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Materials and methods

All reactions and manipulations were carried out under an atmosphere of dry argon using standard
Schlenk techniques or in a glovebox under inert atmosphere. Dry, oxygen-free solvents were
employed. All reagents were purchased from Sigma Aldrich. Solution 'H, 3C and 3!P NMR spectra were
recorded on Bruker Avance 300 or 400 spectrometers at 298 K unless otherwise stated. Chemical shifts
(6) are expressed with a positive sign, in parts per million. *H and **C chemical shifts reported are
referenced internally to residual protio- (*H; & 5.32 for CD,Cl;) or deutero- (*3C; 6 53.84 for CD,Cl,)
solvent, while 3!P chemical shifts are relative to 85% HsPO,. The following abbreviations and their
combinations are used: br, broad; s, singlet; d, doublet; t, triplet; m, multiplet. The H and *3C
resonance signals were attributed by means of 2D COSY, HSQC and HMBC experiments. Jup and Jpc

were determined by comparison with the relevant *H{3'P} and 3C{*H,3!P} spectra.
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Experimental procedures

1) "BuLi (1 eq.), THF, -80°C, 2h

cl cl 2) MesMgBr (3 eq.), THF,-80°C to reflux, 3h | 1) "BuLi (2 eq.), Toluene, -80°C to RT, 17h
\©/ 3) I, (2 eq.), THF, 0°C, 1h Mes\©/|\/les 2) dmf (30 eq.), Toluene, 90°C, 1h
74%
N
_0 _NNHTs Mo (11 o) N2
NHoNHTs (1 eq.) a -1eq. Mes Mes
Mes Mes  MeOH, reflux, overnight Mes Mes THF, 40°C, 24h

69% 71% 87%
¢ 32% overall

Scheme S1. Synthetic route to CH(N;)Dmp.

Synthesis of Dmpl

1) "BuLi (1 eq.), THF, -80°C, 2h
2) MesMgBr (3 eq.), THF,-80°C to reflux, 3h [

Cl Cl
\©/ 3) 1, (2 eq.), THF, 0°C, 1h Mes Mes

74%

An oven dried three necked flask connected to a reflux condenser and a dropping funnel was flushed
with argon (3x). Magnesium powder (1.5 g, 62.7 mmol, 3.0 eq.) was the added to the three necked
flask as well as dry THF (15 mL). Mesityl bromide (9.5 mL, 12.54 g, 62.7 mmol, 3.0 eq.) in dry THF (45
mL) was added to the dropping funnel. A small amount of the mesityl bromide and some iodine crystals
were added and the mixture was stirred. This caused the mixture to heat slightly after which the rest
of the mesityl bromide was added dropwise. The dropping funnel was replaced by a stopper and the
mixture was refluxed for 3 hours after which it was allowed to cool to room temperature.

Another oven dried three necked round bottom flask connected to a reflux condenser was flushed
with argon (3x). 1,3-dichlorobenzene (3.1 g, 21.1 mmol, 1.0 eq.) and dry THF (50 mL) were added. this
was cooled to -80°C in an acetone/nitrogen bath and nBulLi (1.2 mL, 1.6 M in hexanes, 21.1 mmol, 1.0
eq.) was added slowly. This mixture was stirred for 2 hours after which the freshly prepared mesityl
magnesium bromide was added via a canula while maintaining a temperature of -80 °C. The mixture
was then allowed to warm to room temperature and subsequently refluxed for 3 hours after which it
was allowed to cool to room temperature.

The mixture was cooled to 0°C in an ice water bath and iodine (10.6 g, 41.7 mmol, 2.0 eq.) in dry THF
(45 mL) was added and stirred for 30 minutes. A saturated solution of Na,SO; was added and the
product was extracted with Et,0 (3 x 100 mL). The organic layers were collected and washed with H,0
(3 x50 mL) and brine (50 mL) this was dried over NaSQ,, filtered and concentrated. The resulting solid
was refluxed in EtOH (50 mL) for 30 minutes after which it was cooled to room temperature to give
colourless crystals, filtering gave Dmpl in a 6.9 gram yield (74%). The spectra matched those reported
in literature.’

