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1. General considerations

All manipulations were carried out under an argon atmosphere using either Schlenk techniques
or inside argon filled glove box.' Dry and degassed solvents were collected from MBraun solvent
purification system (SPS). Deuterated solvents THF-ds, CsDs and toluene-ds were dried over 4 A
molecular sieves, degassed and stored under argon atmosphere. Quick pressure NMR valves and
Fischer-Porter assembly was wused to carry out reactions with CO.. 9-BBN (9-
borabicyclo[3.3.1]nonane), and CHsl were purchased from Sigma Aldrich and used as received.
Mes;B-H (Mes = 2,4,6-Mes(CsH2))", (Ipc)2B-H (Ipc = diisopinocampheyl), o-"Pr,P(CsHa4)Br
and 1-iodo-8-(diisopropylphosphino)naphthalene’ were synthesized according to the literature
reports. NMR spectra were recorded using Bruker Avance 400 and Avance NEO 600 NMR
spectrometers. The *H and **C NMR chemical shifts were referenced to the residual proton and
carbon signal of the deuterated solvents respectively. The 3P, 1B and 'Li NMR spectra were
referenced relative to 85% HsPO4 aqueous solution, FsB.Et.O and 1M LiCl (external reference)
respectively. Chemical shifts are reported in ppm (8) and coupling constants in Hertz (Hz). The
following abbreviations were used, s — singlet, d — doublet, t — triplet, quart — quartet, sept —
septet, br-broad and m — multiplet. ESI-MS mass spectra were measured on a TSQ 7000 Thermo
Electron mass instrument at ICT “Institut de Chimie de Toulouse” (website: ict.ups-tlse.fr).
Elemental analyses were performed in the facility available in Laboratoire de Chimie de
Coordination du CNRS using PerkinEImer 2400 Series Analyzer, Toulouse. Single crystals were
diffracted in Bruker Kappa APEX Il diffractometer at 100 — 115 K using Mo Ka radiation (A =
0.71073 A) filtered through graphite monochromator.

2. [Li(OEt)]*[0-'Pr2P-CsHs-B(CsHu14)-H] (1a)
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9-BBN dimer (0.400 g, 1.50 mmol) and o-Li(0.9 Et,0)-C¢H4-P'Pr, (0.800 g, 3.00 mmol) were stirred
together at rt for 10 h in toluene (10 mL) under an argon atmosphere. Then, the solvent was removed
under vacuum and after addition of n-pentane (35 mL) a colourless solid precipitated at —35 °C. (0.800 g,
2.02 mmol, 68 %). Monocrystals suitable for X-ray diffraction were obtained by cooling a saturated n-



pentane solution at —35 °C. Compound 1a features one molecule of Et,O coordinated to Li* as shown in
the crystal structure as well as by *H NMR spectroscopy.

IH NMR (600.47 MHz, 298 K, CsDe): § 8.24 (dd, 3Jin = 8.0 Hz, 3Jup = 3.4 Hz, 1H, H3), 7.41 (tt, 3Jpn =
7.5 Hz, “Jup = 1.5 Hz, 1H, H4), 7.30 (ddd, 3Jun = 6.2 Hz, “Jun = 1.5 Hz, 1H, H6), 7.17 (td, 3Jpn = 7.3
Hz, “Jun = 1.5 Hz, 1H, H5), 2.47 (m, 3H, CH and CH, (9-BBN)), 2.36 (br s, CH, (9-BBN), 2H), 2.23 (m,
334w = 6.4 Hz, 1H, CH (9-BBN)), 2.07 (br s, 2H, CH, (9-BBN), 1.94 (m, 6H, 3Jun = 7.1 Hz, CH, (9-
BBN) and CH(Pr)), 1.61 (brs, 2H, CH2(9-BBN)), 1.51 (quart, ‘s = 60 Hz, 1H, B-H), 1.02 (dd, 3Jup =
14.7 Hz, 3Jnn = 6.9 Hz, 6H, CH3(Pr)), 0.90 (dd, 3Jnr = 13.2 Hz, 3Jun = 7.1 Hz, 6H, CHs(Pr)).

3p{IH} NMR (243.07 MHz, 298 K, CsDe): 5 0.2 (br s)

4p{IH} NMR (243.07 MHz, 233 K, tol-dg): & —1.6 (quart, Jp.; = 69.4 Hz)
3pLIH} NMR (243.07 MHz, 298 K, THF-ds): & —0.4 (quart, Js.» = 10.7 Hz)
118 NMR (192.65 MHz, 298 K, CsDs): & —13.3 (d, 1Jg.+ = 65.7 Hz)
UB{H} NMR (192.65 MHz, 298 K, THF-ds): 5 —13.7 (d, Je» = 10.6 Hz)

1C{*H} NMR (151.00 MHz, 298 K, CsDe): & 169.0 (br s, C1), 136.1 (d, e = 15.6 Hz, C2), 131.0 (s,
C5), 128.8 (s, C6), 128.3 (s, C4), 123.6 (d, 2Jcr = 3.2 Hz, C3), 36.8 (s, CH2(9-BBN), C8), 31.0 (5, CH(9-
BBN), C8), 25.9 (br, CH(Pr)), 25.9 (s, CH2(9-BBN), C9), 25.6 (s, CH2(9-BBN), C9), 25.5 (br, CH(9-
BBN), C7), 21.0 (d, 2Jc.p = 14.0 Hz, CH3(Pr)), 20.6 (d, 2Jc» = 8.1 Hz, CHa(Pr)).

Comments: The CH(iPr), CH2(9-BBN) {C9} and CH(9-BBN) (C7) signals are overlapping. Assignments
were based on BC{*H}{3!P}, DEPT-135 and *H-*C HSQC experiments.

7Li NMR (233.37 MHz, 298 K, C¢De): 0.4 (br s)

7Li NMR (233.37 MHz, 233 K, tol-ds): & 0.5 (dd, 1Jp.ci = 70.0 Hz, Xk = 7.0 Hz)
3p{IH} MAS NMR (168.8 MHz, 298 K): § 5.4 (quart, 1Jp..; = 72.9 Hz)

7Li MAS NMR (155.30 MHz, 298 K): 5 —1.0 (d, 2Jp.1i = 72.9 Hz)

Anal. cald. for C24H43BLIOP: C, 72.73; H, 10.94. Found: C, 72.13; H, 11.20
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Figure S1. 1B NMR spectral stack plot of 1a upon decoupling *H and 3'P in THF-ds at 298 K.
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Figure S2. *H NMR spectrum of 1a in C¢Ds at 298 K
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Figure S3. COSY: 'H / *H NMR spectrum of 1a at 298 K in C¢Ds.
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Figure S4. 3P NMR spectrum of 1a in CsDs at 298 K. with the detection of [0-"Pr,P-C¢Hs —B(CsH14)] (P-
BBN, 5a) as a result of partial evolution.
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Figure S5. 1B NMR spectral stack plot of 1a upon decoupling *H and 3P at 298 K in CsDs.
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Figure S6. *H-*C{*H} HSQC spectrum of 1a at 298 K in C¢Ds.
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Figure S7. *H-C{*H} HMBC spectrum of 1a at 298 K in CsDe.
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Fig S8. 'Li and "Li{*H} NMR spectral stack plot of 1a in tol-ds at 233 K.
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Figure S9. 3P{*H} and 3'P{"B}{*H} NMR spectral stack plot of 1a in tol-ds at 253 K. The change in wy
is 4.0 Hz.
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Figure S10. “Li and "Li{*H}{3'P} stack plot of spectra of 1a in tol-ds at 253 K.
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Figure S11. *'P{*H} and 3'P{*H}{’Li} overlapped spectra of 1a in tol-ds at 253 K.

NraG190919.2.fid 58]Y

GENT
9BBN SN
31P CP MAS

Vr= 14 kHz, 3.2mm

P-BBN

R s s s s s S S S S S S L R S S S S S S
42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 -22 -24 -26
f1 (ppm)

Figure S12. 3P{*H} CP MAS NMR spectrum of la at 298 K. Peak marked ‘+’ is arising due to
decomposition of la.
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Figure S13. “B{*H} MAS NMR spectrum of la at 298 K.
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Figure S14. 'Li MAS NMR spectrum of 1a at 298 K. *-spinning side bands.
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3. [Li(THF)]*[0-"Pr2P-CsHa-B(Mes2)-H] (1b)

Lit (THF)

MeszB-H dimer (0.984 g, 1.97 mmol) and 0-Li(0.9 Et,0)-Ce¢Hs-P'Pr, (1.05 g, 3.94 mmol) were stirred at
rt in THF (20 mL) for 3 h under an argon atmosphere. Then the solvent volume was reduced to about 5
mL under vacuum. The product was precipitated by addition of n-pentane, and washed with n-pentane (3
x 10 mL). The solid was dried under vacuum before isolating it as a white powder (1.5 g, 2.87 mmol, 73
%). Monocrystals suitable for X-ray analysis were grown in n-pentane at —20 °C. Compound 1b features
one molecule of THF coordinated to Li* as shown in the crystal structure as well as by *H NMR.

