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Abstract: Several base-stabilized silyliumylidene ions (2 and 3) with
different ligands were synthesized. Their behaviour appeared
strongly dependent on the nature of ligand. Indeed, in contrast to the
poorly reactive silyliumylidene ions 3c,d stabilized by strongly
donating ligands (DMAP, NHC), the silylene- and sulfide-supported
one (2-H and 3a) exhibits higher reactivity toward various small
molecules. Furthermore, their capability to successively activate
multiple small molecules was clearly demonstrated by processes
involving successive reactions with silane / formamide, CO, and Hs.
Moreover, HBPin adduct of 3a (8-C) catalyzes the hydroboration of
pyridine. Of particular interest, silylene-supported silyliumylidene
complex 2-H is one of the very rare species able to activate two H;
molecules.

Introduction

The chemistry of main-group element species exhibiting
“"transition metal-like behavior" has attracted much attention in
recent years.! Thus, some important achievements have been
reported, including the activation of small molecules such as H,
by digermynes,® disilenes,”! carbenes, heavier carbene
analogues (metallylenes),”! frustrated Lewis pairs (FLPs)® and
low-valent group 13 species.'? A significant advance in the
field is the use of multi-coordination(reactive)-site species,
capable of activating multiple small molecules to carry out
successive reactions. However, the number of such non-metallic
species still remains limited. The first reported example is a
digermyne |, featuring a reactive Ge=Ge triple bond, capable of
activating two H, molecules, and being an efficient catalyst for
the [2 + 2 + 2] cyclization of alkynes, highlighting a multi-reactive
character.™ It has also been shown that metallylenes 11,

Lewis pairs 1™ and FLP. IV, with labile hydrogen substituents,

are also capable of activating two small molecules, and show
particular catalytic activity compared to conventional species.
We also recently demonstrated that a stable germylene-B(CqFs)s
complex V, which can behave as both an electrophilic
germylene and a FLP, is capable of achieving the successive
activation of EtzSiH and CO, allowing the selective catalytic

hydrosilylation of CO,.'* However, it should be noted that highly
active systems able to activate two H, molecules are extremely
rare and, to the best of our knowledge, the boragermene Xli1,1¢!
and the phosphine-stabilized diborene XIV,*"! described by Kinjo
and Braunschweig respectively, are only the examples reported.
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Figure 1. a) Stepwise reactions of digermyne | with two H, molecules, b)
Examples of non-metallic species (lI-V) able to activate multiple small
molecules. c) Donor-supported silyliumylidene ions (VII-XIl). d) Compounds
capable of activating two molecules of H,.

In this context, silyliumylidene cations VI, presenting mixed
silyl cation / silylene functionalities should be interesting
candidates as multi-activating systems. Indeed, Miiller et al.
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have recently demonstrated that a transient silyliumylidene ion is
able to activate two molecules of benzene, via C-H bond
cleavages, at the same silicon site.*® Although silyliumylidene
cations VI are, in general, highly reactive transient species,®
they can be stabilized by compensating their electron deficiency
at the silicon center either by L-ligands or by n-electron donating
substituents. Jutzi et al. have reported the first stable n°-
silyliumylidene cation VII with a half-sandwich structure.?”
Mono-coordinate Si(ll) cation VIII, stabilized by n-interaction with
aryl groups, has also recently been synthesized by Hinz.?"! The
Driess group®® and more recently Aldridge et al.*® successfully
stabilized two-coordinate silyliumylidene cations IX combining
both stabilizations (L-ligand and n-donating amino substituent).
The multi-reactive character of IX was demonstrated by
successive reactions with an alkyne and Et,0.%¥ Furthermore,
several base-stabilized silyliumylidene cations X-XII have also
been isolated as stable complexes with two donating ligands.>
21 These well-stabilized three-coordinate silyliumylidene
complexes X-XII are probably the most appropriate for their
practical use. Indeed, So et al. elegantly demonstrated that the
NHC-stabilized Si(ll) cation XI (R = H) is an efficient catalyst for
hydroboration of carbonyl compounds®® and N-formylation of
amines.”” However, the study of the reactivity of these species
is still in its infancy,®®**1 which is partly explained by an
excessive stabilization of silicon center by strong electron-
donating ligands (NHCs, DMAP, phosphazenes...) which
considerably reduce their reactivity. Therefore, the use of less
coordinating ligands should improve the availability of the two
coordination sites on the Si atom and bring out the expected
properties as a multi-activation system.

Results and Discussion

We have demonstrated that phosphine-stabilized silylenes 1-
X (X = H, Cl, Ph, SnMes) thanks to the weak coordination of
phosphine and particular ligand effect, remain highly reactive
species®® and present, to some extent, a “transition metal-like
behavior”.** Thus, we have considered the use of 1-CI*¥ as a
platform to synthesize new silyliumylidene cations (2 and 3)

stabilized by two coordinating ligands.

Dipp, -
N-Si—X BAr,”
R,P
) PR, Dipp, ..
Dipp, .. 1-X N—Si=:Si-N
N-Si~Cl  \iBAr | Dipp
41 x=clL,H ) X
PR, - MCI 2-X
1-Cl L
MBAr, | - MCI
{Bu L 4 b A SMe; (a)
N ( ) PMe; (b)
PR, = P( SiMe, BAry DMAP (c)
tg‘u L Dipp, ..q NHC =
N-Si=<—L \

Dipp = 2,6-iPr,-CgH3

} N
MBATrg4 = KB(CgFs)s, LIB(CeF4SiMe,tBu), @ PRy ‘C‘NI @

or KB[3,5-(CF3),CgH3ls 3a-d /

Scheme 1. The synthesis of donor-stabilized silyliumylidene ions 2-X (X = ClI,
H) and 3a-d.
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The reaction of chlorosilylene 1-Cl with half an equivalent of
NaB[3,5-(CF3).CeHs]4 cleanly affords the chlorosilylene-adduct of
silyliumylidene ion 2-ClI (Scheme 1). The same result was
obtained even in the presence of an excess of sodium borate
salt (5 eq.). Furthermore, no traces of the expected two-
coordinate silyliumylidene ion were detected by NMR, probably
due to an excessive electrophilic character. Because 2-Cl has
multiple chiral centers (Si" atom and bicyclic backbone in each
Si(Ih)-unit), it exists as a mixture of four diastereomers in a 10 :
3:2: 1 ratio, as indicated by four sets of AX-systems observed
in the *P-NMR spectrum [68.3 / 45.1 ppm (3Jpp = 37.6 Hz), 70.3
1/ 53.4 ppm (Jpp = 2.6 Hz), 69.3 / 54.9 ppm (*Jpp = 2.5 HZ), 69.6
/ 45.2 ppm (3Jpp = 32.4 Hz)]. The **Si-NMR NMR spectrum
displays two doublet of doublets for the two central silicon atoms
of the major isomer at -13.2 ppm [Jsip = 56.0 and 181.3 Hz (A *c>-
Si)] and at -18.3 ppm [Jsp = 18.9 and 69.2 Hz (\%c*-Si)]
respectively. 2-Cl was isolated as air-sensitive yellow crystals
from a saturated fluorobenzene/toluene solution at -30 °C (92 %
yield). Similarly, the reaction of 1-Cl with NaB[3,5-(CF3),Cg¢Hs]s in
the presence of one equivalent of hydrogenosilylene derivative
1-H affords the related silylene->silyliumylidene complex 2-H
(Scheme 1) as a mixture of only two diastereomers. The
structure of 2-H was confirmed by X-ray diffraction analysis
(Figure 2-left). The Si-Si bond length (2.397(1) A) of 2-H
corresponds to Si-Si single bonds and is longer than those of the
reported Lewis base-stabilized disilenes (2.3224(7) — 2.3575(8)
A).BS}

Figure2. Molecular structure of 2-H (left) and 3a (right). Thermal ellipsoids
represent 30 % probability. Disordered, H atoms and counter anions B[3,5-
(CF3)2CeH3)]s for 2-H and B(Cg¢F4SitBuMe,), for 3a are omitted for clarity.
Selected bond lengths [A] and angles [?]: 2-H: Si1-Si2 2.397(1), N1-Sil
1.823(2), Si1-P1 2.335(1), N2-Si2 1.815(2), Si2-P2 2.334(1), N1-Sil-Si2
108.2(1), Si2-Si1-P1 128.8(1), N1-Si1-P1 89.7(1), N2-Si2-Si1 108.5(1), Sil-
Si2-P2 126.7(1), N2-Si2-P2 89.9(1).. 3a: Sil-S 2.334(1), Si1-P 2.372 (1), N1-
Sil 1.818(3), P-C1 1.738(3), C1-C2 1.362(4), C2-N1 1.362(4), Si1-P-C1
91.2(1), P-C1-C2 116.0(2), C1-C2-N1 124.8(3), C2-N1-Sil 114.2(2), N1-Si1-S
98.2(1), N1-Si1-P 87.9(1), S-Si1-P 99.1(1).

Although all diastereomers of 2-ClI could not be
characterized by NMR spectroscopy due to the complex signal
pattern, their formation was indirectly confirmed by a ligand
exchange reaction with an excess of non-chiral SMe, (5 eq.) and
K[B(CsFs)s] (1 eq.) which affords a sulfide-supported
silyliumylidene ion 3a as a single product (Scheme 1). Indeed,
the *!P-NMR spectrum of the solution mixture shows only one
singlet signal at 8 = 66.6 ppm for 3a. The same product 3a can
be obtained directly by the reaction of chlorosilylene 1-Cl with 1
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eq. of MBAr, [KB(CsFs)4 Or LiB(CsF4SiMestBu)4] in the presence
of an excess of SMe; ligand (5 eq.) in CgHsF at RT (Scheme 1)
and was isolated as air-sensitive yellow crystals in 67 % yield. In
the °Si-NMR spectrum, 3a displays a doublet signal at & = -15.7
ppm with a large Si-P coupling constant (*Jsp = 167.1 Hz), in the
region of that of 2-Cl (-18.3 ppm, “Jspp = 181.2 Hz, %Jgp = 55.9
Hz) and is only slightly upfield-shifted compared to precursor 1-
Cl (-10.5 ppm). This data is in marked contrast to the case of
NHC-stabilized silyliumylidene ions Xl whose %Si-NMR
resonances (-55.3 to -70.9 ppm) are significantly upfield-shifted
in comparison to those of the halogenated precursors (-9.7 to
13.8 ppm).?%*9 The same upfield-shift trend was also observed
in the case of cationic Si(Il) complex XII (14.6 to -82.3 ppm).2"*%
As expected, the 2°Sj chemical shift of 3a is very different from
those of mono-coordinate silyliumylidene cation VIII (56.8
ppm),2Y two-coordinate ones 1X (69.3 to 80.0 ppm),??%* and the
pentamethyl-cyclopentadienyl-substituted penta-coordinate
cation VII (-400.2 ppm).”” The X-ray structure of 3a reveals a
trigonal pyramidal geometry around Sil center (£°s; = 285.2°)
with an angle between phosphine and sulfide ligands [S-Sil-P =
99.1(1)°] close to 90° (Figure 1-right),®” which is in good
agreement with an orthogonal interaction of both ligands with the
two empty perpendicular 3p-orbitals on Sil atom. The Sil-S
distance [2.334(1)] is significantly longer than classical Si-S
covalent bonds (2.10 - 2.15 A), in agreement with a dative
character of the S-Si bond. The Si-P bond length [2.372(1) A] is
similar to that of 1-Cl (2.35 A).B4

L 3 (ppm) [Jsip (HZ)]
) 1-Cl (2-Cl)  -13.2[56.0 and 181.3] (major, 63 %)
. _ f o,
Dibe, o tH@H) e 27 3l (mior. 40%)
A SMe, (3a)  -15.7 [167.0]
@P% PMe; (3b)  -44.5[171.6 and 223.2]
DMAP (3c) -14.5[178.4]
NHC (3d)  -26.8[186.5]

Figure 3. #Si-NMR data (chemical shifts in ppm and Si-P-coupling constants
in Hz) of silyliumylidene ions 2 and 3.

