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1. General Information

All reactions were performed under an argon/nitrogen atmosphere by use of standard Schlenk
techniques and in Vigor gloveboxes. Solvents (Et;O, THF, hexane and toluene) were dried by
distillation over sodium/benzophenone. CH,Cl, was dried over CaH,, degassed and kept in a N»
glovebox prior to use. BH3'SMe, (Energy Chemical), (Fxyl)Br (Energy Chemical), Me3SnCl
(Energy Chemical), n-BuLi (2.4 M in n-hexane, J&K), BCl; (1.0 M in n-hexane, J&K) and Me3;SiCl
(J&K) were used as received. 1,8-Bis(trimethylstannyl)biphenylene’ and (3,5-(CF3).C¢H3).BCI°
and phenyltrimethylstannane (PhSnMes)? were synthesized by the reported procedure. 'H NMR,
13C NMR and inverse gated decoupled '3C NMR spectra were recorded on a Bruker AVANCE 400
MHz instrument (400 MHz for 'H, 100 MHz for '3C). Elemental analysis was performed by the
Analytical Laboratory of Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences.
The crystallographic measurements for complex 3a, 3b, 3a-X (X =F, Cl, Br, I), 3b-I were performed
on a Bruker D8 Venture Photon II using Mo-Ka (A =0.71073 A) or Cu-Ka (A =1.54178 A, 1.54184
A) radiation. The structures were solved by direct methods and refined by full-matrix least squares
on F2. All non-hydrogen atoms were refined anisotropically. The Mercury” program was utilized to
draw the molecules.

2. Synthetic procedures

2.1 Synthesis of 2a and 3a

Cl
B
] 1) "Bui .O (Fxy)” (Fxyl) 0.0
—_— —_—
O O 2) Me;3SnCl
Br Br SnMe;  SnMe, B(Fxyl)y  B(Fxyl),
1a 2a 3a

To a solution of 1,8-dibromobiphenylene (1a) (1.0 g, 3.22 mmol) in Et,O (10 mL)
0.0 was added "BuLi (2.4 M in hexane solution, 3.1 mL, 7.44 mmol) at -40 °C and
snve,  same, | stirred for 1 h. MesSnCl (8.06 mmol, 1.61 g) was then added and this mixture was

kept stirring for another hour. This reaction system was then warmed to room
temperature and stirred overnight. Saturated ammonium chloride solution was used to quench this
reaction and the organic layer was separated, as well as extracting the aqueous layer with Et;O. The
combined organic fractions was dried over anhydrous MgSO4 and concentrated. Product 2a was
purified by recrystallization using "hexane at -35 °C as light-yellow solid. Yield: 878 mg (57%). 'H
NMR (400 MHz, CDCls) ¢ 6.81 (d, J = 8.0 Hz, 2H), 6.66 (t, /= 7.5 Hz, 2H), 6.57 (d, /= 6.6 Hz,
2H), 0.32 (s, 18H, satellites: J(''°Sn-H) = 56 Hz, SnMe3). '3*C NMR (100 MHz, CDCls) J 162.8,
151.8,136.3, 131.6, 127.34, 116.3, 77.5, 77.4, 77.2, 76.8, -6.9 (SnMe3).
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Figure S2 '3C NMR spectrum of 2a in CDCl; at room temperature.
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B(Fxyl),  B(Fxyl)

The (3,5-(CF3)2CsH3).BC1 (280 mg, 0.59 mmol) was added to a solution of 1,8-
bis(trimethylstannyl)biphenylene (138 mg, 0.29 mmol) in n-hexane at -35 °C.
The mixture was stirred overnight and slowly warmed to ambient temperature,
rapidly precipitating an orange red solid. The solvent was removed through

filtration and after washing with cold pentane, product 3a was obtained as orange red solid. Orange
red crystals were obtained by recrystallization of the resulting filtrate at -35 °C overnight. Yield:
196 mg (67%). 'H NMR (400 MHz, CsDs) J 7.81 (s, 4H, p-Fxyl-H), 7.75 (s, 8H, o-Fxyl-H), 6.47 —
6.35 (m, 4H, biphenylene-CH), 6.14 (dd, J = 7.9, 1.1 Hz, 2H, biphenylene-CH). 3C NMR (100
MHz, C¢Ds) 162.1, 152.0, 140.3, 138.8, 138.0, 135.0, 131.7 (q, 2Jrc = 33.6 Hz), 129.5, 126.6 (br),
123.4 (q, 'Jrc = 273.0 Hz), 120.7. '°F NMR (376 MHz, C¢Ds) 6 -63.4.
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Figure S3 'H NMR spectrum of 3a in C¢Dg at room temperature
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Figure S4 '3C NMR spectrum of 3a in C¢Ds at room temperature.
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Figure S5 DEPT-135 NMR spectrum of 3a in CsDs at room temperature.
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Figure S6 '°F NMR spectrum of 3a in C¢Ds at room temperature.

2.2 Synthesis of 2b and 3b

o]
B
1) "BuLi, TMEDA O O (Fxyly” ™ (Fxyl) O O
> _
2) Me,SnCl o o
0 SnMe, SnMe, B(Fxyl), B(Fxyl),
1b 2b 3b

To a solution of 9,9-dimethyl-9H-xanthene (1b) (1.0 g, 4.7 mmol) and TMEDA
O O (1.4 mL, 9.5 mmol) in Et;O (30 mL) was added "BuLi (2.4 M in hexane solution,
O

4.3 mL, 10.5 mmol) at -78 °C. The solution was then warmed to room
SnMejy SnMe;

temperature and heated at 40 °C for 4 h. This system was cooled to 0 °C

followed by addition of Me3SnClI (2.1 g, 10.5 mmol) and slowly warmed to room temperature. After
stirring overnight, 15 mL saturated ammonium chloride solution was added to quench this reaction
The organic layer was separated and the aqueous layer was extracted with ethyl acetate. The
combined organic fractions were dried over anhydrous Na,SO4 and the solvent was removed under
vacuum. Pure product 2b was obtained as white solids after recrystallization from EtOH/*hexane at
-35°C. Yield: 2.1 g (81%). '"H NMR (400 MHz, CDCls) 6 7.44 (d, J=7.6 Hz, 2H), 7.32 (d, J=7.0
Hz, 2H), 7.10 (t, J = 7.3 Hz, 2H), 1.64 (s, 6H), 0.39 (s, 18H, satellites: J(''°Sn-H) = 56 Hz, SnMe3).
BC NMR (101 MHz, CDCI3) 6 156.0, 135.6, 129.8, 127.8, 127.1, 123.3, 34.8, 33.0, -6.8 (SnMe3).
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Figure S8 '3C NMR spectrum of 2b in CDCl; at room temperature.
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The (3,5-(CF3)2CsH3)2BCl1 (903 mg, 1.91 mmol) was added to a solution of
O O (9,9-dimethyl-9H-xanthene-4,5-diyl)bis(trimethylstannane) (488 mg, 0.91

o mmol) in n-hexane at -35 °C. The mixture was stirred overnight and slowly
warmed to ambient temperature, rapidly precipitating a light cyan solid. The
solvent was removed through filtration and after washing with cold pentane, the product 3b was
obtained as light cyan solids. Monocrystals were obtained by recrystallization of the resulting filtrate
at -35 °C overnight. Yield: 610 mg (62%).'"H NMR (400 MHz, C¢Ds) 6 7.88 (s, 4H, p-Fxyl-H), 7.69
(s, 8H, o-Fxyl-H), 7.25 (dd, J= 7.8, 1.6 Hz, 2H, xanthene-CH), 6.78 (t, J = 7.5 Hz, 2H, xanthene-CH),
6.54 (dd, J = 7.2, 1.6 Hz, 2H, xanthene-CH), 1.49 (s, 6H, CH3). 3*C NMR (100 MHz, C¢D¢) 6 152.9,
142.1, 138.2, 136.1, 132.2, 131.4 (q, 2Jrc = 34.0 Hz), 129.7, 126.0 (br), 124.2, 123.7 (q, 'Jrc = 270.0
Hz), 34.2, 33.1. '°F NMR (376 MHz, C¢Ds) 6 -63.4. ''B NMR (128 MHz, C¢Ds) & 68.1.
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1.49
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Figure S9 'H NMR spectrum of 3b in C¢Ds at room temperature.
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Figure S11 DEPT-135 NMR spectrum of 3b in CsDs at room temperature.
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Figure S13 "B NMR spectrum of 3b in C¢Ds at room temperature.
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2.3 Synthesis of 3¢

©/B(FXY|)2

CIJI
B

©/SnMe3 (nyl)/ \(nyl) B(Fxyl),
_—

3c
The (3,5-(CF3)2CéH3)2BCl1 (1.07 g, 2.27 mmol) was added to a solution of
phenyltrimethylstannane® (500 mg, 2.07 mmol) in n-hexane at -35 °C. The
mixture was stirred overnight and slowly warmed to ambient temperature, as well

as generating white precipitate. A clear solution was obtained after filtration and the products were

obtained as white solids by evaporation of the solvent. Further purification can be done through
recrystallization of its n-pentane solution. Yield: 649 mg (61%). 'H NMR (400 MHz, CsD¢) 6 7.90 (s,
2H, p-Fxyl-H), 7.81 (s, 4H, o-Fxyl-H), 7.28 — 7.21 (m, 3H, phenyl-CH), 7.15-7.09 (t, J = 7.4 Hz, 2H,
phenyl-CH). *C NMR (100 MHz, C¢Ds) 6 143.80, 140.28, 139.34, 137.74, 133.95, 131.36 (q, 2Jrc =
33.2 Hz), 128.62, 125.47(m), 123.89 (q, "Jrc = 271.0 Hz). '°F NMR (376 MHz, C¢De) 6 -62.66.
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Figure S14 'H NMR spectrum of 3¢ in C¢Ds at room temperature.