IH NMR (400.18 MHz, 298 K, THF-ds): & 7.08 (dd, 3Ju.n = 7.6 Hz, 3Jup = 1.6 Hz, 1H, H3), 7.06 (br d,
overlapping with H3, 3Ju.n = 7.4 Hz, 1H, H6), 6.68 (td, 3Ju.n = 7.3 Hz, *Ju.y = 1.6 Hz, 1H, H4), 6.65 (td,
3Jun = 7.2 Hz, 4Jun = 1.3 Hz, 1H, H5), 6.34 (s, 4H, Hao(Mes)), 4.05 (quart, g = 77.9 Hz, 1H, B-H),
2.08 (s, 6H, p-CHs(Mes)), 2.02 (dseptet, 3Jun = 7.2 Hz, 2Ju.p = 2.5 Hz, 2H, CH(iPr)), 1.89 (s, 12H, o-
CHs(Mes)), 0.99 (dd, 3Jup = 9.5 Hz, 2.1 = 6.9 Hz, 6H, CH3(Pr)), 0.93 (dd, 3Jup = 13.4 Hz, 3w = 7.1
Hz, 6H, CH3('Pr)).

H NMR (600.47 MHz, 298 K, C¢Ds): 6 7.82 (ddd, 3Ju-n = 6.8 Hz, 3Ju.p = 4.0 Hz, “Ju.n = 1.7 Hz, 1H, H6),
7.29 (ddd, 3Jur = 6.8 Hz, 3Ju.p = 4.8 Hz, “Jy.n = 1.7 Hz, 1H, H3), 7.14 (td, 3Jun = 7.2 Hz, “Ju-n = 1.5 Hz,
2H, H4 & H5 overlapping with CsDs signal), 7.05 (s, 1H, Hao(Mes)), 6.72 (s, 1H, Hao(Mes)), 6.66 (s, 1H,
Haro(Mes)), 3.68 (quart, 1Jg.n = 65.0 Hz, 1H, B-H), 2.65 (s, 3H, 0-CH3(Mes)), 2.41 (s, 3H, 0-CH3z(Mes)),
2.24 (s, 3H, 0-CH3(Mes)), 2.11 (s, 6H, p-CHs(Mes)), 2.04 (s, 3H, p-CHs(Mes)), 2.07 (M, 3Jun & 2Jnp
were not identified due to overlap with CHs(Mes), 2H, CH(iPr)), 1.09 (s, 6H, overlap with THF, Ju.r and
Ju-n could not identified), 0.98 (dd, 3Ju.p = 15.1 Hz, 3Ju.4 = 7.0 Hz, 3H, CHs(Pr)), 0.92 (dd, 3Ju.r = 14.0
Hz, 3Ju.n = 6.7 Hz, 3H, CH3('Pr)).

Note: Among the four aromatic Mes protons, only three were identified. The last signal is overlapping
with C¢Ds signal.

p{IH} NMR (162.01 MHz, 298 K, THF-ds): & 1.2 (quart, Je.r = 16.7 Hz)

$1P{1H} NMR (243.07 MHz, 298 K, C¢Ds): & 0.52 (quart, *Jp.Li = 74.9 Hz)
11



1B NMR (128.39 MHz, 298 K, THF-ds): 8 —14.0 (dd, Yg.+ = 78.3, Jap = 17.0 Hz)
1B NMR (192.65 MHz, 298 K, CsDe): 8 —12.2 (dd, Je. = 67.0, Jg.p = 11 Hz)

BC{!H} NMR (151.00, 298 K, THF-ds): & 174.2 (br quart, C1), 159.8 (quart, “Jc.s = 51.4 Hz, C7), 143.6
(d, Ucr = 13.9 Hz, C2), 143.4 (s, C8), 137.0 (d, 2Jc.r = 9.4 Hz, C3), 129.2 (s, C10), 128.8 (s, C6), 127.8
(s, C9), 125.8 (s, C5), 121.6 (s, C4), 25.8 (s, 0-CHs(Mes)), 24.6 (d, Lc.» = 20.8 Hz, CH(Pr)), 22.4 (d, 2.
= 21.9 Hz, CHs(Pr)), 21.6 (s, p-CHs(Mes)), 20.0 (d, 2Jc.» = 13.5 Hz, CHs(Pr)).

7Li NMR (155.53, 298 K, THF-dg): & 0.5 (s)

7Li NMR (233.37, 298 K, CsDg): 8 —0.4 (d, Wpui = 73.0 Hz, Liin = 5.0 Hz).
7Li MAS NMR (155.53, 298 K): 8 0.9 (d, 1Jp.ci = 72.1 Hz).

P} MAS (161.76 MHz, 298 K): 8 0.8 (quart, 1Jp.1; = 72.2 Hz).

HRMS ESI: Calc: 443.3039 (CsHa:BP), found: 443.3040.

Anal. cald. for C3H4BLIiP-2THF: C, 76.76; H, 9.66. Found: C, 76.83; H, 9.05.
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Figure S15. *H NMR spectrum of phosphine borate compound 1b in THF-ds at 298 K.
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Figure S16. *H, *H{*'B} and H{®'P} NMR spectral stack plot of 1b in THF-ds at 298 K.
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Figure S17. 3'P_INVAGATED _'H NMR spectrum of 1b at 298 K in THF-ds for the integration of the
presence of 5b (0-'Pr2P-CeHs-B(Mesy)).

Note: Low temperature NMR spectra recorded for 1b at 213 K are the same as the 298 K spectra.
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Figure S18. 3'P{*H} and 3P{*B}{*H} NMR spectral stack plot of 1b in THF-ds at 298 K.
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Figure S19. 1'B NMR spectral stack plot of 1b upon decoupling *H and *!P at 298 K in THF-ds.
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Figure S20. "Li and "Li{*H} NMR spectral stack plot of 1b at 298 K in tol-ds.

nraN190709.9.fid

31P{1H}{11B}
C6D6
Wipp = 27.0Hz
/\\ N
N
M\ \
//\ A ‘/\'u
VAVEWA
\ W\
J \
S R A A e A A po et NN N A s A P AP,
nraN190709.21.fid
31P{1H}
C6D6
Wy = 41.0 Hz

T T — T — T T T T T T T T T T T T T T T
40 3.8 3.6 34 32 30 28 26 24 22 20 1.8 1.6 14 1.2 1.0 08 06 04 02 00 -0.2 -0.4 -0.6 -0.8 -1.0 -1.2 -1.4 -1.6 -1.8 -2.0 -2.2 -2.4 -2.
f1 (ppm)

Figure S21. 3P{*H} and 3P{*H}{'!B} stack plot of spectra of 1b in CsDs at 298 K. The change in wi, —

14.0 Hz.
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Figure S22. *'P{*H} and 3'P{*H}{’Li} stack plot of spectra of 1b in CsDs at 298 K.

nraN190709.26.fid
11B{1H}{31P}

nraN190709.25.fid

11B{31P}

c6D6 .

—— Il 19@BH)=67.0Hz
T e JAVAN

nraN190709.22.fid \N“

11B{1H} \‘w

L e e e e s e S B e e e e S S S S s
35 -40 -45 50 55 6.0 65 7.0 7.5 -8.0 -85 -9.0 -9.5 -10.0 -10.5 -11.0 -11.5 -12.0 -12.5 -13.0 -13.5 -14.0 -14.5 -15.0 -15.5 -16.0 -16.5 -17.0 -17.5 -18.0
1 (ppm)

Figure S23. 1B NMR spectral stack plot of 1b upon decoupling *H and 3P at 298 K in CsDe.
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Figure S24. "Li and "Li{*H}{3'P} stack plot of spectra of 1b in tol-ds at 298 K.
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Figure S25. *'P{*H} CPMAS NMR spectrum of 1b at 298 K.
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Figure S26. 'Li MAS NMR spectrum of 1b at 298 K.
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Figure S27. “B{*H} MAS spectrum of 1b at 298 K.
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Figure S28. HRMS ESI spectrum of compound 1b.
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4. [Li*(THF)2][0-iPr2P-CsHa-B(Ipc)2-H]- (1¢)

(1¢)

Diisopinocampheylborane (0.414 g, 1.45 mmol) and o-Li(0.9 Et,0)-Ce¢Hs-P'Pr, (0.386 g, 1.45 mmol)
were stirred at 298 K in toluene (10 mL) for 2 h under an argon atmosphere. Toluene was removed under
vacuum. THF (3 mL) was added. Slow evaporation of THF under an argon atmosphere resulted in the
formation of an oil. The supernatant was carefully filtered. Storage of the oil at —35°C in n-pentane (20
mL) resulted in the formation of a white precipitate. The colourless precipitate was separated and dried
under vacuum. (0.660 g, 73 %). Monocrystals suitable for X-ray diffraction were obtained in n-pentane at
—35 °C upon standing for 72 h.