As expected, the same reaction, performed in the presence
of more strongly donating ligands such as trimethylphosphine
(PMe3s), 4-dimethylaminopyridine (DMAP) or an N-heterocyclic
carbene (NHC), results in the quantitative formation of the
corresponding silyliumylidene ion complexes 3b-d (Scheme 1).
It is important to note that, 3c,d can be obtained using NaBPh,
with a less Lewis acid character at the sodium cation, whereas
the more electrophilic 2-X and 3a cannot be generated in the
same conditions.

To gain more insight into the electronic structure of base-
stabilized silyliumylidene ions 2 and 3, DFT calculations have
been performed at the MO06-2X/6-31G(d) level of theory. The
optimized structure of 3a agrees quite well with the experimental
data (Si-S: 2.389 A, Si-P: 2.366 A, Si-N: 1.813 A). The highest
occupied molecular orbital (HOMO) is mainly localized at the
silicon center as a lone pair (Figure 4c) and the lowest
unoccupied molecular orbitals (LUMO+1 and LUMO) correspond
to the two perpendicular anti-bonding * orbitals localized on the
Si atom. (a combination of 6*si.p and c*si.n for LUMO+1 and c*s;.
s for LUMO) (Figure 4a,b). As expected, due to the weak
coordination of sulfide ligand and the positive charge, both
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LUMO and HOMO energies (LUMO: -3.41 eV, HOMO; -9.42 eV)
are significantly lower than those of the neutral phosphine-
stabilized silylene XlII (R = H, LUMO: +0.53 eV, HOMO; -6.05
eV) and are close to those of the corresponding two-coordinate
silyliumylidene complex 4 with only a phosphine ligand (LUMO: -
5.15 eV, HOMO: -10.36 eV). Moreover the LUMO (c*sis) is
significantly lower than LUMO+1 (c*si.p @and c*sin) certainly due
to the weaker Me,S->Si" interaction than RzP->Si* and N-Si".
The HOMO-LUMO gap (AEnowmo-Lumo) Calculated for 3a (6.01 eV)
is in between those of silylene XIII (6.58 eV) and 4 (5.21 eV). Of
particular interest, the energy gaps of silylene-stabilized
silyliumylidene ions 2-X (AEnowmo-Lumo: 4.85 eV for 2-Cl, 5.05 eV
for 2-H) are even smaller than that of two-coordinate
silyliumylidene 4 due to the high HOMO energy levels (2-Cl: -
8.31 eV, 2-H: -8.21 eV).

©

LUMO (-3.41 eV) HOMO (-9.42 eV)

LUMO+1 (-2.39 eV)

Figure 4. Frontier orbitals of 3a calculated at the M06-2X/6-31G(d) level
(Isosurface level: = £0.045 e/(a.u.)®).

L AG (kcal/mol)
Dipp, o Dipp, ¥ g S'\:eél(a) 'g'g
N-SiT | N-Si* - -8.
T —G> f PMe; (b) -13.4
PR, A PR, 1-H -18.0
DMAP (c) 24.3
4 2-X or 3a-d NHC (d) 38.0

Figure 5. Calculated Gibbs free energy (AG in kcal/mol) for the formation of
silyliumylidene ions 2-X and 3a-d by the reaction of two-coordinate ion 4 with a
L-ligand (1-X, SMe,, PMe3, DMAP or NHC).

Furthermore, the calculated Gibbs free energy for the
formation of 3a by the coordination of sulfide ligand on the two-
coordinate silyliumylidene ion 4 (AG = -8.3 kcal/mol) is
considerably smaller than that of NHC-stabilized 3d (AG = -38.0
kcal/mol, Figure 5). This result is in good agreement with the
labile character of dimethylsulfide ligand, and suggests that
silyliumylidene ion 3a should be much more reactive than 3b-d.
Steric reasons certainly explain the low Gibbs energy for the
formation of 2-Cl (AG4,2.c1 = -8.6 kcal/mol) compared with 3b-d,
while in the case of 2-H (smaller silylene ligand) this energy is
considerably larger (AGa_2.c1 = -18.0 kcal/mol). The larger Gibbs
free energy for the formation of 2-H can also be also due to the
stronger donating ability of 1-H than 1-ClI.

As expected, silyliumylidene ion 3a supported by the weak
SMe;, ligand presents a high reactivity and with 2,3-dimethyl-1,3-
butadiene an immediate [4+1]-cycloaddition reaction was
observed at RT affording the phosphine-stabilized five-
membered cyclic silylium ion 5, and release of sulfide ligand
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(Scheme 2). The *P-NMR signal of 5 (37.6 ppm) is significantly
shifted to high field compared to that of 3a (67.0 ppm). Similar
chemical shifts have been previously observed for related
phosphine-stabilized silylium ions (22 - 40 ppm).®¥ In the case
of NHC-stabilized cation 3d, no reaction was observed even
upon heating at 100 °C. Silyliumylidene ion 3a also immediately
reacts with diphenylacetylene to give the corresponding [2+1]-
cycloadduct 6-A at RT. The strongly high-field shifted 2°Si-NMR
signal of 6-A (-96.4 ppm, Jsip = 186.6 Hz) is in good agreement
with the formation of a three-membered cyclic silylium ion.?*
Here again, 3c,d do not react with diphenylacetylene at RT, and
at 100 °C, a complex mixture of compounds was obtained. The
extraordinarily enhanced reactivity of 3a was also demonstrated
by the reactions, at RT, with bulky alkyne derivatives such as
bis(trimethylsilyl)- or bis(mesityl)acetylene to give the
corresponding silacyclopropenyl cation derivatives 6-B,C. Both
compounds show strongly high-field shifted °Si-NMR signals (6-
B: -100.1 ppm, Jsip = 215.8 Hz, 6-C: -86.9 ppm, "Jsip = 174.2
Hz). The MesP-supported silyliumylidene ion 3b reacts with
bis(trimethylsilyl)acetylene at 80 °C, but, as the reaction
progresses, it slows down and almost stops at about 30 % of
conversion. Probably the increasing amount of released MesP
inhibits the ligand dissociation from complex 3b, which hinders
the progress of the reaction. Therefore, it is clear that for a
reaction to take place, the L-ligand is required to dissociate from
the silicon center of 3 to generate a more reactive two-
coordinate silyliumylidene 4, unlike the highly reactive neutral
phosphine-stabilized silylenes 1, which react with acetylenes
even at room temperature.” The decreased reactivity of base-
stabilized silyliumylidenes 3 compared to the neutral ones 1 is
probably due to their reduced nucleophilic character.

) 4
Dipp, o
X
—
RT PR,
L = SMe, 5
BAry
) R
Dipp, o
R—— R NfSij[ R = Ph (A)
— } R SiMe; (B)
RT (L = SMey) PR, Mes (C)
80 °C (L = PMes) 6
3a,b —| BAr, O//F’Me3
Dipp, of
2Co, N‘?':O
—
B \
RT, - 2CO @pRZ "
L = PMes
BA Nipr, SN oS
Dipp, @ o= LN NiPr,
N-SiZ Dipp<. .Si
HE ) E H NN -H
L —_—
RT (A and B) PR, RT %Rz
70 °C(C) 8
L = SMe, 9

H-E = HSiEt; (A), HPPh, (B), HBpin (C)
Scheme 2. The reactions of 3a,b.
The MesP-stabilized cation 3b readily reacts with two

molecules of CO, to afford the cationic silanone (sila-acylium
ion) 7 stabilized by the phosphine fragment and Mes;P=0,
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releasing CO as byproduct (Scheme 2). Although, the NMR
characterization was not possible due to the insolubility of 7 in
any organic solvent, its structure was confirmed by X-ray
diffraction analysis (Figure 6-left). The oxidation of donor-
stabilized silyliumilydene ion XI' by CO, to give the
corresponding sila-acylium ion is already known.®® Similarly, the
reaction probably starts with the oxidation of Si(ll) center to
generate a cationic silanone 10, which evolves further by the
oxygen transfer from the Si to the P atom of coordinated
trimethylphosphine (Figure 7). This process regenerates the
cationic Si(ll) species 11 which readily undergoes a second
oxidation step with CO; to give the isolated cationic silanone 7. It
is worth noting that, in this process, the silyliumylidene fragment
in 3b formally behaves as an oxygen transfer catalysts. However,
its further catalytic activity was not observed even in the
presence of an excess of phosphine (10 eq.). Probably, the
strong Me3zP=0 coordination on the Si center in 7 prevents a
ligand exchange reaction with MesP to reform complex 10.

Figure 6. Molecular structures of 7 (left) and 9 (right). Thermal ellipsoids
represent 30 % probability. Disordered, H atoms (except H2 and H3 for 9),
solvent molecule (9) and counter anion [B(C¢Fs)s] are omitted for clarity.
Selected bond lengths [A] and angles [°]: 7: Si1-O1 1.516(3), Si1-02 1.708(3),
02-P2 1.560(3), N1-Sil1 1.769(4), Sil-P1 2.306(2), Si1-02-P2 126.0(2), O1-
Si1-02 110.3(2). 9: N1-Sil1 1.781(3), Sil-C3 1.882(5), C3-N2 1.462(5), C3-P
1.842(4), Si1-O 1.608(4), O-Si2 1.666(4), Si1-O-Si2 153.5(5).