1H NMR (300.11 MHz, CDCls): 7.46 (t, J*" = 7.5 Hz, 1H), 7.08 (d, J'" = 7.5 Hz, 2H), 6.96 (s, 4H), 2.35 (s,
6H), 1.98 (s, 12H)

S4



Synthesis of CHODmp

I 1) "BuLi (2 eq.), Toluene, -80°C to RT, 17h
l 2) dmf (30 eq.), Toluene, 90°C, 1h Mes Mes

69%

Dmpl (2.0 g, 4.5 mmol, 1.0 eq.) was added to a Schlenk and purged with argon (3x). Dry Toluene (20
mL) was added and the mixture cooled to -80 °C in an acetone/nitrogen bath. "Buli (5.7 mL, 1.6M in
hexanes, 9.1 mmol, 2.0 eq.) was then added dropwise while stirring. The reaction was stirred for 1
hour at -80 °c in a acetone/nitrogen bath after which it was warmed to room temperature and stirred
for another 16 hours resulting in a yellow suspension. The mixture was cooled to -80°C in an
acetone/nitrogen bath and dry dmf (1.9 g, 2 mL, 138.0 mmol, 30 eq.) was added dropwise. The reaction
was warmed to room temperature and stirred for 30 minutes after which it was heated to 90°C and
stirred for one hour to give a colourless solution with a white suspension. The mixture was cooled to
0°Cin a ice water bath and distilled H,0 (25 mL) was added to quench. The product was extracted with
Et,0 (2x 25 mL). The organic fractions were combined and washed with H,0 (3x 25 mL) and brine (25
mL) then dried over NaSQ,, filtered and concentrated to give a yellow solid which was dissolved in a
minimal amount of pentane at 30°C. Cooling the mixture to -25 °C in a fridge gave a white precipitate.
Filtering gave the product as an off white solid in a 1.08 gram yield (69%). The spectra matched those
reported in literature.?

1H NMR (300.11 MHz, CDCls): 9.66 (s, 1H), 7.66 (t, ™" = 7.6 Hz, 1H), 7.17 (d, J"" = 7.6 Hz, 2H), 6.94 (s,
4H), 2.34 (s, 6H), 1.96 (s, 12H)

Synthesis of CH(NNHTs)Dmp

o _NNHTs
NH,NHTs (1 eq.)
Mes Mes  \MeOH, reflux, overnight

o’
Mes Mes

1%

CHODmp (1.08 g, 3.2 mmol, 1 eq.) and TsNHNH, (596 mg, 3.2 mmol, 1 eq.) were added to a 20 mL
round bottom flask and MeOH (6 mL) was added. This mixture was refluxed overnight and cooled to -
25 °Cin a fridge for several hours to give white crystals. This was filtered and washed with precooled -
25°C MeOH (2 x 4 mL) and pentane (2 x 20 mL) to give the product as white crystals in a 1.14 g yield
(71%).

1H NMR (300.13 MHz, CDCl3): 7.43 (t, ' = 7.9 Hz, 1H), 7.32 (d, J"™ = 8.6 Hz, 2H), 7.20 (m, 3H), 7.04 (d,
JMH = 7.6 Hz, 2H), 6.89 (s, 4H), 2.42 (s, 3H), 2.33 (s, 6H), 1.87 (s, 12H)
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Synthesis of CH(N2)Dmp

N
_NNHTs N>

NaH (1.1 eq.) Mes Mes

Mes Mes  THE 40°C, 24n

87%

CH(NNHTs)Dmp (511 mg, 1.0 mmol, 1 eq.) was dissolved in THF (10 mL) and slowly added to a stirring
suspension of NaH (27.8 mg (95%), 1.1 mmol, 1.1 eq) in THF (5 mL) which resulted in immediate
formation of gaseous H,. This was stirred overnight at 40°C to give a strongly orange coloured solution.
The solvent was removed by evaporation and the product was extracted via canula filtration with
pentane (4 x 5 mL) till only a white solid remained. The solution was concentrated to approximately
half the original volume and stored overnight in a -80°C fridge resulting in the formation of crystals.
The pentane was removed via canula filtration giving the product as an salmon coloured solid in a 352
mg yield (8 7%). The spectra matched those reported in literature.?