H NMR (600.47 MHz, 298 K, THF-ds): § 7.66 (ddd, 3Ju-n = 7.4 Hz, *Ju.p = 3.4 Hz, *Ju.n = 1.6 Hz, 1H,
H3), 7.07 (dt, 3w = 7.7 Hz, “Jun = 1.7 Hz, 1H, H6), 6.76 (td, 33w = 7.2 Hz, “Jnp = 1.4 Hz, 1H, H4),
6.64 (td, *Jun = 7.3 Hz, *Juw = 1.5 Hz, 1H, H5), 2.44 (quart, YJg.n = 81.3 Hz, 1H, B-H), 2.12 (M, 3J4.n =
6.0 Hz, 4JH.H =2.9Hz, 2H, CH + CH; (lH diastero)), 2.01 (m, 4H, 2JH.p = 15.9 Hz, SJH-H =7.2 Hz, 4J|-|.H =
2.9 Hz, CH('Pr) overlap with C-H(lpc) + CH2 (1H diastereo)), 1.91 (m, 2H, 3Ju.n = 6.2 Hz, *Ju.n = 3.6 Hz,
C-H(lIpc) + CH; (1H diastereo)), 1.78 (m, 2H, C-H(lpc) + CH. (1H diastereo) overlapping), 1.61 (m, 2H,
3Jhn = 6.2 Hz, “Ju.n = 3.6 Hz, C-H(Ipc) + CH; (1H diastereo) overlapping), 1.44 (td, 1H, 3Ju.n = 5.9 Hz,
“Jn-n = 2.2 Hz, C-H(lpc)), 1.37 (d, 1H, 3Ju = 8.0 Hz, CH; (1H diastereo)), 1.36 (td, 1H, 3Ju.n = 5.8 Hz,
*Jn-n = 2.2 Hz, CH(lpc)), 1.13 (d, 6H, 3Ju.w = 3.9 Hz, CHs(lpc)), 1.09 (s, 3H, CHs(lpc)), 1.08 (s, 3H,
CHs(lpc)), 1.07 (dd, 3H, 3Jn.p = 12.0 Hz, Js.4 = 7.0 Hz, CHs(*Pr)), 1.01 (s, 3H, CHs(Ipc)), 1.01 (dd, 3H,
3Jup = 10.5 Hz, 3Jun = 7.2 Hz, CH3(Pr)), 0.99 (dd, 3H, 3Ju.p = 11.0 Hz, 3Ju.n = 7.2 Hz, CHs("Pr)), 0.93
(dd, 3H, 3JH.p =12.2 Hz, 3JH.H =7.0 Hz, CH3(iPr)), 0.63 (d, 3H, 3JH.H =7.2 Hz, CH3(|pC)), 0.24 (d, 3\]H-H =
7.7 Hz, CH; (1H diastereo)).

Notes: one CH;(Pr) and two CHas(lpc) signals are overlapping at & 1.08 ppm: CH + CH,(diastereo)
signals are overlapping at & 1.37 ppm: CH + CHz(diastereo) signals are overlapping at 6 1.61: In total, all
CH of CH, signals are diastereotopic, so eight different sets of signals were found: CH (chiral group) +
CHj> (diastero) accounting 2H is buried inside THF signal at  1.78 ppm.

'H NMR (600.47 MHz, 298 K, C¢Ds): & 8.20 (ddd, 3Jn-+ = 7.8 Hz, “Ju.p = 3.8 Hz, “Ju.i = 1.5 Hz, 1H, H3),
7.40 (tt, 3Jnn = 7.3 Hz, “Jnn = 1.4 Hz, 1H, H4), 7.29 (ddd, 3Jn-n = 7.8 Hz, “Jup = 4.6 Hz, “Jnp = 1.4 Hz,
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1H, H6), 7.18 (td, 3Ju-n = 7.8 Hz, 4 = 1.4 Hz, 1H, H5), 2.57 (t, 33w = 10.7 Hz, 1H, CH), 2.39 (dd, 2H,
3Jnn = 7.6 Hz, “Jnn = 2.8 Hz, C-H(Ipc)), 2.34 (M, 1H, 3Jun = 8.3 Hz, “Jun = 1.8 Hz, C-H(Ipc)), 2.17 (m,
2H, 3Jnn = 8.3 Hz, C-H(Ipc)), 2.14 (M, 1H, 3Juw = 5.8 Hz, C-H(Ipc)), 1.98 (dsept, 2H, 2Jnp = 9.2 Hz, 3.
n = 4.6 Hz, C-H(iPr)), 1.92 (td, 2H, 3Jy.n = 5.7 Hz, “Ju.n = 1.8 Hz, CH), 1.69 (m, 1H, CH(lIpc)), 1.51 (s,
3H, CHs(lIpc)), 1.46 (s, 3H, CHs(Ipc)), 1.39 (d, 3Jn-+ = 7.1 Hz, 3H, CHs(lpc)), 1.36 (s, 3H, CHs(lpc)), 1.34
(s, 3H, CHa(lpc)), 1.28 (d, 3H, 3Ju.n = 7.1 Hz, CHs(Ipc)), 1.05 (dd, 6H, 3Jup = 15.5 Hz, 3Jun = 6.8 Hz,
two CHs('Pr) group overlap), 0.99 (dd, 6H, 3Ju.p = 11.6 Hz, 3Ju.n = 7.2 Hz, two CHs(*Pr) group overlap),
0.82 (d, 1H, 3Ju.n = 8.5 Hz, CH; (1H diastereo)), 0.76 (d, 3Ju.n = 8.5 Hz, CH; (1H diastereo)).

Notes: B-H signal was not identified: 8 C-H and 4 CH; signals of chiral group are inequivalent. The CH,
hydrogens are diastereotopic and overlapping with CH signals.

3Pp{IH} NMR (243.07 MHz, 298.1 K, THF-ds): 5 1.4 (quart, Jo.s = 14.5 Hz)

3PLIH} NMR (243.08 MHz, 298 K, CeDs): 2.7 (quart, 1Jp..; = 72.8 Hz)

31pf1H} CPMAS NMR (161.76 MHz, 298 K): & 0.6 (br s, W1/, — 1400 Hz)

Note: The two signals were attributed to two different orientation of the molecule in the solid state.
1B NMR (192.65 MHz, 298 K, THF-ds): & 9.4 (d, g+ = 81.4 Hz)

LB{'H} NMR (192.65 MHz, 298 K, THF-dg): & —9.4 (d, Je» = 13.0 Hz)

UB{'H} NMR (192.65 MHz, 298 K, CsDs): & —4.6 (d, s+ = 64.7 Hz)

B3C{*H} NMR (151.00 MHz, 298 K, THF-ds): & 175.3 (quart, “Jsc = 48.1 Hz, C1), 144.3 (d, YJpc = 11.2
Hz, C2), 137.6 (d, 2Jc-r = 9.3 Hz, C3), 129.1 (s, C6), 124.1 (s, C4), 121.0 (s, C5), 52.6 (s, CH), 51.1 (s,
CH), 45.1 (s, CH), 44.9 (s, CHy), 44.2 (s, CH), 41.5 (s, overlapping CH), 41.0 (s, CH), 40.4 (s, quaternary
carbon (Ipc)), 36.6 (s, CH,), 33.3 (s, CHy), 33.1 (s, CHy), 32.8 (s, CH2), 31.4 (s, quaternary carbon (Ipc)),
29.6 (s, CHs(Ipc)), 29.4 (s, CHs(Ipc)), 26.9 (d, Yp-c = 22.4 Hz, CH('Pr)), 26.6 (s, CHs(lpc)), 24.7 (d, Jec
= 21.6 Hz, CH(Pr)), 24.1 (s, CHs(lpc)), 23.8 (s, CHs(lpc)), 22.3 (d, 2Jp-c = 19.9 Hz, CHs(Pr)), 22.0 (d,
2Jp.c = 18.0 Hz, CH3('Pr)), 21.2 (d, 2Jp.c = 21.2 Hz, CH3(Pr)), 20.1 (d, 2Jp-c = 11.7 Hz, CH5('Pr)),

Notes: 2 CH('Pr) and 4 CHs(*Pr) carbons on isopropyl group are inequivalent: 8 CH and 4 CH carbons
are inequivalent.

7Li (155.53, 298 K, THF-ds): 8 —0.5 ()
7Li NMR (233.37, 298 K, CsDe): 1.5 (dd, 2Jp.1i = 73.0 Hz, Wiin = 11.0 H)
7Li MAS NMR (155.30, 298 K): & 0.9 (br s, wy, = 271.0 Hz)

BC{!H} NMR (151.00 MHz, 298 K, CsDs): & 169.3 (br, C1), 138.3 (d, 1Jp.c = 11.2 Hz, C3),134.7 (d, Zcp
= 16.0 Hz, C2), 131.0 (s, C6), 127.4 (s, C4), 123.3 (d, “Jpc = 3.3 Hz, C5), 51.8 (5, CH), 50.4 (s, CH), 43.8
(s, CH), 43.6 (s, CH), 43.3 (s, CH), 41.3 (s, CH), 40.2 (s, CH), 39.9 (s, C-H), 36.6 (5, CH2), 34.3 (s, CH2),
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33.3 (5, CHo), 31.7 (s, CH,), 28.8 (5, CH), 28.6 (5, CH), 25.6 (5, CH), 24.7 (s, CH), 24.6 (d, “Jp.c = 6.5 Hz,
CH(Pr)), 23.6 (s, CH), 23.5 (s, CH), 21.0 (d, 2Jpc = 14.2 Hz, CHs(Pr)), 20.8 (d, 2Jpc = 13.4 Hz,
CHs(Pr)), 20.3 (d, 2Jp.c = 6.9 Hz, CH3(PPr)), 20.2 (d, 2Jp.c = 6.8 Hz, CHs(PPr)).

