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Experiment Section

General Information. All reactions involving air- or moisture-sensitive compounds were
carried out under an inert gas atmosphere (Argon) by using Schlenk-type glassware or in a
glovebox. All solvents were dried and degassed before use, if necessary for the respective
reaction. Chemicals: Unless otherwise noted all chemicals were used as purchased. The
following instruments were used for physical characterization of the compounds: melting
points: TA-instruments DSC Q-20; elemental analyses: Foss-Heraeus CHNO-Rapid; IR: Varian
1300 FT-IR; NMR spectra were recorded on the following instruments: Agilent DD2 500 (*H:
500 MHz, 13C: 126 MHz, °F: 470 MHz, !B:160 MHz, 3!P:202 MHz), Agilent DD2 600 (‘H: 600
MHz, 3C: 151 MHz, °F: 564 MHz, !B: 192MHz, 3!P:243 MHz). 'H NMR and 3C NMR:
chemical shift is given relative to tetramethylsilane and referenced to the solvent signal. °F
NMR: chemical shift is given relative to CFCls (external reference, & *°F(CFCls) = 0); B NMR:
chemical shift is given relative to BFs-Et,0 (external reference, 6!'B(BFs-OEt;) = 0); 3P NMR:
chemical shift is given relative to HsPO4 (85% in D,0) (external reference, 6**P(HsPO4) = 0).

X-Ray diffraction: For compounds 7 and trans-13 data sets were collected with a Nonius
Kappa CCD diffractometer. Programs used: data collection, COLLECT (R. W. W. Hooft, Bruker
AXS, 2008, Delft, The Netherlands); data reduction Denzo-SMN (Z. Otwinowski, W. Minor,
Methods Enzymol. 1997, 276, 307-326); absorption correction, Denzo (Z. Otwinowski, D.
Borek, W. Majewski, W. Minor, Acta Crystallogr. 2003, A59, 228-234); structure solution
SHELXS-97 (G. M. Sheldrick, Acta Crystallogr. 1990, A46, 467-473); structure refinement
SHELXL-97 (G. M. Sheldrick, Acta Crystallogr. 2008, A64, 112-122) and graphics, XP
(BrukerAXS, 2000). For compounds 8 and cis-9 data sets were collected with a Kappa CCD
APEXII Bruker diffractometer. For compounds trans-9, cis-12, trans-12 and cis-13 data sets
were collected with a D8 Venture Dual Source 100 CMOS diffractometer. Programs used:
data collection: APEX2 V2014.5-0 (Bruker AXS Inc., 2014); cell refinement: SAINT V8.34A
(Bruker AXS Inc., 2013); data reduction: SAINT V8.34A (Bruker AXS Inc., 2013); absorption
correction, SADABS V2014/2 (Bruker AXS Inc., 2014); structure solution SHELXT-2014
(Sheldrick, 2014); structure refinement SHELXL-2014 (Sheldrick, 2014) and graphics, XP
(Bruker AXS Inc., 2014). R-values are given for observed reflections, and wR? values are given
for all reflections. Exceptions and special features: For compounds 7, 8 and cis-13 one
dichloromethane molecule, for compound trans-12 the tBusPH cation and for compound cis-
12 one dichloromethane molecule, the tBusPH cation and the five membered ring (C1-C2-
C3-C4-B1 ring) containing the CsFs substituent were found disordered over two positions in

the asymmetric unit. For all these compounds several restraints (SADI, SAME, ISOR and



SIMU) were used in order to improve the refinement stability. One badly disordered
pentane molecule for compound 8, a second dichloromethane molecule for compound cis-
12, and one and a half dichloromethane molecule in compound trans-12 were found in the
asymmetrical unit and could not be satisfactorily refined. The program SQUEEZE (A. L. Spek
J. Appl. Cryst., 2003, 36, 7-13) was therefore used to remove mathematically the effect of
the solvents. The quoted formula and derived parameters are not included the squeezed
solvent molecules. Compound trans-13 was refined using the 'HKLF 5' option, whereby the
BASF factor was refined to 0.22.

Materials. Bis(pentafluorophenyl)borane (Piers’ borane) was prepared according to a
procedure described in the literature. [D. J. Parks, R. E. von H. Spence and W. E. Piers,
Angew. Chem., Int. Ed., 1995, 34, 809; D. J. Parks, W. E. Piers and G. P. A. Yap,
Organometallics, 1998, 17, 5492.]



Preparation of compound 6a:
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A solution of 4-phenyl-1-butyne (5a, 65.0 mg, 0.50 mmol) in toluene (1.0 mL) was added to a
suspension of bis(pentafluorophenyl)borane (345 mg, 1.00 mmol) and toluene (3.0 mL). The reaction
mixture was stirred at room temperature for 1 hour and then the suspension was filtered by cannula
filtration. The volatiles of the obtained filtrate were removed in vacuo to give a colorless oil.
Subsequently pentane (4.0 mL) was added to the oil and the mixture was stored at ca. -35 °C
overnight. The formed white powder was isolated by filtration, washed with pentane (2 x 1 mL) and

dried in vacuo to give compound 6a (312 mg, 0.38 mmol, 76%) as a white solid.

Melting point: 100 °C.

Anal. Calc. for C3:H1,B2F20: C, 49.68; H, 1.47. Found: C, 49.40; H, 1.40.

'H NMR (600 MHz, 299 K, CsDe): 6 7.01 (m, 2H, m-Ph), 6.96 (m, 1H, p-Ph), 6.78 (m, 2H, 0-Ph), 3.48 (t,
3Jun = 5.5 Hz, 1H, 1-CH), 2.26 (m, 2H, 4-CH,), 1.97 (m, 2H, 2-CH,), 1.48 (m, 2H, 3-CH,).

BC{*H} NMR (151 MHz, 299 K, CeD¢): 6 145.9 (dm, Yec ™~ 246 Hz, CeFs), 143.4 (dm, YJec ~ 260 Hz, CgFs),
140.9 (i-Ph), 137.5 (dm, YJec ~ 254 Hz, CeFs), 128.48 (m-Ph), 128.45 (0-Ph), 126.2 (p-Ph), 113.5 (br m, i-
CeFs), 59.6 (br, 1-CH), 35.9 (m, 4-CH,), 35.4 (3-CH,), 29.4 (2-CH,).

'H,3C GHSQC (600 MHz / 151 MHz, 299 K, Ce¢D¢): 6 *H / 6 3C: 7.01 / 128.48 (m-Ph), 6.96 / 126.2 (p-
Ph), 6.78 / 128.45 (0-Ph), 3.48 / 59.6 (1-CH), 2.26 / 35.9 (4-CH,), 1.97 / 29.4 (2-CH,), 1.48 / 35.4 (3-
CHy).

F NMR (564 MHz, 299 K, Ce¢D¢): 6 -130.7 (m, 2F, 0-CeFs), -146.3 (t, 3Jr = 20.8 Hz, 1F, p-CsFs), -160.0
(m, 2F, m-CgFs) [A8™Frmp= 13.7].

H1B{*H} NMR (192 MHz, 299 K, CsD¢): 6 72.1 (v1/2 ~ 1500 Hz).
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F NMR (564 MHz, 299 K, CsD¢) spectrum of compound 6a.
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Preparation of compound 7:
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6a 7 [B]: B(C6F5)2

A solution of compound 6a (82.2 mg, 0.10 mmol) and tri-tert-butylphosphane (20.5 mg, 0.10 mmol)
in pentane (3.0 mL) was exposed to a hydrogen atmosphere (2.0 bar) at room temperature and
stirred overnight. The resulting white precipitate was collected by cannula filtration and washed with
pentane (3 x 2 mL). After removal of all volatiles in vacuo, compound 7 was obtained (88.6 mg,

0.087 mmol, 87%) as a white solid.