BAr, _PMej
BAr, jMe3 o ?
ipp, @ PP, @ .
3b &, N—Si=0 —Si: &,7
-co (! N ! -co
PR, PR,
10 11
Figure 7. Proposed mechanism of the reaction of 3b with CO..
-33.3 ppm -18.7 ppm
(Usip: 34.2 Hz, (WUsip: 72.6 & 100.6 Hz, ~18.7 ppm (br)
sy 184.9 Hz) s 233.6 Hz) "siy: 212.3 Hz)
,-> 5.33 ppm . ,-> 577 ppm .» 529 ppm
Vo . Vo 2 . o
Dipp, oV H (2Jyp: 17.8 Hz) Dipp, V. H (Jp: 36.7 Dipp, ¥ H Rlup: 24.3 Hz)
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. i Sic o
* SiEtg * Eth * BPln
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8-C

2 .
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8-B i
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Figure 8. NMR data (*H, B, ?°Si and *'P) of 8-A,B,C.

Furthermore, 3a immediately reacts with triethylsilane at RT,
via oxidative addition at the Si(ll) center, to give the
corresponding silylium ion 8-A (Scheme 2). Similar oxidative
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additions were observed with diphenylphosphine at RT or H-
Bpin at 70 °C affording the corresponding adducts 8-B,C. These
compounds 8-A,B,C have been fully characterized by NMR
spectroscopy (Figure 8) and particularly the Si-H moiety shows a
characteristic signal in the *H NMR spectra (5.29 - 5.77 ppm)
with large silicon-proton coupling constants (*Jsiy = 184.9 - 233.6
Hz).

Of particular interest, silyl-substituted silylium ion 8-A reacts
further with N,N-diisopropylformamide, via the cleavage of C=0
double bond of amide, to form siloxane derivative 9 (Scheme 2).
9 was isolated as yellow crystals in good yield (85 %) and its
structure was confirmed by X-ray diffraction analysis (Figure 6-
right). The formation of 9 can be explained by the evolution of
the silylium-amide complex 12, via a reductive elimination®®® to
generate a pair of [phosphine-stabilized silylene and a O-
silylated iminium cation] 13 which evolves via the silylene
insertion into C-O bond of iminium salt“” to give the
corresponding siloxane substituted iminium cation 14 (Figure 9).
14 undergoes a ring-extension via a 1,2-phosphine ligand
migration toward iminium carbon to afford the experimentally
obtained 9.

H.__NiPr,
.
x T X SiEt
0 H_NiP Ho °
’ H 1IFT )
Dipp. ®¥_H Dipp, | 7 Dipp, \\
-

NSl —= NS — j{ O,
} SiEt 4 “SiEt, NiPr,
PR, PR, PR, ®

12 13 14

Figure 9. Proposed mechanism for the formation of 9.
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— /0
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Figure 10. Hydroboration of pyridine catalyzed by 8-C and its proposed
mechanism.

Interestingly, silylium ion 8-C (E = BPin) turns out to be an
active catalyst for the hydroborylation of pyridine (Figure 10a)."*Y
Indeed, the reaction proceeds at 60 °C in the presence of 8-C
(10 mol%) and is completed in 11 h. Since NMR monitoring of
the reaction detected the transient formation of pyridine-
supported borenium salt 19 (*B-NMR: & = 6.6 ppm)*? and
borylsilane derivative 20 [F*P-NMR: & = 108.5 ppm (t), 2Jpn =
20.4 Hz],?? the catalysis cycle probably starts with the reaction
of 8-C with pyridine to generate the hydrogeno silylene 1-H and
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the borenium cation 19 (Figure 10b). 1-H then reacts with H-
BPin via oxidative addition to form the detected borylsilane 20.
Hydride transfer from 20 to the borenium-activated pyridine in 19,
which may be promoted by phosphine coordination at the Si
center, completes the catalytic cycle to give the borylamine and
regenerated 8-C.

In contrast to silyliumylidene ions 3a,b, 2-H reacts with H, (5
bars) at 80 °C, leading to the clean formation of
trihydrogenosilane 21 and  the  phosphine-stabilized
dihydrogenosilylium ion 22 (Scheme 3). In the *P-NMR
spectrum, quartet and triplet signals were observed for 21 [107.1
ppm (q), 2Jpn = 29.8 Hz] and 22 [34.0 ppm (1), 2Jpn = 29.2 Hz]
respectively. The 2?Si-NMR spectrum displays doublet signals
for 21 (-43.1 ppm, “Jsip = 19.0 Hz) and 22 (-78.2 ppm, Jsp =
202.4 Hz), which are correlated with *H-NMR signals at § = 5.10
ppm (3Jup = 45.2 Hz) and & = 5.11 ppm (3Jwe = 26.4 Hz) with
®gi-satellite signals showing a large silicon-hydrogen coupling
constant ({Jsiy = 267.1 Hz for 21, and *Jsiy = 261.7 Hz for 22).
These results indicate the presence of two additional H atoms at
the Si atom of each fragment and are in good agreement with
the behavior of 2-H as a multi-functional FLP system able to
activate two molecules of H,. Both compounds 21 and 22 have
been successfully separated: (i) by extraction with pentane in
the case of neutral silane 21 (60 %), and (i) by crystallization
from a Et,O / pentane solution at -30 °C in the case of cationic
silylium 22 (96 %).

BAr,” y RZP@ ! BAY p.p
Dipp. | Yo 2H, Dipp LM, ¢
_ac

N=Si:—>=Si-N +
? A 90°C 4 H/‘ Dipp
PR, 2h PR, H
2-H »
21
BAr, @
,,,,,,,,,,,,,,,,,,,,,,,,,,,, R.P
: ) Dipp, | My
i BAry =8Si---H---Si-N
7 bR RP AN
! Dipp, Y PR H, Dipp
; NS =:Si-N] 2
RN
1 > 23 A, v}
PR, H
' Hol  Dipp
ONSSI+ HoSI-N
Dipp” || H 4
RoP
22 21

Scheme 3. The double H, activation by 2-H through the intermediacy of mono-
H,-adduct 23.

The two H,-activations probably proceed step-by-step via the
transient formation of silylium-silylene complex 23, generated by
the first H, activation by 2-H- The role of each Si center in 23
(Lewis acid / Lewis base) switches from that in 2-H upon
reacting with H,. Although the reaction of 2-Cl with H; starts at
lower temperature (70 °C), the reactions leads to a complicated
mixture of compounds. The higher reactivity of 2 compare to
3a,b can be attributed to the more strongly nucleophilic silylene
counterpart, which promotes better FLP-type reactions
reactions.”*¥! These results also demonstrated that, despite the
moderate electrophilic character of phosphine-stabilized silylium
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ion,®! with an appropriate nucleophilic partner, it can form an
efficient FLP able to activate H; in relatively mild conditions.

The *P-NMR spectrum of the solution mixture of 21 and 22
at RT reveals very broad signals which become sharp upon
lowering the temperature (-60 °C). Since the *P-NMR spectra of
isolated compounds are well defined at RT, the NMR line
broadening observed at RT for the mixture could be explained
by a hydride transfer from 21 to 22, probably being assisted by
the P->Si interaction. This supports our hypothesis on the
reduction of borenium-activated pyridine 19 by the hydride
donation of phosphine-coordinated borylsilane 20 (Figure 10b).
In addition, no dehydrogenation reaction (giving back either 23
or 2-H) was observed by heating a PhF solution of 21 and 22 at
100 °C or under vacuum.

Conclusion

In conclusion, we have synthesized and isolated base-
stabilized silyliumylidene ions (2 and 3) with different ligands.
Their behaviour appeared strongly dependent on the nature of
ligand. Indeed, in contrast to the poorly reactive silyliumylidene
complexes 3c,d with strongly donating ligands (DMAP, NHC),
the dimethylsulfide-supported one 3a (SMe;) exhibits higher
reactivity toward various small molecules. Furthermore, the
potential of 2 and 3 as multi-activating systems was clearly
demonstrated by successive reactions with different small
molecules such as silane / formamide, CO, and H,. Moreover,

HBPin adduct of 3a (8-C) catalyzes the hydroboration of pyridine.

Of particular interest, silyliumylidene-silylene complex 2-H is one
of the very rare species able to activate two H, molecules.
Applications of their unique behaviour in catalysis are under
active investigations.

Experimental Section

General

All manipulations were performed under inert atmosphere of
argon by using Schlenk or high-pressure NMR tube techniques.
Dry, oxygen-free solvents were employed. *H, B, *°F, **C, #Si
and *P NMR spectra were recorded on Bruker Avance II
300MHz, Avance Il HD 400 MHz and Avance | and Il 500 MHz
spectrometers. 'H, #Si and *C NMR chemical shifts are
reported in ppm relative to SiMe; as internal standard. **P NMR
chemical shifts are expressed in ppm relative to 85 % H3POa,.
1B chemical shifts are relative to BF3:OEt, and '°F chemical
shifts are relative to CFCl; as external reference. The following
abbreviations and their combinations are used: br, broad; s,
singlet; d, doublet; t, triplet; g, quartet, m, multiplet. H and *c
resonance signals were attributed by means of 2D COSY,
HSQC and HMBC experiments. GC-MS analyses were
performed on a MS Perkin Elmer Clarus MS560 and GC
PerkinElmer Clarus 500. The phosphine-stabilized silylenes 1-
CIEY and 1-H"* were synthesized as previously reported.