1H NMR (300.11 MHz, CD,Cl,): 7.16 (dd, J*" =7.1 Hz, J*™" = 8.0 Hz, 1H), 6.96 (d, J"" = 7.5 Hz, 2H), 6.92
(s, 4H), 4.16 (s, 1H), 2.31 (s, 6H), 2.01 (s, 12H)

Synthesis of (PP)AuNTf;
'PrN___ N'Pr 'PrN___N'Pr
“p’ AgNTf, (1 eq.) N=¢
\Aul DCM, RT, 15 min_ \AuNsz
s s
/P\ . /P\ .
'PrN N'Pr 'PrN N'Pr
\/ \/
°=BH o=BH
85%

In a glove box (PP)Aul (400 mg, 0.49 mmol, 1.0 eq.) and AgNTf; (191 mg, 0.49 mmol, 1.0 eq.) were
added to an aluminium covered vial containing a stirring bar. DCM (10 mL) was added and the reaction
was stirred for 15 minutes. The solution was filtered over a short celite pad and washed with DCM (2
x 2mL). The solution was concentrated to approximately half the original volume and stored in a -24°C
fridge resulting in the formation of yellow crystals. The solvent was removed by canula filtration, drying
under high vacuum gave the product as yellow crystals in a 404 mg yield (85%). The spectra matched
those reported in literature.?
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Generation of 1

ARy [\ o
'PrN_ NP i i NTf,
r \P/\ f dmpCHN, (1 eq.) 'PrN\P/NPr ! 2
0 ,
AUNTF,  CD2Clo, -50 °C, 5 min \Au@ SN
P{ % ‘
PrN” NIPr | /F’\
\/ PN Nipr
°=BH o= BH

In a glovebox CH(N2)Dmp (11.0 mg, 0.031 mmol, 1 eq.) and CD,Cl; (0.3 mL) were added to a NMR tube
after which it was capped with a septum. (PP)AuNTf; (30.0 mg, 0.031 mmol, 1 eq.) and CD,Cl; (0.5 mL)
were added to a vial. The solution was taken up into a syringe and the needle was capped with a
septum. Outside the glovebox, the NMR tube was cooled to -50°C in a acetone/nitrogen bath after
which the solution containing (PP)AuNTf; was slowly added to the NMR tube resulting in a direct colour
change to deep purple. The NMR tube was then thoroughly sealed with Teflon tape and parafilm after
which the tube was completely submerged in the -50°C acetone/nitrogen bath. The tube was allowed
to cool for 10 minutes after which it was vigorously shaken for several minutes while maintaining the
low temperature. The tube was then transferred to a -80°C acetone/nitrogen bath for transport.
Finally, the NMR tube was inserted into a precooled -80°C NMR spectrometer showing clean and
guantitative formation of 1. The complex was fully characterized with multinuclear NMR at this
temperature.

1H NMR (400.13 MHz, CD,Cl,, -80°C): 13.36 (t, J* = 16.6 Hz, 1H, H1), 8.06 (m, 1H, Hs), 7.25 (br, 1H, Ha
or Hy), 7.18 (bs, 1H, Ha or Hy), 6.94 (bs, 4H, Hyand Hg), 3.45-2.94 (m, 12H, NCH(CHs), and N(CH,CH3)N),
2.29 (br, 3H, Hus), 1.85 (br, 3H, Hy or Hy), 1.85 (br, 3H, H; or Hy), 1.26 (d, J"™ = 6.2 Hz, 6H, NCH(CHs)»),
1.19 (d, J™ = 6.2 Hz, 6H, NCH(CHs)2), 1.11 (d, J* = 6.2 Hz, 6H, NCH(CHs),), 0.70 (d, J"" = 6.2 Hz, 6H,
NCH(CHs)2)

Note: due to overlap with the methyl signals of 8 and 11 and their broadness, the BH signals of the
carborane could not be assigned.