Melting point: 136 °C.

Anal. Calc. for CssHa1B,F20P: C, 53.83; H, 4.03. Found: C, 53.81; H, 4.01.

'H NMR (600 MHz, 299 K, CD,Cl,): & 7.18 (m, 2H, m-Ph), 7.08 (m, 1H, p-Ph), 7.04 (m, 2H, o-Ph), 5.10
(d, Upw = 429.2 Hz, 1H, PH), 2.64 (br, 1H, BH), 2.48 (m, 2H, 4-CH,), 1.65 (d, *Jpw = 12.0 Hz, 27H, t-Bu),
1.59 (m, 2H, 3-CH>), 1.36 (m, 1H, 1-CH), 1.23 (m, 2H, 2-CH,).

BC{*H} NMR (151 MHz, 299 K, CD,Cl,): & 144.5 (i-Ph), 128.7 (0-Ph), 128.2 (m-Ph), 125.3 (p-Ph), 38.1 (d,
1Jpc = 26.8 Hz, t-Bu), 36.9 (4-CH,), 35.2 (3-CH,), 30.6 (2-CH>), 30.4 (t-Bu), 11.5 (br, 1-CH), [CsFs not
listed].

'H, 3C GHSQC (600 MHz / 151 MHz, 299 K, CD,Cl,): §'H/8%C 7.18 / 128.2 (m-Ph), 7.08 / 125.3 (p-Ph),
7.04 / 128.7 (0-Ph), 2.48 / 36.9 (4-CH,), 1.65 / 30.4 (t-Bu), 1.59 / 35.2 (3-CH,), 1.36 / 11.5 (1-CH), 1.23
/ 30.6 (2-CH,).

19F NMR (564 MHz, 299 K, CD,Cly): § -129.5, -131.4 (each br, each 2F, 0-CsFs), -161.2 (t, 3J& = 20.2 Hz,
1F, p-CsFs), -161.6 (t, 3Je = 20.4 Hz, 1F, p-CeFs), -166.2, -166.5 (each br m, each 2F, m-CsFs).

HMB{*H} NMR (192 MHz, 299 K, CD,Cl,): 6 -18.8 (v1/2 ~ 350 Hz).

31p{*H} NMR (243 MHz, 299 K, CD,Cl,): § 60.2 (v1/> ~ 20 Hz).

3P NMR (243 MHz, 299 K, CD,Cl,): & 60.2 (dm, Jpy ~ 430 Hz).
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Single crystals suitable for the X-ray crystal structure analysis were obtained by slow diffusion of
pentane into a solution of compound 7 in dichloromethane at -35 °C.

X-ray crystal structure analysis of compound 7: formula CssHa1B2F20P - CHJCl;, M = 1111.30,
colourless crystal, 0.16 x 0.12 x 0.08 mm, a = 10.1634(2), b = 14.7985(3), ¢ = 17.1628(4) A, a =
96.740(1), 8 = 97.620(1), y = 105.399(1)°, V = 2435.1(1) A3, peac = 1.516 gcm3, u = 0.277 mm?,
empirical absorption correction (0.957 < T < 0.978), Z = 2, triclinic, space group P1 (No. 2), A =
0.71073 A, T = 223(2) K, w and ¢ scans, 23728 reflections collected (+h, +k, +/), 8454 independent
(Rint = 0.047) and 6396 observed reflections [/>206(/)], 694 refined parameters, R = 0.065, wR? = 0.140,

max. (min.) residual electron density 0.28 (-0.33) e.A3, the hydrogens at P1 and B1 atoms were

refined freely; others were calculated and refined as riding atoms.

Cl11-Cle6
F12-F16

C21-C26
F22-C26

(] S
A0, 3

= 1§ AWZ \
=y | @

__®  C31-C36
BO—@ F32-F36
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S7



Preparation of compound 8:

4 2 2 BIQ @
1 B(CeFs)2 CO, (2.0 bar) 4 3 ©)—PtBu;
3 . [BI-O
B(C F) + tBU3P
67572 pentane
6a 8 [B]: B(CgFs)2

1% Experiment: A solution of compound 6a (123.3 mg, 0.15 mmol) and tri-tert-butylphosphane (30.3
mg, 0.15 mmol) in pentane (5.0 mL) was exposed to CO; (2.0 bar) at room temperature and then
stirred for 2 hours. The resulting white precipitate was isolated by cannula filtration and washed with
pentane (3 x 1 mL). After drying the solid in vacuo, compound 8 (129.4 mg, 0.12 mmol, 81%) was

obtained as a white powder.

Melting point: 103 °C.
IR (KBr, selective wavenumbers): ¥ [cm™1] = 1587 (s, C-O asym. stretch).

Anal. Calc. for C47H39B,F200,P: C, 52.84; H, 3.68. Found: C, 53.21; H, 3.91.

Single crystals of compound 8 suitable for the X-ray crystal structure analysis were obtained by slow
diffusion of pentane into a solution of the white powder in dichloromethane at -35 °C.

X-ray crystal structure analysis of compound 8: A colorless prism-like specimen of Cs7H39B;F200,P -
CH,Cl;, approximate dimensions 0.060 mm x 0.120 mm x 0.180 mm, was used for the X-ray
crystallographic analysis. The X-ray intensity data were measured. A total of 2291 frames were
collected. The total exposure time was 28.14 hours. The frames were integrated with the Bruker
SAINT software package using a wide-frame algorithm. The integration of the data using a monoclinic
unit cell yielded a total of 9427 reflections to a maximum 6 angle of 66.59° (0.84 A resolution), of
which 9427 were independent (average redundancy 1.000, completeness = 99.8%, Rint = 11.29%, Rqig
= 9.43%) and 7055 (74.84%) were greater than 26(F?). The final cell constants of a = 13.061(2) A, b =
22.030(4) A, c = 18.545(4) A, B = 91.787(7)°, volume = 5333.4(17) A3, are based upon the refinement
of the XYZ-centroids of 9949 reflections above 20 o(l) with 6.231° < 26 < 132.4°. Data were corrected
for absorption effects using the multi-scan method (SADABS). The ratio of minimum to maximum
apparent transmission was 0.671. The calculated minimum and maximum transmission coefficients
(based on crystal size) are 0.6770 and 0.8720. The final anisotropic full-matrix least-squares
refinement on F? with 713 variables converged at R1 = 6.04%, for the observed data and wR2 =
15.85% for all data. The goodness-of-fit was 1.065. The largest peak in the final difference electron
density synthesis was 0.386 e/A3 and the largest hole was -0.540 e /A® with an RMS deviation of
0.076 e’/A3. On the basis of the final model, the calculated density was 1.436 g/cm? and F(000), 2336
e.
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2" Experiment (NMR scale; in situ; characterization of compound 6a by NMR): Compound 6a
(41.1 mg, 0.05 mmol), tri-tert-butylphosphane (10.1 mg, 0.05 mmol) and CD,.Cl; (0,8 mL) were
successively added into a J Young NMR tube. Then the reaction mixture was exposed to CO, (2.0 bar)
at room temperature and shaken for 2 hours. Subsequently the resulting colourless solution was
characterized by NMR experiments.

14 NMR (600 MHz, 299 K, CD,Cl,): & 7.13 (m, 2H, m-Ph), 7.07 (m, 1H, p-Ph), 6.89 (m, 2H, o-Ph), 2.46
(m, 2H, 4-CH,), 1.84 (m, 1H, 1-CH), 1.78 (m, 2H, 3-CH,), 1.67 (d, *Jpw = 15.5 Hz, 27H, t-Bu), 1.26 (m, 2H,
2-CHy).