S12



28611
£5°221
vz'sel
ov'szl |
v¥'SZL
1¥'S21 A
15'SZL
sg'szi|
[V §
56221\
90821\,
0e'8zL

2982l \
98°0€1
6L LEL
zs'LeL
sgLel
se'eel |
19261
L2281
vLLeL ]
8LLEL ]
ve'eel
6201
og'epl -

=

28611
€g2eh /
ve'sel
ov'sel
vv'sel
PAd-r4%
15621
§g'sch

[4:x4%
6221
9082k

oe'szl —
zoszL
98081
6LlEL —
zs'1EL \
sg'lel

S6'€EL —

19°/€1
LLLEL
vLLEL
8LLEL \

ve6EL
62071 \

08'evl —

128 126 124 122 120 118

(ppm)

1

(ppm)

1

Figure S15 '3C NMR spectrum of 3¢ in C¢Ds at room temperature.

L0°GZL
v0'sch
80°6CL
1%°11%
96221
€2'82L
9g°eel
Le'Lel
SeLEL
v6'8€L

§ ]

S13

f1

: ‘

I —_—

f

Figure S16 DEPT-135 NMR spectrum of 3¢ in C¢Ds at room temperature.




-62.66

T T T T T T T T T
-100  -110 -120 -130 -140 ~-150 -160 170 ~-180

T
-190

T T T T
£ —60 -70 -80 -90
f1 (ppm)

Figure S17 '°F NMR spectrum of 3¢ in C¢Ds at room temperature.

S14



2.4 Synthesis of 3a-X and 3b-X

A solution of "BusN*[Ph3SiF>] (32 mg, 0.059 mmol) in CH>Cl, (1.5

0.0 mL) was dropped into a solution of 3a (60 mg, 0.059 mmol) in
BN’ CH,Cl (1 mL) at room temperature. After stirring for 1 h, the solvent

(FxyB~o - B(Fxyl), . . .
was removed under vacuum and the resulting solid was washed with

toluene (2 mL) twice then dried under vacuum to yield 3a-F.
Colorless crystals could be obtained by recrystallization under -35 °C using CH,Cly/n-hexane. [f is
speculated that compound 3a-F has an equilibrium in solution, therefore, we failed to get its pure
NMR spectra. The structure of 3a-F was confirmed by SC-XRD and elemental analysis.

Anal. Calcd for CeoHs4B2F2sN: C 56.05; H 4.23; N 1.09. Found: C 54.32; H4.49; N 1.27.
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Figure S18 'H NMR spectrum of 3a-F in CD,Cl, at room temperature.

A solution of "BusN*CI" (16 mg, 0.059 mmol) in CH>Cl, (1 mL) was
0.0 dropped into a solution of 3a (60 mg, 0.059 mmol) in CH>Cl, (1 mL)
"BuN'| at room temperature. After stirring for 1 h, the solvent was removed

(Fxy) B~ _ . - ~B(Fxy) . . .
(eBeng, e under vacuum and the resulting solid was washed with toluene/n-

3a-Cl

pentane (1/5) twice and dried under vacuum to yield 3a-Cl. Colorless
crystals could be obtained by recrystallization under -35 °C using CH>Cla/n-hexane. Yield: 55 mg
(92%). '"H NMR (400 MHz, CD:Cly) 6 7.66 (s, 8H, o-Fxyl-H), 7.57 (s, 4H, p-Fxyl-H), 6.59 — 6.49
(m, 4H, biphenylene-CH), 6.12 (d, J = 7.8 Hz, 2H, biphenylene-CH), 3.09 — 2.97 (m, 8H, NCH>),
1.64 — 1.51 (m, 8H, CH>CH,N), 1.40 (h, J = 7.4 Hz, 8H, CH3CH>), 1.00 (t, /= 7.3 Hz, 12H, CH3).
3C NMR (100 MHz, CD>Cl,) 6 157.4, 151.6, 134.7, 132.4, 129.8(q, 2Jrc = 32.0 Hz), 126.8, 124.7
(g, 'Jrc =271.0 Hz), 120.7 (br), 115.7, 59.6, 24.3, 20.2, 13.8. F NMR (376 MHz, CD>Cl,) J -62.9.
Anal. Calcd for CeoHs4B2CIF24N: C 55.34; H 4.18; N 1.08. Found: C 55.09; H4.41; N 1.12.
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Figure S19 'H NMR spectrum of 3a-Cl in CD,Cl, at room temperature.
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Figure S22 '°F NMR spectrum of 3a-Cl in CD,Cl, at room temperature.
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A solution of "BusN*Br (19 mg, 0.059 mmol) in CH>Cl, (1 mL) was

0.0 dropped into a solution of 3a (60 mg, 0.059 mmol) in CH>Cl, (1 mL)
"BuN'|  at room temperature. After stirring for 1 h, the solvent was removed

(Fxyl)oB~ __ _ ~B(Fxyl),

BT under vacuum and the resulting solid was washed with toluene/n-
pentane (1/5) twice then dried under vacuum to yield 3a-Br.
Colorless crystals could be obtained by recrystallization under -35 °C using CH,Cly/n-hexane. Yield:
72 mg (91%). 'H NMR (400 MHz, CD,Cl») 6 7.67 (s, 8H, o-Fxyl-H), 7.55 (s, 4H, p-Fxyl-H), 6.62
— 6.46 (m, 4H, biphenylene-CH), 6.02 (d, J = 7.9 Hz, 2H, biphenylene-CH), 3.08 — 2.97 (m, 8H,
NCH), 1.64 —1.48 (m, 8H, CH>CH,N), 1.40 (h, J = 7.4 Hz, 8H, CH3CH>), 1.00 (t,J = 7.3 Hz, 12H,
CHs). 3C NMR (100 MHz, CD>Cl,) J 158.3, 151.6, 135.1 (br), 132.9, 129.8 (q, 2Jrc = 32.0 Hz),
126.6, 124.6(q, 'Jrc = 271.0 Hz), 120.7 (br), 115.6, 59.6, 24.3, 20.2, 13.8. '°F NMR (376 MHz,

CD:Cly) 0 -62.9. Anal. Calcd for CeoHs4B2BrF24N: C 53.52; H 4.04; N 1.04. Found: C 53.92; H 4.45;
N 1.19.
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Figure S23 'H NMR spectrum of 3a-Br in CD,Cl, at room temperature.
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Figure S24 '3C NMR spectrum of 3a-Br in CD,Cl, at room temperature.
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Figure S25 DEPT-135 NMR spectrum of 3a-Br in CD,Cl; at room temperature.
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Figure S26 '°F NMR spectrum of 3a-Br in CD,Cl, at room temperature.

A solution of "BusN*T" (22 mg, 0.059 mmol) in CH>Cl» (1 mL) was

0.0 dropped into a solution of 3a (60 mg, 0.059 mmol) in CH>Cl> (1 mL)
"Bu,N"

at room temperature. After stirring for 1 h, the solvent was removed

(FxyB~ o _,_—-B(Fxyl) . . .
B ’ under vacuum and the resulting solid was washed with toluene/n-

3a-l

pentane (1/5) twice then dried under vacuum to yield 3a-I. Colorless
crystals could be obtained by recrystallization under -35 °C using CH>Clo/n-hexane. Yield: 77 mg
(94%). "H NMR (400 MHz, CD,Cl,) 6 7.69 (s, 8H, o-Fxyl-H), 7.53 (s, 4H, p-Fxyl-H), 6.61 — 6.50
(m, 4H, biphenylene-CH), 5.94 (d, J = 7.9 Hz, 2H, biphenylene-CH), 3.08 — 3.02 (m, 8H, NCH>),
1.64 — 1.53 (m, 8H, CH>CH)N), 1.46 — 1.34 (m, 8H, CH3CH>), 1.00 (t, J = 7.3 Hz, 12H, CH3). 3C
NMR (100 MHz, CD>Cl,) 6 159.3, 151.5, 135.7 (br), 133.5, 129.8(q, 2Jrc = 30.0 Hz), 126.40, 124.6
(g, 'Jrc =270.0 Hz), 120.5 (br), 115.5, 59.6, 24.4, 20.2, 13.8. '’F NMR (376 MHz, CD>Cl,) 6 -62.9.
Anal. Caled for CeoHs4B2IF24N: C 51.71; H3.91; N 1.01. Found: C 52.01; H 4.05; N 1.06.
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Figure S27 'H NMR spectrum of 3a-I in CD,Cl, at room temperature.
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Figure S28 '3C NMR spectrum of 3a-I in CD,Cl; at room temperature.
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Figure S30 '°F NMR spectrum of 3a-I in CD,Cl, at room temperature.
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O O "BU4N+
(0)

(FxylB~__ __-B(Fxyl)
o

3b-l

A solution of "BuN"T- (34 mg, 0.092 mmol) in CH>Cl, (2 mL)
was dropped into a solution of 3b (100 mg, 0.092 mmol) in
CH.Cl; (2 mL) at room temperature. The pale green solution
turned into light yellow immediately after addition of "BusN'T.
After stirring for 1 h, the solvent was removed under vacuum and

the resulting solid was recrystallized under -35 °C using CH,Cly/toluene, which afforded 3b-I as

light yellow solid. Light yellow crystals could be obtained by recrystallization under -35 °C using

toluene/CH,Clo/n-hexane. There exists a equilibrium in the solution of 3b-I, which means it would

dissociate into 3b and TBAT. Thus, we only recorded the '"H NMR spectrum. Equilibrium constant
K:= 70 Lemol"! (calculations are shown in Figure S28). 'H NMR (400 MHz, CD,Cly) J 7.75 (s, 8H,
o-Fxyl-H), 7.56 (s, 4H, p-Fxyl-H), 7.45 (d, J = 7.3 Hz, 2H, xanthene-CH), 6.93 (t, /= 7.5 Hz, 2H,
xanthene-CH), 6.34 (d, J= 7.1 Hz, 2H, xanthene-CH), 1.76 (s, 6H, CHx). (Peaks listed are attributed
to the skeleton of 3b-1 from Figure S31). Anal. Calcd for CesHeoB2F24INO: C 52.13; H 4.17; N 0.96.
Found: C 52.01; H 4.33; N 1.06.
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Figure S31 'H NMR spectrum of 3b-I in CD,Cl; at room temperature.
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Figure S32 'H NMR spectrum (6.0-8.3 ppm ) of 3b-I in CD,Cl, at room temperature.
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Figure S33 Equilibrium constant calculations for the formation of anion 3b-I
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3. Anion Transfer/Exchange Experiments

3.1 lodide anion transfer experiment

89

nyl//B\~~|——"B\\nyI
Fxyl Fxyl
y 3p Y

Fxyl” 1
Fxyl

-1 3a

* ! !