13C{*H} NMR (100.63 MHz, CD,Cl,, -80°C): 295.6 (t, J* = 85.6 Hz, C1), 154.9 (br, Cs or Cz), 149.3 (t, J¥ =
8.9 Hz, C,), 146.5 (br, Cz or C3), 142.6 (t, )" = 7.4 Hz, Cs), 138.0 (br, C; or Cy or Cyo or Ci¢), 136.7 (br, C;
or Cy or Cyo or Cip), 136.2 (s, Cg), 134.9 (br, C; or Cy or Cyo or Cip), 133.4 (br, C; or C or Cyg or Cig),
131.7 (br, C4 or C¢), 130.3 (br, C4 or Cs), 128.4 (br, Co or Cy), 127.6 (br, Co or Cy), 119.0 (g, JF = 321.1
Hz, N(SO2CFs),), 91.5 (d, J** = 62.1 Hz, Carborane), 48.8 (m, NCH(CHs),), 41.9 (s, N(CH,CH,)N), 40.1 (s,
N(CH2CH2)N), 23.2 (S, NCH(CHg)z), 21.6 (S, NCH(CHg)z), 20.6 (m, Cs, Cs, C11 and NCH(CH3)2), 17.0 (S,
NCH(CHs)2)

31P{'H} NMR (161.98 MHz, CD,Cl,,-80°C): § 141.3 (s)
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31p NMR (161.99 MHz, CD,Cl,,-80°C): & 141.6 (broadened s)

1B NMR (128.38 MHz, CDCl,,-80°C): 6 50 to -50 (br)

Figure SO. Picture of complex 1 in CD2CI2 seconds after taking it out of a -80 © Cacetone/nitrogen bath. Left: picture taken
with flash. Right: picture without flash.

Variable temperature NMR of 1

1 was prepared according to the above described procedure. After insertion into a precooled -80°C
spectrometer, the temperature was increased in steps of 10°C. After reaching a stable temperature
approximately 5 minutes were waited after which the *H and 3P NMR spectra were measured. When
0°C was reached, the characteristic triplet around 13 ppm had almost entirely disappeared signalling
decomposition at this temperature and the experiment was stopped.
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Computational details

All calculations were performed using the Gaussian 09 package* and the B3PW91 hybrid
functional® on the different gold carbene complexes. The gold atom was described with the relativistic
electron core potential SDD and associated basis set,® augmented by a set of f-orbital polarization
functions.” The 6-31G** basis set was employed for all other atoms.® Frequency calculations were
undertaken to confirm the nature of the stationary points, yielding zero imaginary frequency for
minima. All the geometrical structures were plotted with Chemcraft program.®

The bonding situation in all systems was studied using Natural Bond Orbital*® analyses (NBO, 7.0
version).!! Charge transfer between the carbene and the metallic fragment has been calculated using
atomic NPA charges. The Natural Localized Molecular Orbitals (NLMO) associated to the interactions
involving the vacant of the carbene, i.e. the dyx.(Au)—2p™(Ccarbene) and Ttc=car—>2p™(Cearbene) interactions,
have been analyzed. NLMO plots associated to the Au—>Ccarmene back-donation or Aryl—Ccarbene
interaction were drawn (cutoff: 0.04) with Chemcraft program.®

For each system, a charge decomposition analysis (CDA) was carried out with the CDA 2.2 program
developed by G. Frenking.'? The orbital contributions to the charge distributions are divided into four
parts: (i) the mixing of the occupied orbitals of the ligand (carbene) and the unoccupied MOs of the
metal fragment L,Au* (Ligand—Au donation d), (ii) the mixing of the unoccupied orbitals of the ligand
and the occupied MOs of the metal fragment (Ligand<—Au back-donation b), (iii) the mixing of the
occupied orbitals of the ligand and the occupied orbitals of the metal fragment (Ligand<>Au repulsive
polarization r), and (iv) the mixing of the unoccupied orbitals of the ligand and the unoccupied orbitals
of the metal fragment (residual term A).