13C{*H} NMR (151 MHz, 299 K, CD,Cl): 6 172.7 (d, Ypc = 92.6 Hz, C=0), 143.1 (i-Ph), 128.5 (0-Ph),
128.4 (m-Ph), 125.7 (p-Ph), 43.3 (d, Ypc = 16.7 Hz, t-Bu), 37.4 (4-CH,), 32.4 (3-CH,), 31.6 (2-CH,), 30.7
(t-Bu), 18.0 (br, 1-CH), [CeFs not listed].

'H, 3C GHSQC (600 MHz / 151 MHz, 299 K, CD,Cl,): §'H/8%C 7.13 / 128.4 (m-Ph), 7.07 / 125.7 (p-Ph),
6.89 / 128.5 (0-Ph), 2.46 / 37.4 (4-CH,), 1.84 / 18.0 (1-CH), 1.78 / 32.4 (3-CH,), 1.67 / 30.7 (t-Bu), 1.26
/ 31.6 (2-CH.).

19 NMR (564 MHz, 299 K, CD,Cl,): 6 -129.0, -131.4 (each br, each 2F, 0-C¢Fs), -159.8, -160.2 (each br,
each 1F, p-C¢Fs), -165.4, -165.6 (each br, each 2F, m-CgFs).

19B{'H} NMR (54 MHz, 299 K, CD,Cl,): & 10.8 (v1/2 ~ 750 Hz).

31p{'H} NMR (243 MHz, 299 K, CD,Cl,): 6 60.3 (vi/2 ~ 20 Hz).
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IH NMR (600 MHz, 299 K, CDCl,) spectrum of compound 8.

S10



+-Bu

4-CH, 3-CH,
JL 1 Rk
44 43 42 41 40 39 38 37 36 35 34 33 32
Ph
Ph
MMW W
150 145 140 135 130 125 120
1-CH
18 1
1] I . L 1 llJ L "

Cc=0 t-Bu

T T T T

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 1
BCLH} NMR (150 MHz, 299 K, CD,Cl;) spectrum of compound 8.

WMWWWMWWMMWWM Wmmwmwwww

90 85 80 75 70 55 50 45 30 25 20 15 10 5 715 20 25 30 35 40

10B{1H} NMR (54 MHz, 299 K, CD,Cl,) spectrum of compound 8.

Ty

-120 -122 -124 -126 -128 -130 -132 -134 -136 -138 -140 -142 -144 -146 -148 -150 -152 -154 -156 -158 -160 -162 -164 -166 -168 -170 -172 -174 -17¢

F NMR (470 MHz, 299 K, CD,Cl,) spectrum of compound 8.
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Preparation of compound cis-9:

\B(C6F5)2 C6F5
_ Toluene rt b Yz 1 by
>—= + 2nBces " JyBrCefs o M );SB CoFs
“CeFs

'CeFs
5b (rac) cis-9 rac) trans-9
ca. 96 : 4 isolated

A solution of compound 5b (33.0 mg, 0.50 mmol) in toluene (1.0 mL) was added to a suspension of
bis(pentafluorophenyl)borane (345 mg, 1.00 mmol) and toluene (3.0 mL). After stirring the reaction
mixture at room temperature for 1 hour, the solution was separated from the resulting suspension
by cannula filtration. Then all volatiles of the filtrate were removed in vacuo to give a yellow oil,
which was dissolved in pentane (2.5 mL) and stored at -35 °C overnight. The precipitated pale yellow
solid was isolated by filtration and washed with cold pentane (2 x 0.5 mL). Removal of all volatiles in

vacuo gave a pale yellow solid (253 mg, 0.34 mmol, 67%).

Melting point: 109 °C.

Anal. Calc. for CysHgB;F20: C, 45.95; H, 1.06. Found: C, 45.74; H, 1.07.

A solution of the yellow solid in CsDs showed a mixture of compounds cis-9 and trans-9 [ratio ca. 96 :
4 (*H)]. Compounds cis-9:

4 NMR (500 MHz, 299 K, CsD¢): & 3.18 (m, 1H, 1-CH), 2.53 (m, 1H, 4-CH), 2.24 (m, 1H, 2-CH,), 2.09
(m, 1H, 3-CH), 1.55 (m, 1H, 2-CH.), 0.80 (d, 3/u = 6.2 Hz, 3H, CH3).

BC{*H} NMR (126 MHz, 299 K, CsD¢): 6 50.6 (br, 1-CH), 46.4 (br, 4-CH), 42.8 (3-CH), 35.9 (2-CH,), 19.3
(CH3), [CeFs not listed].

'H, 3C GHSQC (500 MHz / 126 MHz, 299 K, C¢Ds): 6'H/ 6*3C 3.18 / 50.6 (1-CH), 2.53 / 46.4 (4-CH), 2.09
/42.8 (3-CH), 1.55, 2.24 / 35.9 (2-CH,), 0.80 / 19.3 (CH3).

F NMR (470 MHz, 299 K, C¢Dg): 6 -127.3 (m, 2F, 0), -144.2 (tm, 3J¢r = 21.3 Hz, 1F, p), -160.2 (m, 2F,

m)(BCsFs)[A8'°Fmp = 16.0]; -130.6 (m, 4F, o), -146.7 (tm, 3 = 20.9 Hz, 2F, p), -160.6 (m, 4F,
m)(B(CeFs)2)[A8"Fm,, = 13.9]; -142.7 (m, 2F, o), -156.5 (t, *Jir
m)(CeFs)[AS *°Fm,p = 5.6].

1B{*H} NMR (160 MHz, 299 K, CsDs): 6 78.0 (v1/2 ~ 1500 Hz), 67.6 (v1/2 ~ 1500 Hz).

213 Hz, 1F, p), -162.1 (m, 2F,
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compound trans-9 (see below).
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Crystals of compound cis-9 suitable for the X-ray crystal structure analysis were obtained from a
solution of the yellow solid in pentane at -35 °C.

X-ray crystal structure analysis of compound cis-9: A colorless needle-like specimen of Cy9HgB2F2o,
approximate dimensions 0.030 mm x 0.070 mm x 0.250 mm, was used for the X-ray crystallographic
analysis. The X-ray intensity data were measured. A total of 1402 frames were collected. The total
exposure time was 23.52 hours. The frames were integrated with the Bruker SAINT software package
using a wide-frame algorithm. The integration of the data using a monoclinic unit cell yielded a total
of 19753 reflections to a maximum 0 angle of 68.05° (0.83 A resolution), of which 4950 were
independent (average redundancy 3.991, completeness = 98.2%, Rint = 13.46%, Rz = 11.84%) and
2616 (52.85%) were greater than 20(F?). The final cell constants of a = 16.4031(16) A, b = 6.7783(6) A,
¢ =25.0981(19) A, B = 98.450(5)°, volume = 2760.2(4) A3, are based upon the refinement of the XYZ-
centroids of 1944 reflections above 20 o(l) with 5.446° < 26 < 133.6°. Data were corrected for
absorption effects using the multi-scan method (SADABS). The ratio of minimum to maximum
apparent transmission was 0.719. The calculated minimum and maximum transmission coefficients
(based on crystal size) are 0.6570 and 0.9470. The structure was solved and refined using the Bruker
SHELXTL Software Package, using the space group P2:/c, with Z = 4 for the formula unit, CxsHsB,F2o.
The final anisotropic full-matrix least-squares refinement on F? with 561 variables converged at R1 =
5.95%, for the observed data and wR2 = 15.64% for all data. The goodness-of-fit was 0.977. The
largest peak in the final difference electron density synthesis was 0.295 e /A® and the largest hole
was -0.292 e /A3 with an RMS deviation of 0.068 e /A3. On the basis of the final model, the calculated
density was 1.824 g/cm? and F(000), 1488 e
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Preparation of compound trans-9:

H H

HY " 1.B(CeFs) HY = ,B(CeFs)
by 1 9 by
H)@B—CSFS TEMPO (20 mol%) HEB—Cer

Me o "C6F5 pentane Me' o "C6F5

cis-9 trans-9

TEMPO (16.6 mg, 0.11 mmol) was added to a solution of compound cis-9 (400 mg, 0.53 mmol) in
pentane (15 mL). After stirring the reaction mixture at r.t. for 4 days, the resulting suspension was
concentrated to about 2.0 mL, and stored in the fridge (-35 °C) overnight. The precipitated white
powder was isolated via cannula filtration, and washed with cold pentane (2 x 1.0 mL). Removal of all

volatiles under reduced pressure gave product trans-9 (296 mg, 0.39 mmol, 74%) as a white solid.