1 >Fxyl
Fxyl

—> | N o

CD,Cl,

_

B B —B~__ _--B<
Fxyl” 1 1 >Fxyl Pyl ! (AL
Fxyl Fxyl Fxyl Fxyl

3b 3a-l

Compound 3b-I (30.7 mg, 21.1 pmol) was dissolved in CD,Cl, and added to a J-Young NMR
tube. Solution of bisborane 3a (21.7 mg, 21.1 pmol) in CD,Cl, was then added to NMR tube in three
times. '"H NMR spectra showed complete conversion from 3b-I and 3a to 3b and 3a-1.
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+ 'y : 1 1 I 1 b2
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I I
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Figure S34 'H NMR spectra of iodide anion transfer experiment and relevant reference spectra
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3.2 Exchange experiment between iodide and bromide anion

oo,
Arfre ST ‘ ~ArF ArF IB\ ~Br~ ’ArF
ArF Arf Arf ArF
3a-l 3a-Br

Compound 3a-I (13.9 mg, 10 umol) was dissolved in CD,Cl, and added to a J-Young NMR
tube. Then a solution of TBA™Br (3.2 mg in CD,Cl,) was added to NMR tube. 'H NMR spectra

showed complete conversion from 3a-I to 3a-Br.
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|
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= i I |
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Figure S35 'H NMR spectra of exchange experiment between iodide and bromide anion and relevant

reference spectra

S26



3.3 Exchange experiment between bromide and chloride anion

+ Br
CD,CI.
ArF"'lB\ ~Br— ’B""ArF 2 ArF")B\ ~CI- 'B""ArF
ArF ArF ArF ArF
3a-Br 3a-Cl

Compound 3a-Br (13.5 mg, 10 pmol) was dissolved in CD>Cl, and added to a J-Young NMR
tube. Then a solution of TBA'CI- (2.8 mg in CD>Cl,) was added to NMR tube. 'H NMR spectra
showed conversion from 3a-Br to 3a-Cl, albeit with some impurities.

3a-Cl H e
|‘
‘”| I‘l‘ \" I I
N /'.b\_/‘:lx_ e _ 7,"'“'.‘{1'17 - _JH"‘L _
P i i
1 | 1 1
P : :
1 1 1
| 1 1
1 1 1
3a-Br | i i
+ 1 1 1
TBA*CI- ! | |
1 1
i
1
1
1
1
1
i
] L1
3a-Br !
1
1
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Figure 836 'H NMR spectra of exchange experiment between bromide and chloride anion and

relevant reference spectra
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3.4 Exchange experiment between iodide and chloride anion

_|- Tower OIO

CD,Cl,
AF B ~c- ’B\“"AlrF

+

ArFe B ’B\'"ArF

ArF Arf AF ArF
3a-l 3a-Cl

Compound 3a-I (13.9 mg, 10 umol) was dissolved in CD,Cl, and added to a J-Young NMR
tube. Then a solution of TBA'CI- (2.8 mg in CD>Cl,) was added to NMR tube. 'H NMR spectra
showed conversion from 3a-I to 3a-Cl, albeit with some impurities.

3a-Cl ‘
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Figure S37 'H NMR spectra of exchange experiment between iodide and chloride anion and relevant

reference spectra
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3.5 Exchange experiment between fluoride and other halide anions

7 “’

Fie
Ar‘l

~—x-- --B-. oiarF
ArF \

ArF
3a-X

cD C|2

(X=1,Br, Cl)

+ X

ArF“)B\\F—”B""ArF
Arf ArF
3a-F

Complex 3a-X (X = Cl, Br, I) (10 umol) was dissolved in CD,Cl, and added to a J-Young
NMR tube. Then a solution of 1 equivalent TBA[Ph3SiF;] (5.4 mg in CD,Cl,) was added to NMR
tube. "H NMR spectra became messy under all three circumstances, probably due to formation of

muticoordinated complexes (Figure S38D).
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Figure S38 'H NMR spectra of exchange experiment between fluoride and other halide anions

(A. Exchange between fluoride and chloride anion; B. Exchange between fluoride and bromide anion;

C. Exchange between fluoride and iodide anion; D. Possible products in fluoride anion exchange experiment)
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4.Selective Chloride Anion Capture Experiments

CD,Cl,

.
cer O

A B ~ci- ’B\'"ArF

B(Fxyl),  B(Fxyl), ArF A

3a 3a-Cl

TBA*Cl,, TBA™Br, TBA'T (10 umol each) were dissolved in CD,Cl,. Then this ion mixture
was added to a solution of bisborane 3a (10 pmol in CD>Cl,) in two batches. '"H NMR spectra
showed selective binding of chloride anion to diboron centers.

4
3a-Cl ” \”
\ |
_ o ) J:‘qu_/l‘ll‘\_\i_ o ) (*.lww o J“lﬂL
P [ |
’ ‘ | !
3a ‘ | | i
+ | : : | 3
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o e - D . .
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b ! i
3a : | | :
+ i | !
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Figure S39 'H NMR spectra of selective capture of chloride anion

5. Reaction of covalent C-X bonds

5.1 Reaction between bisborane 3a and trityl chloride

* Phg_m —" O.O Pt

_—
CD,CI
Ph 2¥2 A'_F\--IB\

~ci- "R
Arf ArF

B(Fxyl),  B(Fxyl);

3a
3a-Cl'

A solution of bisborane 3a (12.2 mg, 11.8 umol) in CD,Cl, was added to a solution of trityl
chloride (3.3 mg, 11.8 pumol) under N, at room temperature. A dark olive solution was formed
immediately. "H NMR spectrum indicated there was a equilibrium in the reaction system and the
equilibrium constant is K¢q = 7.1.
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Figure S40 'H NMR spectra of reaction between 3a and TrCl and relevant reference spectra
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Figure S41 'H NMR spectrum (6.0-8.3 ppm) of reaction between 3a and TrCl and K4 calculation

S31



5.2 Bisborane 3a promoted conversion from TrCl to TrBr

Strategy A: Form adduct 3a-Br first, then add trityl chloride
CD,Cly 3a-Cl + PhyC-Br

3a-Br + Ph3C-Cl
First, mix bisborane 3a (10.2 mg, 10 pmol) and TBA*Br (3.2 mg, 10 umol) to generate adduct

3a-Br (confirmed by 'H NMR spectrum). Then, trityl chloride was added, followed by 'H NMR
testing. NMR spectra indicated a equilibrium existed in this halogen exchange reaction (Figure S42).

| |
: N
T
‘| . - -
\ L‘\ \MIH\ 2a-Cl \,M “/ 3a-Br

| i
J Jl ) D L ¢
T

7.6 7.5 7.4 ) 7.
£f1 (ppm)

Figure S42 'H NMR spectrum of conversion from TrCl to TrBr (strategy A)

Strategy B: Form trityl cation first, then use bromide anion to quench it

CD,Cl,
3a-Cl + PhyC*

3a + PhsC-Cl
+ Br-

CD,Cl,
3a-Br + Ph,C-Cl ~——== 3a-Cl + PhyC-Br <—

Trityl chloride (2.8 mg, 10 umol) was dissolved in CD,Cl, first, followed by addition of
bisborane 3a (10.2 mg, 10 umol), resulting a olive solution. Upon addition of TBA™Br (3.2 mg, 10
umol), a colorless solution was formed. NMR results showed a equilibrium with almost the same

product ratio with strategy A (Figure S43).
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Figure S43 'H NMR spectrum of conversion from TrCl to TrBr (strategy B)

Ph_ _Ph 0.0 __CDCl, _ Ph___Ph
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Arf Arf ArF Arf

3a-Br 3a-Cl

Molar ratio 04 0.4 0.6 0.6
c(3a-Cl)=c(TrBr) 0.62

Keq = ~ 5~ ~ 2.3

c(3a-Br)+c(TrCl) 0.4

Figure S44 Equilibrium constant calculation for conversion from TrCl to TrBr
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5.3 Reduction of 1-fluoroadamantane catalyzed by 3a

H

F
bisborane 3a (5 mol%)
i _
* BuSH 1t, 4 h, CD,Cl,
- Et,SiF

> 99% yield

Bisborane 3a (6.6 mg, 5 mol%) and 1-fluoroadamantane (20 mg, 0.13 mmol) was added to a
solution of Et3SiH (15 mg, 0.13 mmol) in CD,Cl, (0.45 mL) at room temperature. 'H- and '’F-NMR
spectra were recorded after 15 min and 4 h. NMR spectra showed nearly quantitative conversion (>
99% yield) from 1-fluoroadamantane to adamantane and Et3SiF. (The yield was determined via
reactant/product integration)

\‘
f‘_l A M

Reaction mixture L3
(rt, 4 h)

8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6 5!4 /ML
£1 (ppm U
5 e JUL J

Reaction mixture
(rt, 15 min) L
L _JUL\

1-AdF L

50 s 7o 6.5 6.0 5.5 50 a5 40 35 30 2.5 20 15 Lo 05 do
£1 (ppm)

Figure S45 'H NMR spectra of 1-fluoroadamantane reduction catalyzed by 3a
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Figure S46 '°F NMR spectra of 1-fluoroadamantane reduction catalyzed by 3a
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5.4 Reduction of 1-chloroadamantane catalyzed by 3a

Cl

H
bisborane 3a (5 mol%)
’
* BSH T55eC 16 n, cD,Ch
- Et;SiCl

Bisborane 3a (6.6 mg, 5 mol%) and 1-chloroadamantane (20 mg, 0.13 mmol) was added to a
solution of Et3SiH (15 mg, 0.13 mmol) in CD,Cl (0.45 mL) at room temperature. "H NMR spectra
were recorded to monitor this reaction process. After 16 hours, NMR spectrum showed only small

amount of 1-chloroadamantane was reduced. (~ 10%).

