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Coordination Modes of Xantphos—iPr, Xantphos—Ph and DPEphos

Xantphos—'Pr, Xantphos—Ph and DPEphos show different spreads of coordination modes
as shown by the crystallographically characterized examples contained in the Cambridge
Structural Database (as of August 2018).**® The M—O distances and P-M—P angles of
these complexes are detailed in Figure S1 and show that Xantphos—'Pr has the greatest
propensity for mer—k*~POP coordination (85% of 54 examples), whilst DPEphos is most
likely to exist in a cis—k’~PP conformation (93% of 290 complexes). Interestingly,
Xantphos—Ph appears to be an intermediate between these two coordination extremes,
with 69% of its 223 complexes reported to be cis—k’~PP, whilst 19% are mer—k*~-POP
ligated. These coordination preferences may influence the mechanism of Hz;B-NMeH;
dehydropolymerization.
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Figure S1. Plot of M-O distance (A) vs P-M-P bite angle (°) in crystallographically
characterized transition metal complexes containing (a) Xantphos—'Pr (54 complexes), (b)
Xantphos—Ph (223 complexes) and (c) DPEphos (290 complexes). Number of complexes
examined in parentheses. Ligand coordination geometries as follows: O = cis—k>-PP; [ =

trans—k’—PP; /A = mer—k*~POP; < = fac—k°~POP.

Experimental

All manipulations, unless otherwise stated, were performed under an argon atmosphere
using standard Schlenk line and glovebox techniques. Glassware was oven dried at 130°C
overnight and flame dried under vacuum prior to use. Pentane, hexane, Et,O and CH,ClI,
were dried using a Grubbs—type solvent purification system (MBraun SPS-800) and
degassed by three successive freeze—pump—thaw cycles."! THF was dried over
Na/benzophenone, vacuum distilled, degassed by three successive freeze—pump—thaw
cycles and stored over 3.0 A molecular sieves. 1,2—-F,CgH, (pre—treated with alumina) and
CD,Cl, were dried over CaH,, vacuum distilled, degassed by three successive freeze—
pump-thaw cycles and stored over 3.0 A molecular sieves. HsB-NMe; was purchased
from Sigma—-Aldrich and sublimed prior to use (5.0 x 102 mbar, 298 K). H3B-NMeH, was
purchased from Boron Specialities and recrystallized twice from Et,O at -18°C. Hg
(99.9995%) was purchased from Sigma—Aldrich, washed with 1,2—-F,CsH, and dried in
vacuo prior to use. 3,3—dimethyl-1-butene was purchased from Sigma—Aldrich, dried over
Na, vacuum distilled and stored over 3.0 A molecular sieves. PPhs; was purchased from
Sigma—Aldrich and used as received. DPEphos was purchased from Strem Chemicals and
used as received. BH3'THF (1.0 M in THF) and NMeH; (2.0 M in THF) were purchased
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from Fisher Scientific and used as received to form solutions in THF solvent of the desired
concentrations. Na[BAr 4] (Ar" = 3,5—(CF3),CsHs),” [BHo(NMeH,),][BAr 4], DsB-NMeH,,*
H3B-NMeD,,* [Rh(DPEphos)(NBD)][BAr",] (1a),” [Rh(DPEphos)(n°—o—xylene)][BAr,] (7),°
Rh(Xantphos—'Pr)(H),Cl,” [Rh(Xantphos—Ph)(n’~H,B(NMe3)(CH.),'Bu)][BAr 4] (A),® and
[Rh(Ph,P(CH,)sPPh,)(CeHsF)][BArT4]°  were  prepared by literature  methods.
[Rh(NBD),][AI(OC(CF3)3)s] was prepared according to the literature procedure for
[Rh(COD),][AI(OC(CF3)3)q].*

NMR spectra were recorded on a Bruker AVIIIHD 500 or Bruker AVIIIHD 400 nanobay
spectrometer at room temperature, unless otherwise stated. Residual protio solvent was
used as a reference for 'H NMR spectra in deuterated solvent samples. For NMR
spectrometric samples in 1,2—F,CgH,4 or protio-THF solvent, or a mixture of both, *H NMR
spectra were pre—locked to a sample of CgDg (25%) and 1,2—F,CgsH4 (75%) and referenced
to the centre of the downfield solvent multiplet, 3 = 7.07 and 3.57 respectively. *P and
B NMR spectra were referenced against 85% H3PO, (external) and BFs-OEt, (external)
respectively. Chemical shifts (8) are quoted in ppm and coupling constants (J) in Hz. ESI-
MS (electrospray ionization mass spectrometry) of organometallic complexes were
recorded using a Bruker MicrOTOF instrument directly connected to a modified Innovative
Technology glovebox. The mass spectrometer was calibrated in positive ion mode using a
10.0 ng mL™* mixture of tetraalkylammonium bromide salts [N(CnHzn:1)4]Br (n = 2 — 8, 12,
16, 18) in CH.CI,. Typical experimental acquisition parameters were: sample flow rate,
4.0 yL min™'; nebulizer gas pressure, 0.4 bar; drying gas (argon) at 60°C flowing at
4.0 L min™%; capillary voltage, 4.5 kV. The solvents used were 1,2—F,CgHs or CHCl,.
Samples were diluted to a concentration of approximately 1.0 x 10™° M and filtered (0.2 pm
pore size) before running. Elemental microanalyses were performed by Stephen Boyer at
London Metropolitan University.

Gel permeation chromatography (GPC) was performed on a Malvern Viscotek GPCmax
chromatograph fitted with a refractive index (RI) detector. The triple-column (plus guard
column) setup was contained within an oven (35°C) and consisted of a porous styrene
divinylbenzene copolymer with a maximum pore size of 1,500 A. THF containing 0.1% w/w
[N"Bu,]Br was used as the eluent at a flow rate of 1.0 mL min™*. Samples were dissolved
in the eluent (2.0 mgmL™), filtered (0.2 ym pore size) and run immediately. The
calibration was conducted using a series of monodisperse polystyrene standards (M, =
474 — 476,800 g/mol) obtained from Sigma—Aldrich.
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Synthesis of [Rh(DPEphos)(NBD)][AI(OC(CF3)3)4] (1b)

= _| [AI(OC(CF3)3)a]
\ / o
\ Ph, |
——
P/Rh®
Phy
1b

A solution of DPEphos (129.0 mg, 239.5 pmol) in 1,2-F,C¢Hs (10.0 mL) was added
dropwise to a Schlenk flask containing a solution of [Rh(NBD);][AI(OC(CF3)3)4] (300.0 mg,
239.2 pmol) in 1,2-F,CgH4 (8.0 mL). The resulting orange solution was left to stir for
12 hours. The solution was filtered, concentrated to ca. 3.0 mL under vacuum, layered with
pentane (40.0 mL) and left to crystallize for ca. 48 hours at room temperature. Following
removal of the supernatant by filtration, the dark orange crystalline material was washed
with pentane (10.0 mL x 3) and dried under vacuum. Yield: 350.0 mg (206.0 pmol, 86%).

'H NMR (400 MHz, CD,Cl,, 298 K): & 7.55 — 7.31 (m, 22 H, aryl CH), 7.07 — 6.10 (m, 6 H,
aryl CH), 4.30 (s, br, 4 H, NBD—HC=CH), 3.85 (s, br, 2 H, NBD—-CH), 1.53 (s, 2 H, NBD-
CH,). **P{*H} NMR (162 MHz, CD,Cl,, 298 K): & 17.0 (d, *Jgne 159). ESI-MS (1,2—F,CgHa,
60°C, 4.5kV): m/z 733.13 (calculated 733.13 for the [Rh(DPEphos)(NBD)]" fragment,
showing the correct isotope pattern). Elemental Microanalysis: Calc.
(CsgH36Al1F3605P2Rh;1): C, 41.67; H, 2.13. Found: C, 41.76; H, 2.23.