Melting point: 132 °C.

Anal. Calc. for Cy5HgB;F20: C, 45.95; H, 1.06. Found: C, 45.45; H, 0.95.

'H NMR (500 MHz, 299 K, C¢D¢): 6 3.26 (m, 1H, 1-CH), 3.10 (m, 1H, 4-CH), 2.31 (m, 1H, 2-CH,), 1.94 (m,
1H, 3-CH), 1.63 (m, 1H, 2-CH.), 0.98 (d, 3/ = 6.4 Hz, 3H, CHs).

B3C{IH} NMR (126 MHz, 299 K, C¢D¢): 6 56.4 (br, 1-CH), 45.8 (br, 4-CH), 44.7 (3-CH), 40.3 (2-CH,), 19.1
(CH3), [CeFs not listed].

1H, 3C GHSQC (500 MHz / 126 MHz, 299 K, CsDs): 8H/ 63C 3.26 / 56.4 (1-CH), 3.10 / 45.8 (4-CH), 2.31,
1.63 / 40.3 (2-CH,), 1.94 / 44.7 (3-CH), 0.98 / 19.1 (CHs).

19F NMR (470 MHz, 299 K, CeDe): & -129.3 (m, 2F, 0), -145.3 (tm, s = 20.8 Hz, 1F, p), -160.0 (m, 2F,
m)(BCeFs)[A8*Fr,, = 14.7]; -132.6 (m, 4F, o), -146.0 (tm, 3/ = 20.8 Hz, 2F, p), -160.0 (m, 4F,
m)(B(CeFs)2)[A8*Fm, = 14.0]; -142.5 (br, o), -143.8 (br, 0°), -155.8 (t, 3/ = 21.4 Hz, p), -161.0 (m, m"),
-161.9 (m, m)(each 1F, C¢Fs)[AS *¥*Fm = 5.2, 6.1].

HB{*H} NMR (160 MHz, 299 K, C¢D¢): & 79.6 (v1/2 ~ 1500 Hz), 72.9 (v1/2 ~ 1500 Hz).

-—J/\U{ﬁ‘it S }’ML Bl JL“

33 31 29 27 25 23 21 19 17 15

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3:9 3.0 2.5 2.0 1:5 1.0 0.5 0.0

IH NMR (500 MHz, 299 K, CsDs) spectrum of compound trans-9. (# CH,Cl,).
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BCLH} NMR (126 MHz, 299 K, CsDs) spectrum of compound trans-9.
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UB{IH} NMR (160 MHz, 299 K, CsDs) spectrum of compound trans-9.
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1F NMR (470 MHz, 299 K, CsD¢) spectrum of compound trans-9.

Crystals suitable for the X-ray crystal structure analysis were obtained from a solution of compound
trans-9 in pentane (1.5 mL) and CH,Cl, (0.5 mL) at -35 °C.

X-ray crystal structure analysis of compound trans-9: A colorless prism-like specimen of Cy9HsB;Fao,
approximate dimensions 0.110 mm x 0.196 mm x 0.344 mm, was used for the X-ray crystallographic
analysis. The X-ray intensity data were measured. A total of 1861 frames were collected. The total
exposure time was 12.92 hours. The frames were integrated with the Bruker SAINT software package
using a narrow-frame algorithm. The integration of the data using a monoclinic unit cell yielded a
total of 58235 reflections to a maximum 6 angle of 27.58° (0.77 A resolution), of which 6337 were
independent (average redundancy 9.190, completeness = 99.6%, Rint = 3.72%, Rsig = 2.14%) and 5229
(82.52%) were greater than 20(F?). The final cell constants of a = 10.7742(5) A, b = 9.7124(4) A, ¢ =
26.4759(11) A, B = 97.3470(10)°, volume = 2747.8(2) A3, are based upon the refinement of the XYZ-
centroids of 9489 reflections above 20 o(l) with 5.213° < 26 < 55.12°. Data were corrected for

absorption effects using the multi-scan method (SADABS). The ratio of minimum to maximum
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apparent transmission was 0.955. The calculated minimum and maximum transmission coefficients
(based on crystal size) are 0.9340 and 0.9780. The final anisotropic full-matrix least-squares
refinement on F? with 461 variables converged at R1 = 3.59%, for the observed data and wR2 = 8.85%
for all data. The goodness-of-fit was 1.044. The largest peak in the final difference electron density
synthesis was 0.293 e /A% and the largest hole was -0.245 e /A3 with an RMS deviation of 0.055 e’/A3.

On the basis of the final model, the calculated density was 1.832 g/cm3 and F(000), 1488 e
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Preparation of compound cis-12:

B(CeFs)2 [B] @
H: HR HE
5CoF H, (2.0 bar) Ho Y OH FBuPH
675 4+ tBugP 3 , B CeFs
B pentane
H CGF5 H C6F5
cis-9 cis-12 [B]: B(CgFs),

A solution of compound cis-9 (cis/trans = 96/4, vide supra) (113.7 mg, 0.15 mmol) and tri-tert-
butylphosphane (30.3 mg, 0.15 mmol) in pentane (5.0 mL) was exposed to dihydrogen (2.0 bar) at
room temperature and then stirred overnight. The formed white precipitate was collected by
cannula filtration and washed with pentane (3 x 1 mL). After removal of all volatiles in vacuo, a white

solid was obtained (101.4 mg, 0.11 mmol, 71%).

Melting point: 179 °C.

Anal. Calc. for C41H37B,F20P: C, 51.17; H, 3.88. Found: C, 50.96; H, 3.76.

A solution of the white solid in CD,Cl, showed two compounds, which were assigned as cis-12 and
trans-12 [ratio ca. 5 : 1 (**F)]. Compound cis-12:

H NMR (600 MHz, 299 K, CD,Cl,): & 5.08 (d, Yy = 428.2 Hz, 1H, PH), 2.32 (m, 1H, 4-CH), 2.07, 1.66
(each m, each 1H, 2-CH,), 1.68 (m, 1H, 3-CH), 1.68 (d, ¥p = 15.8 Hz, 27H, t-Bu), 1.22 (m, 1H, 1-CH),
0.71 (d, 3Juy = 5.8 Hz, 3H, CHs).

13¢{*H} NMR (151 MHz, 299 K, CD,Cl,): & 43.3 (4-CH), 40.5 (2-CH>), 38.1 (d, YJpc = 26.8 Hz, t-Bu), 35.5
(t, J=3.3 Hz, 3-CH), 30.4 (t-Bu), 20.8 (CHs), 12.0 (br, 1-CH), [CsFs not listed].

'H,13C GHSQC (600 MHz / 151 MHz, 299 K, CD,Cl,): 8'H/ 6'3C 2.32 / 43.3 (4-CH), 2.07, 1.66 / 40.5 (2-
CHy), 1.68 / 35.5 (3-CH), 1.68 / 30.4 (t-Bu), 1.22 / 12.0 (1-CH), 0.71 / 20.8 (CHs).