Anal. cald. for CsHssBLiP-4THF: C, 74.40; H, 11.06. Found: C, 74.44; H, 10.58. The presence of four
THF molecules was confirmed by *H NMR spectroscopy.
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Figure S29. Stack plot spectra of *H, *H {*'P} and 'H {*'B} NMR of 1c in THF-ds at 298 K.
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Figure S30. 3P{*H} and 3P{"B}{*H} NMR spectral stack plot of 1c in THF-ds at 298 K.

i |

nraN200619.304.ser
HSQC RT0236 k10

§ - f% i L20
—

.'0 4 3o
40
59 t50
=60
=70

80

f1 (ppm)

90

100

110

] 120

130

k140

ol

150

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 25 2.0 1.5 1.0 0.5 0.0

2 (ppm)

Figure S31. *H-BC{*H} HSQC spectrum of 1c at 298 K in THF-ds.
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Figure S32. 1B NMR spectral stack plot of 1c upon decoupling *H and 3!P at 298 K in THF-ds.
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Figure S33. 'Li NMR spectrum of 1c at 298 K in THF-ds.
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Figure S34. *H NMR spectrum of compound 1c in CsDs at 298 K.
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Figure S35. 3!P{*H} and 3'P{*H}{*'B} stack plot of spectra of 1c in C¢Ds at 298 K. Change in w1/ is 9.0
Hz.
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Figure S36. !B, 'B{*H} and 'B{*H}{?'P} stack plot of spectra of 1c in CsDs at 298 K.
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Figure S37. 7Li and "Li{*H} NMR spectral stack plot of 1c at 298 K in tol-ds.

26



Sample: Chi-BH-Li - 400 MHz
31P CPMAS, Vr=12 kHz

Probe: 3.2
w1/2-1400 Hz
©
o
|
- PO Ry W mrnerie, . PN e s
300 260 220 180 140 100 60 20 -20 -60 -100 -140 -180 -220 -260
(ppm)

Figure S38. 31P{*H} CP MAS NMR spectrum of 1c at 298 K. The P-Li coupling is not resolved probably
due to the crystallinity of the sample.
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Figure S39. Li MAS NMR spectrum of 1c at 298 K. Due to the broadness of the signal, *J.i is not
resolved. The sharp signal at —1.1 ppm could be due to a different crystalline arrangement.
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Figure S40. “B{*H} MAS NMR spectrum of 1c at 298 K.

5. [0-iPr2P(CH3)-CsHa-B(Mes2)-H] (2)

P THF-d, 298 K
Li* (THF) + Mel
H
< -Lil

quantitative by
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>/ %

b) ) 2

Lithium phosphine borohydride 1b (20 mg, 0.04 mmol) was dissolved in a J. Young NMR tube in THF-ds
at 298 K. Then, four equivalents of methyl iodide (21.6 mg, 0.15 mmol) were added. NMR spectroscopy
revealed the complete formation of 2.

'H NMR (600.47 MHz, 233 K, THF-ds): 5 7.55 (dd, 3Ju.p = 12.1 Hz, 3Jun = 7.7 Hz, 1H, H3), 7.49 (ddd,
3un = 7.5 Hz, “Inp = 4.5 Hz, “Jun = 1.7 Hz, 1H, H6), 7.13 (td, 3Jnn = 7.3 Hz, “Jun = 1.4 Hz, 1H, H4),
7.09 (td, 3Jn = 7.4 Hz, “Jun = 1.6 Hz, 1H, H5), 6.53 (s, 2H, Hao(Mes)), 6.48 (s, 1H, Hao(Mes)), 6.36 (s,
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1H, Har(Mes)), 3.64 (quart, 1Js.n = 76.8 Hz, 1H, B-H), 3.58 (dseptet, 3Ju.n = 7.0 Hz, 2Jup = 4.2 Hz, 1H,
CH('Pr)), 3.43 (septet, *Ju-n = 7.5 Hz, 1H, CH(iPr)), 2.13 (s, 3H, 0-CHz(Mes)), 2.10 (s, 6H, 0-CHz(Mes)),
1.92 (s, 3H, 0-CHs(Mes)), 1.78 (s, 3H, p-CHs(Mes)), 1.69 (d, 2Jn.r = 12.9 Hz 3H, P-CH3), 1.59 (s, 3H, p-
CHs(Mes)), 1.31 (dd, 3Jup = 15.6 Hz, 3Jun = 6.9 Hz, 3H, CH3(PPr)), 1.18 (dd, 3Jip = 17.2 Hz, 34 = 7.3
Hz, 3H, CHs(Pr)), 1.13 (dd, 2Jup = 17.0 Hz, 3Jnn = 8.1 Hz, 3H, CHs(Pr)), 1.07 (dd, 2Jup = 16.2 Hz, 3Jnn
= 7.0 Hz, 3H, CHs(Pr)).

Comments: B-H signal partially overlapped with THF signal at & 3.58. Two CH(iPr) signals are
inequivalent and one of them overlap with THF signal at 6 3.58. Two mesityl CHs singlets overlap at 6
2.10, thus appearing as a doublet, and one of the CHz(Mes) overlap with THF signal at & 1.78.

3IP{1H} NMR (243.09 MHz, 233 K, THF-ds): 8 37.9 (s, Wi = 21.3 Hz)

SPLIHI{MB} NMR (243.09 MHz, 233 K, THF-ds): § 37.9 (s, Wiz = 11.4 Hz)

With *C labelled compound. 3*P{*H} NMR (243.07 MHz, 233 K, CsDs): 6 37.7 (d, 1Jp.c = 49.5 Hz).
1B NMR (192.65 MHz, 233 K, THF-ds): 8 —13.2 (d, YJg.1 = 75.4 Hz).

UB{'H} NMR (192.65 MHz, 233 K, THF-dg): 5 —13.2 (d, W12 = 21.0 Hz, Jp.5 = 3 H2).
UB{*H}P} NMR (192.65 MHz, 233 K, THF-dg): 8 —13.2 (s, Wiz = 16.7 Hz).

BC{*H} NMR (151.00, 233 K, THF-dg): § 176.0 (quart, *Jc.s = 44.8 Hz, C-1), 157.4 (quart, *Jcs = 49.1
Hz, quaternary), 155.5 (quart, Jc.s = 52.7 Hz, quaternary), 143.2 (s, Mes(quaternary)), 142.7 (s,
Mes(quaternary)), 142.4 (s, Mes(quaternary)), 142.0 (s, Mes(quaternary)), 140.3 (d, 2Jc.r = 16.3 Hz, C-3),
131.7 (s, Mes(quaternary)), 132.1 (d, 2Jc.r = 14.0 Hz, C-6), 131.6 (s, C-5), 129.4 (s, Mes(aromatic)),
128.9 (s, Mes(aromatic)), 128.3 (s, Mes(aromatic)), 124.8 (d, 3Jc.r = 12.6 Hz, C-4), 122.5 (d, YJcr = 82.2
Hz, C-2), 27.1 (s, CH3(Mes)), 26.6 (s, CHs(Mes)), 26.5 (s, CHz(Mes)), 24.6 (s, CHs(Mes)), 24.7 (d, YJcr =
46.8 Hz, CH(Pr)), 21.8 (d, Ycp = 47.3 Hz, CH(Pr)), 21.5 (s, CH3(Mes)), 21.4 (s, CHs(Mes)), 17.9 (s,
CHs('Pr)), 17.0 (d, 2cp = 2.6 Hz, CH3(Pr)), 16.9 (s, CH3('Pr)), 15.8 (s, CHs('Pr)), 1.4 (d, YJcp = 45.7 Hz,
P-CH).

Comments: Surprisingly, no 3Jc. was found for three CH3('Pr) and very large Jc.» found for CH('Pr).

