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Experimental Details

General information

All reactions were performed under an atmosphere of dry argon using standard
Schlenk line or glovebox techniques. Deuterated benzene and dichloromethane were
degassed by three freeze-pump-thaw cycles and dried over molecular sieves. Other
solvents were dried by storage over, and distillation from, potassium (benzene, THF)
or P,Os (dichloromethane) under an argon atmosphere. The solvents were then stored
under argon over activated 4 A molecular sieves. Diborene 1 was synthesized
according to a literature procedure.! Anhydrous CuCl, [CuOTf],'toluene and all other
chemicals were purchased either from Aldrich, Acros or TCI Chemical Co. and used
as received unless otherwise specified.

NMR spectra were obtained from a Bruker Avance 500 NMR spectrometer ('H:
500.1 MHz, BC{'H}: 125.8 MHz, *'P{'H}: 202.5 MHz) or a Bruker Avance 400 ('H
and 'H{''B}: 400.1 MHz, BC{'H}: 100.6 MHz; ''B and '"B{'H}: 128.4 MHz,
3SIP{TH}: 162.0 MHz, '°F: 376.5 MHz) at 298 K. Chemical shifts (J) are given in ppm
and internally referenced to the carbon nuclei (I3 C{'H}) or residual protons ('H) of
the solvent. ''B, 3'P{'H} and ""F{!H} NMR spectra were referenced to external
standard [BF;-OEt;], 85% H3PO,, or CFCls, respectively. Microanalyses (C, H, N)
were performed on an Elementar vario MICRO cube elemental analyzer. High-
resolution mass spectrometry was obtained from a Thermo Scientific Exactive Plus
spectrometer.
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Synthesis of CuCl complex 4

C‘:l
Me3P, cu

A mixture of diborene 1 (26.4 mg, 0.05 mmol) and finely powdered CuCl (20.0 mg,
0.2 mmol) was suspended in C¢Hg (1.0 mL) and stirred for ca. 10 min at RT. Once the
green color had diminished, the excess CuCl was then filtered oft and washed with
benzene (0.5 mL X 3) in a glovebox. The combined bright yellow solution was then
dried in vivo and washed with pentane (1 mL x 3) to give a yellow solid. Yield: 30.1
mg, 95%. Yellow needles suitable for X-ray crystallography were obtained from a
THEF solution stored at —30 °C.

TH NMR (400.1 MHz, C¢Dy): § = 10.21 (d, J = 8.8 Hz, 2H, CxH), 9.57 (d, J = 8.8 Hz,
2H, CacH), 8.33 (s, 2H, CacH), 8.01-7.93 (m, 6H, C.H), 7.60 (dd, J = 7.6, 7.2 Hz, 2H,
CacH), 7.44 (dd, J= 7.6, 7.2 Hz, 4H, CaH), 0.27 (vt, J = 5.2 Hz, 18H, PCH}).

BC{'H} NMR (100.6 MHz, C¢Dg): & = 137.3 (t, J =3 Hz), 137.2 (t, /= 3 Hz), 134.4,
133.0 (t, J =2 Hz), 133.3 (t, J = 2 Hz), 129.6, 129.2, 128.6, 126.6 (t, J = 3 Hz), 126.0,
124.9, 124.7,122.6, 12.3 (vt, J = 19 Hz).

B NMR (128.4 MHz, C¢Dy): 5= 17.1.

3IP{IH} NMR (162.0 MHz, C¢Dg): & =—19.0 (br).

Elemental Analysis: calculated for C53Hy4B,OP,CuCl (M + THF): C 65.26; H 6.34;
found: C 65.29; H 6.75.
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Synthesis of boryl boronium triflate salt 7

A mixture of diborene 1 (21.7 mg, 0.04 mmol) and (CuOTf),-toluene (12.5 mg, 0.024
mmol) was disolved in benzene (1.0 mL). After stirring for 5 min at RT with the
precipitation of a black solid, the reaction mixture was filtered off and washed with
benzene (0.5 mL x 3) to give a red solution. 'B and 3'P{'H} NMR analysis indicated
that the major product in the red solution was the diborene-CuOTf complex. After
storing at RT for several days in a glovebox, orange crystals formed and were
collected, and were found to be suitable for X-ray diffraction analysis. Yield: 7.2 mg,
36%.