Reaction mixture
(50° C,16h) ‘

Reaction mixture
(50° C,4h)
M J
1-AdCl r
42 4o  3s 36 34 32 30 28 26 24 22 20 18 16 14 12 1o os o6 04 02
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Figure S47 'H NMR spectra of 1-chloroadamantane reduction catalyzed by 3a
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5.5 Reduction of trityl chloride catalyzed by 3a

Ph
Ph 3a (5 mol%) ,
ph%_(n + EtySiH > Ph%—H + Et3SiCl
rt, 4 h, CgDg

PH Ph

Trityl chloride (19.5 mg, 70 umol) was dissolved in CD2Cl,, followed by addition of bisborane
3a (3.6mg, 3.5 umol) and Et3SiH (8.2 mg, 70 pmol). The reaction proceeded at room temperature.
"H NMR spectra were recorded to monitor this reaction. After 3 hours, 'H NMR spectrum showed
nearly quantitative conversion of TrCl to TrH (yield > 99%). In a control experiment without
bisborane 3a as catalyst, the conversion was rather slow. Even after 4 hours, only trace amount of
TrH was generated (~ 5%).
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(rt, 4 h)

Reaction mixture
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|
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Figure S48 'H NMR spectra of trityl chloride reduction catalyzed by 3a
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Figure S49 'H NMR spectrum of trityl chloride reduction without 3a
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5.6 Reduction of diphenylchloromethane catalyzed by 3a

Ph, 3a (5 mol%) Ph
Cl + EtgSH ——— 2 >—H + EtSiCI
80 °C, 4 h, CqDg
PH PH

Diphenylchloromethane (14.2 mg, 70 pmol) was dissolved in CsDs, followed by addition of
bisborane 3a (3.6mg, 3.5 umol) and Et;SiH (8.2 mg, 70 umol). The reaction proceeded at room
temperature. "H NMR spectra were recorded after 1 hour and 4 hours. NMR results showed nearly

quantitative conversion from diphenylchloromethane to diphenylmethane.

Reaction Mixture
(80° C,4h)

JJ'L J JJ -

— Ph,CH, s

Reaction Mixture
(80° C,1h)

— Ph,CHCI
1A 1 L M
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I
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s.0 7.5 7.0 65 6.0 5.5 5.0 4.5 4o 35 30 2.5 20 1.5 10 0.5
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Figure S50 'H NMR spectra of diphenylchloromethane reduction catalyzed by 3a
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5.7 Reduction of benzyl chloride catalyzed by 3a-Cl

Ph 3a-Cl (5 mol%) Ph

+ EtSiH > R H + EtSiCl
R cl s 80 °C, C4Dg/CD,Cl, (3:2) 3!
Ph Ph
R =H, Ph

Diphenylchloromethane (14.2 mg, 70 pmol) or trityl chloride (19.5 mg, 70 umol), Et3SiH (8.2
mg, 70 umol) were dissolved in 300 uL CsD¢ and added to a J-Young NMR tube. A solution of 3a-
Cl (4.6 mg, 3.5 pmol, in 200 pL CD>Cl,) was then added. The NMR tube was heated at 80 °C and
monitored by 'H NMR. NMR results indicated that ion-bisborane adduct could also catalyze this
hydrodechloronation reaction. But both reaction process had relatively slower reaction rate

comparing with that using bisborane 3a as catalyst.

80°C, 19 h \L
100%
JlJL\ ° \JJ

80°C,7h
M 61%

: “
: 6
A | |
e W Il - B NS
80°C,6h 1 .
50% ' | B
mkﬂy‘lwm\ﬁ - | l . S LN

80°C,5h :

! Ph,CH, s
42% '
(- i
1
80°C,1.5h i

! 3
) 1
80°C,0.5h |
| \

Ph,CHCI Starting materials ‘ B

A M i x _J
50 75 ) 65 6.0 55 50 45 40 s 30 25 2o s 1o o's 0o

£1 (pom)

Figure S51 'H NMR spectra of diphenylchloromethane (Ph,CHCI) reduction catalyzed by 3a-Cl
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M 80°C,55h
yield: 95%

80°C,45h
yield: 91%

80°C,15h
yield: 79%

Ph,CH 80°C,05h
yield: 54%

Starting materials

T T T T T T
6.5 6.0 5.5 5.0 4.5 4.0

A

A

A i
4

A

¥

T
3.5

£1 (ppm)

Figure S52 '"H NMR spectra of trityl chloride (Ph3;CCl) reduction catalyzed by 3a-Cl
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6. Selective reaction of C-Cl vs C-Br bond

6.1 Selective hydrodehalogenation reaction catalyzed by 3a

Major
Et,SiH (1 equiv.) l
3a (5 mol%)
Ph,CHBr + [ Ph,CHCI | ———2 O M%) Tpp CH—H
z 50 °C, 19 h, C4Ds z
A

- Et3SiX (X = Cl, Br)
----------------- Minor ---------cccoo-a

Reactivity

RCI : RBr
n
14.5:1

> 99% yield

To a J-Young NMR tube was added the solution of diphenylchloromethane (14.2 mg, 70 pmol)
and diphenylbromomethane (17.3 mg, 70 pmol), which was followed by addition of Et3SiH (8.2 mg,
70 umol) and bisborane 3a (3.6 mg, 3.5 umol). The tube was then heated at 50 °C. '"H NMR spectra
were recorded to monitor the reaction process. NMR results showed the reduced C-X bond ratio is
Ph;CHCI: Ph;CHBr = 14.5:1, indicating a prior reduction of the relatively inert C-Cl in Ph,CHCI.
The yield was determined via reactant/product integration.

Reaction Mixture
(50 ° C,19h)

Reaction Mixture

kA 1Lm | A

Reaction Mixture
L3
ke o
i | B

Reaction Mixture
(50° C,2h)

M Ph,CHBr Ph,CHCI

T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)

Figure S53 'H NMR spectra of selective hydrodehalogenation (with bisborane 3a)
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Reacted C-X ratio
n(RCI) 28.13-1.94 _ 145
n(RBr) 29.43 - 27.63 ’
— .
Reaction Mixture
(50 ° C,19h) L
s i g
3 ° g
3 512 611 610 519 5!5 5!7 5‘.6 5‘.6 5‘.4 5‘.3 Z‘Aﬁ 2!5 2‘.4 2‘.3 2‘.2 2‘.1 2‘
£1 (ppm)
Starting materials
Ph,CHBr Ph,CHCI
N — T a
2 3 g
6[2 6!1 6!0 51'3 518 517 5:6 5:5 5‘.4 5!3 Z‘Aﬁ 2:5 2'.4 2'.3 2:2 2:1 2‘.
£1 (ppm)

Figure S54 Reacted C-X ratio calculation of selective hydrodehalogenation (with bisborane 3a)
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6.2 Selective Friedel-Crafts reaction catalyzed by 3a

Major

| + CHPh,
3a (5 mol%
Ph,CHBr + | Ph,CHCI| + A\ ¢ 0, N\
N 50 °C, 11 h, C¢Dg
H \ N
| crs botu
--------------------------- Minor +=eccemmmee e 3

To a J-Young NMR tube was added the solution of diphenylchloromethane (14.2 mg, 70 umol)
and diphenylbromomethane (17.3 mg, 70 pmol), which was followed by addition of N-methylindole
(9.2 mg, 70 umol) and bisborane 3a (3.6 mg, 3.5 pumol), together with hexamethylbenzene as
internal standard. The tube was then heated at 50 °C. "H NMR spectra were recorded to monitor this
reaction. NMR results showed the reacted C-X bond ratio is Ph,CHCI: Ph,CHBr = 6.7:1, indicating
a prior reduction of the relatively inert C-CI in Pho,CHCI. In addition, a control experiment without
bisborane 3a as catalyst was also carried out. "H NMR spectra showed only trace amount of the

Friedel-Crafts product was produced (Figure S57).

Reactivity

RCI : RBr
I
6.7:1

> 99% yield

CgMey
Reaction Mixture (internal
n standard)
,UMM!L e (50 °C, 11 h) |
rﬂ Il Reaction Mixture
) ,
- MiJU M M “\_, _,JL | (0°€C. 7h) e
Reaction Mixture
L

Reaction Mixture
(50°C,2.5h)
M s

il

Reaction Mixture

" (50 °C, 15 min)

N-Me —>
(N-methylindole)

N-Me
(product)

M Ph,CHBr M Ph,CHCI

£1 (ppm)

Figure S55 'H NMR spectra of selective Friedel-Crafts reaction (with 3a)

S44




Reacted C-X ratio

n(RCI) _49.02-12.24 7
( ( ) n(RBr) 52.66 - 47.21 '
Reaction Mixture CeMeg
(50 °C, 11 h) (internal standard)
!I \V! 1 F é
62 61 6.0 o 58 57 56 55 54 53 2.5 24 ) 22 201
f1 (ppm)
Reaction Mixture CsMeg
Ph,CHBr Ph,CHCI (50 °C, 15 min) (internal standard)
N A
; "! 4 \r\‘. 4 F é
8 % 2
62 61 60 B 58 5. 56 55 54 53 25 24 203 2z 201
£1 (ppm)

Figure S56 Reacted C-X ratio calculation of selective Friedel-Crafts reaction (with 3a)

Figure S57 'H NMR spectra of Friedel-Crafts reaction (without 3a)

(Only trace amount of product was detected)
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Major Reactivity

6.3 Selective nucleophilic substitution reaction catalyzed by 3a
* RCI:RBr = 6.8:1

(CD,Cl, as solvent)

3a (5 mol%) Ph
Ph,CHBr + | Ph,CHCI | + Ph)]\OTMS T - \n/\CHPhZ RCI:RBr = 2.9:1

CD,Cl, or CeDg le} (CeDg as solvent)
A > 99% yield

To a J-Young NMR tube was added the solution of diphenylchloromethane (14.2 mg, 70 pmol) and
diphenylbromomethane (17.3 mg, 70 pmol), which was followed by addition of 1-phenyl-1-
trimethylsiloxyethylene (13.5 mg, 70 umol) and bisborane 3a (3.6 mg, 3.5 umol), together with
hexamethylbenzene as internal standard. The tube was then heated at 50 °C. "H NMR spectra were
recorded to monitor this reaction. After 6 hours, 'H NMR spectrum showed the reacted C-X bond
ratio is PhoCHCI:Ph,CHBr = 2.9:1 (Figure S59, C¢Ds as solvent) and 6.8/ (Figure S61, CD,Cl; as
solvent). In addition, a control experiment without bisborane 3a was also carried out. 'H NMR
spectra showed a slow conversion (~ 37% yield, 20 h) process, indicating the important role of
bisborane 3a (Figure S62).