29



nraN200716.1.fid 3
1H PCH3-Mes-Phenyl lin E

I j [/ 7/

o K'm TOR &' FE e AR S S W
nN®o R Qo o N QILOnNNO~NON
coc oo —~ oo oo NWBLANTTANNMDO
T 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 15 1.0 0.5 0.0 0.5
f1 (ppm)

Figure S41. *H NMR spectrum of 2 at 233 K in THF-ds.
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Figure S42. *H, *H{®*'P} and H{*'B} NMR spectral stack plot of methyl phosphonium borate 2 in THF-ds
at 233 K. The doublet centred at 6 1.69 ppm with 2Jp.y = 12.9 Hz become a singlet after 'H{*'P}

decoupling.
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Figure S43. 'H and 'H{®'P} NMR spectral stack plot of 3C labelled methyl phosphonium borate 2 in
THF-ds at 298 K. The doublet of doublet (**) centred at & 1.7 ppm with 2Jp.y = 12.7 Hz and *Jc.n = 134.0
Hz can be assigned to P-CHs.
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Fig S44. 31P{*H} NMR spectral stack plot of 2 at 298 K in THF-ds: bottom trace (2-P-CHs) and top trace
(2-P-13CH). It shows Jp.c = 50.0 Hz.
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Figure S45. 1B and *B{*H} NMR spectral stack plot of 2 at 298 K in THF-ds, giving Jp.s = 3 Hz.

nraN200615.109.fid
13{1H}{31P} 233K
13C labeled

nraN200615.108.fid
13{1H} 233K
13C labeled

N

2 T T T S S S
1 (ppm)

Figure S46. BC{*H} and BC{*H}{3!P} superimposed NMR stack plot of the *CHs labelled 2. The
doublet due to P-C coupling at & 1.6 ppm become singlet upon decoupling.
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Figure S47. *C{*H} NMR spectrum of 2 in THF-ds at 233 K.
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Figure S48. Selective 1D *H-C HSQC experiment on 2 to prove P-CH; bond formation.

33



6. Li*(THF)[1-B((Mes2)-H)-(C1oHs)-8-(P'Pr2)] (3)

3

Dimesitylborane dimer (0.392 g, 0.78 mmol) and o-Li(0.9 Et,0)-CioHs-P'Pr2 (0.508 g, 1.57 mmol) were
stirred together at 298 K in THF (10 mL) for 2 h under argon atmosphere. Then, THF was completely
removed under vacuum. Diethyl ether (5 mL) was added to precipitate the product at —35°C. The pale-
yellow precipitate was washed with n-pentane (3 x 3 mL) and dried under vacuum. The pale yellow solid
3 was isolated (0.820 g, 1.04 mmol, 66 %). Monocrystals suitable for X-ray diffraction were obtained in
n-pentane at —35°C upon standing for a week.

'H NMR (600.47 MHz, 233 K, THF-ds): & 7.54 (d, ®Ju.n = 7.8 Hz, 1H, H5), 7.48 (d, 3Ju.1 = 7.0 Hz, 1H,
H7), 7.33 (d, ®Ju-n = 7.0 Hz, 1H, H4), 7.22 (d, 3Ju-n = 7.7 Hz, 1H, H2), 7.10 (t, 3Jun = 7.4 Hz, 1H, H6),
6.83 (t, 3Ju.n = 7.4 Hz, 1H, H3), 6.45 (s, 1H, HaoMes), 6.39 (s, 2H, HaoMes), 6.11 (s, 1H, HaoMes), 4.51
(quart, 3Jg-y = 71.4 Hz, 1H, B-H), 2.12 (s, 6H, p-CH3(Mes)), 2.07 (s, 3H, 0-CHs(Mes)), 2.00 (s, 3H, o-
CHs(Mes)), 1.82 (s, 3H, 0-CH3(Mes)), 1.78 (m, 1H, CH(iPr) overlapping with THF signal), 1.63 (sept,
2H, 3Ju.1 = 6.8 Hz), 1.35 (s, 3H, 0-CH3(Mes)), 1.04 (overlapping dd, 6H, 3Ju.1 = 6.5 Hz, CHs(iPr)), 0.72
(dd, 3H, 3Jup = 14.8 Hz, 3Ju.w = 6.5 Hz, CHs(iPr)), 0.32 (dd, 3H, %Ju»r = 10.6 Hz, 3Jun = 6.8 Hz,
CHjs(iPr)).

3PLIH} NMR (243.07 MHz, 298 K, THF-ds): § 5.37 (quart, Je.e = 22.3 Hz).

$1P{*H} NMR (162.01 MHz, 298 K, C¢Ds): 4.2 (quart, *Jp.Li = 73.0 Hz).

1B NMR (192.65 MHz, 298 K, THF-ds): 8 —11.8 (dd, Wg.+ = 79.7 Hz, Jer = 20 Hz).

LB{H} NMR (192.65 MHz, 298 K, THF-ds): & —11.8 (d, Je.r = 20 Hz).

B NMR (128.39 MHz, 298 K, C¢D¢): & —10.8 (dd, *Jg-+ = 68.8 Hz, Jg.r = 9 HZ).

UB{IH} NMR (128.39 MHz, 298 K, CsDs): 5 —10.8 (d, Jer = 9 Hz).

BC{*H} NMR (151.00 MHz, 233 K, THF-ds): § 167.9 (br, ipso-C(Mes)), 161.4 (br, C-8), 145.6 (d, 3Jc.p =

22.6 Hz, C-1), 143.9 (s, quaternary), 143.5 (s, quaternary), 143.4 (s, quaternary), 143.24 (s, quaternary),
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143.23 (s, quaternary), 143.20 (s, quaternary overlapping), 135.8 (d, 2Jc.r = 5.8 Hz, C-2), 135.1 (s, C-4),
131.2 (s, C-7), 130.7 (s, C-5), 129.4 (s, CaoMes), 128.7 (s, CaoMes), 128.2 (s, CaocMes), 127.8 (s,
CaroMes), 127.63 (s, CaoMes), 127.56 (s, CaoMes), 125.1 (s, CaoMes), 124.6 (s, C-3), 122.3 (s, C6), 32.0
(d, Yep = 27.4 Hz, CH(Pr)), 28.6 (d, Jp.c = 29.9 Hz, CH('Pr)), 27.3 (s, CH3(Mes)), 25.9 (s, CHa(iPr)),
23.3 (d, 2Jp-c = 17.9 Hz, CHs(Pr)), 22.1 (d, 2Jp-c = 36.8 Hz, CH3('Pr)), 21.8 (s, CHz(Mes)), 21.0 (d, 2Jpc =
15.6 Hz, CH3('Pr)), 20.8 (d, 2Jpc = 19.3 Hz, CH3('Pr)).

Notes: All the quaternary carbons were identified by H-BC{*H} HSQC NMR spectrum. H-*C{*H}
HMBC NMR spectrum was also used to assign quaternary signals.

7Li (233.37, 298 K, THF-ds): 6 -0.1 ()
7Li NMR (155.53, 298 K, CsDe): 8 -0.2 (d, *Jp.0; = 71.3 Hz)

Anal. cald. for C4HseBLIO-P-2THF: C, 78.25; H, 9.23. Found: C, 77.68; H, 8.52. The presence of two
THF molecules was confirmed by *H NMR spectroscopy.
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Figure S49.'H NMR spectrum of naphtyl borate 3 at 233 K in THF-ds. At 298 K, the isopropyl region is
broad, overlapping and multiplicity are not well resolved.
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Figure S50. 'H, *H{*'B} and 'H{*'P} stack plot of 3 at 233 K in THF-ds.
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Figure S51. *'P{*H} NMR spectrum of naphtyl borate 3 in THF-ds at 298 K.
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Figure S52. 3'P{*H} and 3P{*H}{*'B} NMR spectra of naphtyl borate 3 at 233 K in THF-ds.
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Figure S53. 1B, 'B{*H} and "B{*H}{*P} NMR spectral stack plot of naphtyl borate 3 at 298 K in THF-
ds.
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Figure S54. B*C{*H} NMR spectrum of naphtyl borate 3 at 233 K in THF-ds.
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Figure S55. 'Li NMR spectrum of naphtyl borate 3 at 233 K in THF-ds.
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Figure S56. 3'P{*H} and 3P{*H}{*'B} Decoupling experiment of naphtyl borate 3 in CsDs at 298 K.
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Figure S57.1'B, 'B{*H} and *B{*H}{*'P} decoupling experiment of naphtyl borate 3 in C¢Ds at 298 K.
In the UB{*H}{3'P} spectrum (top), the broadness at the base line could indicate a not complete 3P
decoupling.
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Figure S58. 'Li NMR spectrum of napthyl borate 3 in C¢Ds at 298 K.

7. Characterization of methyl phosphonium naphtyl borate [1-B(Mes2)-H)-(C10Hs)-8-
P(iPr2)(CH3)]- (4)

®
Li(THF),
H

i AN
YP BMes,

quantitative
by NMR

(&) “4)

Lithium napthyl phosphine borohydride 3 (20 mg, 0.254 mmol) was dissolved in a J. Young NMR tube in
THF-ds at 298 K. Then, four equivalents of methyl iodide (14.4 mg, 1.016 mmol) were added. NMR
spectroscopy revealed the complete formation of 4.