Synthesis of [Rh(DPEphos)(n°~H.B(NMes)(CH,),'Bu)][BAr",] (2a)

_| [BArF,]
Bu

2a

[Rh(DPEphos)(NBD)|[BAr 4] (1a) (547.2 mg, 342.7 pmol) and HsB-NMe; (32.0 mg,
438.7 ymol) were dissolved in 1,2—F,CgH4 (5.0 mL) in a J. Young flask. The mixture was
immediately frozen in liquid N, and hydrogenated. On warming to room temperature, the
mixture was shaken, yielding a dark blue solution, forming
[Rh(DPEphos)(HsB-NMe3)][BAr 4] in situ.** The solution was rapidly degassed with three
successive freeze—pump-thaw cycles and placed under an atmosphere of argon. 3,3—
dimethylbut-1-ene (0.3 mL, 2327.7 ymol) was added to the J. Young flask, and a further
3.0 mL of 1,2-F,CsH4 was added to ensure all of the 3,3—dimethylbut—1-ene had entered
the reaction mixture. The reaction mixture was stirred for 90 minutes, turning from dark
blue to purple in colour. The solution was filtered; the solvent removed in vacuo and the
resultant purple powder was washed with hexane (10.0 mL x 3), and dried under vacuum.
Yield: 452.5 mg (272.3 pmol, 79%). A small number of purple crystals of 2a could be
obtained by recrystallization from CH,Cl,/pentane at -20°C, however these were not
suitable for single crystal X—ray diffraction studies.
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'H NMR (500 MHz, CD,Cl,, 298 K): & 7.72 (s, br, 8 H, [BAr 4] —ortho—CH), 7.56 (s, br, 4 H,
[BArF ] —para—CH), 7.45 — 7.28 (m, 22 H, aryl CH), 7.13 (d, 2 H, %Juu 8, aryl CH), 6.87 (t,
2 H, 2Jun 8, aryl CH), 6.63 (m, 2 H, aryl CH), 2.59 (s, 9 H, NMes), 1.49 (m, 2 H,
CH,CH,'Bu), 0.78 (s, 9 H, 'Bu), 0.49 (m, 2 H, CH,CH,'Bu), -5.55 (br, 2 H, RhH,B). Upon
decoupling to 'B, the resonance at & -5.55 sharpened slightly. 'B NMR (160 MHz,
CD,Cl,, 298 K): 8 33.3 (s, br, RhH,B), 6.6 (s, [BAr 4]). **P{*H} NMR (202 MHz, CD,Cl,,
298 K): & 40.0 (d, YJrpe 180). ESI-MS (CH,Cl,, 60°C, 4.5 kV): m/z 798.22 (calculated
798.27 for the [Rh(DPEphos)(n®~H,B(NMes)(CH,),'Bu)]* fragment, showing the correct
isotope pattern). Elemental Microanalysis: Calc. (C77HgsB2F24N10:P2Rh;): C, 55.65; H,
3.88; N, 0.84. Found: C, 55.78; H, 3.95; N, 0.82.

Synthesis of [Rha(DPEphos).(u—H)(u—H2B=NHMe)][BAr",] (3a)

_|[BArF4]
=
\ Ph Ph, /
Ph; b v Ph,

~Np—
B
[l

H™ “Me
3a

[Rh(DPEphos)(NBD)][BAr 4] (1a) (35.0 mg, 21.9 pmol) and HsB-NMeH, (2.0 mg,
44.6 pmol) were dissolved in 1,2—F,CgH4 (0.35 mL) in a high pressure J. Young NMR tube.
The sample was immediately frozen in liquid N, and hydrogenated. On warming to room
temperature, the mixture was shaken, and the light orange solution turned darker in colour.
The sample was immediately placed into the NMR spectrometer.

Selected spectrometric data: *H NMR (500 MHz, 1,2—F,C¢Ha, 298 K): & 8.33 (s, br, 8 H,
[BAr 4] —ortho—CH), —=9.12 (br, 1 H, Rh,y(u—BH,) and Rhy(u—H)). Upon decoupling to *'P,
the resonance at ® —9.12 sharpened. Note that the resonance at & -9.12 is expected to
integrate 1.5 H relative to the resonance at & 8.33, due to the concomitant formation of
[BH2(NMeH,),][BArT4].*2 1'B NMR (160 MHz, 1,2—F,CgHg4, 298 K): & 55.8 (br, RhH,B), -6.3
(s, [BAr4]), —=7.1 (t, YJgn ~120, [BHo(NMeH.)2]). *B{*H} NMR (160 MHz, 1,2—F,C¢Ha,
298 K): & 55.8 (br, RhH2B), =6.3 (s, [BAr "), -7.1 (s, ¢ *P{*H} NMR (202 MHz, 1,2—
F2CsHa, 298 K): & 28.3 (d, *Jrnp 150). ESI-MS (1,2-F,CsHa, 60°C, 4.5 kV): m/z 1326.20
(calculated 1326.20 for the [Rhy(DPEphos)z(u—H)(u—H2B=NHMe)]* fragment, showing the
correct isotope pattern). These NMR and ESI-MS spectrometric data are analogous to the
well-studied PR2(CH,)sPR, (R = Ph, 'Pr) analogues of complex 3a,'? thereby enabling
characterization.
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Figure S2. In situ *H NMR spectrum (1,2—F,CsH. solvent, 298 K) of the reaction mixture
forming [Rhz2(DPEphos).(u—H)(u—H2B=NHMe)][BAr 4] (3a).

Figure S3. In situ *'B NMR spectrum (1,2—F,CgH. solvent, 298 K) of the reaction mixture
forming [ha(DPEphos)z(p—H)(p—HzB:NHMe)][BArF4] (3a).
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Figure S4. In situ **P{*H} NMR spectrum (1,2-F,CgH4 solvent, 298 K) of the reaction
mixture forming [Rho(DPEphos),(u—H)(u—H>B=NHMe)][BAr",] (3a).
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Figure S5. Full experimental (top) and simulated (bottom) ESI mass spectra of the
reaction mixture forming [Rho(DPEphos)z(u—H)(u—H2B=NHMe)][BAr 4] (3a).
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Synthesis of [Rha(DPEphos),(o,u—(H2B).NHMe)][BAr",] (4a)

_| [BArT,]

MeH
H/B

H/B‘H

Ph2 ,'/ \:% Ph2
P Rh———Rh—R

YN

[Rh(DPEphos)(NBD)][BAr 4] (1a) (35.0 mg, 21.9 pmol) and HsB-NMeH, (4.0 mg,
89.1 umol) were dissolved in 1,2—-F,CgH,4 (0.4 mL) in a high pressure J. Young NMR tube.
The sample was immediately frozen in liquid N, and hydrogenated. On warming to room
temperature, the mixture was shaken and agitated for 10 minutes, and the light orange
solution turned darker in colour. The sample was freeze—pump—thaw degassed three
times, backfilled with argon, and agitated for 30 minutes before being placed into the NMR
spectrometer. *'P{*H} NMR spectroscopy of the fully degassed NMR sample indicated that
the mixture subsequently contained 25% [Rhy(DPEphos);(u—H)(u—H2B=NHMe)][BAr" 4]
(3a) and 75% [Rha(DPEphos),(o,u—(H2B).NHMe)][BAr",] (4a). See Figure S22 for 10
mol% speciation experiment.