Syntheses

Compound 2-Cl: In a Schlenk tube, to a mixture of 1-Cl (850
mg, 1.42 mmol) and NaBAr", (515 mg, 0.58 mmol, 0.4 equiv), 8
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mL of fluorobenzene was added at ambient temperature. After 1
hours, precipitated salts were removed by filtration. To this
mixture, toluene (ca. 20 mL) was added. 2-Cl was obtained as
orange crystals at —30 °C (1.04 g, 92%). Mp. 139-142 °C
(decomp.). 2-Cl is soluble only in polar solvents and
decomposes in CDCIl; and CD,Cl,. Due to the solvent signal
(CeHsF), aromatic region of *H NMR were not fully assigned.
(Major isomer-A, 59%): 'H NMR (400 MHz, —30 °C, Ph-F/Tol-
ds): & = 0.28 (s, 3H, SiMey), 0.33 (s, 6H, SiMe,), 0.36 (s, 3H,
SiMez), 0.61 (S, 9H, CH3(BU), 0.67 (S, 9H, CH313U), 0.90 (d, Jun =
6.1 HZ, 3H, CH3ipr), 0.95 (d, JHH =6.1 HZ, 3H, CH3ipr), 0.97 (d,
Jun = 6.5 Hz, 3H, CHagipr), 1.00 (d, Jun = 6.5 Hz, 3H, CHaipr), 1.03
(m, 1H, CHznorb), 1.06 (m, 1H, CHanom), 1.16 (s, 9H, CHagy), 1.20
(s, 9H, CHapy), 1.20 (overlapped, 3H CHaip,), 1.23 (overlapped,
3H CHaipr), 1.28 (overlapped, 6H, CHaipr), 1.38 (m, 3H, CHanom),
1.52 (m, 3H, CHZNQrb), 1.98 (S, lH, CHbridgehead)y 2.11 (S, lH,
CHuriggenead), 2.58 (br m, 1H, CHipy), 2.88 (s, 1H, CHoyridgehead), 2.88
(overlapped, 2H, CHp), 2.95 (s, 1H, CHoyrdgehead), 3.00
(overlapped, 1H, CHip;), 7.54 (s, 4H, p-CHga/), 8.38 (s, 8H, m-
CHgay). **C{*H} NMR (100 MHz, —30 °C, Ph-F/Tol-dg): 5 = 2.9 (d,
Jep = 2.2 Hz, SiMey), 4.5 (d, Jep = 1.3 Hz, SiMey), 5.6 (SiMey),
6.6 (d, Jop = 1.3 Hz, SiMey), 22.7 (CHap), 22.9 (CHaip), 24.5
(CHaipr), 24.8 (CHaipr), 25.9 (CHaipr), 26.1 (CHznor), 26.5 (CHznorb),
26.6 (CHspr), 27.3 (CHspr), 27.5 (CHsipr), 27.7 (CHipy), 27.8
(CHipr), 28.1 (CHanor), 28.4 (CHipr), 28.5 (CHanor), 28.7 (CHipy),
32.4 (d, Jep = 2.1 HZ, CH3tBu), 32.5 (d, Jep = 1.9 HZ, CH31BU), 33.1
(d, Jcp =73 HZ, CH3tBu), 33.1 (d, Jep = 4.6 HZ, CH3tBu), 40.7
(CHbridgehead), 41.2 (CHbridgehead)| 44.3 (d, JCF’ = 134 HZ,
CHbridgehead), 45.6 (d, Jep = 10.2 Hz, CHbridgehead). 47.8 (d, Jep =
3.9 Hz, CHanom), 50.2 (d, Jep = 3.0 Hz, CHanorb), 51.0 (Cigy), 51.7
(Cisu), 52.7 (Cigu), 53.3 (Cigu), 98.7 (dd, Jep = 1.7 and 58.0 Hz,
NC=CP), 105.5 (dd, Jcp = 4.1 and 46.7 Hz, NC=CP), 118.0 (br,
p-CHBAr), 124.7 (CHAr), 125.3 (q, Jcg = 272.4 Hz, CF3), 125.5
(CHay), 126.0 (CHay), 126.2 (CHa), 128.3 (CHa,), 128.5 (CHa),
129.9 (qq, JCF =295 HZ, JCB =24 HZ, m-CBAr), 135.4 (O-CHBAr),
137.9 (N-Car), 139.0 (N-Cay), 147.2 (iPr-Cay), 147.3 (iPr-Ca),
147.6 (iPr-Ca,), 147.9 (iPr-Ca,),163.2 (g, Jcs = 49.6 Hz, ispo-Cza),
181.8 (d, Jecp = 34.7 Hz, NC=CP), 190.0 (dd, Jcp = 28.3 Hz,
NC=CP).**P{*H} NMR (162 MHz, =30 °C, Ph-F/Tol-dg): 5 = 45.1
(d, Jep = 37.6 Hz, P-Si"), 68.3 (d, Jpp = 37.6 Hz, P-Si-Cl).
Si{"H} NMR (79 MHz, —30 °C, Ph-F/Tol-dg): & = 19.9 (d, Jsip =
2.5 Hz, SiMey), 12.3 (d, Jsip = 2.6 Hz, SiMey), —13.2 (dd, Jsip =
56.0 and 181.3 Hz, P-Si*), —18.3 (dd, Jsip = 18.9 and 69.2 Hz, P-
Si-Cl).MB{*H} NMR (96 MHz, 25 °C, Ph-F/CgDs): & = —6.0 (BAr,).
PELH} NMR (282 MHz, 25 °C, Ph-F/CeDg): & = —62.4 (CFa).
(Minor isomer-B, 19%): **P{*H} NMR (162 MHz, =30 °C, Ph-
F/Tol-dg): & = 53.4 (d, Jpp = 2.6 Hz, P-Si*), 70.3 (d, Jpp = 2.3 Hz,
P-Si-Cl). 2°Si{*H} NMR (79 MHz, —30 °C, Ph-F/Tol-dg): 5 = 19.9
(d, Jsip = 2.5 Hz, SiMe;), 12.3 (d, Jsip = 2.6 Hz, SiMey), —13.2 (dd,
Jsip = 56.0 and 181.3 Hz, P-Si-Cl). (Minor isomer-C, 15%):
¥p{*H} NMR (162 MHz, —30 °C, Ph-F/Tol-dg): 5 = 54.9 (d, Jpp =
2.5 Hz, Si"), 69.3 (d, Jep = 2.5 Hz, P-Si-Cl). 2°Si{*H} NMR (79
MHz, —30 °C, Ph-F/Tol-dg): & = 19.9 (d, Jsp = 2.5 Hz, SiMey),
12.3 (d, Jsip = 2.6 Hz, SiMe;), —13.2 (dd, Jsip = 56.0 and 181.3
Hz, P-Si-Cl). (Minor isomer-D, 7%): *P{"H} NMR (162 MHz, —
30 °C, Ph-F/Tol-dg): & = 45.2 (d, Jpp = 32.4 Hz, P-Si*), 69.6 (d,
Jep = 32.4 Hz, P-Si-Cl).

Compound 2-H: In a Schlenk tube, to a mixture of 1-Cl (300 mg,
0.533 mmol), 1-H (340 mg, 0.646 mmol, 1.2 eq.) and NaBAr",
(470 mg, 0.533 mmol), 6 mL of fluorobenzene was added at

This article is protected by copyright. All rights reserved.

85US017 SUOLULLID) 8AI11D) 3Rl |dde a3 Aq paueAoB a8 SoIe YO ‘8sn JO S3|nd 10} ArIg)] U UO A3[IAA UO (SUORIPUOD-PUR-SWIRL WO 8| 1M Ale.q 1 Bul U0/ SdNY) SUORIPUOD pue SWB ] a4l 88S  [2202/0T/02] Uo Ariqiauliuo ASIM Soueld aUIY20D) Aq 2£0202202 Weyd/Z00T 0T/I0p/woo’ 8| 1M Areiqipuljuo-adoins-Ansiwayo//sdny wo.y papeojumod ‘ef ‘'69/€T2ST