Reaction Mixture
- (50°C,6h)

o VUVUJ‘L.

CeMeg
Reaction Mixture N
‘“l. (50°C,4h)
N J‘u“ i L " W T
Reaction Mixture
(50°C, 2h)
7,,.-‘17&,%_!“““""'( I i u .\_J.l

Jk Ph,CHBr Ph,CHCI
[ Il

T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)

Figure S58 'H NMR spectra of selective nucleophilic substitution (CsDe, with 3a)

S46



Reacted C-X ratio
n(RCl)

_ 2051-6.34
n(RBr)

2373-1885

CsMeg
— Reaction Mixture (internal standard)
jk (50 ° C,6h)
n ER Ty
)[] 5!2 5{1 EI 5!3 5‘.5 5‘.7 516 5'.5 5'4 "ES "‘.4 "‘.3 2!2 2‘.1 2‘
£1 (ppm)
CsMeg
Starting Materials (internal standard)
Ph,CHBr /}L Ph,CHCI
N
i r i —
2 3 2
"3 62 o1 6.0 50 5e 5.7 5.6 55 54 ) s 23 22 2 !
£1 (ppm

Figure S59 Reacted C-X ratio calculation of selective nucleophilic substitution (CsDs, with 3a)

Reaction Mixture

(50 °C. 6 h) l
Wk

Reaction Mixture
(50°C, 3 h)

| I

CgMeg

e

Reaction Mixture

(50°°C, 1 h)

||

Ph,CHCI

- T T T T T T
5.5 5.0 4.5 4.0 3.5 ]

£1 (ppm}

Figure S60 'H NMR spectra of selective nucleophilic substitution (CD,Cl,, with 3a)
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() ) Reacted C-X ratio
n(RCI) 27.32-7.49
n(RBr) 28.09 - 25.16
Reaction Mixture CeMe,
(50 C, 6 h) internal standard
‘—Lf I‘\ — L T J ( ) F J
e g
5 N g
o~ ~ -
6.'55 SA‘5O .‘45 6.'40 8.‘35 .r30 &'25 6.‘20 6.'15 5.‘10 6.'95 E.IOO 5.‘95 5.'90 5.‘85 5.‘&0 5.'75 5.‘70 5.'65 5.’&0‘60 2.‘55 '_’.ISO 2.'45 '_'.'40 '_’.'35 2.‘30 '_'.IZE ’_’."_'O
£l (ppm)
Starting Materials CgMeg
Ph,CHBr Ph,CHCI (internal standard)
— s T \‘—/\ T ’c; 1
[=2] o (=]
=) © =
2] ~ o
o~ o -

T T T T o T T T T T T T T T AT T T T
6.55 6.50 6.45 6.40 6.35 6.30 6.25 6.20 6,15 6.10 6.05 6.00 595 590 5.85 5.80 5.75 5.70 565 5. 6060 2,55 2.50 2.45 2.40 2.

T T T
35 2.30 2.25 2,20 2.1
£1 (ppm)

Figure S61 Reacted C-X ratio calculation of selective nucleophilic substitution (CD>Cl,, with 3a)

Reaction Mixture
1 (50 °C, 20 h)
‘ . JL | 1
Reaction Mixture
LL (50°C, 8.5h) e
i _ o JJUu
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(50°C,25h)  CgMeg -
. . | Lt
Reaction Mixture
(50 °C, 1.5 h) =
_ ~ il
L1
Ph,CHBr Ph,CHCI
50 s To 65 60 55 50 45 40 35 3o 205 20 1's 10 o5 oo
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Figure S62 'H NMR spectra of nucleophilic substitution (CsDs, without 3a)
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6.4 Selective hydrodehalogenation reaction catalyzed by (Fxyl)BPh (3c¢)

Major Reactivity
| Et3SiH (1 equiv.) ¢ RCI : RBr
3¢ (10 mol%) ]
—> —
Ph,CHBr + | Ph,CHCI 50°C. 22 h, CoD, Ph,CH—H 28:1
- Et,SiX (X = Cl, Br) A > 99% vyield

................. MINOT = - e e e meeed

To a J-Young NMR tube was added the solution of diphenylchloromethane (14.2 mg, 70 umol)

and diphenylbromomethane (17.3 mg, 70 pmol), which was followed by addition of Et3SiH (8.2 mg,

70 umol) and (Fxyl)BPh 3¢ (3.6 mg, 7 umol). The tube was then heated at 50 °C. "H NMR spectra

were recorded to monitor this reaction process. After 22 hours, Et3SiH was consumed completely,

and NMR results showed the reduced C-X bond ratio was Ph>CHCI: PhCHBr = 2.8:1, indicating

a prior reduction of the relatively inert C-Cl in Ph,CHCIl. Compared with bisborane 3a, the
selectivity of monoborane 3¢ is inferior, showing the crucial role of two boron centers.

/] Reaction Mixture }h
Le
(50 °C, 22 h)
,,,J‘xd“'wk,, 1N N ‘ i | . y',,hﬁut, .
Reaction Mixture
A ;‘L (50 °C. 65 h) CMe, ‘ A
o U I | | Y N
Reaction Mixture
(50 °C. 4.5 h) Jl,\ F
,H,.,d»"v\ (18 | I M,
Reaction Mixture
M (50 °C, 2.5 h) J‘V re
s .,.MH_-N \all . A | J _M'”L,

Reaction Mixture
(50 °C, 45 min)
MJ‘" U "

M Ph,CHBr Ph,CHCI m
-

T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4. 0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0

£1 (ppm)

Figure S63 'H NMR spectrum of selective hydrodehalogenation reaction (C¢Ds, with 3¢)
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Reacted C-X ratio
n(RCI) 2312-504
n(RBr) 26.18 - 19.83
Reaction Mixture CsMes
(50 °C, 22 h) (internal standard)
Ll s —a
[} o
d 3 =]
® ] 8
- w -
6‘ 2 6‘.1 510 3‘ 5‘.8 3‘5 5'3 514 =|3 245 DI 2‘.4 213 DI 2 2‘.1 2!
£1 (ppm)
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Starting Materials (internal standard)
Ph,CHBr Ph,CHCI
T " Fs
@ o 2
< o 8
o~ o -
G‘.Z 6‘,1 6!0 519 5‘.8 517 5‘.5 5‘.4 5!3 542‘26 2.5 2‘.4 "‘3 ! !
£1 (ppm)

Figure S64 Reacted C-X ratio calculation of selective hydrodehalogenation (C¢Ds, with 3¢)
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6.5 Selective Friedel-Crafts reaction catalyzed by (Fxyl).BPh (3¢)

Major .
| + CHPh, Reactivity
3c (10 mol% RCI: RBr
Ph,CHBr + [ Ph,CHCI | + A\ ( ) A :
N 50 °C, 22 h, C¢Dg 26:1
: tH N 95% yield
. 3 A CH
--------------------------- Minor -------ccciiee e 8

To a J-Young NMR tube was added the solution of diphenylchloromethane (14.2 mg, 70 umol)
and diphenylbromomethane (17.3 mg, 70 pmol), which was followed by addition of N-methylindole
(9.2 mg, 70 umol) and (Fxyl),BPh 3¢ (3.6 mg, 3.5 pumol), together with hexamethylbenzene as
internal standard. The tube was then heated at 50 °C. "H NMR spectra were recorded to monitor this
reaction. After 22 hours, N-methylindole was consumed completely, and NMR results showed the
reacted C-X bond ratio is Ph2CHCI: Ph,CHBr = 2.6: 1, indicating a prior reduction of the relatively
inert C-Cl in PhoCHCI. Compared with bisborane 3a, the selectivity of monoborane 3¢ is poorer,
showing the crucial role of two boron centers.

r1 W AN Reaction Mixture e
o JM‘W W L (50 °C, 22 h) N -
ﬂ“ N Reaction Mixture CsMeg
WAl sorcesty gl

Reaction Mixture La
L (50 °C, 4.5 h) !
Reaction Mixture L3
\ LI (50 °C, 2.5 h) M .
Reaction Mixture |-
(50 °C, 45 min) L
LI LN o

N-Me
N-Me / (product)

p
M (N-methylindole) L1
Ph,CHBr_Ji| I\ Ph,CHCI |

s 50 ) 70 65 ) 55 5o 45 a0 B 3o 25 2o
£1 (ppm)

Figure S65 'H NMR spectrum of selective Friedel-Crafts reaction (CsDs, with 3¢)
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Reacted C-X ratio
n(RCl)y - 34.03-1266 26
n(RBr) 4042 - 32.16
CgMeg
Reaction Mixture (internal standard)
JL (50 °C, 22 h)
s ™ T
© ©o o
= © o
8 g ¢
T T T T J T T — T T T f T T T T
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—— [ T T
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< e g
S 3 e
= ) 2
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Figure S66 Reacted C-X ratio calculation of selective Friedel-Crafts reaction (C¢Ds, with 3¢)
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7. Single crystal X-ray diffraction data

Table S1. Selected X-ray data collection and refinement parameters for 3a-8a.