4a

Selected spectrometric data: 'H NMR (400 MHz, 1,2-F,C¢H4, 298 K): & -8.41 (d, br,
2Jpn 76, Rhy(u—BH)), =9.25 (m, obscured by 3a Rh,(u—BH.) and Rhy(u—H), Rha(u—BH)).
Upon decoupling to *'B, the resonance at & —8.41 sharpened. Upon decoupling to 'P, the
resonance at & -8.41 collapsed to a broad singlet. *'B NMR (128 MHz, 1,2—F,CgHa, 298
K): & 9.7 (br, Rh(o,u—(H2B)2), —6.2 (s, [BAr ). 3P{*H} NMR (162 MHz, 1,2—F,Cg¢Ha,
298 K): & 31.7 (dd, 1 P, “Jgnp 163, 2Jpp 23), 28.9 (dd, 1 P, “Jgnp 159, 2Jpp 21), 15.7 (ddd,
1 P, Yrne 138, 2Jrpe 103, 2Jpp 23), 12.8 (ddd, 1 P, *Jrne 136, 2Jrpe 103, 2Jpp 21).

Synthesis of [Rho(DPEpPhos),(0, u—(H2B),NHMe)][AI(OC(CFx)3)a] (4b)

[AI(OC(CF3)3)4]
H / B

Phy “, Ph,
P——Rh————Rh——R

N
v

4b

[Rh(DPEphos)(NBD)J[AI(OC(CF3)s)4] (1b) (40.4 mg, 23.8 umol) and H3zB-NMeH; (4.2 mg,
93.6 ymol) were dissolved in 1,2—-F,CgH4 (0.4 mL) in a high pressure J. Young NMR tube.
The sample was immediately frozen in liquid N, and hydrogenated. On warming to room
temperature, the mixture was shaken and agitated for 10 minutes, and the light orange
solution turned darker in colour. The sample was freeze—pump—-thaw degassed three
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times, backfilled with argon, and agitated for 30 minutes before being filtered into a
J. Young crystallization flask. The solution was layered with pentane (20.0 mL) at room
temperature to yield orange crystals suitable for single crystal X—ray diffraction. The bulk
solid of 4b was analysed by NMR spectroscopy which showed that approximately 5%
[Rho(DPEphos),(u—H)(u—H2B=NHMe)][AI(OC(CF3)s)s] (3b) was present by 3P{*H}
spectroscopy, and dehydrocoupling products of H3B-NMeH, were also identified by
YB NMR spectroscopy. Yield: 18.0 mg (ca. 7.8 ymol, 66%). See Figure S22 for 10 mol%
speciation experiment.

Selected spectrometric data: *H NMR (400 MHz, CD,Cl,, 298 K): 5 8.06 — 5.78 (m, 54 H,
aryl CH), 4.64 (br, 2 H, BH), 3.94 (br, 2 H, aryl CH---Rh), 1.70 (d, 3 H, ®J44 6, NMe), —8.65
(br, 1 H, Rh,y(u—HB)), =9.44 (br, 1 H, Rh,(u—HB). Upon decoupling to *'B, the resonance at
0 4.64 sharpened, and the resonances at ® -8.65 and -9.44 each sharpened into
doublets, revealing 2Jpy coupling constants of 73.9 and 68.8, respectively. Upon
decoupling to *!P, the resonances at 5 -8.65 and —9.44 each collapsed to broad singlets.
1B NMR (128 MHz, CD,Cl,, 298 K): & 9.4 (br, Rh(o,u—(H2B)»)). **P{*H} NMR (162 MHz,
CD,Cl,, 298 K): 8 31.7 (dd, 1 P, YJrpe 163, 2Jpp 23), 28.8 (dd, 1 P, *Jrnp 158, 2Jpp 21), 15.7
(ddd, 1 P, *Jgnp 138, “Jrnp 102, 2Jpp 23), 13.0 (ddd, 1 P, *Jrnp 135, 3Jrnp 102, 2Jpp 21).
ESI-MS (1,2-F,C¢H4, 60°C, 4.5 kV): m/z 1338.33 (calculated 1338.22 for the
[Rho(DPEphos),(o,u—(H-B),NHMe)]* fragment, showing the correct isotope pattern).

Figure S6. 'H NMR spectrum (CD.Cl, solvent, 298 K) of the bulk material from the
crystallization of [Rhy(DPEphos),(o,u—(H2B).NHMe)][AI(OC(CF3)3)4] (4b).
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Figure S7. B NMR spectrum (CD,Cl, solvent, 298 K) of the bulk material from the
crystallization of [Rhy(DPEphos),(o,u—(H2B).NHMe)][AI(OC(CF3)3)4] (4b).
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Figure S8. *P{*H} NMR spectrum (CD.Cl, solvent, 298 K) of the bulk material from the
crystallization of [Rhy(DPEphos),(o,u—(H2B).NHMe)][AI(OC(CF3)3)4] (4b).
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Figure S9. Full experimental (top) and simulated (bottom) ESI mass spectra of the bulk
material from the crystallization of [Rhy(DPEphos),(o,u—(H2B).NHMe)][AI(OC(CF3)s)4] (4b).
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Route A: [Rh(DPEphos)(NBD)][BAr,] (1a) (17.8 mg, 11.1 pmol) was dissolved in 1,2—
F.CsH4 (0.25 mL) in a high pressure J. Young NMR tube. 0.25 mL of a 0.0892 M solution
of NMeH; in THF (22.3 umol) was added. The reaction mixture was immediately frozen in
liquid N, and hydrogenated. On warming to room temperature, the mixture was shaken,
and the light orange solution turned darker in colour. The sample was immediately placed
into the NMR spectrometer. *P{*H} NMR spectroscopy indicated that the mixture
contained 95% [Rh(DPEphos)(H)-(NMeH,),][BAr 4] (5) and 5%
[Rh(DPEphos)(NMeH,),][BAr"4] (6). Under extended degassing, 5 loses H, to form 6.

Route B: [Rh(DPEphos)(NBD)][BAr 4] (1a) (35.0 mg, 21.9 umol) and HsB-NMeH, (4.0 mg,
89.1 pymol) were dissolved in 1,2—-F,CgH4 (0.4 mL) in a high pressure J. Young NMR tube.
The sample was immediately frozen in liquid N, and hydrogenated. On warming to room
temperature, the mixture was shaken and agitated for 10 minutes, and the light orange
solution turned darker in colour. The sample was freeze—pump—thaw degassed three
times and agitated for 30 minutes before being placed into the NMR spectrometer. **P{*H}
NMR spectroscopy of the NMR sample indicated that the mixture subsequently contained
25% [Rha(DPEphos).(u—H)(u—H2B=NHMe)][BAr 4] (3a) and 75% [Rhx(DPEphos)s(o,u—
(H2B),NHMe)][BAr"4] (4a). 0.25 mL of a 0.1784 M solution of NMeH, in THF (44.6 pmol)
was added to the sample. *'P{*H} NMR spectroscopy of the NMR sample indicated that
the mixture contained [Rh(DPEphos)(H)(NMeH,),][BAr ] (5) only, which under extended
degassing formed 6.

Selected spectrometric data: *H NMR (400 MHz, 1,2—F,CgHa, 298 K): 5 -9.61 (dddd, 1 H,
2Jptanst 182, 2Jpcish 24, *Jrnn 18, 2un 5, RhH trans to P), =16.61 (m, 1 H, RhH cis to P).
'H{3'P} NMR (400 MHz, 1,2—F,CgHa, 298 K): & =9.61 (dd, 1 H, YJrn 18, 2Jun 5, RhH trans
to DPEphos—PPh,), =16.61 (d, br, 1 H, *Jrnn 15, RhH trans to NMeH,). *P{*H} NMR (162
MHz, 1,2—F,CgHa, 298 K): 8 52.2 (d, 1 P, *Jgpe 137), 23.8 (d, br, 1 P, *Jgne 86).

Route C: [Rh(DPEphos)(NMeH,).][BAr 4] (6) (20.0 mg, 12.8 pmol) was dissolved in
CD,Cl, (0.25 mL) in a high pressure J. Young NMR tube. The sample was freeze—pump-
thaw degassed three times and hydrogenated, whereupon the orange solution turned
slightly darker. The sample was placed in the NMR spectrometer immediately after
hydrogenation.