Chemistry - A European Journal

ambient temperature. After 30 minutes, 3 mL of pentane was
added to this mixture and then filtered to remove the precipitates.
To this mixture, additional pentane (6 ml) was added to obtain 2-
H as orange crystals (960 mg, 93%). Crystals suitable for X-ray
diffraction analysis were obtained from saturated toluene
solution at room temperature. Mp. 160-162 °C (decomp.). (Major
isomer, 70%): 'H NMR (400 MHz, —30 °C, Ph-F/Tol-dg): 5 = —
0.04 (d, Jun = 6.6 HZ, 3H, CHgipr), 0.09 (d, Jun = 6.9 HZ, 3H,
CHgipr), 0.38 (S, 6H, SiMez), 0.42 (S, 6H, SiMez), 0.94 (d, Jyu =
6.8 Hz, 3H, CHsipr), 0.94 (overlapped, 2H, CHanom), 0.96 (d, Jrn
= 6.8 Hz, 3H, CHaipr), 1.05 (s, 9H, CHasy), 1.06 (overlapped, 2H,
CHaznom), 1.07 (overlapped, 6H, CHap), 1.18 (s, 18H, CHawy),
1.22 (s, 9H, CHagu), 1.22 (overlapped, 2H, CHanom), 1.24 (d,
Juw= 7.0 Hz, 3H, CHgipr), 1.36 (d, Jun = 6.5 Hz, 3H CH3ipr), 1.36
(m, 1H, CHiy), 1.55 (m, 5H, CHanom), 1.91 (S, 1H, CHuriggenead),
1.96 (S, lH, CHbridgehead), 2.39 (d, JHH =6.9 HZ, lH, CHipr), 2.59
(d, Jun = 6.5 Hz, 1H, CHipy), 2.90 (d, Jun = 7.0 Hz, 1H, CHip),
2.92 (S, lH, CHbridgehead), 3.06 (d, Jun = 6.8 HZ, lH, CHipr), 3.09
(S, 1H, CHbridgehead), 5.58 (d, Jup = 21.5 Hz, Si-satellite : Jusi =
184.3 Hz, 1H, Si-H), 7.55 (s, 4H, p-CHgar), 8.38 (s, 8H, m-CHga).
BC{*H} NMR (100 MHz, =30 °C, Ph-F/Tol-dg): & = 3.7 (d, Jep =
3.4 Hz, SiMey), 4.2 (d, Jcp = 3.6 Hz, SiMey), 5.2 (d, Jcp = 1.2 Hz,
SiMez), 5.2 (d, Jep = 3.0 Hz, SiMez), 23.5 (CH3ipr), 24.0 (CH3ipr),
24.8 (CHsipr), 25.0 (CHsipr), 25.3 (2XCHasipr), 25.5 (CHanom), 26.1
(CHsipr), 26.2 (CHznorb), 26.5 (CHaipr), 27.9 (CHanor), 28.1 (CHipr),
28.3 (CHipr), 28.3 (CHanom), 28.6 (CHipr), 29.7 (CHipr), 32.2 (d,
Jep = 6.0 HZ, CH3tBu), 32.5 (d, Jep = 6.2 HZ, CH3tBu), 32.8 (d, Jcp
= 6.6 Hz, CHsg,), 33.1 (d, Jep = 5.5 Hz, CHag,), 42.7
(CHoridgehead), 43.4 (d, Jcp = 3.0 Hz, CHuyridgehead), 44.5 (d, Jep =
11.9 HZ, CHbridgehead), 45.1 (d, Jcp =109 HZ, CHbridgehead)y 48.1 (d,
Jcp =33 HZ, CH2N0rb)y 48.6 (d, Jcp =438 HZ, CH2Norb)y 52.7 (CtBu)y
52.8 (CtBu), 53.0 (CtBu), 53.1 (d, Jcp =0.8 HZ, C[Bu), 98.9 (d, Jcp =
60.3 Hz, NC=CP), 103.5 (d, Jcp = 49.2 Hz, NC=CP), 118.0 (br
sept, Jcr = 3.1 Hz, p-CHgar), 124.8 (CHaf), 125.1 (CHas), 125.2
(CHap), 125.4 (g, Jcr = 272.4 Hz, CF3), 125.4 (CHal), 128.6
(CHap), 129.6 (CHar), 129.9 (qq, Jcr = 27.0 Hz, Jcg = 2.6 Hz, m-
Cgar), 135.5 (0-CHgar), 137.9 (2xN-Cp), 146.5 (iPr-Ca;), 146.6
(iPr-Car), 147.6 (iPr-Ca), 148.0 (iPr-Ca/),163.2 (q, Jcg = 49.7 Hz,
ispo-Cgar), 178.8 (d, Jcp = 31.8 Hz, NC=CP), 189.4 (dd, Jcp =
27.1 Hz, NC=CP).**P{*H} NMR (162 MHz, —30 °C, Ph-F/Tol-dg):
8 =53.0 (d, Jpp = 35.6 Hz, P-Si-H), 73.9 (d, Jep = 35.6 Hz, P-Si").
3P NMR (162 MHz, —30 °C, Ph-F/Tol-dg): & = 53.0 (dd, Jpn =
22.0 Hz, Jpp = 35.6 Hz, P-Si-H), 73.9 (d, Jep = 35.6 Hz, P-Si+).
2Si{"H} NMR (79 MHz, =30 °C, Ph-F/Tol-dg): 8 = 19.4 (d, Jsip =
5.6 Hz, SiMey), 11.9 (d, Jsip = 5.4 Hz, SiMe,), —20.8 (dd, Jsip =
24.3 and 226.2 Hz, P-Si*), —23.0 (t, Jsp = 11.7 Hz, P-SiH).
MB{*H} (128 MHz, =30 °C, Ph-F/Tol-dg): 5 = — 5.9 (BAr). *°F (470
MHz, 25 °C, Ph-F/C¢Dg): &6 = —62.3 (CF3). (Minor isomer, 30%):
"H NMR (400 MHz, —30 °C, Ph-F/Tol-dg): 5.58 (d, Jup = 22.3 Hz,
Si-satellite : Jus = 180.0 Hz, 1H, Si-H). *C{*H} NMR (100 MHz,
—30 °C, Ph-F/Tol-dg): & = 3.7 (d, Jcp = 3.6 Hz, SiMey), 4.0 (d, Jcp
= 2.4 Hz, SiMey), 24.1 (CHagipr), 24.9 (CHaipr), 25.0 (CHgipr), 25.4
(CHaipr), 25.6 (CHanom), 25.7 (CHaipr), 25.9 (CHanor), 26.7 (CHaipr),
27.0 (CHanorb), 28.0 (CHipr), 28.2 (CHanorb), 29.0 (CHipr), 42.8
(CHuridgehead), 52.5 (Ciau), 52.7 (Cigu), 52.9 (Cieu), 101.8 (d, Jep =
56.9 Hz, NC=CP), 106.7 (d, Jcr = 20.8 Hz, NC=CP), 124.7
(CHar), 125.7 (CHa), 125.8 (CHar), 128.7 (CHar), 129.5 (CHa),
146.4 (iPr-Ca;), 147.5 (iPr-Cp;), 148.3 (iPr-Ca), 178.5 (d, Jcp =
31.4 Hz, NC=CP), 191.5 (dd, Jcp = 26.2 Hz, NC=CP). 3'P{*H}
NMR (162 MHz, —-30 °C, Ph-F/Tol-dg): 6 = 51.2 (d, Jpp = 39.6 Hz,
P-Si-H), 71.7 (d, Jep = 39.6 Hz, P-Si"). P NMR (162 MHz, —
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30 °C, Ph-F/Tol-dg): & = 51.2 (dd, Jeu = 21.8 Hz, Jpp = 39.6 Hz,
P-Si-H), 71.7 (d, Jpp = 39.6 Hz, P-Si*). ®Si{*H} NMR (79 MHz, —
30 °C, Ph-F/Tol-dg): & = 19.3 (d, Jsip = 5.3 Hz, SiMe,), 11.6 (d,
Jsip = 5.1 Hz, SiMey), —18.5 (t, Jsip = 12.6 Hz, P-SiH), —22.5 (dd,
Jsip = 22.3 and 227.3 Hz, P-Si*).

Compound 3a:

3a*B(CsFs)s: To a mixture of 1-Cl (0.32 g, 0.56 mmol) and
dimethylsulfide (0.52 g, 8.45 mmol) in fluorobenzene (3 mL) was
added KB(CsFs)4 (0.65 g, 0.91 mmol) at room temperature. After
3 hours, the solution was filtered and all volatiles were removed
under vacuum to obtain 3a*B(C¢Fs)s as yellow powder (0.46 g,
Yield: 65 %).

3a*B(CsF4SiMe,'Bu)s: To a mixture of chlorosilylene 1-Cl (0.25
g, 0.45 mmol) and dimethylsulfide (0.42 g, 6.80 mmol) in toluene
(3 mL) was added Li(Et,0)sB(CsF.SiMe,'Bu)s (0.58 g, 0.45
mmol) at room temperature, After 12 hours without stirring of
solution, 3a*B(CsF.SiMe;'Bu)s was obtained as yellow crystals
(0.49 g, Yield: 67 %). Crystals suitable for X-ray diffraction were
obtained from saturated toluene solution at ambient temperature.

3a*B[3,5-(CF3)2CeHs)4: In a Schlenck tube, 1-Cl (500 mg, 0.89
mmol, 1.06 equiv) and NaB[3,5-(CF3).CsHs]ls (740 mg, 0.84
mmol, 1 equiv) were dissolved in 3 mL of fluorobenzene. To this
mixture, SMe, (0.7 mL, 9.55 mmol, 11 equiv.) was added at
ambient temperature and keep stirring this solution at this
temperature for 2 hours. The precipitates were removed by
filtration. Addition of pentane (ca. 20 mL) at room temperature
leads to crystallization of 3a, giving the corresponding 3a*B[3,5-
(CF3)2CeHs)4 as yellow crystals (930 mg, 77%). Mp. 125-126 °C
(decomp.). *H NMR (300 MHz, Ph-F/CeDs, 25 °C): & = 0.20 (s,
3H, SiCHs), 0.34 (s, 3H, SiCH3), 1.00 (d, Jun = 6.8 Hz, 6H,
CHgipr), 1.03 (S, 9H, CHgtBu), 1.08 (d, Jun = 6.8 Hz, 3H, CHgipr),
1.13 (overlapped, 1H, CHanom), 1.13 (s, 9H, CHagy), 1.27 (d, Jun
= 6.8 Hz, 3H, CHaip), 1.40 (overlapped, 4H, CHanom), 1.41 (br s,
6H, SCHg), 2.28 (s, 1H, CHuridgenead), 2.67 (sept, Jun = 6.6 Hz, 1H,
CHipr), 2.98 (sept, Jun = 6.8 Hz, 1H, CHgpy), 3.02 (s, 1H,
CHbridgehead)x 7.06-7.12 (m, 1H, CHAr), 7.63 (S, 4H, p-CHBAr), 8.31
(s, 8H, 0-CHga,). *C{*H} NMR (75 MHz, Ph-F/CsDs, 25 °C): & =
3.5 (d, Jpc = 2.1 Hz, SiCHj3), 4.9 (d, Jec = 2.6 Hz, SiCHjs), 20.1
(detected by H-C HSQC,SCHs), 23.5 (CHaip), 24.4 (CHaipy),
24.7 (CHsipr), 25.3 (CHano), 25.4 (CHsipr), 27.7 (CHier), 28.0
(CHanorb), 29.3 (CHipr), 32.3 (d, Jpc = 5.3 Hz, CHagy), 32.8 (d, Jec
=34 HZ, CH3,BU), 42.1 (d, Jpcz 51 HZ, CHbridgehead), 43.9 (d, Jpc
=126 HZ, CHbridgehead)x 47.4 (d, Jpcz 4.1 HZ, CHZNorb), 52.0 (Ct.
gu), 52.6 (Ctgu), 103.8 (d, Jpc = 39.0 Hz, P-C=C-N), 118.0 (br
sept, Jcr = 4.2 Hz, p-CHgar), 125.0 (CHar), 125.3 (q, Jcr = 272.6
Hz, CF3), 126.0 (CHay), 129.2 (CHa), 130.0 (qq, Jcr = 31.5 Hz,
Jer = 3.1 Hz, m-Cgay), 134.2 (d, Jpc = 4.9 Hz, N-Cp), 135.4 (o-
CHear), 146.1 (iPr-Ca), 146.3 (iPr-Ca), 162.8 (g, Jcs = 49.8 Hz,
B-Car), 185.3 (d, Jpc = 36.7 Hz, P-C=C-N). *P{*H} NMR (121
MHz, Ph-F/C¢Ds, 25 °C): & = 67.0 (s, Si-satellite: Jsip= 167.0 Hz).
2Si{*H} NMR (59 MHz, Ph-F/CeDs, S25 °C): & = -15.6 (d, Jsip =
167.0 Hz, Si-SMey), 17.4 (d, Jsip = 4.6 Hz, SiCHs). 'B{*H} NMR
(500 MHz, Ph-F/CsDg, 25 °C): & = —6.0 (BArs). F{*H} NMR
(372.5 MHz, Ph-F/CgD¢): 8 = —63.4 (CFs).

Compound 3b
3b*B(CsFs)s: To a mixture of 1-Cl (0.37 g, 0.67 mmol) and
trimethylphosphine (0.34 mL, 3.35 mmol) in fluorobenzene (10
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ml) was added KB(Ce¢Fs)s (0.49 g, 0.67 mmol) at room
temperature. After 30 min, the solution was filtered and all
volatiles were removed under vacuum. to obtain 3b*B(CsFs)s as
yellow powder (0.68 g, Yield: 80 %).