Energy Decomposition Analysis®* was performed with Amsterdam Density Functional program,
version 2021.102* at ZORA-B3LYP/TZ2P level of theory on the geometry optimized from Gaussian 09
at B3PW91/SDD+f(Au),6-31G** level of theory. Different fragmentations were considered : i)
(P,P)Au*(Singlet)/CHR(Singlet), (P,P)Au*(Triplet)/CHR(Triplet) and (P,P)Au®*/CHRZ%. This analysis is
based on the EDA method of Morokuma and the ETS partitioning scheme of Ziegler and Rauk. The
interaction energy term AEin(Q) is decomposed into different chemically meaningful contributions: (i)
electrostatic interaction energy between the reagents (AVeistat), (ii) Pauli repulsion which account for
destabilizing interactions between occupied orbitals of each fragment (AEp.ui), and (iii) stabilizing
orbital interactions (AEom).

AEint = Avelstat + AEPauIi + AEorb

The main orbital interaction contributions to the total AEqw term can visualized and quantified by
means of the Natural Orbital for Chemical Valence (NOCV)® extension of the EDA method. The EDA-
NOCV approach is a powerful tool to quantitatively analyze chemical bonds, combining the extended
transition state (ETS) method for energy decomposition analysis combined with the natural orbitals
for chemical valence (NOCV) theory. Within this methodology, the AE., term is decomposed into the
contributions from different natural orbitals of chemical valence (NOCV) eigenvalues (i) as follows:

M/,
AE,p, = Z AE!)(rb = Z U [_Ffli,—k + FkTi ]
k k=1

Where the terms F™yx are the diagonal Kohn-Sham matrix elements corresponding to NOCVs. The
components AE ., provide energetic estimation of Ap* and allow to characterize the importance of a
particular electron flow channel for the bonding between considered molecular fragments.
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Figure S1. Plots of the HOMO and LUMO (cutoff: 0.05) for the (P,P)AuCH(R)* complexes, A-Ph, A-Mes and A-Dmp, calculated at the B3PW91/SDD+f(Au),
6-31G**(other atoms) level of theory. H have been omitted for clarity, excepted the H on the carbene center. HOMO-LUMO energy difference (AE) in eV.

A-Ph A-Mes A-Dmp
HOMO

-5.74 eV -5.57 eV -5.60 eV
AE 2.70 eV AE 2.73 eV AE 2.64 eV
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Table S2. CDA analysis for the complexes A-Ph, A-Mes, A-Dmp and for the (JohnPhos)AuCHMes™ complex B-Mes, calculated at the

B3PW91/SDD+f(Au),6-31G**(other atoms) level of theory.

LoAu* (singlet)/ CHR (singlet)

A-Ph A-Mes A-Dmp B-Mes

CR2 — Aul; donation (d) 0.365 0.447 0.482 0.391
Au — CR; back-donation (b) 0.219 0.215 0.231 0.119
d/b ratio 1.67 2.08 2.09 3.29

Au < C repulsion -0.348 -0.355 -0.380 -0.356

Residue term (A) 0.006 -0.006 -0.006 -0.009

In light of the EDA results (see Table S4), the CDA analysis was carried out in the best fragmentation, i. e. LhAu*/CHR fragments (both in the singlet state).

Figure S2. Plots of the NLMO (cutoff: 0.04) associated to the donation Ccarbene—>AU (Nc°(C) — Au), the back-donation Au— Cecarbene (dx(Au)—2p™(C)) and the
delocalization of the aryl group on the vacant of the carbene (c=car—2p™(C)) for complexes A-Ph, A-Mes and A-Dmp. Contributions of gold, Ccarbene and Caryi
atoms in percent. H have been omitted for clarity, excepted the H on the carbene center.