Selected spectrometric data: 'H NMR (400 MHz, CD,Cl,, 298 K): 8 7.72 — 6.10 (m, 49 H,
[BAr 4] —CH, aryl CH), 2.32 (m, br, 3 H, NCH3), 2.12 (m, br, 1 H, NH), 2.09 (t, 3 H, N'CHz),
1.87 (m, br, 1 H, N'H), 1.72 (m, br, 1 H, N'H), 1.46 (m, br, 1 H, NH), -9.76 (dddd, 1 H,
2Jptranst 180, 2Jpcish 26, “Jrnn 18, 2Jun 5, RhH trans to P), =16.78 (m, 1 H, RhH cis to P).
3p{'H} NMR (162 MHz, CD,Cl,, 298 K): 8 52.1 (d, 1 P, *Jgnp 137), 24.2 (br, 1 P, *Jgnp 86).
'H NMR (400 MHz, 1,2—F,CgHa, 298 K): & 8.29 (s, br, 8 H, [BAr 4] —ortho—CH), 7.66 (s, br,
4 H, [BArF4]'—para—CH), 2.23 (m, br, 4 H, overlapping NCH3, NH), 2.13 (m, br, 3 H,
N'CH3), 2.04 (m, br, 1 H, N'H), 1.89 (m, br, 1 H, N'H), 1.58 (m, br, 1 H, NH), -9.61 (dddd,
1 H, “Jpyanst 182, pcist 24, “Jrnn 18, 2Jun 5, RhH trans to P), =16.61 (m, 1 H, RhH cis to
P). *H{*'P} NMR (400 MHz, 1,2—F,C¢Ha, 298 K): 5 -9.61 (dd, 1 H, *Jgnn 18, 2Jun 5, RhH
trans to DPEphos—PPh,), —=16.61 (d, br, 1 H, *Jgny 15, RhH trans to NMeH,). *P{*H} NMR
(162 MHz, 1,2—F,CgHa, 298 K): 8 52.2 (d, 1 P, *Jrnp 137), 23.8 (d, br, 1 P, *Jrne 86).
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Figure S10. M NMR spectrum (CD.,Cl, solvent, 298K) of isolated
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Figure S11. *P{H} NMR spectrum (CD,Cl, solvent, 298 K) of isolated
[Rh(DPEphos)(H)>(NMeH:),][BAr 4] (5).
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Synthesis of [Rh(DPEphos)(NMeH,),][BAr 4] (6)
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Route A: [Rh(DPEphos)(n?~H.B(NMes)(CH.),'Bu)][BAr 4] (2a) (18.6 mg, 11.2 ymol) was
dissolved in 1,2-F,CgHs (0.25 mL) in a J. Young NMR tube. 0.25 mL of a 0.0892 M
solution of NMeH, in THF (22.3 umol) was added. On agitating the sample, the purple
solution turned orange in colour. The sample was placed into the NMR spectrometer.
3pf'H}  NMR  spectroscopy  indicated that the  mixture  contained
[Rh(DPEphos)(NMeH,),][BAr 4] (6) as the sole phosphorus—containing species. The
sample can be freeze—pump—-thaw degassed and hydrogenated, forming 5 as the major
organometallic product. Alternatively, the sample containing 6 can be filtered into a
J. Young crystallization flask and layered with pentane (20.0 mL) to give an orange oil
which was washed with pentane (20.0 mL) and dried under vacuum. Due to the oily nature
of this material, bulk material could not be isolated despite repeated attempts.

Route B: To a stirred solution of [Rh(DPEphos)(n®—o—xylene)][BAr 4] (7) (200.0 mg,
124.2 ymol) in 1,2-F,CgHs (2.0 mL), was added NMeH, (2.0M in THF, 0.25 mL,
500 pmol). The resultant orange solution was added dropwise to rapidly stirring pentane
(40.0 mL) at =78 °C. The supernatant was decanted and the yellow solid washed with
pentane (20 mL x5) at -78 °C. The sample was subsequently dried in vacuo whilst
warming to room temperature (10 minutes). Whilst under vacuum, the resultant oily solid
was subjected to repeated freezing in liquid N, and thawing whilst sonicating (x 5),
followed by washing with pentane (10.0 mL x 5), until a yellow powder was obtained. The
sample was subsequently dried in vacuo for 1 hour. Yield: 151.6 mg (96.8 umol, 78%).
After extended periods under dynamic vacuum, the compound decomposes. For this
reason the sample was more conveniently prepared in situ for kinetics experiments.

Selected spectrometric data: 'H NMR (400 MHz, CD,Cl,, 298 K): 8 7.72 — 6.71 (m, 49 H,
[BAr 4] =CH, aryl CH), 2.03 (br, 6 H, NCHs), 1.75 (br, 4 H, NH). 3P{*H} NMR (162 MHz,
CD,Cly, 298 K): 8 39.5 (d, *Jrnp 182). 'H NMR (400 MHz, 1,2—F,CgHs, 298 K): 5 1.99 (br, 6
H, NCHs), 1.78 (br, 4 H, NH). **P{*H} NMR (162 MHz, 1,2—F,C¢Ha, 298 K): 5 39.7 (d, *Jrnp
180). ESI-MS (CH.Cl,, 60°C, 4.5 kV): The major peak observed by mass spectrometry
with m/z 669.06 was proposed to be due to formation of the [Rh(DPEphos)(N,)]* fragment
(calculated m/z 669.07), showing the correct isotope pattern. This N, complex can be
formed due to the presence of N; in the flow gas, as has been noted previously.™
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Figure S12. M NMR spectrum (CD.,Cl, solvent, 298K) of isolated

[Rh(DPEphos)(NMeH,),][BArF 4] (6).
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Figure S13. *P{H} NMR spectrum (CD,Cl, solvent, 298 K) of isolated

[Rh(DPEphos)(NMeH,)2][BAr 4] (6).
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Figure S14. Full experimental ESI mass spectrum (top) of a CH,CI, solution of
[Rh(DPEphos)(NMeH,),][BAr 4. The major peak is proposed to be due to the
[Rh(DPEphos)(N2)]" fragment, and the corresponding simulated mass spectrum is shown

(bottom).
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Synthesis of [Rh(Xantphos—Pr)(H)>(NMeH.)][BAr",] (8)

P, |[BAT

Rh(Xantphos—'Pr)(H),Cl (35.1 mg, 60.0 umol) and Na[BAr,] (53.2 mg, 60.0 umol) were
dissolved in 1.0 mL THF in a J. Young crystallisation tube. Immediately, 0.15 mL of a
2.0 M solution of NMeH, in THF (300.0 umol) was added. The solution was stirred for
1 hour to give a pale yellow solution and white precipitate. The reaction mixture was
filtered and layered with pentane (30.0 mL) and stored at 5°C, which yielded pale yellow
crystals. The crystals were isolated by filtration, washed with pentane (5.0 mL x 3) and
dried under vacuum. Yield 53.2 mg (36.9 pmol, 62%).