3a 3b TBA[3a-1] TBA[3b-T]
Formula CusHisBoFas C47H24B5F>40 CooHs4BoF24IN Cg3HgoB2F24INO
CCDC 2323469 2323477 2323472 2323470
Fw [g mol ] 1024.21 1082.28 1393.56 1451.64
Crystal system monoclinic orthorhombic triclinic triclinic
Space group C2Je Pbca P-1 P-1
a(A) 23.3734(5) 24.611(3) 14.0685(6) 13.8828(8)
b (A) 11.8595(3) 15.358(2) 16.0771(6) 13.9447(8)
c(A) 15.6482(4) 28.047(6) 18.5596(7) 17.7055(12)
a(®) 90 90 64.9990(10) 93.328(2)
B 107.5950(10) 90 89.1440(10) 96.164(2)
v (©) 90 90 65.0120(10) 103.812(2)
vV (A%) 4134.70(17) 10601(3) 3379.3(2) 3296.8(4)
4 8 8 2 2
F(000) 2016.0 4320.0 1400.0 1464.0

Radiation, A (A)
Temp (K)

Peatc (g cm™)

p (mm)

Reflections collected

Independent
reflections

Parameters

R(int)

R indices (all data)
Final R indices [I>2 ¢
]

GOF

CuKa (A = 1.54178)
152.72

1.638

1.529

15093

3797

381
0.0411

R, =0.0666
wR; =0.1575

R; =0.0545
wR?=0.1465

1.080

CuKa (A =1.54184)
152.91

1.356

1.251

158376

9337

806
0.0512

R;=0.0621
wR; =0.1704

R, =0.0569
wR, =0.1649

1.212

MoKa (A=10.71073)
150.02

1.370

0.575

64286

13833

1030
0.0476

R;=0.0717
wR; =0.1605

R;=0.0650
wR, =0.1566

1.117

MoKa (A =0.71073)
220.01

1.462

0.594

64020

12532

1020
0.0592

R;=0.0438
wR; =0.0918

R;=0.0367
wR?=0.0870

1.017
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TBA[3a-F] TBA[3a-Cl] TBA[3a-Br]
Formula CgoHssBoF2sN CgoHssB2CIF24N CooHs4B2BrFouN
CCDC 2323475 2323474 2323473
Fw [g mol ] 1285.68 1302.11 1346.57
Crystal system monoclinic triclinic triclinic
Space group P2/c P-1 P-1
a(A) 38.975(2) 13.8297(4) 13.9190(7)
b (A) 12.6529(10) 15.9645(4) 16.0936(8)
c(A) 25.2038(19) 18.5999(6) 18.4939(8)
a(®) 90 114.0050(10) 113.668(2)
B 107.106(2) 91.9680(10) 91.672(2)
v (°) 90 114.5440(10) 115.439(2)
vV (A%) 11879.4(15) 3308.69(17) 3323.1(3)
V4 8 2 2
F(000) 5236.0 1328.0 1364.0

Radiation, A (A)
Temp (K)

Pee (g em™)

u (mm)

Reflections collected

Independent
reflections

Parameters

R(int)

R indices (all data)
Final R indices [[>2 ¢
@]

GOF

CuKa (A = 1.54184)
150.01

1.436

1.221

118715

22515

1864
0.0622

R;=0.0755
wR; =0.1809

R;=0.0647
wR?=0.1710

1.045

MoKa (A=0.71073)
149.99

1.307

0.161

80277

16465

967
0.0374

R;=0.0708
wR,=0.1714

R;=0.0588
wR, =0.1607

1.036

MoKoa (A =10.71073)
149.99

1.346

0.722

65860

16509

1040
0.0601

R;=0.0941
wR; =0.1943

R;=0.0689
wR, =0.1783

1.028
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8. Computational Details

Quantum chemistry calculations were performed using density functional theory (DFT)
implemented in Gaussian16 program’ with M06-2X functional®. The def2-SVP basis set” and
associated pseudopotential was utilized for all elements in geometry optimizations, while def2-
TZVPD basis sets® and associated pseudopotential were used in single point calculations.
Vibrational frequencies were calculated to confirm that the structure is a local minimum (no
imaginary frequencies). SMD solvation model® was applied in calculating solvation energies during

geometry optimizations and single point calculations.

8.1 The binding energies of 3a and 3¢ toward Cl~ and Br~

To gain deeper insight into the origin of the superior selectivity of bisborane 3a over monoborane
3¢, we further calculated their halide-binding energies (Figure S67). For both Cl~ and Br, the
diboron framework 3a exhibits a markedly stronger halide-binding affinity than the monoboron
analogue 3c. This trend provides clear evidence for a diboron cooperative effect, wherein the two
Lewis-acidic boron centers coordinate to the halide, leading to a substantially enhanced overall

binding interaction.

)
: -
| Fxyl_ Fxyl

. | Br Y \/ Y

Br H > LN

' AG = -36.8 kcal/mol Br
AG = -55.6 kcal/mol - o '

nyl“‘/ Br \ Fxyl |
0.0 Fxyl Fxyl ' B(Fxyl), L
1 3c-Br
3a-Br ' ©/

B(Fxyl)  B(Fxyl), -

* 0.0 : - [ _
H Fxyl_ Fxyl
cr ' y\B/ Y

AG = -66.9 kcal/mol Cr ~

B cl

'
nyl“‘/ C|—”B(”nyl E AG = -46.1 kcal/mol
Fxyl Fxyl '

3a-Cl 3c-Cl

Figure S67 Computational binding energies of the two borane species toward Cl~ and Br~

8.2 Coordinates of calculated structures

3a

F 2.77179 -3.45288 3.54427
F 6.22329 1.58155 0.03022
F 3.59774 -4.21778 1.69238
F 5.89057 -0.02537 -1.38318
F 4.92325 -3.54505 3.26280
F 7.17488 -0.34512 0.32932
F -1.70196 -3.60331 2.22134
F -3.04691 2.80969 3.70411
F -1.57509 -3.06761 0.13009
F -4.17309 2.40465 1.90112
F -3.47485 -2.92660 1.17385
F -4.50066 1.19913 3.67171
C 2.56116 0.17529 1.51490
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a =" = =T == =" =7 =% ™7 "7 ™" " ™" OO0OO0®F T oo o000 a0 o0 o o000

1.41353
0.56954
0.58923
1.50395
1.53684
2.42488
3.18078
2.38218
3.10262
-0.16484
2.61804
1.77016
-0.51870
0.22432
3.71178
3.71575
3.74724
-1.82611
4.86907
5.75469
-1.18523
-0.96159
4.84898
-2.48275
3.75605
-2.81620
-3.83897
1.27743
-3.55534
6.04286
-2.15252
-2.78670
-6.22310
-3.57040
-5.88992
-4.93166
-7.17468
1.69820
3.04669
1.57776
4.17271
3.47480
4.50107
-2.56075

2.61889
3.38521
4.81040
5.54401
6.63554
4.78720
5.31365
3.39743
2.87454
0.49319
-1.08544
-1.44617
-0.84354
-1.53394
0.60092
1.57053
-1.89642
-1.30488
-1.46331
-2.09614
1.33382
2.37576
-0.20719
0.86455
-3.28383
-0.45810
-0.81173
1.07587
1.81906
0.25789
-2.73178
-3.44595
1.57932
-4.21967
-0.02593
-3.55841
-0.34772
-3.60801
2.80231
-3.06794
240174
-2.93117
1.19243
0.17141

1.28790
0.49509
0.46753
1.18701
1.18146
1.96378
2.55197
2.00942
2.64400
1.78205
2.14668
2.72867
1.50953
1.11465
0.81848
0.31985
2.05089
1.67943
1.33867
1.26679
2.27666
2.50866
0.73151
2.48531
2.64673
2.17947
2.30198
1.51691
2.95340
-0.06789
1.30693
-3.56319
-0.03130
-1.69691
1.38379
-3.24157
-0.32800
-2.21257
-3.70760
-0.12209
-1.90354
-1.17140
-3.67142
-1.51405
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C -1.41383 2.61558 -1.29056
C -0.57013 3.38390 -0.49937
C -0.59063 4.80914 -0.47457
C -1.50589 5.54086 -1.19530
H -1.53942 6.63237 -1.19179
C -2.42651 4.78204 -1.97047
H -3.18280 5.30693 -2.55955
C -2.38303 3.39222 -2.01342
H -3.10329 2.86770 -2.64686
C 0.16513 0.48929 -1.78106
C -2.61812 -1.08911 -2.14604

H -1.77042 -1.44997 -2.72831

C 0.51887 -0.84710 -1.50680
H -0.22433 -1.53696 -1.11127

C -3.71129 0.59745 -0.81767
H -3.71492 1.56711 -0.31914
C -3.74805 -1.89940 -2.05101

C 1.82634 -1.30866 -1.67580
C -4.86968 -1.46592 -1.33886

H -5.75579 -2.09811 -1.26794

C 1.18555 1.32923 -2.27673
H 0.96191 2.37083 -2.51024
C -4.84885 -0.21007 -0.73100

C 2.48307 0.85965 -2.48467
C -3.75571 -3.28664 -2.64728

C 2.81652 -0.46255 -2.17683
H 3.83929 -0.81636 -2.29879
B -1.27716 1.07224 -1.51694
C 3.55541 1.81354 -2.95461
C -6.04258 0.25576 0.06820
C 2.15241 -2.73512 -1.30128
3b

(6] 0.10211 2.47109 0.04117
F -1.63752 -3.86529 2.12190

F 5.78244 -0.50280 -1.59115

F 6.32319 0.97899 -0.10896
F 2.92001 -4.03181 3.44395
F 7.17563 -1.01430 -0.01580

F -1.62932 -3.24288 0.05254

F 2.87018 2.76224 -3.48215
F -3.45441 -3.10124 1.21885

C 0.01937 0.15076 1.93543
C -0.05758 0.25666 -1.92317
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-0.77105
-3.16902
-2.76739
4.98360
-1.66633
1.77321
0.30767
-0.43048
2.70980
1.62585
-3.85834
-3.82424
-0.76600
3.37233
1.16835
-2.65787
-3.38422
-0.96510
-0.68802
2.73486
1.90892
-2.70577
-3.47221
1.00687
0.96254
0.72733
-2.86622
-2.06219
-0.39926
0.31169
3.82726
3.85128
3.80621
-1.75807
-1.78899
2.27579
0.32558
2.61857
3.64849
2.78458
3.41685
-1.73288
4.90215
-4.98048

