.4, 141.2, 138.8, 138.4, 134.6,
129.8, 128.9, 56.0 (NM} 23.8, 21.3, 20.9 (CGI€ and B-Car signals were not observediB NMR
(acetoneds): 0 77.9 (br s), —8.3 (1B), -9.7 (1B), —13.0 (1B), -85%1B), -18.1 (2B), -22.9 (1B), -32.4
(1B), —35.2 (1B). Anal. Calcd for4Hs1B10N: C, 68.21; H, 9.42; N, 2.57%. Found: C, 68.079:1;

N, 2.91%.

1.3. X-ray crystallography

The crystallographic measurements ofsMesalt ofnido-1 were performed on a Bruker SMART Apex
Il CCD area detector diffractometer with a grapimtenochromated Mo-K radiation 4 = 0.71073 A)

at 100(2) K. The Olekxprogram was used for solving and refinement of the crystalicture. The
positions of all non-hydrogen atoms were refinethvainisotropic displacement factors. All hydrogen
atoms were placed using a riding model, and thesitipns were constrained relative to their parent
atoms. The selected bond lengths and angles aen giv Table S1. Full details of the structure
determinations have been deposited as a cif wghGambridge Crystallographic Data Centre under
CCDC deposition number 1996549. The data can beairdast free of charge via

www.ccdc.cam.ac.uk/data_request/cif.

1.4. Cyclic voltammetry

Cyclic voltammetry measurements were carried oubMF (1 x 102 M) with a three-electrode cell
configuration comprising platinum working and caemelectrodes and an Ag/AgNd0.01 M in
CHsCN) reference electrode at room temperature. Tetratylammonium hexafluorophosphate (0.1 M)
was used as the supporting electrolyte. The redn@npials were recorded at a scan rate of~200
mV st and are reported against the ferrocene/ferroceliiafi-¢) redox couple. The electrochemical
oxidation Eonse) and reductionHi/) were used for the determination of the HOMO aktMO energy

levels, respectively.

1.5. Photophysical measur ements

UV/Vis absorption and photoluminescence (PL) speatere recorded on a Varian Cary 100 and FS5

spectrophotometer, respectively. Solution PL speetre obtained from oxygen-free and air-saturated
S10



tetrahydrofuran (THF) solutions. The thin film sdegp were prepared by spin-coating of the THF
solutions of PMMA matrices doped with compounds quartz plates. Photoluminescence quantum
yields (PLQYs,®pL) of all samples were measured on an absolute Bhtgm yield spectrophotometer

(Quantaurus-QY C11347-11, Hamamatsu Photonics)ppgdi with a 3.3 inch integrating sphere.

Transient PL decay curves were recorded on a F&&rgphotometer (Edinburgh Instruments) using a
time-correlated single-photon counting (TCSPC) m@deL-375 picosecond pulsed diode laser as a
light source) or a multi-channel scaling (MCS) mdadecrosecond Xenon flashlamp as a light source).

Temperature-dependent PL decays were obtainedawiptistatDNM cryostat (Oxford Instruments).

1.6. Theoretical calculations

All calculations were performed using the Gaus$i@rprogram packageThe geometry optimization
of ground states was computed with density funefigheory (DFT) at the M062X/6-31g(d) levéls,
and the energy minima were confirmed by the catmrawith zero imaginary mode of vibrations. The
calculated absorptions were obtained with the tilmpendent density functional theory (TD-DFT)
method taking the ground state optimized geomesytlee starting geometry. The ground state
optimized geometry was used for the investigatibthe vertical excitation and singlet-triplet engrg
splitting (AEsT). In order to investigate the methyl substitutedfect on the rotational dependency of the
TADF properties, relaxed potential energy surfaoe /sEst calculations were performed at every fixed
rotational angle ofnido-carborane cage (10°). The overlap integral extevdse computed using
Multiwfn programs?
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Figure Sb. X-ray crystal structure afido-1 (40% thermal ellipsoids). H atoms are omitteddarity.