'H NMR (500 MHz, CD,Cl,, 298 K): & 7.72 (s, br, 8 H, [BAr"4]—ortho—CH), 7.67 (d, 2 H,
2Jun 8, aryl CH para to P), 7.56 (s, br, 4 H, [BAr 4] —para—CH), 7.52 (m, 2 H, aryl CH meta
to P), 7.42 (dd, 2 H, 23y 8, 2Jpy 8, aryl CH ortho to P), 2.62 (br, 2 H, NH), 2.51 (s, br, 4 H,
'Pr—CH), 2.32 (t, 3 H, ®Jun 6, NMe), 1.89 (s, 3 H, Xantphos ‘backbone’ C(CHa)), 1.44 (m,
6 H, 'Pr-CHs), 1.34 (s, 3 H, Xantphos ‘backbone’ C(CHz)), 1.26 (m, 6 H, 'Pr—CH3), 1.19 (m,
6 H, 'Pr—CHs), 0.75 (m, 6 H, 'Pr—CHz3), -17.73 (br, 1 H, RhH), -20.40 (br, 1 H, RhH).
3P{*H} NMR (202 MHz, CD,Cl, 298 K): 5 64.0 (d, *Jrnp 111). ESI-MS (1,2—F,CgH4, 60°C,
4.5 kV): m/z 547.20 (calculated 547.18 for the [Rh(Xantphos—'Pr)]" fragment, showing the
correct isotope pattern). Elemental Microanalysis: Calc. (CgoHs9B1F24N101P2Rh;): C,
49.98; H, 4.12; N, 0.97. Found: C, 49.83; H, 3.97; N, 0.92.

Proposed Synthesis of Tentatively Characterised [Rho(DPEphos)2(B.Hs)][BAr 4]

_| [BAr%,]

Possible structure of proposed complex
[Rhy(DPEphos),(B,Hs)I[BAr,]

[Rh(DPEphos)(n*~H2B(NMes)(CH2).'Bu)][BAr 4] (2a) (14.0 mg, 8.4 umol) was dissolved in
THF solvent (0.35 mL) in a J. Young NMR tube. 0.11 mL of a 0.08 M solution of H3B-THF
(8.8 uymol) was added. The purple solution turned orange on addition of H3B-THF. The
sample was immediately placed into the NMR spectrometer.
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Selected spectrometric data: **P{*H} NMR (162 MHz, THF, 298 K): & 32.0 (d, 2 P, Jrpe
151), 17.5 (d, br, 2 P, YJgpe ~120). ESI-MS (1,2-F,CgHa, 60°C, 4.5 kV): The major peak
observed by mass spectrometry with m/z 1309.16 was proposed to be due to formation of
a [{Rh(DPEphos)}2(B.Hs)]" fragment (calculated m/z 1309.19), showing the correct isotope
pattern. There are also minor peaks observed at m/z 1321.18 and m/z 1335.21, proposed
to be due to the formation of the borane-derived fragments [{Rh(DPEphos)},(BsHe)]
(calculated m/z 1321.21) and [{Rh(DPEphos)}»(B4Ho)]" (calculated m/z 1335.25) with the
correct isotope patterns, respectively.
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Figure S15. In situ **P{*H} NMR spectrum (THF solvent, 298 K) of the reaction mixture of
[Rh(DPEphos)(n®~H,B(NMe3)(CH,),'Bu)][BAr 4] (2a) and 1 equiv. HsB-THF in THF solvent,
forming proposed [Rha(DPEphos)2(B2Hs)][BAr 4].
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Figure S16. Full experimental (top) and simulated (bottom) ESI mass spectra of the
reaction mixture forming the proposed borane-derived species
[Rho(DPEphos),(B,Hs)][BArT4]. Inset: Zoom-in showing the isotope pattern: experimental
(top) and simulated (bottom).

Catalytic Dehydropolymerization of HsB-NMeH,
Dehydropolymerization Under Open Conditions

In a typical experiment (e.g. 0.223 M [H3B-NMeH,], 0.2 mol% catalyst loading),
H3B-NMeH; (50.0 mg, 1110.0 pmol) was suspended in 4.5 mL 1,2—F,Cg¢H,4 in a two—neck
Schlenk flask. Double the desired amount of the catalyst was weighed into a separate
flask and dissolved in 1.0 mL 1,2-F,CgHs. The H3B-NMeH,—containing flask was
connected to an external mineral oil bubbler and the argon flow was controlled to achieve
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a rate of bubbling of approximately 2 bubbles s™. 0.5 mL of the catalyst solution was
added to the reaction mixture and the resultant solution was stirred for the desired reaction
time at 400 rpm. 0.3 mL of the reaction mixture was removed for analysis by NMR
spectroscopy. The remaining reaction mixture was decanted into 40.0 mL of rapidly stirring
hexane to give an off-white suspension which was stirred for 5 minutes to allow polymer
precipitation, then isolated by filtration. The off-white solid (H.BNMeH),, was dried under
vacuum overnight. Isolated yields of (H,BNMeH), varied from 30% to 65%.

Dehydropolymerization Under Hydrogen Evolution Measurement Conditions

In a typical experiment (e.g. 0.223 M [H3B-NMeH,], 0.2 mol% catalyst loading),
H3B-NMeH; (50.0 mg, 1110.0 pumol) was suspended in 4.5 mL 1,2-F,CgH4 in a jacketed
two—neck Schlenk flask connected to a recirculating cooler and the temperature set at
20°C. Double the desired amount of the catalyst was weighed into a separate flask and
dissolved in 1.0 mL 1,2—-F,CgH,4. The H3B-NMeH,—containing flask was sealed off from the
argon supply and connected to a water—filled 100.0 mL gas burette. 0.5 mL of the catalyst
solution was added to the reaction mixture and the resultant solution was stirred at
400 rpm. The time taken per 1.0 mL of gas to evolve was recorded. Upon completion of
gas evolution, 0.3 mL of the reaction mixture was removed for analysis by NMR
spectroscopy. The remaining reaction mixture was decanted into 40.0 mL of rapidly stirring
hexane to give an off-white suspension which was stirred for 5 minutes to allow polymer
precipitation, then isolated by filtration. The off-white solid (H.BNMeH),, was dried under
vacuum overnight. Isolated yields of (H,BNMeH), varied from 30% to 60%.

Dehydropolymerization Under Closed Conditions

In a typical experiment (e.g. 0.223 M [H3B-NMeH;], 0.2 mol% catalyst loading),
H3B-NMeH; (50.0 mg, 1110.0 pmol) was suspended in 4.5 mL 1,2-F,CgH4 in a J. Young
flask. Double the desired amount of the catalyst was weighed into a separate flask and
dissolved in 1.0 mL 1,2-F,CgH,4. 0.5 mL of the catalyst solution was added to the reaction
mixture and the flask was sealed and stirred for the desired reaction time at 400 rpm.
0.3 mL of the reaction mixture was removed for analysis by NMR spectroscopy. The
remaining reaction mixture was decanted into 40.0 mL of rapidly stirring hexane to give an
off-white suspension which was stirred for 5 minutes to allow polymer precipitation, then
isolated by filtration. The off-white solid (H,BNMeH),, was dried under vacuum overnight.
Isolated yields of (H.BNMeH), varied from 20% to 45%.

Dehydropolymerization Recharging Experiments

Dehydropolymerization was conducted as per standard gas evolution measurement
conditions. After cessation of gas evolution, the reaction mixture was transferred by
syringe into a second jacketed, two—neck Schlenk flask connected to a recirculating cooler
at 20°C containing H3B-NMeH, (50.0 mg, 1110 umol). Gas evolution was recorded by gas
burette. After cessation of gas evolution, the reaction mixture was transferred by syringe
into a third jacketed, two—neck Schlenk flask connected to a recirculating cooler at 20°C
containing HzB-NMeH, (50.0 mg, 1110 umol). Gas evolution was recorded by gas burette.
After cessation of gas evolution, 0.3 mL of the reaction mixture was removed for analysis
by NMR spectroscopy. The remaining reaction mixture was decanted into 40.0 mL of
rapidly stirring hexane, stirred for 5 minutes to allow polymer precipitation, then isolated by
filtration. The off-white solid (H,BNMeH),, was dried under vacuum overnight. Isolated
yield of (H,BNMeH), 80.0 mg (53%).
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Molecular Weight vs Conversion Procedure

For molecular weight vs conversion experiments, the general dehydropolymerization
procedure was followed. At various time points, PPh; (5 equivs. relative to Rh via 0.2 mL
1,2-F,CgH,4) was added to stop catalysis. Hexane (30 mL) was added to the reaction flask
and the precipitate was isolated by filtration and dried under vacuum for 30 minutes. A
sample was dissolved in protio—-THF and analyzed by *'B NMR spectroscopy to determine
the % conversion calculated by integration of the relevant signals. Polymer samples were
dried overnight prior to GPC analysis.