3beB(CsF4SiMe,'Bu)4: To a mixture of 1-Cl (28 mg, 0.05 mmol)
and trimethylphosphine (25 mL, 0.05 mmol) in toluene (0.5 ml)
was added Li(Et,0)sB(CsF4SiMes'Bu)s (65 mg, 0.45 mmol) at
room temperature. After 12 hours without stirring of solution,
3beB(CsF4SiMe,'Bu)s was obtained as yellow crystals. The
crystals suitable for X-ray diffraction were obtained from
saturated toluene solution at ambient temperature.

3b*B[3,5-(CF3)2CeHs]4: In a Schlenck tube, 1-Cl (670 mg, 1.19
mmol, 1.1 equiv) and NaB[3,5-(CF3),CsHs]s (940 mg, 1.06 mmaol,
1 equiv) were dissolved in 7 mL of fluorobenzene. To this
mixture, PMe;s solution in toluene (1.0 M, 3.0 mL, 3.00 mmol, 2.8
equiv.) was added at ambient temperature and keep stirring this
solution at this temperature for 1 hours. The precipitates were
removed by filtration. Addition of excess pentane (ca. 20 mL) at
room temperature leads to crystallization of 3b, giving the
corresponding 3b*B[3,5-(CF3).CsH3]4 as yellow crystals (1.16 mg,
75%). Mp: 172-174 °C (decomp.). (Major isomer, 85%): *H NMR
(300 MHz, Ph-F/Cg¢Dg, 25 °C): & = 0.24 (s, 3H, SiCH3), 0.37 (s,
3H, SiCH3), 0.95 (d, Jup = 10.4 Hz, 9H, P-CH3), 0.97 (d, Jun =
6.6 HZ, SH, CH3ipr), 1.04 (d, I = 6.8 HZ, 3H, CH3ipr), 1.07 (d,
Jun = 6.6 Hz, 3H, CHappr), 1.09 (s, 9H, CHasg), 1.13 (overlapped,
1H, CHanow), 1.19 (s, 9H, CHagy), 1.25 (d, Juw = 6.8 Hz, 3H,
CHgipr), 1.46 (m, 4H, CHanom), 1.60 (m, 1H, CHanor), 2.28 (m, 1H,
CHuridgehead), 2.68 (sept, Jun = 6.8 Hz, 1H, CHipy), 2.87 (sept, Jun
=6.8 HZ, lH, CHipr), 3.10 (S, lH, CHbridgehead), 7.19-7.24 (m, 3H,
CHa), 7.62 (s, 4H, p-CHgar), 8.29 (S, 8H, 0-CHgar). “*C{*H} NMR
(125 MHz, Ph-F/CgDs, 25 °C): & = 3.6 (d, Jec = 1.5 Hz, SiCHs),
5.1 (d, Jpc = 1.6 Hz, SiCHs), 11.7 (dd, Jec = 30.8 and 7.0 Hz,
PCHj3), 23.9 (CHsipr), 24.1 (CHgipr), 25.1 (CHaipr), 25.4 (CHanor),
26.5 (d, Jec = 1.7 Hz, CHaipr), 27.9 (CHipr), 28.0 (CHanorb); 29.2
(CHipr), 32.3 (d, Jpc = 6.2 Hz, CHagy), 32.8 (t, Jpc = 2.7 Hz,
CHgtBu), 41.9 (d, Jpc= 4.0 Hz, CHbridgehead)1 44.1 (d, Jpc=11.2 Hz,
CHobridgehead), 47.5 (dd, Jcp = 3.2 and 2.1 Hz, CHanor), 52.2 (Ctsu),
52.8 (Ctgu), 104.7 (d, Jpc = 48.8 Hz, P-C=C-N), 118.0 (br sept,
Jer = 3.8 Hz, 0-CHgar), 124.4 (CHa), 125.6 (d, Jcr = 272.6 Hz,
CF3), 125.8 (CHar), 129.1 (CHar), 129.9 (99, Jcs = 2.7 Hz, Jcr =
31.3 Hz, m-CHgar), 135.4 (0-CHgar), 135.5 (overlapped, N-Ca),
145.8 (iPr-Ca), 146.7 (iPr-Car), 162.8 (q, Jcg = 49.8 Hz, B-Ch),
181.1 (dd, Jpc = 30.6 and 6.9 Hz, P-C=C-N). *P{*H} NMR (202
MHz, Ph-F/CgDs, 25 °C): & = 64.3 (d, Jpp = 19.0 Hz, Si-satellite :
Jsip = 171.6 Hz, PN), —28.8 (d, Jpp = 19.1 Hz, Si-satellite : Jsip =
224.0 Hz, PMes). *Si{*H} NMR (99 MHz, CDCls, 25 °C): d —
44.6 (dd, Jsip= 171.6 Hz, Jsip = 224.0 Hz, P-Si-P), 13.3 (d, Jsip=
2.0 Hz, SiCHjz). *B{*H} NMR (160 MHz, Ph-F/CsD¢, 25 °C): & =
—6.0. F NMR (470 MHz, Ph-F/C¢Ds): & = —62.3 (CF3). (Minor
isomer, 15%): "H NMR (300 MHz, Ph-F/CsDs, 25 °C): 5 = 0.23 (s,
3H, SiCHj3), 0.35 (s, 3H, SiCHzg), 2.15 (m, 1H, CHyridgehead), 2.55
(sept, Jum = 6.8 Hz, 1H, CHipy), 3.01 (S, 1H, CHuridgenead). C{*H}
NMR (75.5 MHz, Ph-F/CsDs, 25 °C): & = 3.4 (d, Jpc = 1.6 Hz,
SiCHjs), 5.5 (d, Jec = 1.6 Hz, SiCHs), 11.7 (dd, Jec = 31.3 and 7.2
Hz, PCHs), 23.7 (CHgipr), 23.8 (CHsipr), 25.6 (CH,), 26.0 (CHsiey),
26.3 (CHgipr), 27.6 (CHip), 29.1 (CHipr), 31.9 (d, Jpc = 6.7 Hz,
CHglgu), 32.7 (t, Jpc =26 HZ, CH3IBU), 41.3 (d, Jpc = 1.8 HZ,
CHbridgehead)q 43.5 (d, Jpc= 12.8 HZ, CHbridgehead), 51.0 (d, Jcp =
5.9 Hz, CHanorb), 51.9 (Crsu), 106.1 (d, Jpc = 49.8 Hz, P-C=C-N),
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125.7 (CHa;), 128.3 (CHa,), 146.0 (iPr-Ca,), 147.3 (iPr-Cp), 183.4
(dd, Jpc = 30.5 and 8.5 Hz, P-C=C-N). *P{*H} NMR (202 MHz,
Ph-F/CsDs, 25 °C): 61.9 (d, Jep = 23.1 Hz, Si-satellite: Jsp =
162.5 Hz, PN), —28.7 (d, Jpp = 19.1 Hz, Si-satellite: Jsip = 223.5
Hz, PMes). #Si{*H} NMR (59 MHz, Ph-F/CeDs, 25 °C): & = —29.6
(dd, Jsip = 163.0 HZ, Jsip = 224.4 HZ, P-Si-P), 13.8 (d, Jsip = 2.1
Hz, SICH3)

Compound 3c: To a mixture of 1-Cl (0.89 g, 1.58 mmol) and
DMAP (0.25 g, 2.05 mmol) in THF (10 mL), NaBPh, (0.54 g,
1.58 mmol) was added at room temperature. After 2.5 hours, the
solution was filtered and all volatiles were removed under
vacuum. The residue was washed with pentane to obtain 3c as
yellow powder (1.25 g, Yield: 82 %). Crystals suitable for X-ray
diffraction analysis were obtained from a solution in THF/Et,O at
room temperature. Mp.: 111 °C. *H NMR (500 MHz, THF-ds,
25 °C): 5 = 0.63 (s, 3H, SiCHj3), 0.64 (s, 3H, SiCH3), 0.88 (m, 3H,
CH3ipr), 1.10 (d, Jun = 6.8 Hz, 3H, CH3ipr), 1.15 (S, 9H, CH3tBu),
1.19 (d, Juu= 6.8 Hz, 3H, CHgipr), 1.32 (M, CHsipr), 1.32 (M, 2H,
CHZNOTb)y 1.43 (m, lH, CHZNOTb)y 1.46 (S, 9H, CHgtBu), 1.62 (m, 1H,
CHano), 1.63 (m, 1H, CHanor), 1.82 (m, 1H, CHanom), 2.52 (S,
6H, NCHs), 2.64 (s, 1H, CHuridgenead), 2.99 (sept, Jun = 6.5 Hz, 1H,
CHipr), 3.35 (m, 1H, CHipr), 3.35 (M, 1H, CHuriggenead), 6.38 (t, Jnn
= 6.4 Hz, 2H, CHa,), 6.64 (t, Juy= 7.2 Hz, 4H, CHa,), 6.79 (t, Jun
=7.4 Hz, 8H, CHa,), 7.21 (m, 1H, CHa,), 7.27 (m, 8H, CHa), 7.33
(m, 2H, CHay), 7.36 (m, 2H, CHa). **C{*H} NMR (75 MHz, THF-
ds, 25 °C): & = 4.7 (d, Jpc = 2.3 Hz, SiCHg), 5.8 (d, Jpc = 2.5 Hz,
SiCHg), 24.2 (CHaipr), 25.2 (CHsipr), 25.4 (CHsipr), 26.6 (CHy),
26.7 (CHaipr), 28.9 (CHipr), 29.0 (d, Jpc = 1.7 Hz, CHanom), 30.2
(CHipr), 33.0 (d, Jpc = 3.5 Hz, CHau), 33.8 (CHsiy), 39.7 (NCHg),
42.6 (d, Jpc =59 HZ, CHbridgehead), 44.8 (d, Jpc = 12.0 HZ,
CHbridgehead), 47.2 (d, Jpc: 6.4 HZ, CHZNOTb)y 52.6 (Ct-Bu), 53.5 (Ct.
gu), 103.2 (d, Jpc = 43.5 Hz, P-C=C-N), 109.2 (CHa,), 122.0 (q,
CHar), 125.8 (CHar), 125.9 (g, CHa), 126.4 (CHar), 129.3 (CHa),
137.3 (g, CHa), 137.7 (d, Jpc = 3.4 Hz, N-Cp/), 143.7 (iPr-CHa),
147.3 (iPr-Car), 147.5 (Car), 156.6 (Car), 165.4 (g, Car), 180.3 (d,
Jpc = 33.5 Hz, P-C=C-N). *P{*H} NMR (121 MHz, THF-ds,
25 °C): & = 64.7 (s, Si-satellite: Jsp = 178.4 Hz). *Si{*H} NMR
(99 MHz, THF-dg, 25 °C): & = -14.5 (d, Jsp = 178.4 Hz, Si-
DMAP), 13.7 (d, Jsp = 3.1 Hz, SiCHs). "B{*H} NMR (160 MHz,
THF-dg, 25 °C): 5 = —6.5.