TH NMR (500.1 MHz, CD,CL): 8= 8.69 (s, 1H, Ca.H), 8.54 (s, 1H, CaH), 8.43 (d, J
= 8.5 Hz, 1H, CaH), 8.28 (d, J = 8.5 Hz, 1H, CpH), 8.14 (d, J = 8.5 Hz, 2H, CaH),
7.92 (d, J = 8.5 Hz, 1H, CpH), 7.76 (d, J= 6.0 Hz, 1H, Ca.H), 7.69 (dd, J = 8.5, 6.5
Hz, 1H, CxH), 7.65 (dd, J = 8.5, 6.5 Hz, 1H, CoH), 7.61 (t, J = 7.5 Hz, 1H, CaH),
7.49 (dd, J = 8.5, 7.0 Hz, 2H, CpH), 7.26 (dt, J = 8.0, 1.0 Hz, 2H, CaH), 7.15 (d, J =
9.0 Hz, 2H, CaH), 1.44 (d, J= 11.0 Hz, 18H, PCH;).

BC{IH} NMR (125.8 MHz, CD,Cl,): & = 152.0 (t, J = 9 Hz), 151.3 (br), 144.9 (br),
135.5, 134.6 (t, J= 2 Hz), 134.3, 134.1 (t, J=2 Hz), 131.8, 131.3, 131.1, 130.7, 130.1,
129.0, 128.25, 128.17 (dd, J = 23, 25 Hz), 127.6 (t, J = 2.3 Hz), 127.4, 127.3, 127.0,
125.9, 125.7, 125.3, 121.3 (q, J = 321 Hz, CF;S0;), 13.3 (dd, J = 43, 4 Hz).

1B NMR (128.4 MHz, CD,Cl,): & = 103.1 (br s), —20.5 (s).

3IPJIH} NMR (202.5 MHz, CD,Cl,): & = —10.8 (br m).

1F NMR (376.5 MHz, CD,Cl): & = -79.0 (s).

HRMS (LIFDI): calculated for C34H35B,P,™: 527.2395; found: 527.2390.
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Figure S2.3'P{'H} NMR of the reaction mixture of 1 with (CuOTf),-toluene in
benzene.
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Figure S3. ''B NMR of the reaction mixture of 1 with (CuOTf), toluene in benzene

after heating at 60 °C for 4-5 h.
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Figure S4.3'P{'H} NMR of the reaction mixture of 1 with (CuOTf),-toluene in

benzene after heating at 60 °C for 4-5 h.
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X-ray Crystallographic Details

Crystal structure determination

The crystal data of 4 were collected on a BRUKER SMART-APEX II equipped with
a CCD area detector and graphite monochromated Moy, radiation. The structures
were solved using the intrinsic phasing method,? refined with the SHELXL program?
and expanded using Fourier techniques. All non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were included in the structure factor calculations. All
hydrogen atoms were assigned to idealised geometric positions.

Crystal data for 4: C3sHyiB,CICuOP,, M,=699.28, yellow block,
0.026x0.0235%0.0325 mm3, orthorhombic space group P2,2,2;, a=10.7014(4) A,
b=17.5374(7) A, c=18.6212(8) A, V'=3494.72) A3, Z=4, pegiea=1.329 g'cm™3,
u=0.823 mm"!, F(000)=1464, T=296(2)K, R;=0.0335, wR’>=0.0734, 7157

independent reflections [20<<52.744°] and 413 parameters.
Crystallographic data have been deposited with the Cambridge Crystallographic Data
Center as supplementary publication no. CCDC-1575190. These data can be obtained

free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data request/cif
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Crystal structure determination

The crystal data of 7 were collected on a BRUKER D8 QUEST diffractometer with a
CMOS area detector and multi-layer mirror monochromated Moy, radiation. The
structures were solved using the intrinsic phasing method,? refined with the SHELXL
program® and expanded using Fourier techniques. All non-hydrogen atoms were
refined anisotropically. Hydrogen atoms were included in the structure factor
calculations. All hydrogen atoms were assigned to idealised geometric positions.