Tests for Catalyst Homogeneity: Mercury Poisoning

Dehydropolymerization was conducted as per standard gas evolution measurement
conditions. After a short time, an excess of elemental mercury (ca. 0.05 mL) was added.
No inhibition of gas evolution was observed, consistent with homogeneous catalysis.

Tests for Catalyst Homogeneity: PPh; Fractional Poisoning

Dehydropolymerization was conducted as per standard gas evolution measurement
conditions. After a short time, 0.2 equivs. (relative to catalyst) of PPhz in 0.2 mL 1,2—
F.CsH4 was added. A minor decrease in the rate of gas evolution was observed, consistent
with homogeneous catalysis.

Dehydropolymerization under THF, BH3; or NMeH,—doped conditions

H3B-NMeH; (50.0 mg, 1110.0 pumol) was suspended in 4.45 mL 1,2-F,CsH, in a jacketed
two—neck Schlenk flask connected to a recirculating cooler and the temperature set at
20°C. Double the desired amount of the catalyst was weighed into a separate flask and
dissolved in 1.0 mL 1,2-F,Cg¢H4. The H3B-NMeH,—containing flask was sealed off from the
argon supply and connected to a water—filled 100.0 mL gas burette. 0.5 mL of the catalyst
solution was added to the reaction mixture and the resultant solution was stirred at
400 rpm. After 5 seconds, the desired number of equivalents (relative to catalyst) of the
desired doping agent in 0.05 mL (50 pyL) THF was added. For example, for ~1 equiv. BH3
at 0.4 mol% 2a, 0.05 mL (50 pL) of a 0.0892 M solution of BH3-THF was added. The time
taken per 1.0 mL of gas to evolve was recorded. Upon completion of gas evolution, 0.3 mL
of the reaction mixture was removed for analysis by NMR spectroscopy. The remaining
reaction mixture was decanted into 40.0 mL of rapidly stirring hexane to give an off-white
suspension which was stirred for 5 minutes to allow polymer precipitation, then isolated by
filtration. The off-white solid (H.BNMeH), was dried under vacuum overnight. Isolated
yields of (H.BNMeH),, varied from 25% to 50%.

In Situ Preparation of 3a as a Catalyst for HzB-NMeH, Dehydropolymerization

[Rh(DPEphos)(NBD)][BAr™s] (la) (35.0 mg, 21.9 pmol) and HsB-NMeH, (2.0 mg,
44.6 pymol) were dissolved in 1,2-F,CgH4 (2.5 mL) in a J. Young flask. The sample was
immediately frozen in liquid N, and hydrogenated. On warming to room temperature, the
mixture was stirred for 10 minutes, and the light orange solution turned darker in colour.
0.5 mL of this solution was removed for analysis by *P{*H} NMR spectroscopy, which
showed that the sole phosphorus—containing species was complex 3a. A further 0.5 mL of
the solution containing 2.2 pumol 3a (4.4 pumol relative to Rhroral) was removed via syringe
and used as a catalyst for H3B-NMeH, dehydropolymerization under hydrogen evolution
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measurements conditions as per the general procedure (vide supra), at 0.2 mol% catalyst
loading of 3a (0.4 mol% with respect to Rhroral).

In Situ Preparation of 5/6 as a Catalyst for H3;B-NMeH, Dehydropolymerization

The desired amount of [Rh(DPEphos)(NBD)][BAr 4] (1a) was dissolved in the desired
volume of 1,2—-F,Cg¢H4 solvent in a J. Young flask. ~2 equivs. relative to catalyst of NMeH,
in THF was added. The objective was to add 0.5 mL of the desired amount of in situ
formed 5/6, of which 0.45 mL was 1,2-F,CgH4 solvent and 0.05 mL was THF solvent, to
allow direct comparison between catalyst loadings. For 0.2 mol% catalyst loading of 5/6,
[Rh(DPEphos)(NBD)][BArs] (1a) (17.8 mg, 11.1 umol) was dissolved in 1,2—F,CgH.
(2.25mL) in a J. Young flask. 0.25 mL of a 0.0892 M solution of NMeH, in THF
(22.3 pmol) was added, giving a 2.5 mL solution. For 0.4 mol% catalyst loading of 5/6,
[Rh(DPEphos)(NBD)][BAr4] (1a) (35.6 mg, 22.3 umol) was dissolved in 1,2—F,CgH.
(2.25mL) in a J. Young flask. 0.25 mL of a 0.1784 M solution of NMeH, in THF
(44.6 umol) was added, giving a 2.5 mL solution. For 1.0 mol% catalyst loading of 5/6,
[Rh(DPEphos)(NBD)][BAr 4] (1a) (35.6 mg, 22.3 ymol) was dissolved in 1,2—F,CgH,
(0.9 mL) in a J. Young flask. 0.1 mL of a 0.4460 M solution of NMeH in THF (44.6 umol)
was added, giving a 1.0 mL solution. In all cases, the reaction mixtures were immediately
frozen in liquid N, and hydrogenated. On warming to room temperature, the mixtures were
shaken, and the light orange solutions turned darker in colour. The reaction mixtures were
freeze—pump-thaw degassed three times and backfilled with argon at room temperature.
Between 0.3 mL and 0.5 mL of each solution was removed for analysis by **P{"H} NMR
spectroscopy, which showed that each mixture contained approximately 50%
[Rh(DPEphos)(H)2(NMeH,)2][BAr 4] (5) and 50% [Rh(DPEphos)(NMeH.)2][BAr 4] (6). A
further 0.5 mL of each reaction mixture (containing approximately 2.2 umol, 4.5 ymol and
11.2 ymol for 0.2 mol%, 0.4 mol% and 1.0 mol% 5/6 respectively) was removed via
syringe and used as catalysts for H3B-NMeH, dehydropolymerization under hydrogen
evolution measurements conditions as per the general procedure (vide supra).
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Figure S17. Representative >'P{*H} NMR spectrum of an in situ formed mixture of
complexes 5/6 used as a catalyst in H3B-NMeH, dehydropolymerization.

Figure S18. Representative B NMR spectrum (1,2—F,CgHs solvent, 298 K) of the
dehydropolymerization reaction mixture using 2a under open conditions. 0.2 mol% 2a,
[2a] = 4.45 x 107 M, [H3B-NMeH,] = 0.223 M, 1,2-F,C¢H,4 solvent, open conditions. The
broad baseline signal observed in the B NMR spectrum at & ~20.0 is due to background
from the tube and probe (borosilicate glass).
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Figure S19. NMR spectra (protio-THF solvent unless otherwise stated, 298 K) for isolated
(H.BNMeH), produced by 2a. “Soluble” polymer is (H,.BNMeH), that is soluble in 1,2—
F.CsH,4, CD,Cl, and THF solvents. “Insoluble” polymer is (H.BNMeH), that is insoluble in
1,2-F,CsHs and CD,CIl, solvents, but is soluble in THF solvent. Direct comparison
between “soluble” and “insoluble” polymer by NMR spectroscopy can be carried out in
THF solvent, and indicates that “insoluble” polymer may demonstrate greater cross
linking/chain branching than “soluble” polymer due to greater intensity peaks at & ~1.0 in
the *'B NMR spectrum and at & ~35.7 in the **C{*H} NMR spectrum. These may signal
tertiary or quaternary main chain centers.® The broad baseline signals observed in the
2B NMR spectra at & ~20.0 are due to background from the tube and probe (borosilicate
glass). * = entrained H3B-NMeH; or polymeryl-BH3 end group. Note that all reported GPC
data are for unseparated “soluble” and “insoluble” polymer mixtures in order to directly
compare all samples produced under different conditions — note that THF solvent is used
for GPC analysis.
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Figure S20. B NMR spectrum (protio-THF solvent, 298 K) for isolated (H,BNMeH),
produced by 2a under closed conditions. 0.4 mol% 2a, [2a] = 8.92 x 10™* M, [H3B-NMeH,]
=0.223 M, 1,2-F,CsH, solvent, closed conditions. The broad baseline signal observed in
the B NMR spectrum at ~20.0 is due to background from the tube and probe
(borosilicate glass). GPC analysis of (H.BNMeH),: M,, = 5,700 g/mol, b = 2.0.