IH NMR (600.47 MHz, 233 K, THF-ds): & 8.03 (d, 3Ju+ = 8.0 Hz, 1H, H4), 7.70 (dd, 3Ju.p = 16.8 Hz, 3Ju.
W = 7.2 Hz, 1H, H2), 7.57 (d, 3Jur = 7.8 Hz, 1H, H5), 7.54 (d, 3Jun = 7.0 Hz, 1H, H7), 7.40 (td, 3J.n =
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7.6 Hz, 3Jup = 1.8 Hz, 1H, H3), 7.15 (t, 3Jnn = 7.4 Hz, 1H, H6), 6.67 (s, 1H, HaoMes), 6.47 (S, 2H, Haro
Mes), 6.43 (s, 1H, HaoMes), 6.10 (s, 1H, HaoMes), 4.59 (dsept, 2Jnp = 14.5 Hz, 3w = 7.2 Hz, 1H,
CH(Pr)), 4.10 (quart, Y = 73.3 Hz, 1H, B-H), 3.76 (dsept, 2Jupr = 14.3 Hz, 3Jun = 7.2 Hz, 1H,
CH('Pr)), 2.50 (s, 3H, p-CH3(Mes)), 2.17 (s, 3H, 0-CH3(Mes)), 2.01 (s, 3H, 0-CHz(Mes)), 1.89 (s, 3H, o-
CHs(Mes)), 1.77 (d, 2Jnr = 10.9 Hz, 3H, P-CHs), 1.48 (dd, 3Jus = 17.1 Hz, 3Jnn = 7.3 Hz, 3H, CHs(Pr)),
1.42 (s, 3H, 0-CHz(Mes)), 1.20 (dd, 3H, 3Ju.p = 17.1 Hz, 3Ju.n = 7.1 Hz, CH3('Pr)), 0.45 (overlapping dd,
6H, 3Jhp = 12.9 Hz, 3Jun = 7.0 Hz, CHs(Pr)), 0.35 (s, 3H, CHs(Mes)).

3p{IH} NMR (243.09 MHz, 233 K, THF-ds): & 43.6 (s).

With labelled CHs; 3P{*H} NMR (162.01 MHz, 233 K, THF-ds): 43.7 (d, 1Jp.c = 54.1 Hz).
1B NMR (192.65 MHz, 233 K, THF-dg): 3 —11.8 (d, Y.+ = 73.8 H2).

UB{IH} NMR (192.65 MHz, 233 K, THF-ds): 5 —11.8 (s).

BC{*H} NMR (151.00 MHz, 233 K, THF-dg): 6 161.3 (quart, *Jc.g — 47.5 Hz, C-8), 156.5 (quart, 2Jc-s —
56.2 Hz, ipso-C(Mes)), 143.8 (s, CaoMes quaterary), 143.7 (s, CaoMes quaternary), 142.4 (s, CaoMes
quaternary), 137.8 (s, C-7), 137.0 (d, *Jc.r = 3.8 Hz, C-4), 136.9 (d, 2Jc.p = 11.2 Hz, C-2), 136.7 (d, 2Jcp =
6.9 Hz, C-9), 131.6 (s, CaoMes quaternary), 131.4 (s, CaoMes quaternary), 129.7 (s, CaoMes quaternary),
129.4 (s, CaoMes quaternary), 129.1 (s, CaoMes quaternary), 128.1 (s, CaoMes quaternary), 127.3 (s, C6),
126.5 (s, C5), 122.2 (d, *Jc.p = 13.8 Hz, C3), 117.8 (d, YJcp = 78.8 Hz, C1), 26.3 (s, CH3(Mes)), 24.7 (d,
Yep = 42.4 Hz, CH('Pr)), 24.5 (s, CH3(Mes)), 21.5 (s, CHz(Mes)), 21.2 (s, CHs(Mes)), 17.9 (s, CH3('Pr)),
17.8 (s, CHs(iPr)), 17.5 (s, CHs(iPr)), 1.5 (d, Jp.c = 54.2 Hz, P-CHj).

Note: All the quaternary carbons were identified by *H-*C{*H} HSQC and HMBC NMR spectra. One of
the CHz(Mes) and CH('Pr) signals are overlapping with THF at § 25.5 ppm. Surprisingly, no 2Jc.r was
observed for CHs(Pr).

41



nraN200612.11.fid
1H{11B} 233K

nraN200612.9.fid
1H{31P} 233K

Jl LJ;_AJMMLA,J L J I

__JLJMJJL_

nraN200612.7.fid

1H 233K

9‘.0 23‘.5 8‘.0 7‘.5 7‘.0 é.s 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 d.s 0‘.0 -6.5 -1‘.0

f1 (ppm)

Figure S59. *H, *H{®'P} and 'H{"'B} NMR spectral stack plot of the methyl phosphonium zwitterionic
product 4 at 233 K in THF-ds. The doublet (P-CH3) centred at § 1.76 ppm become singlet upon *H{*'P}
decoupling.

nraN200612.100.fid
1H 238K
I
I
dd, 1J(C.H) = ‘ 31.9 Hz
” ‘ 2J(PH) = 10.3 Hz
/|
. ﬂ \
\
} |
4{ 43CHy) | H I ““\ ||| U “
\ i\ v/ L ‘ 1A H |
1 | / \ UA\ ‘H\
‘J;/ /\_,‘ \ ] \J y Y \/’J‘\& J“‘

nraN200612.7.fid
1H 233K

4-(P-CH)

T T T T T T T T T T T T T T T T T T T T T T T T T T
235 230 225 220 215 210 205 200 195 1.90 1.85 1.80 1.75 170 1.65 1.60 1.55 1.50 145 1.40 135 130 1.25 1.20 115 1.10
f1 (ppm)

Figure S60. 'H NMR spectral stack plot of unlabelled methyl phosphonium naphtyl borate (4-P(CHs))
stacked with labelled (4-P**CHs) in THF-ds at 233 K. P-3CH; appeared at & 1.77 ppm as doublet of
doublet (dd) with *Jcy = 131.86 Hz, 2Jp.y = 10.30 Hz. * - impurity.
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Figure S61. Expansion of *H NMR decoupling experiments with 3P and B of methyl phosphonium
naphtyl borate 4 at 233 K with labelled **CHz-I. - doublet of doublet with 2Jc.q = 131.9 Hz, 2Jp.y = 10.3
Hz noted. # for the P-**CH; resonance at § 1.77 ppm. In the middle of the right doublet, an impurity is
present leading to a triplet appearance.

nraN200619.1003.fid

1D-HSQC{31P} 233K
unlabeled

Ry T

nraN200619.1001.fid
1D-HSQC 233K '
unlabeled ‘\M

1J(P.H) = 10.3 Hz
w
|
)
i
AN AN AN A AP g Nt i AR s s MU A AN AN [P AP I A oA P M WA

nraN200619.1004.fid
1H 1D-HSQC coupled 233K

|
I
TH(C,H) = 1321 Hz | m
1J(PH)=103Hz || j‘
|

|
" . " T Ry A .
N o AR e P gyt AL T g A i S M b Ml Mt et e

nraN200619.1000.fid
1H unlabeled 233|

L e e e e o B e e e e D
40 39 38 37 3.6 35 34 33 32 3.1 30 29 28 27 26 25 24 23 22 21 20 19 18 17 1.6 15 14 13 12 11 10 09 08
1 (ppm)

Figure S62. 1D-*H-*C HSQC transfer experiments to identify only P-CHs signal in 4 in the 'H NMR
spectrum at 233 K in THF-ds. Actual signal is overlapping with THF & 1.78 ppm.
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Figure S64. *'P{*H} NMR spectrum of **C-methyl phosphonium naphtyl borate 4 at 233 K. * - due to
[1-B(MESZ)-CloHe)-S-PiPrz].
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8. [0-IPr2P-CsHa-B(CsHu14)] (5a)

i %/k /\/ \

) l‘) e \|/ 2
: Sl
5 H6 % &\/ A 151 .
-—'—\‘
' 1/
(5) \[

Li*(Et,0)[0-'Pr,P-CsH4-B(CgH14)-H] (1a) (0.500 g, 1.26 mmol) was treated with CO, (1 atm) at rt for 1 h
in toluene in a Fischer Porter bottle. Then, all solvent was removed under vacuum. The product was
extracted in Et2O through filter cannula leaving HCOOL. as a precipitate. The combined filtrates were
reduced under vacuum to afford 1a as a white solid. (0.380 g, 1.21 mmol, 96 %). Monocrystals suitable
for X-ray diffraction were obtained by cooling a saturated n-pentane solution to —35 °C.

'H NMR (400.13 MHz, 298 K, C¢D¢): & 7.59 (dt, 3Jun = 7.4 Hz, “Ju-n = 1.1 Hz, 1H, H6), 7.31 (td, 3Jpn =
7.1 Hz, *Jup = 1.0 Hz, {Jun = 1.9 Hz, 1H, H4), 7.12 (tdd, 3J4-n = 7.5 Hz, *Jur =3.2 Hz, “Juy = 1.2 Hz,
1H, H5), 7.10 (dd, 3Jn = 7.6 Hz, “Jun = 1.0 Hz, 1H, H3), 2.26 (M, 10H, CH,(9-BBN)), 1.95 (sept, 3Jn+
= 7.2 Hz, 2Jup = not found, 2H, CH(Pr), 1.91 (dt, 3Jun = 10.5 Hz, 3Jpn = 3.3 Hz, 2H, CHo(9-BBN)
overlapping with CH('Pr)), 1.58 (dquint, 3Ju.n = 3.5 Hz, 2Ju.p = 3.2 Hz, 2H, CH(9-BBN)), 0.94 (dd, 3Ju.p =
15.2 Hz, 3Jnn = 7.1 Hz, 12H, CHs(Pr)).