Crystal data for 7: Cy4HyBoF303P,S, M, =832.46, yellow block,
0.34x0.24x0.14 mm?, monoclinic  space group P2)/c, a=11.0551(4)A,
b=13.8648(6) A, ¢=28.6834(11) A, B= 99.6580(10) °, V'=43342(3)A3, Z=4,
Peated= 1276 grem™, pn=0.202 mm!, F(000)= 1744, T=1002)K, R;=0.0651,
wR? = 0.1083, 8535 independent reflections [20<52.044°] and 529 parameters.

Crystallographic data have been deposited with the Cambridge Crystallographic Data
Center as supplementary publication no. CCDC-1575191. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data request/cif
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Figure S5. 'H NMR of compound 4 i

S9



~137.30
137

- 137

- 137
137
137
134

S~ -~ ™~
MNNA A A m o
Ll el el il = Lt
Moo MMM ™M L]
A A A A A — —~
& 7] i N

/
N

i?%iéii!{ié?%iiit%%&i{ii

127.82
126.62

133.00
~132.98
T2, 75
132.27
T-132.25
129.60
129.23
128.59
128.30
128.06
127.82
_~126.62
< 126.59
~—126.56
——125.95
— —124.89
——124.69
122.64

gt

il
=S

RN W B

BARRSAR RS AR RS LR RN R AR AR LR RRALRRRS

137 136 135 dwa 133

180 160 140

NAME
EXPNO
PROCHO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
N5

D5

SWH
FIDRES
AD

RG

DW

DE

TE

Dl

D11l

TDO

HUC1
Pl
PL1
SFO1

CPDPRGZ
NuUC2
ECFD2
FLZ
PL12
PL13
SFO2
81

SF
WDW
S5B
LB

GB

PC

5 mm PABBO BB-—

D 100.6238364

Figure S6. 3C{'H} NMR of compound 4 in G

RXW214P+CuCl 570303

Hz
Hz
sec

usec
usec
K
sec
sec

usec
dB
MHz

S10



NAME
EXPNO
PROCNO
Date

17.137

ime
INSTRUM
FPROBHD

PULPROC

™
SOLVENT

RAW214P+CuClMe2s_070103

1

20170301

17.12

spect

5 mm PABBO BB-

zg
77066
CED6
128

0
38535.645 Hz
0.500034 Hz
0.9999813 sec
1024
12.975 usec
10.00 usec

=

298.
0.10000000 sec
1

T
180 160 140 120 100 &0 60 40 20

=20 -40 ppm

o -

Figure S7. ''B NMR of compound 4 in C¢Dg.

NRME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
™
SOLVENT
NS

—-18.987

10.20 usec

17.01
128.3853077 MEz
131072
128.3776182 MHz
EM
o
3.00 H2
o

1.00

REW214P+CuClMe2S 070103
1l

|4

20170301

17.16

Spect

5 mm PABBO BB-
2zgpgi0

129862

C6D6

128

4
64935.066 Hz
0.500031 Hz
0.9999874 sec
29193
7.700 usec
6.00 usec
298.0 K
0.20000000 sec
0.03000000 sec
1

S —_———

150 100 50 0 =50 =100 -150 ppm

Figure S8.3'P{'H} NMR of compound 4 in C4Ds.

12.68502617 W
161.9755930 MHz

4001316005 MHz
072
161.9755930 Mz

0
2.00 Hz
0

1.40

S11



6492

540
B. 442
8. 426
8.425
8,285
8.268

a,
8.