Compound 3d: To a mixture of 1-Cl (1.05 g, 1.86 mmol) and
NHC (0.30 g, 2.42 mmol) in THF (10 ml) was added NaBPhy
(0.64 g, 1.86 mmol) at room temperature. After 15 minutes, the
solution was filtered and all volatiles were removed under
vacuum. The residue was washed with pentane to obtain 3d as
orange powder (1.31 g, Yield: 73 %). Crystals suitable for X-ray
diffraction analysis were obtained from a solution in THF/Et,O at
-30 °C. Mp. 215 °C: 'H NMR (500 MHz, THF-dg, 25 °C): & =
0.52 (s, 3H, SiCH3), 0.66 (s, 3H, SiCHs3), 0.67 (d, Jun = 6,8 Hz,
3H, CHaipr), 1.07 (d, Jun = 6,8 Hz, 3H, CHaipr), 1.19 (d, Junw= 6.7
Hz, 3H, CHapr), 1.21 (s, 9H, CHawgy), 1.38 (d, Jun = 6.7 Hz, 3H,
CHgipr), 1.43 (d, JHHZ 8.6 HZ, 1H, CHZNmb), 1.47 (S, 9H, CH313U),
1.64 (M, 1H, CHanow), 1.65 (m, 1H, CHanon), 1.69 (m, 2H,
CHanom), 1.73 (S, 6H, C=Cnrc), 1.83 (m, 1H, CHanom), 2.63 (s, 1H,
CHbridgehead), 2.88 (sept, Jw = 7.1 HZ, lH, CHiPr), 3.00 (S, GH,
C=C-CHj3), 3.24 (sept, Jun = 7.1 Hz, 1H, CHy), 3.38 (s, 1H,
CHobridgehead), 6.65 (t, Jun= 7.2 Hz, 4H, CHa/), 6.80 (t, Jun = 7.4 Hz,
8H, CHap), 7.19 (dd, Junw = 7.4 Hz, 1.8 Hz, 1H, CHag/), 7.25 (m, 8H,
CHa), 7,29 (m, 8H, CHa). C{’H} NMR (125 MHz, THF-ds,
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25 OC): 0 =338 (d, Jpc = 2.8 Hz, SICHg), 5.9 (d, Jpc = 3.0 Hz,
SiCHs), 8.8 (C=C-CHannc), 20.8 (CHapr), 24.9 (CHapr), 25.5
(CHsipr), 26.1 (d, Jpc = 2.2 Hz, CHapr), 26.5 (d, Jpc = 2.2 Hz,
CHanorb), 28.7 (d, Jpc = 1.9 Hz, CHanor), 28.8 (CHipr), 29.7 (CHipr),
35.2 (d, Jpc = 4.0 Hz, N-CHannc), 32.5 (d, Jpc = 5.6 Hz, CHasy),
34.0 (d, Jpc= 2.8 HZ, CH3tBu), 43.4 (d, Jpc= 4.4 HZ, CHbridgehead),
44.8 (d, Jpc = 11,1 Hz, CHbridgehead)q 48.3 (d, Jpc = 3.6 Hz,
CHZNorb), 52.8 (d, Jpc = 1.3 HZ, Ct-Bu)q 53.9 (Ct-Bu)a 102.8 (d, Jpc=
48.0 Hz, P-C=C-N), 121.9 (CHa), 125.6 (CHar), 125.9 (g, CHa),
126.4 (s, CHay), 129.7 (CHay), 130.1 (C=Cnnc), 137.3 (d, CHay),
139.7 (d, Jpc = 1.7 Hz, N-Cp), 147.5 (iPr-Ca), 147.8 (iPr-Ca),
157.1 (d, Jpc = 6.7 HZ, Cearvene), 165.3 (0, Car), 178.1 (d, Jpc =
32.0 Hz, P-C=C-N). *P{*H} NMR (162 MHz, THF-dg, 25 °C): & =
67.6 (s, Si-satellite: Jsp = 196.6 Hz). Si{*H} NMR (79 MHz,
THF-dsg, 25 °C): & = —26.8 (d, Jsip = 196.5 Hz, Si-NHC), 12.0 (d,
Jsip = 3.4 Hz, SiCHs). 'B{*H} NMR (96 MHz, THF-dg, 25 °C): & =
-6.5.

Compound 5: To a mixture of 3a (0.29 g, 0.24 mmol) in
fluorobenzene (2 ml) was added 1,3-dimethyl-2,3-
dimethylbutadiene (2.7 pL, 0.23 mmol) at room temperature.
After 20 minutes, all volatiles were removed under vacuum. The
residue was washed with pentane to obtain 5 as orange powder
(0.24 g, Yield: 81 %). Crystals suitable for X-ray diffraction
analysis were obtained from a solution in CDCls/pentane at RT.
Mp.: 171 °C. *H NMR (500 MHz, CDCl3, 25 °C) : 5 = 0.56 (s, 3H,
SiCHg), 0.75 (s, 3H, SiCHg), 1.16 (d, Jun = 6.7 Hz, 6H, CHazpy),
1.24 (d, Jun = 6.8 Hz, 3H, CHgpr), 1.28 (d, Jun = 6.7 Hz, 3H,
CHaipr), 1.35 (overlapped, 1H, CHy), 1.35 (s, 9H, CHawy), 1.37 (S,
9H, CH3tBu), 1.55 (m, 1H, CHzNorb), 1.60 (S, 3H, H3CC:CCH3),
1.69 (s, 3H, HsCC=CCHjs), 1.73 (m, 2H, CHnom), 1.92 (m, 4H,
CHonow @nd Si-CHy), 2.06 (brs, 2H, Si-CHy), 2.71 (brs, 1H,
CHuridgehead), 2.80 (sept, Jun = 6.8 Hz, 1H, CHipy), 2.95 (sept, Jun
= 6.8 Hz, 1H, CHip), 3.37 (brs, 1H, CHuyridgehead), 7-22 (d, 1H, Jun
= 7.8 Hz, CHay), 7.23 (d, 1H, Jun= 7.8 Hz, CHay), 7.36 (t, 1H, Juw
= 7.8 Hz, CHa,). ®C{"H} NMR (125 MHz, CDCl3, 25 °C) : d = 4.1
(d, Jec = 1.9 Hz, SiCH3), 5.6 (SiCHj3), 18,4 (HsCC=CCHjs), 18,5
(HsCC=CCHgs), 22,8 (d, Jpc = 11.5 Hz, Si-CH,), 23,9 (d, Jpc =
14.0 Hz, Si-CH,), 24.4 (CHgipr), 24.6 (CHaipr), 25.2 (CHaipr), 25.2
(d, Jpc = 1.3 Hz, CHanom), 25.6 (CHsipr), 27.8 (CHaznom), 28.1
(CHipr), 28.2 (CHipr), 32.1 (d, Jpc: 5.8 HZ, CHglsu), 32.5 (d, Jpcz
5.7 HZ, CHgtBu), 41.1 (CHbridgehead)1 44.1 (d, Jpc = 10.2 HZ,
CHbridgehead), 48.3 (d, Jpc = 6.1 Hz, CHgNorb), 53.0 (brs, 2 X Ct-Bu),
98.4 (d, Jpc = 68.5 Hz, P-C=C-N), 125.4 (2 x CHa), 129.4 (d, Jrc
= 4.0 Hz, H3CC=CCHg), 129.7 (CHa;), 130.0 (d, Jpc = 3.7 Hz,
H3CC=CCHjs), 132.0 (d, Jpc = 3.3 Hz, N-Cp), 136.4 (d, Jcr =
244.5 Hz, Cp), 138.3 (d, Jcr = 244.5 Hz, Ca), 146.3 (iPr-Cp),
146.7 (iPr-Car), 148.3 (d, Jcr = 242.4 Hz, Cp), 192.2 (d, Jpc =
25.5 Hz, P-C=C-N). *'P{*H} NMR (202 MHz, CDCls, 25 °C): & =
37.6 (s, Si-satellite: Jsp = 125.6 Hz). Si{*H} NMR (99 MHz,
CDCls, 25 °C): 8 = 11.1 (d, Jsip = 125.6 Hz, SiP), 21.6 (d, Jsip =
2.8 Hz, SiCHs). 'B{*H} NMR (160 MHz, CDCls, 25 °C): & = —
16.6. F NMR (470 MHz, CDCls, 25 °C): & = —132.5 (m,
B(C6F5)4), -163.4 (t, -]FF = 20.5 HZ, B(C6F5)4), -167.0 (t, J|:|: =
19.6 Hz, B(C¢Fs)a).