SPLIH} NMR (161.99 MHz, 297.8 K, CeDs): & 22.1 (s)
1B NMR (128.38 MHz, 298 K, CsDs): & 28.7 (s)

BBC{'H} NMR (100.64 MHz, 298 K, C¢De): 5 172.7 (br s, C1), 131.0 (d, Wcr = 35.5 Hz, C2), 130.9 (d,
3Jcp = 1.9 Hz, C4), 129.4 (d, 3Jcr = 39.6 Hz, C6), 128.6 (s, C5), 126.0 (d, Xcr = 5.3 Hz, C3), 33.4 (d,
3Jcp = 9.2 Hz, CH»(9-BBN)), 28.1 (br s, CH(9-BBN)), 25.0 (s, CH2(9-BBN)), 23.7 (s, 2Jc» = not found,
CH(Pr)), 19.0 (s, 2Jc-r = not found, CHs('Pr)), 18.6 (d, 2Jc-p = 5.6 Hz, CH3(Pr)).

Anal. cald. for C,Hs:BP: C, 76.44; H, 10.26. Found: C, 75.79; H, 10.19
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Figure S69. *H NMR spectrum of 5a in CsDg at 298 K.
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Figure S70. 3P NMR spectrum of 5a in C¢Ds at 298 K.
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Figure S71. B NMR spectrum of 5a in C¢Ds at 298 K.
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Figure S72. ¥C{*H} NMR spectrum of 5a in CsDg at 298 K.
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9. [o-'Pr2P-CsHs-B(lIpc)2] (5¢)

(5¢)

Li*(THF)2[-0-P'Pr2-CsHa-B(Ipc)2H] (1c) (0.500 g, 0.80 mmol) was dissolved in toluene (5 mL) in a
Fischer-Porter bottle, followed by the admission of CO, (1 atm) at 298 K. The reaction contents were
stirred for 10 min. During the course of the reaction, the solution became turbid. Toluene was removed
under vacuum. The product was extracted in n-pentane (3 x 10 mL) leaving HCOOL. precipitated. The
combined filtrates were reduced under vacuum to afford 5c as a sticky solid. (0.360 g, 0.75 mmol, 94 %).

IH NMR (600.47 MHz, 233 K, THF-ds): 5 7.51 (ddd, 3Juw = 7.0 Hz, “Jup = 2.7 Hz, 1H, H3), 7.26 (m,
3H, H4, H5, H6), 2.48 (quintet, 3Ju.n = 7.1 Hz, 1H, CH), 2.32 (m, 3Ju.n = 7.3 Hz, 3H, CH(Pr) + CH), 1.94
(m, 11H, CH + CHy), 1.57 (t, ®Ju.s = 5.6 Hz, 1H, CH), 1.19 (m, 12H, CH3('Pr) + CHs(lpc)), 1.16 (s, 3H,
CHjs), 1.15 (s, 3H, CHs), 1.10-1.07 (overlapping dd, 3Ju.n = 7.4 Hz, 9H, CH3('Pr) + CHs(Ipc)), 0.96 (dd,
8Jy.p = 13.3 Hz, ®Jun = 7.0 Hz, CHs(Pr)), 0.76 (d, 1H, *Ju.n = 9.1 Hz, CH, (1H diastereo)), 0.62 (d, 3Jn-+
=9.1 Hz, CH; (1H diastereo)).

31p{1H} NMR (243.07 MHz, 233 K, THF-ds): 5 —0.17 (s).
1B NMR (192.65 MHz, 298 K, THF-ds): 5 78.1 ()

BC{*H} NMR (151.00 MHz, 233 K, THF-ds): & 156.6 (quart, *Js.c = 44.1 Hz, C1), 137.7 (d, *Jp.c = 5.2
Hz, C3), 131.5 (s, C4), 130.6 (d, Jp.c = 20.8 Hz, C2), 128.4 (s, C5), 127.1 (s, C6), 49.1 (s, CH), 48.5 (s,
CH), 42.5 (s, CH), 41.9 (s, CH), 40.6 (s, CH), 40.1 (s, CH), 40.0 (s, CH,), 38.3 (s, CH), 37.1 (s, CH), 35.4
(s, CHa), 335 (s, CHy), 32.2 (s, CHy), 31.3 (s, CH,), 29.1 (s, CHs(Ipc)), 28.5 (s, CHa(Ipc)), 26.5 (s, 1C,
CHy), 25.6 (d, Jp.c = 13.2 Hz, 1C, CH(Pr), 24.7 (d, WJp.c = 12.1 Hz, CH(Pr)), 24.4 (s, CHa(Ipc)), 23.4 (s,
CHa(Ipc)), 23.2 (s, CHs(Ipc)), 22.3 (d, 2Jp.c = 14.4 Hz, CH3(Pr)), 21.3 (d, 2p.c = 12.5 Hz, CHs(Pr)), 21.0
(d, 2Jp.c = 18.7 Hz, CHs(PPr)), 19.5 (d, 2Jp.c = 8.4 Hz, CHs(Pr)).
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Note: Assignment of C4, C5 and C6 signals are arbitrary. Because in *H-3C{*H} HSQC spectrum, they
all correlate with the multiplet appearing at the same chemical shift in *H NMR spectrum.

HRMS ESI: Calc: 494.3849 (Cs2Hs,BPO), Found: [M+1]* = 495.3929.

Specific optical rotation: [a]p?® = —25.2°
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Figure S73. *H NMR spectrum of 5¢ at 233 K in THF-ds.
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Figure S74. Stack plot spectra of *H, *H{*'P} and *H{*'B} NMR of 5¢ at 233 K in THF-d.
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Figure S75. 3'P{*H} NMR spectrum of 5¢ at 233 K in THF-ds.
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Figure S76. 1B NMR spectrum of 5¢ at 233 K in THF-ds.
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Figure S77. ¥*C{*H} NMR spectrum of 5¢ at 233 K in THF-ds.
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Figure S78. ¥ C{*H} and BC{*H}{*'P} NMR stack spectra of 5¢ at 233 K in THF-ds.
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10. Table S1: Selected NMR data in solution and solid state for compounds 1-4.

Compound 'H S1p{1H} UB{!H} Li
1a (tol-ds, 253 | 1.51 -1.6 (quart, Jp.i = 69.4 | -13.5 (s, wiz = | 0.5 (dd, YJp.i = 70.0
K) Hz) at 233 K 33.0H2z) Hz, YJiin = 7.0 Hz) at
233 K
la (THF-ds, | signal -0.4 (quart, Jp.s = 10.7 Hz) | -13.7 (d, Jrs = | -0.2 (sharp singlet, wi2
298 K) not 11 Hz) =3.3Hz)
found
la (SS, 298| - 5.4 (quart, Jp.i = 729 -14.3 (brs, wip | -1.0 (d, Jp.i = 72.9
K) Hz) =1311.7 Hz) Hz)
1b (THF-dg, | 4.05 1.2 (quart, Jps = 16.7 Hz) | -14.0 (d, Jps = | 0.5 (sharp singlet, wi.
298 K) 17 Hz) = 3.6 Hz)
1b (CsDs, 298 | 3.68 0.5 (quart, Jpi = 74.9|-12.1 (d, Jes = | -0.4 (d, Yp.i = 73.0
K) Hz), 11 Hz) Hz, YJLi.w = 5.0 Hz)
1b (SS, 298| - 0.8 (quart, Jp.i = 72.2 | -135(brs,wi, |-0.9 (d, *pi = 72.1
K) Hz) = 647.6 Hz) Hz)
1c (THF-ds, | 2.44 1.4 (quart, Jp.g =145Hz) |-9.4 (d, Jrs = | -0.5 (sharp singlet, wi
298 K) 13 Hz) = 3.6 Hz)
1c (CeDe, 298 | - 2.7 (quart, Jpi = 728 | -4.6 (s, wip —| 1.5 (dd, YJp.i = 73.0
K) Hz) 59.0 Hz) Hz, YJiiw = 11.0 Hz)
1c® (SS, 298 | - 0.6 (v br, wiz = 1400.0 | -12.3 (br s, | 0.9 (br s, wi, = 271.0
K) Hz) wy, = 1154.0 | Hz)
Hz)
2  (THF-dg, | 3.64 37.9 (brs) -13.2 (d, Jpe = | -
233 K) 3 Hz)
3 (THF-ds, | 4.51 5.4 (quart, Jpg = 22.3Hz) | -11.8 (d, Jp-s = | -0.1 (sharp singlet, w1/
233 K) 20 Hz) = 6.9 Hz)
3(CéDs, 298 | - 4.2 (quart, Jpi = 73.0|-10.8 (d, Jps = | 0.2 (d, YJp.i = 71.3
K) Hz) 9 Hz) Hz)
4  (THF-dg, | 4.10 43.6 (5) -11.8 -
233 K)

w12 IS the line width of a signal at half its maximum intensity.
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11. Hydrolithiation of benzophenone using stoichiometric quantity of 1a