Table S1. Selected bond lengths (A) and angles (deg) faNVialt ofnido-1.
nido-1 (MesN salt)

Lengths

B(12)-C(1) 1.570(10)
B(12)-C(9) 1.590(11)
B(12)-C(18) 1.570(11)
C(7)y-C(8) 1.569(9)
Angles

C(1)-B(12)-C(9) 120.3(7)
C(1)-B(12)-C(18) 119.4(6)
C(9)-B(12)-C(18) 120.1(7)
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f nido-1 J
T nido-2 J
(0]
5 f { ~
©] ,
f nido-3
f nido-4 _—_—J
3 2 4 0o 1
Potential (V) (vs Fc/Fc)
Ereda (V) Eox (V) Ey (eV)
nido-1 -2.53 0.48 3.01
nido-2 -2.55 0.43 2.98
nido-3 -2.57 0.40 2.97
nido-4 -2.65 0.37 3.02

Figure S6. Cyclic voltammograms ohido-1-4 showing electrochemical reduction (lef;») and
oxidation (right,Eonse) (1.0 x 103 M in DMF, scan rate = 16200 mV sb).
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Figure S7. UV/Vis absorption (left) and PL spectra (right)rdflo-1-4 in oxygen-free (red line) and air-
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Figure S8. PL spectra (left) and transient PL decay curvigh{y of the PMMA films doped withmido-
1-4 at different doping concentrations-&) wt%).Aexc = 311 nm fomido-1; 312 nm fomido-2 and-3;
320 nm fomido-4. PLQYs (%) and delayed lifetimeg) are provided.
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Figure $9. Fluorescence and phosphorescence (10 ms delayyaspénido-1-4 in THF at 77 KAexc =
316 nm fomido-1; 312 nm fomido-2 and-3; 318 nm fomido-4.

Table S2. Rate constants farido-1-4 in THF2

Compd Kr Ko Kd Knr,s kisc Krisc
(1fs?Y (10'shH (@10°Pst) @(@¥shH (10°st) (@AeeshH
nido-1 1.47 1.01 1.03 4.66 3.92 1.69
nido-2 1.04 1.39 1.79 9.38 3.47 2.38
nido-3 1.05 1.42 2.08 10.6 2.55 2.54
nido-4 0.95 1.07 1.64 4.06 5.65 3.49

4Calculated using the reported metttold, radiative decay rate constanti{$%); k,, decay rate
constant for prompt fluorescende;, decay rate constant for delayed fluorescekgg; nonradiative
decay rate constant in the Satekisc, intersystem crossing (ISC) rate constant{%$,); krisc, reverse
ISC rate constant (FS).

S20



2. Computational results
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Figure S10. Calculated energy splitting between theaBd T states £Est) and relative energies of
nido-1-4 and reference according to the rotation of timedo-carborane cage.
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Table S3. The contribution (in %) of donomnido-carborane) and acceptor (PhBN)esioieties to the

frontier molecular orbitals and the overlap intédia., in %) between HOMO and LUMO farido-
1-4.

MO Energy (eV) Donor Acceptor [HL
(nido-8-R-CB)  (PhBMes)

nido-1 LUMO 1.28 0.31 99.68 9.92
HOMO -3.43 97.45 2.25

nido-2 LUMO 1.27 0.37 99.63 9.40
HOMO -3.39 97.62 2.38

nido-3 LUMO 1.26 0.46 99.54 9.10
HOMO -3.43 97.75 2.25

nido-4 LUMO 1.24 0.33 99.66 8.99
HOMO -3.35 97.74 2.26

Table $S4. The calculated lowest-energy absorption wavelerfgdh, in nm) and the corresponding
oscillator strengthf) for nido-1-4.

Aabs f major contribution
nido-1 367.3 0.0008 HOMG>LUMO (95%)
nido-2 372.6 0.0003 HOMG>LUMO (95%)
nido-3 370.6 0.0005 HOMG>LUMO (96%)
nido-4 377.9 0.0007 HOMG>LUMO (95%)

Table S5. Calculated HOMGLUMO gap Eg), the energies of the lowest singlet and tripbatited
states Esi and Et1), energy splitting between ther &nd T. states AEst), and torsion angley =

Ccb—Ccb—Cri—Cpn). Energy is in eV and angle is in degrée (

Eg Es1 En AEst 7
nido-1 4.71 3.38 3.30 0.071 68.9
nido-2 4.66 3.33 3.29 0.041 73.3
nido-3 4.69 3.35 3.32 0.026 75.9
nido-4 4.59 3.28 3.22 0.061 75.8

S22



(a)

30000 0.25
—nido-1|
25000 - i
20000 -
L 0.15
=
& 15000 - =
- 0.10 HOMO-1 ‘
10000 - | r\
0.05 at rg J
5000 - | sl r & '
0 | ; — : 0.00 ’ Y
250 300 350 400 450