F NMR (564 MHz, 299 K, CD,Cl,): & -128.7 (br, 1F), -130.3 (m, 2F), -132.9 (br, 1F), -133.2 (br m, 1F),
-143.7 (m, 2F)(0-CeFs), -161.58 (t, *Jrr = 20.7 Hz), -161.60 (t, *Jer = 19.8 Hz), -161.9 (t, *Jir = 20.2 Hz),
-165.2 (t, 3k = 22.0)(each 1F, p-CgFs), -165.9 (br, 1F), -166.1 (br, 1F), -166.3 (m, 2F), -166.7 (br, 2F),
-166.9 (br m, 2F)(m-CqFs).

1B{IH} NMR (192 MHz, 299 K, CD2Cl,): & -14.5 (va/2 ~ 350 Hz), -19.7 (12 ~ 250 Hz).

1B NMR (192 MHz, 299 K, CD,Cl>): § -14.5 (v1/2 ~ 350 Hz), -19.7 (v1/2 ~ 250 Hz).

31P{'H} NMR (243 MHz, 299 K, CD,Cl): & 60.63 (v1/> ~ 7 Hz), 60.59 (v1/> ~ 15 Hz)

3P NMR (243 MHz, 299 K, CDCl»): § 60.6 (dm, “Jpy ~ 428 Hz).
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isolated compound trans-12 "
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white solid (cis-/trans-12 ca. 5:1) t-Bu
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(1) *H NMR (600 MHz, 299 K, CD,Cl,*) spectrum of the white solid (cis-12 / trans-12 ca. 5 : 1) and (2)
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IH NMR (500 MHz, 299 K, CD,Cl,*) spectrum of isolated compound trans-12.
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BCLH} NMR (150 MHz, 299 K, CD,Cl,) spectrum of the white solid (cis-12 / trans-12 ca. 5 : 1)
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isolated compound trans-12

\“WW
white solid (cis-/trans-12)
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -10 -15 -20 -25 -30 -35 40
(1) 2B{*H} NMR (192 MHz, 299 K, CD,Cl,) spectrum of the white solid (cis-12 / trans-12 ca. 5 : 1) and

(2) B{*H} NMR (160 MHz, 299 K, CD,Cl,) spectrum of isolated compound trans-12.

4JL{LJ Jl JL JLJL JL

isolated compound trans-12

______Jn'u_,LUUJLu. | N - “ ‘_mL |||JIJ —’N o

white solid (cis-/trans-12 ca. 5:1)

-130 -135 -140 -1-‘45 -1‘150 -1‘155 -160 -165
(1) F NMR (564 MHz, 299 K, CD,Cl,) spectrum of the white solid (cis-12 / trans-12 ca. 5 : 1) and (2)
F NMR (470 MHz, 299 K, CD,Cl,) spectrum of isolated compound trans-12.
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white solid (cis-ftrans-12 ca. 5:1)
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0-CsFs range: (1) °F NMR (564 MHz, 299 K, CD,Cl,) spectrum of the white solid (cis-12 / trans-12 ca. 5

: 1) and (2) °F NMR (470 MHz, 299 K, CD,Cl,) spectrum of isolated compound trans-12.
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white solid (cis-ftrans-12 ca. 5:1)
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p,m-CsFs range: (1) °F NMR (564 MHz, 299 K, CD,Cl,) spectrum of the white solid (cis-12 / trans-12
ca. 5:1)and (2) *F NMR (470 MHz, 299 K, CD,Cl,) spectrum of isolated compound trans-12.
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(1) 3P{*H} and (2)3P NMR (243 MHz, 299 K, CD,Cl) spectrum of the white solid (cis-12 / trans-12 ca.

5:1)

Single crystals of compound cis-12 suitable for the X-ray crystal structure analysis were obtained by
slow diffusion of n-pentane into a solution of the white solid in dichloromethane at room
temperature.

[Comment: 87% cis-12 and 13% trans-12 were found in the single crystal]

X-ray crystal structure analysis of compound cis-12: A colorless prism-like specimen of C41H37B2F 2P -
CH,Cl,, approximate dimensions 0.149 mm x 0.177 mm x 0.269 mm, was used for the X-ray
crystallographic analysis. The X-ray intensity data were measured. A total of 975 frames were
collected. The total exposure time was 10.83 hours. The frames were integrated with the Bruker
SAINT software package using a narrow-frame algorithm. The integration of the data using a
monoclinic unit cell yielded a total of 8391 reflections to a maximum 6 angle of 25.35° (0.83 A
resolution), of which 8391 were independent (average redundancy 1.000, completeness = 99.8%, Rint
= 4.73%, Rsg = 2.09%) and 7094 (84.54%) were greater than 20(F?). The final cell constants of a =
13.0097(5) A, b =21.1601(9) A, c = 17.7134(7) A, B = 110.0350(10)°, volume = 4581.2(3) A3, are based
upon the refinement of the XYZ-centroids of 9922 reflections above 20 o(l) with 5.092° < 28 < 55.07°.
Data were corrected for absorption effects using the multi-scan method (SADABS). The ratio of
minimum to maximum apparent transmission was 0.934. The calculated minimum and maximum
transmission coefficients (based on crystal size) are 0.9260 and 0.9580. The final anisotropic full-

matrix least-squares refinement on F? with 893 variables converged at R1 = 6.41%, for the observed
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data and wR2 = 16.41% for all data. The goodness-of-fit was 1.059. The largest peak in the final
difference electron density synthesis was 0.992 e’/A3 and the largest hole was -0.558 /A3 with an
RMS deviation of 0.069 e’/A3. On the basis of the final model, the calculated density was 1.518 g/cm?
and F(000), 2120 e".
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Preparation of compound cis-13:

. B(CeFs)2 H& H [BI'O &
- CO, (2.0 bar) HP 2 @>>fPt-Bu3
B=CeFs 4 tBup 2= 5,80

H = pentane H” > CeFs
CeFs CeFs

cis-9 cis-13  [B]: B(CgFs)2

A solution of compound cis-9 (cis/trans = 96/4, vide supra)(113.7 mg, 0.15 mmol) and tri-tert-
butylphosphane (30.3 mg, 0.15 mmol) in pentane (5.0 mL) was exposed to a CO, atmosphere (2.0
bar) and then stirred overnight at room temperature. The formed white precipitate was collected by
cannula filtration and washed with pentane (3 x 1 mL). After removal of all volatiles in vacuo, a white

solid was obtained (108.3 mg, 0.11 mmol, 73%).

Melting point: 99 °C.

IR (KBr, selective wavenumber): ¥ [cm™1] = 1598 (s, C-O asym. stretch).

Anal. Calc. for C4;H35B2F200,P: C, 50.23; H, 3.51. Found: C, 50.07; H, 3.36.

A solution of the white solid in THF-ds showed a mixture of compounds: the major one was assigned
as cis-13, a minor one as trans-13 [ratio ca. 97 : 3 (*°F)].

H NMR (600 MHz, 233 K, THF-ds): 6: 2.71 (br, 1H, 3-CH), 2.49 (m, 1H, 4-CH), 2.04 (m, 2H, 2-CH,), 1.79
(d, ¥Jpy = 15.6 Hz, 27H, t-Bu), 1.70 (m, 1H, 1-CH), 1.07 (d, ¥/us = 6.2 Hz, 3H, CHs).

13¢{*H} NMR (151 MHz, 233 K, THF-ds): & 175.5 (d, YJsc = 88.0 Hz, C=0), 45.0 (br, 4-CH), 43.4 (d, YJpc =
16.3 Hz, t-Bu), 38.4 (br, 2-CH,), 35.4 (br, 3-CH), 30.4 (br, t-Bu), 22.2 (CHs), 19.5 (br, 1-CH), [CsFs not
listed].

'H,3C GHSQC (600 MHz / 151 MHz, 233 K, CD,Cly): 8'H/ 6™C 2.71 / 35.4 (3-CH), 2.49 / 45.0 (4-CH),
2.04 /38.4 (2-CH,), 1.79 / 30.4 (t-Bu), 1.70 / 19.5 (1-CH), 1.07 / 22.2 (CHs).