99% conversion
M, = 34,900 g/mol

[

10% conversion
M, = 24,800 g/mol

50 40 30 20 10 0 10 20 30 40 50
ppm
Figure S21. Stacked B NMR spectra (protio-THF solvent, 298 K) of isolated

(H.BNMeH), samples from the dehydropolymerization of H3B-NMeH, under molecular
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weight vs conversion conditions. 0.2 mol% 2a, [2a] =4.45 x 10™* M, [H3B-NMeH,] =
0.223 M, 1,2-F,Cg¢H,4 solvent, open conditions, at 99% HsB-NMeH, conversion (top) and
10% H3B-NMeH; conversion (bottom). The broad baseline signals observed at d ~20.0 are
due to background from the tube and probe (borosilicate glass). The signal at 6 -18.0 is
due to unreacted H3B-NMeH,. The !B NMR spectra were back-linear corrected and the
signals pertaining to H3sB-NMeH; (6 —-18.0) and (H.BNMeH), (& —6.0) were integrated with
respect to one another to determine the % conversion.

3a
[
2a
r t=5min
4a 4a
[
4a 4da
MM

Ao ”u MI t =2 hours

1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1
50 45 40 35 30 25 20 15 10
ppm

Figure S22. Stacked *P{*H} NMR spectra (1,2—F,C¢H, solvent, 298 K) of the reaction of
Hi;B-NMeH, with 10 mol% 2a in 1,2—-F,CgHs solvent over time. The doublet at © 28.3
shows the phosphorus environment of 3a. The multiplets at 6 31.7, 6 28.9,  15.7 and
0 12.8 are the phosphorus environments of 4a.
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Figure S23. Representative "B NMR spectrum (1,2-F,Ce¢Hs, 298 K) of the
dehydropolymerization reaction mixture using 2a under hydrogen evolution measurement
conditions. 0.2 mol% 2a, [2a] =4.45 x 10™* M, [H3B-NMeH,] = 0.223 M, 1,2—F,CgH.
solvent, hydrogen evolution measurement conditions. The broad baseline signal observed
in the B NMR spectrum at 8 ~20.0 is due to background from the tube and probe
(borosilicate glass).

8,000
7,000 -
__ 6,000 A %
v 1.0 mol% 2a
E 5,000
@
2 4,000 o
g 0.4 mol% 2a
S 3,000 )
T 0.2 mol% 2a
— 20004 @
0.1 mol% 2a
1,000 A
0 T T T T
0 5 10 15 20 25
[2a] (x 1074 M)

Figure S24. Induction period prior to the onset on hydrogen evolution vs [2a] plot for the
dehydropolymerization of H3B-NMeH, using 2a (as measured by hydrogen evolution).
[H3sB-NMeH,] = 0.223 M, 1,2-F,CgH,4 solvent, hydrogen evolution measurement conditions.
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Figure S25. Temporal data plots for H,B=NMeH formation (as measured by hydrogen
evolution). 0.4 mol% 2a, [2a] =8.92 x 10" M, [HsB-NMeH,]
solvent, hydrogen evolution measurement conditions. Left: Effect of 0.2 equivs. of PPhs
added at 2,800 s. Right: Effect of 1,500 equivs. of Hg added at 3,600 s.
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Figure S26. Temporal data plots for H,B=NMeH formation (as measured by hydrogen
evolution). 0.2 mol% 6, [6] = 4.45 x 10™* M, [HsB:NMeH,] = 0.223 M, 1,2—F,Cg¢H,4 solvent,
hydrogen evolution measurement conditions. Effect of 1,500 equivs. of Hg added at

2,600 s.
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Figure S27. Left: Temporal data plot for H,.B=NMeH formation (as measured by hydrogen
evolution). 0.4 mol% 2a, [2a] = 8.92 x 10™* M, [HsB-NMeH;] = 0.223 M, 1,2—F,CgH,4
solvent, hydrogen evolution measurement conditions. Right: Rate vs [H3B-NMeH,] over
time. 0.4 mol% 2a, [2a] =8.92 x 10™* M, [H3B-NMeH;] = 0.223 M, 1,2-F,C¢H, solvent,
hydrogen evolution measurement conditions. (a) Acceleration phase. (b) Deceleration
phase.
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Figure S28. vyhax (maximum rate) vs [2a] plot for the dehydropolymerization of H;B-NMeH-
using 2a (as measured by hydrogen evolution). [H3B-NMeH;] =0.223 M, 1,2-F,CgH,
solvent, hydrogen evolution measurement conditions. Inset: Vmax (Maximum rate) vs [2a]”
plot for the dehydropolymerization of H3B-NMeH; using 2a. [H3B-NMeH;] = 0.223 M, 1,2—
F.CsH4 solvent, hydrogen evolution measurement conditions. A line of best fit is shown for
a hypothetical half order dependence on [2a] between 2.23 x 10™* M and 8.92 x 10™* M 2a
(0.1 mol% and 0.4 mol% 2a) (R? = 0.979).
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Figure S29. Left: Temporal data plot for H.B=NMeH formation (as measured by hydrogen
evolution). 0.2mol% in situ formed 3a (0.4 mol% with respect to Rhroral),
[3a] =4.45x10* M ([RhlrotaL = 8.92 x 107 M), [HsB-NMeH,] = 0.223 M, 1,2—F»CgH.4
solvent, hydrogen evolution measurement conditions. Right: Rate vs [H3;B-NMeH,] over
time. 0.2 mol% in situ formed 3a (0.4 mol% with respect to Rhrotal), [3a] = 4.45 x 107 M
(IRhlrotaL = 8.92 x 10 M), [H3B-NMeH,] =0.223 M, 1,2-F,C¢Hs solvent, hydrogen
evolution measurement conditions.
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Figure S30. First order kops Vs [4b]” plot for the dehydropolymerization of HsB-NMeH.
using 4b (as measured by hydrogen evolution). [H3B-NMeH;] = 0.223 M, 1,2-F,CgH,
solvent, hydrogen evolution measurement conditions. A line of best fit is shown for the
proposed half order dependence on [4b] (R? = 0.989). Inset: First order kops Vs [4b] plot for
the dehydropolymerization of H3B-NMeH, using 4b. [H3B-NMeH;] = 0.223 M, 1,2—-F,CgH4
solvent, hydrogen evolution measurement conditions. A line of best fit is shown for a
hypothetical first order dependence on [4b] (R? = 0.827).
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Figure S31. Temporal data plots for the equivalents of H, formed over 3 successive
catalytic runs (as measured by hydrogen evolution). 0.4 mol% 2a, [2a] = 8.92 x 107 M,
[HsB-NMeH;] = 0.223 M x 3, 1,2-F,C¢H; solvent, hydrogen evolution measurement
conditions. GPC analysis of (H,BNMeH), at the end of the 3" charge: M, = 9,500 g/mol,
b=1238.
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Figure S32. Temporal data plot for H,B=NMeH formation (as measured by hydrogen
evolution). 0.4 mol% 2a, [2a] =8.92 x 10*M, [HsB-NMeH,] = 0.223 M, 1,2-F,CgH,4
solvent, 0.05 mL (50 pL) of a THF solution containing ~2 equivs. NMeH,, with respect to 2a
was added into the reaction vessel after 5 seconds, hydrogen evolution measurement
conditions.
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Figure S33. Temporal data plots for H,B=NMeH formation (as measured by hydrogen
evolution). 0.2 mol% catalyst, [catalyst] = 4.45 x 10™* M, [HsB-NMeH,] = 0.223 M, 1,2—
F2,CeH4 solvent, with and without 0.05 mL (50 pL) of a THF solution containing ~2 equivs.
NMeH; with respect to catalyst added into the reaction vessel after 5 seconds, hydrogen
evolution measurement conditions. €) Catalyst = [Rh(DPEphos)(n*~
H.B(NMes)(CH,)-'Bu)][BAr 4] (2a). (b) Catalyst = [Rh(Xantphos—Ph)(n*-
H.B(NMe3)(CH,),'Bu)][BAr 4] (A). (c) Catalyst = [Rh(Ph,P(CH,)sPPh,)(CeHsF)][BAr 4.
Inset: Expansion of the region between 0 and 200 s, showing the induction period of ca.
100 s prior to the onset of hydrogen evolution without NMeH,, and lack of induction period
with ~2 equivs. NMeH, added. O = No added NMeH,; <> = doped with ~2 equivs. NMeH,.
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Figure S34. *P{*H} NMR spectrum (1,2—F,CgH4 solvent, 298 K) of the reaction mixture
upon completion of productive catalysis using 0.5 mol% [Rhy(DPEphos),(o,u—
(H2B)2NHMe)][AI(OC(CF3)s)4] (4b).
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Figure S35. *'P{*H} NMR spectrum (1,2—F,CsHa solvent, 298 K) of the reaction mixture
during productive catalysis using 1 mol% [Rh(DPEphos)(NMeH.),][BAr 4] (6).
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Computational Details