Wavelength (nm) HOMO-A

Figure S11. (a) Simulated UV/Vis absorption spectrumnodo-1 (g is molar absorption coefficient) and
(b) MOs involved in the transition of the first naero oscillator strength ¢5

Table S6. Computed absorption wavelengthisal in nm) and corresponding oscillator strendt) for
nido-1 from TD-M062X calculations using the M062X geonedrat the ground ¢ fully optimized
geometry.

nido-1

state Acaic/nm fabs major contribution

S 367.3 0.0008 HOMO—LUMO (95%)
S 294.3 0.1892 HOMO-5-LUMO (15%)
HOMO-4—LUMO (30%)
HOMO-3—LUMO (31%)
HOMO-1-LUMO (12%)
S 288.6 0.0894 HOMO-5-LUMO (31%)
HOMO-1-LUMO (44%)
S 282.1 0.1437 HOMO-5—-LUMO (36%)
HOMO-4—LUMO (21%)
HOMO-1-LUMO (16%)
S 265.2 0.0408 HOMO-6—LUMO (82%)
S 257.6 0.0291 HOMO—LUMO+3 (27%)

HOMO—LUMO+5 (62%)
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Figure S12. (a) Simulated UV/Vis absorption spectrumnodo-2 (g is molar absorption coefficient) and
(b) MOs involved in the transition of the first naero oscillator strength ¢5

Table S7. Computed absorption wavelengthisa(c in nm) and corresponding oscillator strendth) for
nido-2 from TD-M062X calculations using the M062X geonmtrat the ground 6pfully optimized

geometry.
nido-2

state Acaic/nm fabs major contribution

S 372.6 0.0003 HOMG>LUMO (95%)
S 294.4 0.1952 HOMO-5LUMO (15%)
HOMO-4—LUMO (29%)
HOMO-3—LUMO (31%)
HOMO-1-LUMO (11%)
S 289.7 0.0697 HOMO-5LUMO (29%)
HOMO-1-LUMO (39%)
S 283.2 0.1579 HOMO-5LUMO (38%)
HOMO-4—LUMO (19%)
HOMO-1-LUMO (14%)
S 265.3 0.0408 HOMO-6LUMO (81%)
S 261.9 0.0200 HOMGS>LUMO+3 (29%)

HOMO—LUMO+5 (62%)
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Figure S13. (a) Simulated UV/Vis absorption spectrumnodo-3 (g is molar absorption coefficient) and
(b) MOs involved in the transition of the first naero oscillator strength ¢5

Table S8. Computed absorption wavelengthisa(c in nm) and corresponding oscillator strendth) for
nido-3 from TD-M062X calculations using the M062X geonmtrat the ground ¢pfully optimized

geometry.
nido-3

state Acaic/nm fabs major contribution

S 370.6 0.0005 HOMG>LUMO (96%)
S 295.0 0.1919 HOMO-5LUMO (12%)
HOMO-4—LUMO (30%)
HOMO-3—LUMO (38%)
S 289.8 0.0932 HOMO-5LUMO (32%)
HOMO-1-LUMO (35%)
S 283.3 0.1243 HOMO-5LUMO (36%)
HOMO-4—LUMO (13%)
HOMO-1-LUMO (20%)
S 266.5 0.0467 HOMO-6-LUMO (78%)
S 262.5 0.0111 HOMG>LUMO+3 (39%)

HOMO—LUMO+5 (50%)
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Figure S14. (a) Simulated UV/Vis absorption spectrumnodo-4 (g is molar absorption coefficient) and
(b) MOs involved in the transition of the first naero oscillator strength ¢5

Table S9. Computed absorption wavelengthiga(c in nm) and corresponding oscillator strendth) for
nido-4 from TD-M062X calculations using the M062X geonmtrat the ground 6pfully optimized

geometry.
nido-4

state Acaic/ Nm fab major contribution

S 377.9 0.0007 HOMG>LUMO (95%)
S 311.4 0.1178 HOMO-3LUMO (14%)
HOMO-1—-LUMO (59%)
S 296.6 0.0972 HOMO-5LUMO (65%)
HOMO-4—LUMO (19%)
S 289.4 0.1509 HOMO-5LUMO (18%)
HOMO-4—LUMO (37%)
HOMO-1—-LUMO (14%)
S 267.9 0.0332 HOMO-ALUMO (82%)
S 261.1 0.0078 HOMG;LUMO+3 (14%)

HOMO—LUMO+5 (52%)
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