692

540
3_1'12
E.'1.26
8.42%
'? ‘.'l‘!':?s

L7086

—8.

o =
- = A T
DD D D

e n-

s 318
1,448
1.424

-]

T

-.323
'T . 608
7.504
7. 25-.’:-
7.253

.242
'?_2'10'

1.00

2,09
1.96

current Data Parameters
HAME EWalzlzpo
EXPNO 10
PROCHO 1

F2 - Acquisitlon Parameters
t 20170913
13,48
spect
mm CPPEBO BB
z2g30
123864
CD2C12
16
F
10330.578 HZ
0.083335 He
59098574 sec

144
48.400 usec
30.00 usec
296.1 K
1.00000000 sec
DO . 1
e CHANDELL [1 —mmm—m
KUC1 2, Mm
Pl 10.60 usec
PL1 A 10 am
PL1W 1R BSETTEAT W
5FO1 S0, 1330665 MHz

I}

F2 - Prooessi .ﬁF“_u.l_.uulm_..:Hm

51 262144

SF S50 1300214 MHZ
WOW EM
SEB o

LE O Hz

GE o

PC 1.40

Figure S9. 'H NMR of compoun

S12



0F 09 08 00T 02T 0FT 091

02

udd

0ST
|

T

g

udd pzT

S°ET

B
u
o
=]
4

dbz

ot b

1)

og9dd0

S13

o

= B D




NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

103.125
-20.466

103.125

T T T |‘
120 100 ppm |

160 140 120 100 80 60 40 20 0 -20 -40

ppm

Figure S11. "B NMR of compound 7 in CD,Cl,.

-10.543
9

=9 =30 “—1F =12 =13 -17 -18 -19 ppm

Figure S12.3'P{'H} NMR of compound 7 in CD,Cl,.

RXW307Re_201109
11

1

20170911

17.12

spect.

5 mm PABBO BB-
zg9

15410

cpacl2

512

0
38535.645 Hz
2.500691

0.1999947
4

12.975
10.00
297.9 K

0.10000000
1

10.20

17.00
128.3853077
131072
128.3776050
EM

0
3.00 Hz

0
1.00

S14



I~ NAME RXW307Re_201109
. EXPNO 13
= PROCNO 1
] Date_ 20170911
Time 17.20
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG zgfhiggn
™ 300744
SOLVENT cp2cle
WS 32
DS 4
swH 75187.969 Hz
FIDRES 0.250007 Hz
AQ 1.9999976 sec
RG 5160.6
oW 6.650 usec
DE 6.50 usec
TE 297.9 K
Dl 1.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
DO 1
CHANNEL £1
HuC1 197
PL 10.00 usec
PL1 0.00 dB
SFO1 376.4607162 MHz
CHANNEL £2
CPDPRG2 waltzl6
nuc2 18
PCPD2 100.00 usec
PL2 -4.00 dB
PL12 15.74 dB
SFO2 400.1316005 MHz
ST 524288
SF 376.4983660 MHz
WOW EM
S5B [
1B 0.05 Hz
GB 0
PC 1.40
I i I L I k I E I 4 I I u I L
-20 -40 -60 -80 100  -120 140  -160 -180 ppm

Figure S13. '°F NMR of compound 7 in CD,Cl,.

S15



References

(1) S. R. Wang, M. Arrowsmith, J. Bohnke, H. Braunschweig, T. Dellermann, R. D.
Dewhurst, H. Kelch, I. Krummenacher, J. D. Mattock, J. H. Miissig, T. Thiess, A.
Vargas and J. Zhang, Angew. Chem., Int. Ed., 2017, 56, 8009—-8013.

(2) G. Sheldrick, SHELXT, Acta Cryst., 2015, A71, 3-8.

(3) G. Sheldrick, Acta Cryst., 2008, A64, 112—122.

S16