The geometry optimization of 4b was run with Gaussian 03 Revision D.01*" and performed
using the BP86®° functional. Rh and P centres were described with Stuttgart RECPs and
associated basis sets,?’ with added d—orbital polarization on P (¢ = 0.387)** and 6-31G**
basis sets for C, H, O, B and N.?** Stationary points were fully characterized via
analytical frequency calculations as minima with all positive eigenvalues. Atoms in
Molecules® analyses were performed with the AIMALL program® using the same
functional and basis sets described above.

Geometry Optimization of 4b

RO®PO OO NO® COBL HL

Figure S36. Geometry optimized structure of the cationic portion of 4b.

Table S1. Comparison of key distances between the experimental (Fig. 2a) and computed
(Fig. S18) structures of the cationic portion of 4b.

Bond  Computed Distance (A) Crystal Structure (A)

Rh1-Rh2 2.70 2.6421(4)
Rh1-B1 2.37 2.326(5)
Rh1-B2 2.11 2.096(5)
Rh2-B1 2.11 2.107(5)
Rh2-B2 2.34 2.328(5)

Rh1-C38 2.99 2.998(4)

B1-N1 1.59 1.59(1)
B2-N1 1.57 1.56(1)
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Quantum Theory of Atoms in Molecules (QTAIM) Analysis of 4b

Figure S37. Molecular graph of the cationic portion of 4b with 2D contour plot of the
electron density present with projected stationary points and bond paths. Bond critical
points (BCPs) are shown in green and ring critical points in red.

Table S2. Calculated QTAIM parameters (a.u.) for selected BCPs in 4b. p(r) = electron

2
density, V p(r) = Laplacian of the electron density, € = bond ellipticity, H(r)= total energy
density.

BCP p(r) V() ¢ H(r) BCP po(r) V() ¢ H(r)
Rh'-Rh*> 0.05 0.08 0.32 -0.02 | Rh>-B> 0.10 -0.06 0.10 -0.05
Rh'-H°B? 0.10 0.25 0.39 -0.04| B-H® 0.17 -0.25 0.03 -0.18
Rh*>-H"B! 0.09 0.25 0.39 -0.03| B>-H° 0.17 -0.24 0.03 -0.18
B>-H® 0.12 -0.13 0.40 -0.10 | Rh'-HC 0.02 0.06 0.28 0.00
B™~H* 0.12 -0.12 0.32 -0.11 | Rh>~-HC 0.02 0.07 0.37 0.00
Rh'-B* 0.10 -0.06 0.10 -0.05
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XYZ Coordinates of 4b

SCF Energy = -3322.72757080
Enthalpy 0 K = -3321.589126
Enthalpy 298 K = -3321.509993
Free Energy 298 K = -3321.707704
Lowest Frequencies = 11.230, 17.760 cm™
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1.410958000

4.916351000
-0.960674000
-0.931376000
0.339634000
0.784180000
1.978582000
-2.204151000
1.382446000
-1.628808000

3.171176000

4.815035000

5.506615000

—-2.696949000

3.111787000
-1.778847000

-3.246181000
-2.014289000
1.815114000

—-2.768899000

—-0.140875000
1.726404000
0.304008000

-6.248727000

-1.516520000

-0.859001000

-1.967370000
1.076445000
2.673371000
0.272059000
—-2.223867000
0.042791000
1.329592000
-1.377235000
—-4.277540000
5.555700000
2.396548000
2.162213000
1.940871000
-0.443006000
0.313814000
3.001153000
3.550620000
-6.358882000
—-6.164595000
—-2.172336000
6.744408000
1.373588000
4.681792000
2.124297000
5.837896000
5.454232000
0.454374000
6.420461000
4.691707000
3.778758000
4.779990000
2.291752000
2.110172000
1.528223000
1.171740000

—-2.134249000
-1.280269000

1.126948000
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Crystallography

Single crystal X—ray diffraction data for 4b was collected as follows: a typical crystal was
mounted on a MiTeGen Micromounts using perfluoropolyether oil and cooled rapidly to
150(1) K in a stream of nitrogen gas using an Oxford Cryosystems Cryostream unit.?® Data
were collected with an Agilent SuperNova diffractometer (Cu K radiation, A = 1.54180 A).
Raw frame data were reduced using CrysAlisPro.?”! The structures were solved using
SHELXT? and refined using full-matrix least squares refinement on all F? data using the
SHELXL? (version 2014/7) using the interface OLEX2.*° Hydrides were located in the
difference map and refined isotropically. All other hydrogen atoms were placed in
calculated positions (riding model). All OC(CF3); moieties and the N(H)Me unit exhibited
disorder. This was treated by employing a split site model, restraints to bond lengths and
displacement ellipsoids were applied. Highly disordered lattice solvent molecules could not
be satisfactorily modeled. The solvent masking algorithm in OLEX2 was applied, structure
factors for 176 electrons in 740 A® per unit cell were introduced. On the basis of the
electron count the void is suspected of containing three 1,2—difluorobenzene molecules,
however this has not been included in the atom list or molecular formula. Thus all
calculated quantities that derive from the molecular formula are known to be incorrect.

Table S3. Crystallographic data for complex 4b.

Complex 4b
Chemical formula CgoHesAl1BoF36N,OgP4RN,
Formula weight (g/mol) 2305.71
Temperature (K) 150(1)
Crystal system Triclinic
Space group P-1
a(A) 14.5138(2)
b (A) 18.5644(3)
c (A 21.4620(3)
a (deg) 104.385(1)
B (deg) 102.683(1)
y (deg) 107.545(1)
V (A% 5062.15(13)
z 2
p (caled) (g cm™) 1.513
g (mm™) 4.361
Reflections collected 59615
Unique reflections 20909
Restraints/parameters 2901/1761
Rint 0.0477
Ry [I > 20(1)] 0.0579
WR; [ > 20(1)] 0.1729
GoF 1.030
Residual electron density (e A™) 1.76, -0.94
CCDC no. 1877231
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