1%F NMR (564 MHz, 233 K, THF-dg): & -130.1 (br), -132.4 (br), -134.7 (m), -141.8 (m)(each 2F, o),
-159.8 (t, Jrr = 20.8 Hz), -161.2 (t, 3Jer = 20.7 Hz), -162.6 (t, *Jer = 20.6 Hz), -163.5 (t, 3Jpr = 21.7
Hz)(each 1F, p), -165.8 (br, 2F), -166.2 (m, 3F), -167.0 (m, 3F)(m)(CsFs).

HB{*H} NMR (192 MHz, 233 K, THF-ds): & n.o. (overlap with “glass hill”).

31P{*H} NMR (243 MHz, 233 K, THF-ds): 6 60.5 (v1/2 ~ 5 Hz), [54.7 (v1/2 ~ 5 Hz, PH (YJpy ~ 460 Hz)]
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1H NMR (600 MHz, 233 K, THF-ds*) spectra of (1) compound cis-13 (admixed with trans-13; obtained

white solid) and (2) isolated compound trans-13 (see below) [i not identified components]
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BCLH} NMR (151 MHz, 233 K, THF-ds*) spectrum of compound cis-13 (admixed with trans-13;

obtained white solid) [i not identified components]
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1H,13C GHSQC (600 MHz / 151 MHz, 233 K, THF-ds*) spectrum of compound cis-13 (admixed with
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3Ipf1H} NMR (243 MHz, 233 K, THF-ds) spectra of (1) compound cis-13 (admixed with trans-13;

obtained white solid) and (2) isolated compound trans-13 (see below) [i not identified component]
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9F NMR (564 MHz, 233 K, THF-ds) spectra of (1) compound cis-13 (admixed with trans-13; obtained

white solid) and (2) isolated compound trans-13 (see below) [admixed with not identified

components]
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Single crystals of compound cis-13 suitable for the X-ray crystal structure analysis were obtained by
slow diffusion of n-pentane into a solution of the obtained white solid in dichloromethane at -35 °C.
X-ray crystal structure analysis of compound cis-13: A colorless prism-like specimen of
Ca2H35B2F200,P - 2 x CH,Cl,, approximate dimensions 0.139 mm x 0.205 mm x 0.217 mm, was used for
the X-ray crystallographic analysis. The X-ray intensity data were measured. A total of 570 frames
were collected. The total exposure time was 4.75 hours. The frames were integrated with the Bruker
SAINT software package using a narrow-frame algorithm. The integration of the data using a
monoclinic unit cell yielded a total of 107562 reflections to a maximum © angle of 27.52° (0.77 A
resolution), of which 10980 were independent (average redundancy 9.796, completeness = 99.7%,
Rint = 5.80%, Rsig = 2.63%) and 8994 (81.91%) were greater than 20(F?). The final cell constants of a =
12.8388(5) A, b = 20.0253(6) A, ¢ = 18.7529(6) A, B = 97.3930(10)°, volume = 4781.3(3) A%, are based
upon the refinement of the XYZ-centroids of 9879 reflections above 20 o(l) with 4.620° < 28 < 54.99°.
Data were corrected for absorption effects using the multi-scan method (SADABS). The ratio of
minimum to maximum apparent transmission was 0.964. The calculated minimum and maximum
transmission coefficients (based on crystal size) are 0.9190 and 0.9470. The structure was solved and
refined using the Bruker SHELXTL Software Package, using the space group P2i/n, with Z = 4 for the
formula unit, C42H35B2F200,P - 2 x CH,Clo. The final anisotropic full-matrix least-squares refinement on
F2 with 696 variables converged at R1 = 4.22%, for the observed data and wR2 = 10.67% for all data.
The goodness-of-fit was 1.053. The largest peak in the final difference electron density synthesis was
0.630 e /A% and the largest hole was -1.262 e/A? with an RMS deviation of 0.068 e’/A%. On the basis
of the final model, the calculated density was 1.631 g/cm? and F(000), 2368 e".

C51-C62
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Preparation of compound trans-12:

H,, B(CgFs)2 Ha H, Bl
' b5 1 @
-B—CGF5 . tBup H, (2.0 bar) H §4’ B-CgFs t-BugPH
H EoFs pentane H CoFs
trans-9 trans-12 [B]: B(CgFs)2

A solution of compound trans-9 (75.8 mg, 0.10 mmol) and tri-tert-butylphosphane (20.2 mg, 0.10
mmol) in pentane (4.0 mL) was was exposed to a dihydrogen atmosphere (2.0 bar) at room
temperature and stirred overnight. The formed white precipitate was collected by cannula filtration
and washed with n-pentane (2 x 1 mL). Removal of all volatiles in vacuo gave compound trans-12

(59.2 mg, 0.062 mmol, 62%) as a white solid.

Melting point: 173 °C.

Anal. Calc. for C41H37B2F20P: C, 51.17; H, 3.88. Found: C, 51.09; H, 3.67.

1H NMR (500 MHz, 299 K, CD,Cl,): & 5.10 (d, ey = 428.2 Hz, 1H, PH), 2.77 (m, 1H, 3-CH), 2.29 (m, 1H,
BH), 2.26 (m, 1H, 2-CH,), 2.02 (m, 1H, 4-CH), 1.70 (d, 3Jpy = 15.8 Hz, 27H, t-Bu), 1.67 (m, 1H, 1-CH),
0.67 (m, 1H, 2-CH,), 0.55 (d, 3 = 6.4 Hz, 3H, CHs).

B3C{*H} NMR (126 MHz, 299 K, CD,Cl,): & 49.0 (d, J = 4.6 Hz, 3-CH), 40.5 (2-CH>), 38.1 (d, Ypc = 26.7 Hz,
t-Bu), 37.8 (br, 4-CH), 30.4 (t-Bu), 19.8 (CHs), 14.2 (br, 1-CH), [CsFs not listed].

'H,13C GHSQC (500 MHz / 126 MHz, 299 K, CD,Cl,): 8'H/ 6'3C 2.77 / 49.0 (3-CH), 2.26, 0.67 / 40.5 (2-
CHy), 2.02 / 37.8 (4-CH), 1.70 / 30.4 (t-Bu), 1.67 / 14.2 (1-CH), 0.55 / 19.8 (CHs).

F NMR (470 MHz, 299 K, CD,Cl,): 6 -130.4 (br, 1F), -131.6 (m, 2F), -132.3 (m, 2F), -133.0 (br m, 1F), -
140.4 (m, 1F), -143.8 (m, 1F)(0-CeFs), -160.8 (t, *Jer = 20.2 Hz), -161.3 (t, *Jer = 20.2 Hz), -161.5 (t, 3Jer =
20.2 Hz), -164.5 (t, 3Jr = 20.9 Hz)(each 1F, p-CsFs), -165.6 (br m, 2F), -166.1 (br m, 1F), -166.3 (m, 3F),
-166.9 (br m, 1F), -167.0 (m, 1F)(m-CgFs).

HB{*H} NMR (160 MHz, 299 K, CD,Cl,): 6 -13.3 (v1/2 ~ 260 Hz), -17.1 (v1/2 ~ 200 Hz).

B NMR (160 MHz, 299 K, CD,Cl,): 6 -13.3 (v1/2 ~ 260 Hz), -17.1 (v1/2 ~ 200 Hz).

31p{1H} NMR (202 MHz, 299 K, CD,Cl,): 6 60.7 (vy/2 ~ 2 Hz).

3P NMR (202 MHz, 299 K, CDCly): § 60.7 (dm, Yy ~ 428 Hz).
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(1) 32P{*H} and (2)31P NMR (202 MHz, 299 K, CD,Cl,) spectra of compound trans-12.