Li(Et,0)
[e) 2
o~

PiPr, .
Li*(Et,0) THF, rt H 2
+ EE— +
g _H 10 min
B
% NMR yield - 93 % %

1a 5a

Stoichiometric quantities of Li*[P-B(9-BBN)-H] (1a) (24.6 mg, 0.06 mmol) and benzophenone (11.3 mg,
0.06 mmol) were taken together in a J.Young NMR tube in THF-dg (0.5 mL). The reaction was completed
in less than 10 minutes. The conversion into the product Ph,CHOL.i (15.1 mg, 0.06 mmol, 93 %) was
calculated using an internal standard hexamethylbenzene (8.4 mg, 0.05 mmol) by *H NMR spectroscopy
(T1=305).
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Fig S80. 'H NMR spectrum of the reaction mixture of the hydrolithiation of benzophenone using
stoichiometric amount of 1a. Yield was calculated based on the internal standard CsMes.
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Fig S81. 'H NMR spectrum of the isolated product Ph,CHOL. in THF-ds. The peaks in the range 2.5 —
1.25 ppm corresponds to 5a.
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Fig S82. ¥C{*H} NMR spectrum of Ph,CHOL.i in THF-ds at 233 K.
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12. Reaction of 2 or 4 with 3CO2 (1 bar)

®
P'Pr,Me
2
S
o " MeszH THF-d8
® > +13C0O, (1 bay ——— Norxn

€} . -
HMes,B~ PiPr,Me 298-353K

SO

Compound 2 (13.5 mg, 0.030 mmol) or 4 (6.7 mg, 0.013 mmol) was dissolved in THF-ds (0.5 mL) in a
high-pressure NMR tube at 298 K. Then, 3CO; (1 bar) was introduced into the NMR tube. Monitoring
the reaction from 298-353 K by NMR spectroscopy indicated no reaction of 2 with **CO..

13. Hydrogenation of CO: in the presence Li-COs catalyzed by 5a or 5b

10 mol % 5a or 5b
H, (1 bar) + 3CO, (1 bar) + Li,CO4 >  No reaction observed

298 - 353 K
THF-dg

In a high-pressure NMR tube, 5a or 5b (5 mg, 0.016 mmol) and lithium carbonate (11.8 mg, 0.160 mmol)
were dissolved in THF-ds (0.5 mL). After degassing, **CO, (1 bar) and H. (1 bar) were introduced
consecutively into the NMR tube. The reaction progress was monitored by NMR spectroscopy using
hexamethylbenzene as an internal standard. No reaction was observed and in particular no signal at 9.2
ppm indicative of LIOCHO is observed after 14h at rt nor after 3h at 50°C

58



14 X-ray crystal diffraction

The crystals were kept in their mother liquor until they were dipped in perfluoropolyether oil and their
structure determined. The chosen crystals were mounted on a Mitegen micromount and quickly cooled
down to either 100 K or 115 K. The selected crystals were mounted on a Bruker Kappa APEX Il using a
micro-focus molybdenum Ka radiation (A = 0.71073 A) equipped with graphite monochromator which
attached with an Oxford Cryosystems Cooler Device. The unit cell determination and data integration
were carried out using APEX I1.¥" The structures have been solved by Direct Methods using SHELXS?,
and refined either by least-squares procedures with SHELXL-2016"" included in the software packages
WinGX version 1.63.Y" or refined by means of least-squares procedures on a F with the aid of the
program CRYSTALS™. Atomic Scattering Factors were taken from the International tables for X-Ray
Crystallography*. Absorption correction was done using multi-scan DENZO/SCALEPACK (Otwinowski
& Minor, 1997) method ¥. All hydrogen atoms were geometrically placed and refined using a riding
model, with the exception of the BH hydrogens, in the structures 1a, 1b, 1c and 3 which were located in
the difference Fourier map.

All non-hydrogen atoms were anisotropically refined. Drawings of molecules have been performed with
the program Ortep-3*" for Windows. Details of the structure solution and refinements are given in the
Supporting Information (CIF file), together with a full listing of atomic coordinates, bond lengths and
angles, and displacement parameters for all structures. These data have also been deposited at the
Cambridge Crystallographic Data Centre. CCDC numbers 2039383-2039387 contains the
supplementary crystallographic data for this paper. These data can be obtained free of charge from The

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Table S2. Crystal data collection and refinement parameters for 1a-c.

Crystal parameters la 1b 1c

Molecular formula C24H43BLiOP Cs4H4gBLiOP CaoHlsaBzLi204P2
Formula weight 396.33 522.49 1261.42

Crystal system Monoclinic Triclinic Orthorhombic
Space group P2i/n P-1 P2:212;

a(A) 16.00090(4) 10.21740(2) 11.092900(14)
b (A) 9.96900(4) 10.90640(3) 19.47580(2)

c (A 16.21840(4) 15.03640(3) 35.92390(3)

a (°) 90 77.670(3) 90

B(°) 108.181(4) 74.617(3) 90

v (°) 90 87.944(3) 90

V (A3 2457.89(6) 1577.90(3) 7761.11(2)

Z 4 2 4

F(000) 872 568 2784

Crystal description Block, colourless Platelet, colourless Plate, colourless
Crystal size (mm) 0.25 x 0.12 x 0.05 0.15x 0.10 x 0.02 0.15x0.10 x 0.02
0 (%) 2-28 3-31 3-23

M (mm™) 0.12 0.11 0.10
Independent reflections | 7636 10018 17924

Rint 0.088 0.047 0.079

BOmin - Omax (°) 2.2-30.8 14-314 3-23
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h -22 10 22 -14t0 14 -14t0 14
Kk -14t0 14 -151t0 15 -2510 22
I -22 10 23 -19t0 21 -46 10 46
R[F>20(F?)] 0.051 0.053 0.048
WR(F?) 0.048 0.073 0.043
S 1.11 1.07 0.83
(A/o)max 0.001 0.001 0.001
Apmax (€ A% 0.33 0.40 0.38
Apmin (€ A3) -0.25 -0.39 —0.40
h/j\
.
- —
I's
= b \
25C5
,« /“5)\ B1
7o\~ ; f’*‘%_;\/t

©)
Fig S83. ORTEP views of X-ray structures of 3 and 5a at 50% thermal ellipsoid probability
level. All the hydrogen atoms except B-H were omitted for clarity.

Table S3. Crystal data collection and refinement parameters for 3 and 5a.

(52)

Crystal parameters 3 5a
Molecular formula CssHs51BiOP CaoH31BP
Formula weight 572.5 313.23
Crystal system Monoclinic Monoclinic
Space group P2i/c P2i/c

a(A) 17.3854(1) 7.7245(2)

b (A) 9.637 (0) 11.1972(4)
c (A 21.4581 (1) 21.3905(1)
a(®) 90 90

B (°) 109.675 (4) 97.583 (4)
v (°) 90 90

V (A% 3385.26 (9) 1833.94 (8)
z 4 4

F(000) 1210 684
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Crystal description Parallelepiped, Parallelpiped,
colourless colourless

Crystal size (mm) 0.15x0.06 x 0.02 0.16 x 0.12 x 0.03

0 (°) 2.6 —28.9 2.7-253

M (mm™) 0.11 0.14

Independent reflections | 5735 684

Rint 0.082 0.084

BOmin - Omax 2.0-24.7° 2.1-24.7°

h -20to 20 -9t0 9

k -11to 11 -13t0 13

I -25t0 25 -25t0 25

R[F>20(F?)] 0.072 0.058

WR(F?) 0.224 0.179

S 1.26 1.12

(A/o)max 0.003 0.004

Apmax 0.65e A3 0.55e A3

Apmin -0.40 e A3 -0.61e A3

Table S4. Important bond length (A) and bond angles (°).

Bond la 1b 1c 3

length (A)

/Bond (molecule 2)

angle (°)

P—Li 2.487(3) 2.506(3) 2.535(3) 2.459(7)

B-H 1.18(2) 1.179(18) 1.002 1.17(3)

Li-H 1.78(2) 1.96(2) 2.036 1.92(5)

Li-B 2.373(3) 2.509(3) 3.016(4) 2.485(7)

B-P 3.285(2) 3.283(2) 3.438(2) 3.341(3)
C(R2on | 2.323(3) C6-Lil 2.443(3) |- C28-Lil 2.361(7)
K C5-Lil 2.214(3) C27-Lil 2.168(6)
P-Li-H 94.1(7) 79.0(5) 78.4 74.0(1)

Li-P—C 101.87(8) 104.19(8) 110.98(9) 122.8(2)

Li-H-B 105.0(1) 104.0(1) 165.4 105.0(2)

H-B-C 108.0(1) 105.5(9) 106.7 109.2
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