A-Ph A-Mes A-Dmp
dx(Au)—2p"(C) — Back-donation
- [S9 ® o
e L. © o,
. ® “« ® 87.8% Au
“ . . .
® g.‘ 85.2 % Au “« © % _smswau . Qt s o -
* e ¥ ) © & ~
u.u: 'y —a L cg & é .
e e - - 82%C . e ¢
% * o > & p '
®e 13.4%C 40 o % 9.1%C ‘
« = ¢ e
.
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Figure S3. Plots of the main molecular orbitals (cutoff: 0.05) for the (JohnPhos)AuCHMes* complex
B-Mes, calculated at the B3PW91/SDD+f(Au), 6-31G**(other atoms) level of theory. H have been
omitted for clarity, excepted the H on the carbene center. Plot of the NLMOs (cutoff: 0.04) associated
to the donation Ccarvene—>AU (Nc®(C) — Au), the back-donation Au—Cearbene (dx.(Au)—2p™(C) and to the
delocalization of the aryl group on the vacant of the carbene (mc=ca—2p™(C)). Contributions of gold,
Cearbene and Caryi atoms in percent. H have been omitted for clarity.
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-10.29 eV -8.48 eV
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The plot of the main MOs, the NLMOs associated to back-donation Au— Cecarene (dx:(Au)—2p™(C) and
to the delocalization of the aryl group on the vacant of the carbene (mc-ca—2p™(C)) as well as the
contributions of Au, Ccarbene and C-aryl in these NLMOs confirm the weaker Au—Cecary backdonation
and stronger Ar—Ccarh -donation in B-Mes than in A-Dmp.

Analysis of the NLMO associated to the donation term (Ccamene—>Au) evidences that this contribution is
relatively similar in all gold carbene complexes, meaning that that the difference in stability is not due
to the o-donor effect of the ligand. The main difference comes from the back-donation term.

Table S3. EDA carried out at ZORA-B3LYP/TZ2VP for the complex A-Dmp with different
fragmentations. Energies are in kcal/mol.

(P,P)Au* (S)/CHR (S) (P,P)Au®/CHR? (P,P)Au* (T)/CHR (T)
AEpayii 262.3 334.17 203.19
-243.63
AVe|stat (70.1 %)a '648.87 '156.44
-103.75
AEorb (299 %)a ‘35879 '15375
AEint -85.10 -673.50 -107.00
2 Values into bracket (%) correspond to the percentage contribution to the
total attractive interaction (AEeistat + AEor).

We carried out Energy Decomposition Analyses (EDA) using different fragmentations. According to

the orbital

interaction, the best description for A-Dmp

(P,P)Au*(singlet)/CHR(singlet) rather than (P,P)Au*(triplet)/CHR(triplet) or (P,P)Au**/CHR?Z.

is found for the fragmentation
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Table S4. EDA carried out at ZORA-B3LYP/TZ2VP for the complex A-Ph, A-Mes, A-Dmp and B-
Mes. Only the best fragmentation (P,P)Au*(Singlet)/CHR(Singlet) has been considered. Energies are in
kcal/mol.

A-Ph A-Mes A-Dmp JohnPhosAu*/CHR
AEpauii 275.95 268.38 262.30 230.22
AVaeat -260.03 -254.09 -243.63 -231.48
(71.7%) (72.0%)2 (70.1 %)? (74.8 %)°
AEon -102.76 -99.04 -103.75 -78.07
or (28.3%)° (28.0 %)? (29.9 %)? (25.2 %)?
AEin -86.84 -84.76 -85.10 -79.34
AEorss (p) -50.7 . -49.‘.? -49.§ —44.?
(back-donation) (Donation) (Donation) (Donation)
AEors2 (p) -34.6 . -29.8 . -31.6 . -15.3 .
(back-donation) (back-donation) (back-donation) (back-donation)
2 Values into bracket (%) correspond to the percentage contribution to the total attractive
interaction (AVeistat + AEorb).