Single crystals suitable for the X-ray crystal structure analysis were obtained by slow diffusion of
pentane into a solution of compound trans-12 in dichloromethane at room temperature.

X-ray crystal structure analysis of compound trans-12: A colorless plate-like specimen of
Ca1H37B2F20P, approximate dimensions 0.058 mm x 0.205 mm x 0.268 mm, was used for the X-ray
crystallographic analysis. The X-ray intensity data were measured. A total of 426 frames were
collected. The total exposure time was 5.92 hours. The frames were integrated with the Bruker SAINT
software package using a narrow-frame algorithm. The integration of the data using a monoclinic
unit cell yielded a total of 8463 reflections to a maximum 6 angle of 25.35° (0.83 A resolution), of
which 8463 were independent (average redundancy 1.000, completeness = 99.7%, Rint = 8.22%, Rsig =
5.36%) and 5979 (70.65%) were greater than 26(F?). The final cell constants of a = 12.8848(7) A, b =
21.5150(10) A, ¢ = 17.7497(8) A, B = 109.7960(10)°, volume = 4629.7(4) A3, are based upon the
refinement of the XYZ-centroids of 9906 reflections above 20 o(l) with 5.062° < 26 < 52.61°. Data
were corrected for absorption effects using the multi-scan method (SADABS). The ratio of minimum
to maximum apparent transmission was 0.922. The calculated minimum and maximum transmission
coefficients (based on crystal size) are 0.9560 and 0.9900. The structure was solved and refined using

the Bruker SHELXTL Software Package, using the space group P21/n, with Z = 4 for the formula unit,
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C41H37B2F20P. The final anisotropic full-matrix least-squares refinement on F? with 716 variables
converged at R1 = 5.89%, for the observed data and wR2 = 15.50% for all data. The goodness-of-fit
was 1.047. The largest peak in the final difference electron density synthesis was 0.519 e/A3 and the
largest hole was -0.289 e /A% with an RMS deviation of 0.073 e/A3. On the basis of the final model,
the calculated density was 1.381 g/cm?® and F(000), 1952 e".

C41-C46
F42-F46

C31-C36
F32-F36

CIl1-Cl6
F12-F16
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Preparation of compound trans-13:

B(CeFs)2 Ha H, [BI-Q ®
H, HEN = @)%Pt—Bu3
CO, (2.0 bar) 2 1
B=CeFs + tBusP 3,4,B70
" pentane H”: CeFs
H C6F5 C6F5
trans-9 trans-13 [B]: B(CgFs),

1% Experiment: A solution of compound trans-9 (75.8 mg, 0.10 mmol) and tri-tert-butylphosphane
(20.2 mg, 0.10 mmol) in pentane (5.0 mL) was exposed to CO; (2.0 bar) at room temperature and
then stirred overnight. The formed white precipitate was collected by cannula filtration and washed
with pentane (3 x 1 mL). After removal of all volatiles in vacuo, compound trans-13 (76.2 mg,

0.076 mmol, 76%) was obtained as a white solid.

Melting point: 124 °C.

IR (KBr, selective wavenumber): ¥ [cm™1] = 1598 (s, C-O asym. stretch).

Anal. Calc. for Cs;H35B,2F200,P: C, 50.23; H, 3.51. Found: C, 49.96; H, 3.27.

The solubility of the white solid is poor in benzene-dg, toluene-ds, CD,Cl;, CDCls, but a solution of the
white solid in THF-ds showed a mixture of compounds. The major component was assigned as
compound trans-13.

'H NMR (600 MHz, 233 K, THF-ds): & 2.59 (m, 1H, 4-CH), 2.41, 1.12 (each m, each 1H, 2-CH,), 2.24 (m,
1H, 3-CH), 1.83 (d, 3Jpy = 15.3 Hz, 27H, t-Bu), 1.72 (m, 1H, 1-CH), 0.96 (d, *Jux = 6.4 Hz, 3H, CH3).
B3C{'H} NMR (151 MHz, 233 K, THF-ds): § 173.4 (d, YJpc = 90.0 Hz, C=0), 44.8 (3-CH), 43.4 (d, Ypc =16.9
Hz, t-Bu), 43.1 (4-CH), 41.5 (br, 2-CH3), 30.6 (br, t-Bu), 24.7 (br, 1-CH), 20.6 (CHs), [CsFs not listed].
'H,3C GHSQC (600 MHz / 150 MHz, 233 K, THF-ds): *H/ 6'3C 2.59 / 43.1 (4-CH), 2.41, 1.12 / 41.5 (2-
CHy), 2.24 / 44.8 (3-CH), 1.83 / 30.6 (t-Bu), 1.72 / 24.7 (1-CH), 0.96 / 20.6 (CHs).

19 NMR (564 MHz, 233 K, THF-ds): & (major 91 mol%) -129.4 (1F), -129.6 (1F), -129.7 (2F), -135.9 (2F),
-139.8 (1F), -146.3 (1F)(each br m, 0), -159.6 (t, *J¢r = 20.8 Hz), -160.6 (t, *Jgr = 20.6 Hz), -162.3 (t, *Jer =
20.8 Hz), -163.1 (t, %J¢r = 21.5 Hz)(each 1F, p), -166.1 (1F), -166.3 (4F), -166.8 (2F), -167.3 (1F)(each br
m, m)(CeFs).

1B{*H} NMR (192 MHz, 233 K, THF-ds): & n.o. (overlap with the “glass hill”).

31P{*H} NMR (243 MHz, 233 K, THF-ds): 6 57.4 (v1/2 ~ 3 Hz, 89 mol%)[admixed with &: 54.6 (v1> ~ 6 Hz,
11 mol%)]
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2" Experiment: Single crystals of compound trans-13 suitable for the X-ray crystal structure analysis
were obtained directly from a reaction solution of compound trans-9 (37.9 mg) and tri-tert-
butylphosphane (10.1 mg) and dichloromethane (1.0 mL) in a CO, atmosphere (2.0 bar) at room
temperature.

X-ray crystal structure analysis of compound trans-13: formula CgH3sB,F200,P, M = 1004.29,

colourless crystal, 0.05 x 0.03 x 0.01 mm, a = 10.0179(3), b = 11.2774(5), ¢ = 19.6359(11) A, a
89.016(3), 8 = 87.552(3), y = 73.104(2)°, V

2120.7(2) A3, pearc = 1.573 gem3, u = 0.191 mm™?,

empirical absorption correction (0.990 < T < 0.998), Z = 2, triclinic, space group P1 (No. 2), A

0.71073 A, T = 223(2) K, w and ¢ scans, 14903 reflections collected (+h, +k, /), 7051 independent
(Rint = 0.111) and 3663 observed reflections [/>206(/)], 616 refined parameters, R = 0.134, wR? = 0.274,
max. (min.) residual electron density 0.42 (-0.41) e.A3, hydrogen atoms were calculated and refined

as riding atoms.
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Control experiments:

1°t Experiment: Hydroboration of cyclopropyl acetylene (5b) with HB(CsFs)2 (in situ, NMR scale)

AB(CeFsl 1 HBCoFsle 30 min r.t.

— > > o 9

l> (a) \—B(C6F5)2 (b) B(CeFs)2 T’ cis-/trans
5b 10 (CeFs)1B ¢

(tentatively assigned
by '"H NMR)

a) Bis(pentafluorophenyl)borane (34.5 mg, 0.10 mmol), cyclopropyl acetylene (5b) (6.6 mg, 0.10
mmol) and C¢Ds (0.8 mL) were successively added to a J Young NMR tube to give a suspension. After
shaking for 1 minute at room temperature, the obtained clear yellow solution was characterized by
NMR experiments immediately.