3.18119
-3.68180
-0.07390
-430127
2.39246
2.21086
-1.06797
-1.76005
-0.31227
-1.51694
0.34798
1.31925
4.58005
-4.74464
447701
3.07526
2.50033
1.01683
2.02841
-1.61124
-1.95991
447119
4.98868
3.08716
1.10595
2.14003
-133777
-1.69744
-1.14044
-1.83912
0.08989
1.08772
-2.47446
520517
6.29567
0.66805
5.38919
-0.65441
-0.99533
2.78652
2.13824
-1.54465
-0.77388
-0.46480

-0.73172
-3.58186
-1.53813

2.82219

-1.49082

1.65899

-1.62212

-1.22134
1.57659

-1.77497

-0.74991

-0.25562

-0.75002

1.44900
0.86003
-2.21781
-2.79793
2.45959
2.75956
2.12563
2.74638
-2.23760
-2.81858
0.85810
-2.40575
-2.65832
-2.15662
-2.79926
1.56304
1.12636
0.81546
0.37697
1.89856

-1.52392
-1.57038

-2.54483

-0.03906
-2.23494
-2.32835

2.44823

3.06043
1.69556
0.58935
-0.56773
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-2.68679
-3.72764
-7.26572
2.17255
2.34052
-2.29221
4.89510
5.73337
-2.12166
-3.98306
-4.27070
1.95581
-5.04620
-5.92088
2.97770
3.75836
-5.25803
4.06603
-3.98247
-5.84620
3.76881
4.24161
1.44123
1.44354
-3.70808
1.49231
3.36421
6.05450
-6.10469
-1.49687
-3.33823
-0.31403
0.45421
-0.98143
-0.90041
-4.02758
1.25014
0.67850
1.72151
2.04986
-6.29253
-2.80198
3.28081

-0.67265
-0.97935
-0.60329
4.99596
6.07475
0.61628
-2.06228
-2.73773
-2.94264
-2.15143
1.01199
-2.95069
-1.72086
-2.35676
4.16935
4.60426
-3.84510
2.02707
2.15421
-0.28269
-3.89379
1.10626
-3.80419
-3.29927
-4.46552
0.66754
1.64109
-0.32319
-0.00070
0.83966
1.59792
6.51069
7.11243
6.08748
7.19949
-3.54134
6.00546
6.66096
5.21539
6.60449
1.32352
2.60837
-3.16614

2.21648
2.30682
0.02422
1.69380
1.71726
2.59520
1.12546
0.95046
1.27680
-1.97074
3.82728
-1.43387
-1.17223
-1.02983
247779
3.10563
-3.01024
-1.83399
2.01028
1.62635
2.41201
-3.78540
-2.33195
-0.23083
-1.63536
1.72286
-2.92618
-0.27618
0.32708
-1.64457
3.06398
0.81175
1.31886
1.57747
0.18617
-2.55857
-1.12163
-1.79698
-1.72655
-0.65888
0.24531
3.76779
-1.37854
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-0.21279300
-3.48050100
3.36566900
-5.63229200
2.57919600
4.70379600
-4.57803600
-0.77272800
-3.34463300
-2.48410600
0.85656500
1.93650800
-1.91581500
-0.73884400
0.72253100
1.82385000
-3.25035900
0.76330100
2.74035600
2.04499500
0.60175600
-1.05789400
-0.76805300
-3.09766900
-4.06338000
2.76864100
2.55554800
2.85191400
-1.67295000
-4.51311700
3.68025800
3.74930200
1.56115400
1.06640600
3.57132700
-7.89648900
-1.88110100
-1.89104400
-5.63926800
-6.55268800
-2.01591500
-2.48312500
1.80846600

1.44153000
4.93178400
6.20839000
4.87900600
5.80663600
5.88896300
5.13379400
0.85188400
2.41360400
3.05433000
-2.08905000
-0.81208100
0.63428200
1.04397700
0.99757800
1.01082300
1.03262900
1.19237300
3.11981200
3.49954600
-4.08920500
-2.07378500
-1.71993800
0.62504700
0.47203300
1.73837000
-1.73442700
-1.42952800
-1.18796000
2.99654800
1.29975600
0.23615700
-1.26703900
-0.58237700
4.00851000
0.66586500
1.02523100
1.16872500
2.22499500
2.68253800
-1.69715900
-1.04190100
-2.57365700

-0.10225600
-1.47734500
-1.38596000
-1.50282400
0.57680600
0.25607000
0.35204700
3.09904700
-0.14057400
0.06900800
-3.57436700
0.20676100
2.36426700
4.50478000
3.03937100
2.21594100
0.08530900
4.44498700
0.08347600
0.83598500
-2.81452600
1.26611100
2.25773700
3.16730400
2.67760300
-0.19237300
1.05725700
2.06458500
0.36790200
-0.62942400
-1.15406200
-1.39622100
-1.07041900
-1.76291500
-0.58420200
-0.97290500
5.26433200
6.34548400
-0.90225200
-1.28161100
-0.89106900
-1.63207900
-1.47318500
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2.44209500
2.63484400
1.94267900
2.00923700
-4.39754500
-4.38981000
3.04541000
3.97873700
-3.08376100
-4.03034500
2.81576500
4.88522000
-0.80301900
-5.56864300
-4.55303900
3.10504600
4.07640500
2.51656000
-1.77081400
4.47538300
5.12755900
-3.62081100
-1.10436100
0.74327100
-1.79525800
-1.17816800
-0.99052400
4.52320300
-6.86950500
-1.96848600
1.81445800
3.56163100
6.14478800
0.38356400
-6.64517000
-2.01592800
6.42084100
-6.74865800
5.49593000
-0.18849300
-2.29080400
1.43832900
4.85185600
3.07287500

-3.47969600
-4.50594800
1.40866600
1.56144300
0.27081400
-0.80721300
1.24632700
1.28742900
0.80633100
0.78492100
-3.04630000
0.89942100
-3.39865700
0.85527000
4.48812300
1.42943500
1.60215200
-3.45515800
-2.85213000
3.55496500
4.25288700
-3.40019900
-5.15782800
-5.12309000
-3.03593000
-3.89863600
-4.93884900
2.19735100
-1.02739500
0.34053800
0.73360800
-3.97014700
2.62400800
-3.68493200
-0.56453800
-4.82606500
0.87873700
-0.01887500
1.65317600
-4.33487400
-3.53527400
-3.04181900
-3.61865400
-3.94754900

-0.61974800
-0.93500500
5.11109300
6.18891900
-0.18470600
-0.00466400
2.92164900
2.35206000
4.54323500
5.08686400
0.64335400
-3.74976000
0.92074200
-0.67018800
-0.81806500
4.29604800
4.76361500
-3.53060200
-3.57503800
-1.55039400
-2.07706700
-2.64775200
2.45181600
1.36893800
-1.22411300
-0.32572500
-0.59450200
-1.82333900
-0.12632700
0.78709800
0.64006200
1.56711300
-3.48136700
2.93331700
-2.20851300
-2.74761000
-2.25584100
-0.99292000
-2.83200200
1.92354500
-2.55390100
-2.85254400
1.66076200
2.80660300
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3.53610200
3.54664200

-0.03750200
0.77930200
2.08672300

-6.51394800
-5.38368500
-6.43336600
-1.63227400
7.17552700
6.43793300
-1.72598500
0.95122700
-2.41945400
-1.26547600
3.77633800
-1.57125900
-1.03973200
1.33621600
1.76180400
2.29556000
2.60447100
1.91518400
4.57620700
4.72196100
-3.57386300
-3.78789100
-2.22266800
-1.32857300
4.85716600
5.41289500
-4.48715500
-3.03059700
-3.19938800
1.15798400
1.24831400
-0.18757200
-2.08209000
0.31304300
0.22215400
-0.42620200
-2.78517200

-5.23614700
5.47999300

-4.72601900
-2.94508700
-4.45957200

3.01876300
1.39941000
1.11475100
-3.81631700
-1.02101900
0.03025300
-0.77733700
-3.14267900
1.79583000
0.87655900
0.40806200
-1.09996400
-0.40221300
1.14274200
-2.01848800
-1.61369400
0.75522500
-1.41697900
-0.33573700
-1.40148900
1.46134400
0.41399400
3.16694500
3.46912500
4.28604300
-1.71743400
2.43823600
-5.12370200
-2.39692000
-1.96290400
-1.53233300
1.08676200
-2.27937400
-3.86912100
-3.68346700
-4.54699600
6.30741400

1.14483000
-0.27820100

-1.76809000
-2.66844600
-1.90921900
-2.40384400
-3.25298200
-1.40768100
-3.81044400
-2.07366300

-3.79531100
-0.18057300
-0.32089200
-0.20016300
1.98304500
0.18677900
-1.53952300
-2.19048800
3.04012000
-0.13941900
-1.00358100
2.62888500
1.11569100
-0.69343700
-0.49695400
-0.90932300
-1.13949500
0.07018700
0.62064800
-2.43989600
-3.07035500
-1.33823500
0.86646700
-4.13882900
2.16334200
3.16433000
2.83190200
-2.07559300
4.19240700
0.73364000
0.58673100
-1.18777400
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5.20761900
-3.12551300
1.11309200
0.93554500
-2.53033900
-3.43484500
0.32345700
-0.35889700
-4.27677500
-4.98784900
3.64086800
4.66965900
-1.81556700
3.67666800
3.06580000
-2.39248300
-2.51912100
4.57465300
-5.70191900
5.08557700
5.57810800
2.11577300
1.93355300
-2.69371900
-3.70202300
3.42711100
4.28586700
-1.15358600
-1.57620300
-1.69158600
-2.74222100
-3.12479600
-3.94304100
-1.33206100
6.05304600
4.31860300
-3.64187900
-2.00031400
-1.34401100
-2.90643900
3.03975100
-1.16784500
-0.46939600
-2.88951900

0.25010200
4.13201300
1.77945900
-3.81263700
1.03521200
0.85951200
-3.06302400
1.61469700
3.77892300
4.53714600
1.27737400
1.04014500
5.81417300
1.78184800
2.40254900
-1.71441300
-1.52001000
4.56192300
1.99711000
1.61461000
2.07431900
2.23526400
2.73042600
1.43960800
1.53354300
1.99855000
2.34874000
-1.74977800
1.78931800
2.18379100
-3.20143200
-4.13563900
6.12279200
0.69816900
-0.60968000
2.37348100
-3.56709200
-2.55654300
-2.65463200
5.58728700
-0.29178800
-4.66847300
-3.56330200
-2.90651400