For the best fragmentation, we carried out EDA analysis for A-Ph, A-Mes, A-Dmp and B-Mes for
comparison. In all cases, the main stabilizing contribution to the AE; term comes from the electrostatic
term (AVeista) Which accounts for ~ 70-75 % of the total attractive interaction energy, while the orbital
term (AEqrw) accounts to ~ 25-30 % to the stabilization.

The Natural Orbital for Chemical Valence (NOCV) extension of the EDA method (see Table S4 and
Figure S4) indicates that the orbital interaction (AEomi (p)) is primarily due to the donation from the
carbene to the metal fragment and that this term is relatively similar in all complexes (AEam(p) : —44.7
to -50.7 kcal/mol). The metal to carbene back-donation quite significantly contributes to the
stabilization in the gold complexes with (P,P) ligand, with AEow(p) ~ 30-35 kcal/mol and much less for
B-Mes (AEon(p): —15.3 kcal/mol).

Comparison of A-Dmp and B-Mes complexes shows that with the bidentate (P,P) ligand the AEq term
associated to the back-donation is twice as large compared to the monodentate Johnphos ligand (B-
Mes), whereas the donation term is relatively close. This means that the back-donation term is enhanced
with (P,P) ligand and contributes primilarly to the stabilisation of the carbene, in addition to steric
effects.
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Figure S4. Plot of the contours of deformation densities contributions (Aporb,i) Of the main pairwise
orbital interaction between L,Au’ ligand and carbene, and associated orbital interaction energy
contribution (AEqw, in kcal/mol) for the complex A-Dmp (a) and B-Mes (b), computed at ZORA-
B3LYP/TZ2P level of theory. The charge flow is red — blue (Ap < 0 in red and Ap > 0 in blue). The
contour value for density is 0.001 a.u.

a) Donation Back-donation

b) Donation Back-donation
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NMR Spectra

NMR spectra of Dmpl
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Figure S5. 'H NMR (300.11 Hz, CDCls) spectrum of dmpl.
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NMR spectra of CHODmp
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Figure S6. 'H NMR (300.11 Hz, CDCl3) spectrum of CHODmp.
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NMR spectra of CH(NNHTs)Dmp

/NNHTS
Mes Mes
PPRARSRINSEES YR &
e N I
( | | ‘
S y 3] ) J
1 1
I| | 4
il A ]_l | U L
R Toh s 1 o ™ T
FRAYEB gz 7
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
Figure S7. 'H NMR (300.11 Hz, CDCl3) spectrum of CH(NNHTs)Dmp.
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NMR spectra of CH(N2)Dmp
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Figure S8. 'H NMR (300.11 Hz, CDCl3) spectrum of CH(N2)Dmp.
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NMR spectra of 1
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Figure S9. 'H NMR (400.13 Hz, CD,Cl,, -80°C) spectrum 1.
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Figure S11. 13C NMR (100.63 Hz, CD,Cl,, -80°C) spectrum of 1.
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Figure S13. 31P{*H} NMR (161.98 MHz, CD,Cl,,-80°C) spectrum of 1.
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Variable temperature NMR spectra of 1
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Figure S16. *H NMR spectra of 1 from -80 °C to 0 °C in increments of 10 °C.
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Figure S17. 'H NMR spectra of 1 from -80 °C to 0 °C in increments of 10 °C from 13.0 to 14.0 ppm.
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Figure S18. 'H NMR spectra of 1 from -80 °C to 0 °C in increments of 10 °C from 6.5 to 8.5 ppm.
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Figure S19. 'H NMR spectra of 1 from -80 °C to 0 °C in increments of 10 °C from 0.5 to 4.0 ppm.
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Figure S20. 3P NMR spectrum of 1 from -70 °C to 0 °C in increments of 10 °C from 139 to 145 ppm.
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Figure S21. 1B NMR spectrum of 1 from -80 °C to 0 °C in increments of 10 °C.
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