[The NMR data of compound 10 were consistent to those reported in the literature: F. Tirkyilmaz, G.
Kehr, J. Li, C. G. Daniliuc, M. Tesch, A. Studer and G. Erker, Angew. Chem., Int. Ed., 2016, 55, 1470.]
Compound 10:

'H NMR (600 MHz, 299 K, CsDs): &: 6.91 (d, 3Jun = 16.9 Hz, 1H, BCH), 6.35 (dd, 3y = 16.9 Hz, 3y = 9.8
Hz, 1H, =CH), 1.32 (m, 1H, CH), 0.60, 0.38 (each m, each 2H, CH,).

13C{*H} NMR (151 MHz, 299 K, C¢D¢): 6: 178.0 (=CH), 147.5 (dm, Yrc = 253 Hz, CeFs), 142.9 (dm, Yrc =
248 Hz, C¢Fs), 137.5 (dm, Yrc = 255 Hz, CoFs), 133.0 (br, BCH), 114.1 (br, i-CeFs), 19.9 (CH), 11.7 (CH,).
'H,3C GHSQC (600 MHz / 150 MHz, 299 K, C¢Ds): 6'H/8C 6.91 / 133.0 (BCH), 6.35 / 178.0 (=CH),
1.32/19.9 (CH), 0.60, 0.38 / 11.7 (CH,).

F NMR (564 MHz, 299 K, CsD¢): -130.3 (m, 2F, 0-CeFs), -149.2 (t, 3J¢r = 20.8 Hz, 1F, p-CeFs), -161.5 (m,
2F, m-CgFs), [AS Fmp = 12.3].

1B{1H} NMR (192 MHz, 299 K, CsDs): 6: 56.9 (v1/2 ~ 650 Hz).

B NMR (192 MHz, 299 K, CsD¢): 6: 56.9 (v1/2 ~ 650 Hz).
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IH NMR (600 MHz, 299 K, CsDs) spectrum of compound 10.
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HB{IH} NMR (192 MHz, 299 K, CsDs) spectrum of compound 10.
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b) After the NMR characterization of compound 10, a second equivalent of HB(CsFs); (34.5 mg,
0.10 mmol) was added to the clear yellow solution in the J Young NMR tube. The resulting reaction
mixture was characterized by NMR experiments immediately.

Comment: A mixture of compounds 6b : trans-9 : cis-9 [ca. 59 : 5 : 36 (*H)] was detected by 'H NMR
spectroscopy. After 30 min. at r.t. a mixture of trans-9 : cis-9 [ca. 12 : 88 (*H)] was observed.
Compound 6b (tentative assighment):

'H NMR (600 MHz, 299 K, CsD¢): 6 3.76 (1H), 1.99 (2H), 0.56 (1H), 0.36 (2H), -0.12 (2H).

*

X & LA &
¢ &b
6b 6b
6b
6b
[
f ‘*7 C\J c ¢ A ‘
|
t t \‘
ol n . , J tle\t ) |L_5u} M@&‘Jlu'ML
10 10 S 9 99 810 9 1010

5 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
1H NMR (600 MHz, 299 K, CsDs*) spectrum immediately (ca. 5 min) after the addition of HB(CsFs); to

the reaction mixture of the hydroboration of 5b (generation of compound 10).
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1H NMR (500 MHz, 299 K, CsDs) spectra of (1) isolated compound cis-9. (admixed with trans-9, see
above) and (2) isolated compound trans-9 (see above); *H NMR (600 MHz, 299 K, CsDs) spectra of (3)
to (5) the addition of a second equivalent of HB(CsFs), to the reaction mixture of compound 10 (see
spectrum (6) and see 1 Experiment, part b) and (6) the reaction mixture of the generation of
compound 10 (see 1°t Experiment, part a).
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2" Experiment: Hydroboration of 2-methyl-1-buten-3-yne (5¢) with HB(CsFs);

)]\ HB(CqFs) H_ HB(CqFs), /:>_\ B(CoFs)2
N B(CeFs) —— > (CeFs),B

5¢ (a) A (b) c

a) 2-Methyl-1-buten-3-yne (5¢, 6.6 mg, 0.10 mmol) in C¢D¢ (0.5 mL) was added to a suspension of
HB(CsFs)2 (34.5 mg, 0.10 mmol) and C¢Ds (0.3 mL) in a J Young NMR tube. After shaking for 1 minute
at room temperature, the obtained clear yellow solution was characterized by NMR experiments
immediately.

[The NMR data of compound A were consistent with those reported in the literature: P. Moquist, G.-
Q. Chen, C. Muck-Lichtenfeld, K. Bussmann, C. G. Daniliuc, G. Kehr and G. Erker Chem. Sci., 2015, 6,
816.]

Compound A:

'H NMR (500 MHz, 299 K, C¢Ds): 6: 7.21, 6.91 (each d, *Juy = 17.4 Hz, each 1H, HC=CH), 5.14, 5.11
(each m, each 1H, =CH,), 1.70 (m, 3H, CHs).

19 NMR (470 MHz, 299 K, CeDe): -129.9 (m, 2F, 0-CFs), -148.4 (t, 3J¢r = 20.9 Hz, 1F, p-CeFs), -161.3 (m,
2F, m-CeFs), [A8Fmp=12.9].

UB{'H} NMR (160 MHz, 299 K, C¢D¢): 6: 59.0 (v1/2 ~ 700 Hz).

118 NMR (160 MHz, 299 K, C¢De): 8: 59.0 (v1/2 ~ 700 Hz).

L

0 7.5 7.0 6.5 6.0

,LJL | WMJ"%___,._AW_
5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0

IH NMR (500 MHz, 299 K, CsDs) spectrum of compound A.
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UBIH} NMR (160 MHz, 299 K, CsDs) spectrum of compound A.
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F NMR (470 MHz, 299 K, CsD¢) spectrum of compound A.

b) After the NMR characterization of compound A, a second equivalent of HB(CsFs), (34.5 mg,
0.10 mmol) was added to the clear yellow solution in the J Young NMR tube. The resulting reaction
mixture was characterized by NMR experiments immediately.

Compound C:

'H NMR (500 MHz, 299 K, C¢Ds): &: 6.80 (dd, *Jun = 17.3 Hz, 3Jun = 7.0 Hz, 1H, =CH), 6.69 (d, 3/ = 17.3
Hz, 1H, BCH), 2.74 (m, 1H, CH), 2.09, 1.89 (each m, each 1H, BCH>), 0.99 (d, 3/uy = 6.7 Hz, 3H, CHs).
BC{*H} NMR (126 MHz, 299 K, CgDs): 6: 175.1 (=CH), 133.0 (br, BCH), 39.6 (CH), 38.2 (br, CH,), 22.3
(CH3), [CeFs not listed].

198 NMR (470 MHz, 299 K, CsDs): -130.0 (m, 2F, 0), -147.5 (tt, 3J¢r = 20.8 Hz, “Jgr = 4.8 Hz, 1F, p), -161.2
(m, 2F, m)(CsFs)[A8™Fm,p= 13.7]; -130.4 (m, 2F, 0), -145.9 (tt, Jir = 20.9 Hz, “Jr = 3.6 Hz, 1F, p), -160.5
(m, 2F, m)(CeFs)[A8 ¥Fmp= 14.6].

MB{*H} NMR (160 MHz, 299 K, C¢Ds): 6: 72.9 (v1/2 ~ 1500 Hz), 59.1 (v1/2 ~ 1500 Hz).
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1H NMR (500 MHz, 299 K, CsD¢) spectrum of compound C.
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BCLH} NMR (125 MHz, 299 K, CsDs) spectrum of compound C.
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UBLIH} NMR (192 MHz, 299 K, CsDs) spectrum of compound C.
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F NMR (470 MHz, 299 K, CsD¢) spectrum of compound C.
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