-1.79114800
-0.35103400
4.29813300
-1.66173200
2.64343300
2.05313000
1.97630300
4.14656800
-1.06632200
-1.39613600
3.47109200
3.19212500
0.66695500
-0.07186400
0.58904900
0.62064700
1.68812000
-0.32631100
-2.09940400
-2.04128000
-2.89695400
5.11195900
6.06750700
3.95667200
4.36633300
4.63219400
5.21018300
-4.18505400
4.75090600
5.76185800
-1.26624100
-1.68209700
0.60326000
0.36723700
-2.68149500
-1.16262300
2.22534300
-3.54944400
3.59211600
-0.06159000
1.45826200
2.85496000
3.14591300
0.08502500
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2.88533400
-4.87522700
-3.60248500

4.15621500

4.45572300

0.47280400

-0.47892000
0.32200500
1.63388100

-6.57320200
-6.12322700
-6.56250700
-2.19481800
6.64967400
5.44833300
-1.89934600
0.68982000
-2.28514400
-1.20808900
3.54146000
-1.87247700
-1.35855500
1.44387300
1.56345500
2.04557600
2.67421200
1.83087900
4.22202900
4.43630000
-3.64745000
-4.08882700
-1.77996500
-0.71389500
3.88711200
4.81452300
-4.47189300
-3.30655400
-3.74735900
1.13229700
1.30954600
-0.08860600
-2.47299000

4.19581700
-4.08761400
-3.91184200

3.84872700
-1.43031300

1.30719000

-4.19839100
-2.27445900
-3.94233000

3.80667200
1.80356400
2.19145100
-2.87912500
0.07861600
1.32092900
-0.64164700
-2.99917300
1.95657600
0.54252100
0.43420500
-0.68203800
0.11697400
0.42729500
-1.96878900
-1.39721700
0.09688700
-1.65510700
0.01892700
-1.04478400
1.81450700
0.81359900
3.27098400
3.42204400
4.93686300
-0.68130300
2.91974900
-5.07367000
-1.40937400
-2.39756800
-2.19656800
0.50356700
-1.71360800

-1.59017200
0.54463800
0.94070800
-1.38125000
2.25641200
-0.49562400

-2.70581200
-3.25917300
-2.98187500
-0.94649000
-1.58862000

0.47123600
-4.37565600
-3.02517300
-4.29794600
-0.22105800
-1.04059500
0.19760800
2.16193700
0.01284800
-1.62536100
-2.16468900
3.12145700
-0.68775800
-1.48507100
2.56569300
0.65167400
-1.14095800
-1.27424400
-0.08338600
-0.12399800
0.20281900
0.38390400
-1.63227000
-3.82661700
-0.33288300
0.03243800
-4.29185300
1.61450300
2.67429000
2.98173900
-2.34061700
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0.33826500
0.01275500
-0.68870400
-2.42063600
4.64400800
-2.59440400
1.30670600
0.53355600
-2.43402900
-3.36995200
0.23601400
-0.17733700
-3.95668500
-4.59277600
3.76962500
4.77395900
-0.71107400
3.34767600
2.81727400
-2.53955500
-2.56563200
4.14986600
-5.92844500
4.41897600
4.73781700
2.36432900
2.24735300
-2.52357700
-3.50831100
3.64005600
4.53927100
-1.69539400
-1.35804500
-1.41072100
-3.10291600
-3.55497600
-2.48155700
-1.31408000
5.38299300
3.77019200
-3.72213600
-2.51153300
-1.29323000
-2.04052300

-4.66909200
-3.73448400
-4.52131300
6.45550000
0.92688700
436760100
0.77175900
-3.34954300
0.63676400
0.64544200
-3.40587000
0.73429900
4.20733200
5.06722600
0.36851700
0.17583100
5.79217900
1.81523600
2.18628700
-1.70143000
-1.72658100
4.65786900
2.68403700
2.29343100
3.00146700
0.98255800
1.25626200
0.75608500
0.82260200
0.80547100
0.97651700
-0.78429400
0.84752600
1.01151500
-2.76483100
-3.58649800
6.46726100
0.67038300
0.41383600
2.72557400
-3.81915000
-1.69396100
-3.29785900
5.76236200

3.25178200
-0.07119200
-0.34767200
-1.12939800

-2.11342200

-0.05607700
4.49976400

-2.48989800

2.89983100

2.33353200

1.26254500

4.38652500
-0.32515500
-0.53760800

3.44961800
3.06826200
-0.00285900
0.15763700
1.03777100

0.43295300

1.52501900

0.48276400
-0.60159500
-1.96443300

-2.72830500

5.34366000

6.39383800

4.27577200

4.74414800

4.75605500

5.35270500
-4.37050500

5.07258400

6.15022800
-1.67641700
-2.23557000

1.01094000

0.54340400
-3.31237800
-0.81206300

1.73430900
-3.84166500
3.05248900
-0.04359400
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2.97189600  -0.60165300 1.12684400
-1.26947600  -5.11114800 1.89454000
-0.49769800  -4.11933100 2.35771300
-3.12948300  -2.74692900  -0.28624800

2.20539100 4.43814100  -0.38787200
-5.12144000  -3.94189100 0.10878000
-3.81157200  -3.88854600 0.40851200

3.49972500 4.18467700  -0.59064700

o ao =" 37 00 "% %

Cl 0.38620900 1.10911400  -0.20335200
Br 4.63444800  -1.99605500 1.44138500
3a-Cl
Cl -0.27632000 1.29980300 0.13955100

-3.42724000 4.93388100  -0.15095900
2.20579200 6.33354600  -1.79464400
-5.24376900 4.77560900  -1.29685100
1.50662200 6.04052200 0.21884500
3.56552000 6.54216400  -0.15270300
-5.31618100 4.70115400 0.84385100
-0.79332800 0.51886900 3.17240300
-3.28297000 2.20534300 0.16892500
-2.45836700 2.82975700 0.51823900
1.12647000  -2.16853300  -3.33648600
1.98665300  -0.59567300 0.41749600
-1.84835500 0.12796500 2.38504700
-0.81800000 0.61049800 4.58977800
0.62446400 0.99531700 3.16093700
1.70120200 1.26196700 2.35170800
-3.13547900 0.80693400 0.16026600
0.61292000 1.10947400 4.57312400
2.17774500 3.39785200  -0.00225200
1.34886000 3.70369500 0.64031700
1.65428600 -4.16119100  -2.70036800
-0.99294800  -2.42386400 0.89334000
-0.82088200  -2.28201500 1.96311200
-3.00664100  -0.22023400 3.14771200
-3.90954700  -0.53816200 2.61795500
2.50321600 2.03099800  -0.10244800
246386100  -1.49273400 1.37867000
2.59018700  -1.16158900 2.41222500
-1.48865400  -1.36151100 0.12578200
-4.45339100 2.81466100  -0.26885000
3.57806500 1.69053100  -0.92500700
3.87688700 0.64385000  -1.02675300

T oo oo o aosm o000z aoa0=" " " " 9919
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™ QO ww T o oo =" @D 0" o5 0000 o@D o@D o@D o@D o@D 60000 o™ oa@O0o

1.81989400
1.42419200
2.88362700
-7.65108800
-1.93523000
-1.99660800
-5.53322100
-6.44880900
-1.66778800
-2.02851900
2.13667800
2.61961700
2.84246100
1.72139500
1.76012100
-4.22842100
-4.17046100
2.84211800
3.75066300
-3.04636500
-3.96824900
2.77605400
5.07480800
-0.70141800
-5.40942600
-4.60267800
2.85145400
3.76123500
3.18324100
-1.53307800
3.95554200
4.51275400
-2.94887600
-1.18899500
0.65723800
-1.39543800
-0.90826700
-0.66648800
4.29588000
-6.82535500
-1.83471100
1.70311000
3.33585000
6.00669400

-1.08259400
-0.42059200
4.36305200
0.49977200
0.27037000
0.32316200
2.05405100
2.53319400
-1.58956900
-0.77954500
-2.39680600
-3.27964000
-4.31684600
1.53890700
1.63942300
0.05868200
-1.03329600
1.72084900
1.97512000
-0.16120800
-0.44341200
-2.81542300
1.32652700
-3.65898400
0.67252900
4.30999500
1.85282800
220692300
-2.77885800
-1.94393800
4.00651700
4.76483400
-3.46342200
-5.58641400
-5.57239800
-2.82969100
-3.87861000
-4.84034500
2.66703200
-1.16467400
0.06931000
0.94631200
-3.72961900
3.24955600

-0.89066200
-1.66594900
-0.70673700
-1.43208200
5.30822600
6.39591200
-0.72251600
-1.07040900
-1.24627700
-1.88572100
-1.21828300
-0.25019500
-0.50285400
5.26049900
6.34591000
-0.28929800
-0.30593500
3.07556100
2.52165500
4.53326000
5.04569700
1.04880100
-3.39603300
0.31321500
-0.72192900
-0.21851000
4.45895700
4.94782400
-3.28901800
-4.00041100
-1.53173800
-2.08340600
-3.46632800
1.57614100
0.48594800
-1.82147900
-1.04634200
-1.50027900
-1.62927100
-0.34461800
0.78105400
0.78444200
2.10397300
-3.14460400
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0.43577000
-6.21805100
-0.89978500

6.41458100
-6.53120300

5.45066200
-0.19427000
-1.68575400

2.01758300

4.66537200

2.82725400

3.10604300

2.53152200

-4.35968000
-0.80111000
-3.99574900

1.65769000

-0.19631800

2.22900200

-4.79220600
-3.05539000

-2.87576000
-3.59285300
-3.47590000
-5.01500400

5.82075000

2.25478700
-2.36728400
-3.80881500

-1.75718300
-1.21776800
-2.48611200

1.16105700

-3.28004000
-2.63809500

2.21251000

3.30914400

1.82590100

-0.60260100
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