Compound 6-A: To a mixture of 3a (0.29 g, 0.23 mmol) in
fluorobenzene (2 mL) was added diphenylacetylene (4.2 mg,
0.23 mmol) at room temperature. After 1 hour, all volatiles were
removed under vacuum. The residue was washed with pentane
to obtain 6-A as yellow powder (0.26 g, Yield: 80 %). Crystals
suitable for X-ray diffraction analysis were obtained from a
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solution in CDCls/pentane at room temperature. Mp.: 221 °C, 'H
NMR (500 MHz, CDCls, 25 °C): 6 = 0.57 (s, 3H, SiCHs), 0.74 (s,
3H, SiCHs), 0.93 (d, Jun= 6.7 Hz, 3H, CHgpe), 0.95 (d, Jun= 6.8
HZ, 3H, CH3ipr), 1.21 (d, 6H, I = 6.8 HZ, CH3ipr), 1.46
(overlapped, 1H, CH), 1.46 (s, 18H, CHswg,), 1.59 (m, 1H,
CHano), 1.76 (M, 2H, CHanom), 1.98 (m, 2H, CHanow), 2.86 (brs,
1H, CHoyridgehead), 3.07 (sept, Jun = 6.8 Hz, 1H, CHipy), 3.17 (sept,
JHH =6.8 HZ, lH, CHipr), 3.46 (bl’S, 1H, CHbridgehead), 7.14 (m, 4H,
CHay), 7.35 (M, 7H, CHa), 7.47 (M, 2H, CHa,), *C{*H} NMR (125
MHz, CDCl3, 25 °C): 6 = 4.2 (d, Jpc = 1.6 Hz, SiCHj3), 5.0 (SiCHs),
24.2 (CHagipr), 24.5 (CHaipr), 24.7 (CHgipr), 25.2 (d, Jpc = 1.6 Hz,
CHanorb), 25.2 (CHaipr), 28.0 (CHanorb), 28:6 (CHipr), 29.0 (CHipy),
32.2 (d, Jpc = 6.5 Hz, CHay), 32.5 (d, Jpc = 6.2 Hz, CHawp,), 41.1
(CHbridgehead), 45.8 (d, Jpc = 8.9 Hz, CHyyidgehead), 47.5 (d, Jpc= 6.9
HZ, CHZNorb), 53.2 (2 X Ct-Bu); 97.6 (d, Jp(;: 78.2 HZ, P-C=C-N),
125.0 (2 x CHar), 127.8 (CHar), 127.9 (CHar), 128.4 (CHas), 128.5
(CHap), 129.1 (2 x CHa), 129.7 (d, Jpc = 1.4 Hz, CHa), 129.7
(CHar), 129.8 (CHar), 130.0 (d, Jpc = 2.8 Hz, Ca;), 130.8 (CHa),
131.3 (d, Jpc= 2.4 HZ, CAr), 131.7 (CHAr), 131.8 (d, Jpc= 2.6 HZ,
CAr), 136.4 (d, JCF = 2442 HZ, CAr), 139.3 (d, Jc;: = 244.2 HZ,
Car), 146.3 (iPr-Cay), 146.5 (Car), 148.3 (d, Jcr = 241.2 Hz, Ca),
152.4 (d, Jpc = 5.0 Hz, PhC=CPh), 154.4 (d, Jpc = 2.4 Hz,
PhC=CPh), 193.3 (d, Jpc = 20.7 Hz, P-C=C-N). *P{*H} NMR
(202 MHz, CDCls, 25 °C): & = 23.9 (s, Si-satellite: Jsip = 186.5
Hz). #Si{*H} NMR (99 MHz, CDCls, 25 °C): 5 = -96.4 (d, Jsip =
186.6 Hz, SiP), 21.4 (d, Jsip = 2.4 Hz, SiCHs). "'B{*H} NMR (160
MHz, CDCls, 25 °C): & = —16.6. °F NMR (470 MHz, CDCls,
25 °C): —=132.5 (m, B(C¢Fs)4), —163.3 (t, Jer = 20.5 Hz, B(CsFs)a),
-166.9 (t, JFF =195 HZ, B(C6F5)4)

Compound 6-B: To a mixture of 3a (1.01 g, 0.80 mmol) in
fluorobenzene (4 mL) was added bis(trimethylsilyl)acetylene
(0.18 mL, 0.80 mmol) at room temperature. After 12 hours, all
volatiles were removed under vacuum. The residue was washed
with pentane to obtain 6-B as yellow powder (0.84 g, Yield:
76 %). Crystals suitable for X-ray diffraction analysis were
obtained from a solution in CDCI3/pentane at room temperature.
Mp.: 183 °C, *H NMR (500 MHz, CDCls, 25 °C): & = 0.14 (s, 9H,
SiMeg3), 0.14 (s, 9H, C-SiMe3), 0.34 (s, 9H, C-SiMe3), 0.51 (s, 3H,
SiCHg), 0.73 (s, 3H, SiCHj3), 1.16 (d, Jun = 6.8 Hz, 3H, CHgpe),
1.20 (d, Jun = 6.8 Hz, 3H, CHaip), 1.24 (d, Jun = 6.8 Hz, 3H,
CH3ipr), 1.31 (d, JHH =6.8 HZ, 3H, CHgipr), 1.42 (m, lH, CHgNorb),
1.44 (d, JHH =1.2 HZ, gH, CH3tBu)| 1.47 (d, JHH =12 HZ, 9H,
CH3tBu)| 1.58 (m, 1H, CHZNOTb)y 1.73 (m, 1H, CHZNorb), 1.76 (m, 1H,
CHano), 1.91 (m, 1H, CHanom), 1.99 (m, 1H, CHanom), 2.83 (m,
lH, CHbridgehead), 2.98 (m, 2H, CHipr), 3.43 (brs, 1H, CHbridgehead)y
7.19 (dd, Juw = 1.6 and 7.8 Hz, 1H, CHa/), 7.24 (dd, Jun = 1.6
and 7.8 Hz, 1H, CHa,), 7.34 (t, Jun = 7.8 Hz, 1H, CHa,). **C{*H}
NMR (125 MHz, CDCl3, 25 °C): & = 0.1 (Si(CHg)s), 0.7 (Si(CHs)s),
4.0 (d, Jpc = 1.5 Hz, SiCHs), 4.8 (SiCHs), 23.8 (CHaier), 24.6
(CHaipr), 25.0 (d, Jpc = 1.2 Hz, CH,), 25.1 (CHgipr), 25.9 (CHanomw),
25.9 (CHgipr), 28.2 (CHipr), 28.3 (CHipr), 32.4 (d, Jpc = 6.4 Hz,
CHaay), 32.5 (d, Jec = 6.3 Hz, CHagy), 40.8 (CHuridgehead), 46.0 (d,
JPC: 8.7 HZ, CHbridgehead), 47.3 (d, Jpc: 6.8 HZ, CHZNorb)y 52.9
(Ctsu), 53.0 (Cteu), 96.8 (d, Jec = 79.8 Hz, P-C=C-N), 124.6
(CHar), 124.8 (CHa), 129.3 (CHay), 131.8 (d, Jpc = 2.2 Hz, N-Ch)),
136.2 (d, Jcr = 245.5 Hz, B-Cy(), 138.1 (d, Jcr = 245.5 Hz, B-Cay),
145.7 (iPr-Car), 145.9 (iPr-Ca), 148.2 (d, Jcr = 241.3 Hz, B-Ca),
189.2 (d, Jpc = 8.0 Hz, TMSC=CTMS), 189.7 (d, Jpc = 4.3 Hz,
TMSC=CTMS), 192.5 (d, Jpc = 20.5 Hz, P-C=C-N). **P{"H} NMR
(202 MHz, CDCls, 25 °C): & = 33.6 (s, Si-satellite: Jsip = 215.8
Hz). 2Si{*H} NMR (99 MHz, Ph-F/CsDs, 25 °C): & = —100.1 (d,
Jsip= 216.1 Hz, SiP), -7.5 (d, Jsip = 2.6 Hz, TMS), 19.4 (d, Jsip=
1.7 Hz, SiCHs). “'B{*H} NMR (160 MHz, CDCls, 25 °C): & = —
16.1. F NMR (470 MHz, CDCl3, 25 °C): —132.2 (m, B(CsFs)a), —
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163.3 (t, Jee = 20.4 HZ, B(C5F5)4), -166.9 (t, Jee = 19.2 HZ,
B(CsFs)a).

Compound 6-C: To a mixture of 3a (0.49 g, 0.39 mmol) in
fluorobenzene (2.5 mL) was added dimesitylacetylene (0.10 g,
0.39 mmol) at room temperature. After 48 hours, all volatiles
were removed under vacuum. The residue was washed with
pentane to obtain 6-C as yellow powder (0.33 g, Yield: 58 %).
Mp.: 126 °C. *H NMR (500 MHz, CDCls, 25 °C) : 5 = 0.62 (s, 3H,
SiCHs), 0.80 (s, 3H, SiCHg), 0.78 (d, Jun = 6.8 Hz, 3H, CHapr),
1.10 (d, Jun = 6.8 Hz, 3H, CHasipr), 1.22 (d, I = 6.8 Hz, 3H,
CHgipr), 1.24 (d, Jun = 6.8 Hz, 3H, CH3ipr), 1.28 (d, 9H, CH3‘BU),
1.49 (d, 9H, Cnggu), 1.60 (m, 1H, CHZNOfb)7 1.63 (m, 1H, CHZNmb),
1.78 (m, ZH, CHZNorb), 1.80 (S, 6H, CH3M65), 2.05 (m, 2H, CHZNorb),
2.07 (s, 6H, CHaes), 2.22 (s, 3H, CHawmes), 2.23 (s, 3H, CHapes),
3.00 (m, 1H, CHuyrggehead), 3.08 (m, 2H, CHipy), 3.50 (brs, 1H,
CHobridgehead), 6.76 (m, 1H, CHa), 6.80 (m, 1H, CHa), 7.15 (dd,
Jun = 1.6 and 7.7 Hz, 1H, CHa), 7.29 (m, 1H, CHa,), 7.38 (t, Jux
= 7.7 Hz, 1H, CHa). **C{*H} NMR (125 MHz, CDCls, 25 °C) : & =
4.0 (d, Jec = 2.3 Hz, SiCH3), 5.3 (SiCHj3), 20.8 (CHgz), 20.9 (CHs),
21.2 (2 x CH3), 22.1 (2 x CHj3), 22.3 (CHaipr), 24.1 (CHgipr), 26.0
(brs, CH,), 26.0 (CHaipr), 26.7 (CHgipr), 27.6 (CHanom), 28.2
(CHipr), 28.3 (CHipr), 31.6 (d, JPC: 6.1 HZ, CH3[BU), 32.1 (d, Jpc:
6.3 HZ, CH313U), 41.8 (CHbridgehead), 46.5 (d, Jpc = 8.6 HZ,
CHbridgehead)y 47.6 (d, Jpc: 6.1 HZ, CHZNorb), 53.2 (Ct-Bu), 53.3 (Cy.
Bu), 97.9 (d, Jpc = 71.1 Hz, P-C=C-N), 125.2 (CHp;), 125.4 (CHap),
127.7 (brs, 2 x CHar),128.7 (d, Jpc = 3.4 Hz, Ca;), 128.8 (CHa),
128.9 (CHar), 129.7 (CHar), 130.2 (d, Jpc = 2.6 Hz, Car), 132.0 (d,
Jpc = 2.5 Hz, Ca), 133.2 (d, Jpc = 0.8 Hz, Cay), 134.1 (d, Jpc=1.1
Hz, Car), 136.2 (d, Jcr = 245.0 Hz, Car), 137.4 (Ca), 138.2 (Car),
138.2 (d, Jcr = 245.0 Hz, B-Ca), 138.8 (Car), 139.8 (Car), 146.9
(Car), 147.2 (Car), 148.2 (d, Jcr = 242.8 Hz, B-Cy), 158.7 (d, Jpc
= 1.1 Hz, MesC=CMes), 160.3 (d, Jpc = 7.9 Hz, MesC=CMes),
193.2 (d, Jpc = 20.9 Hz, P-C=C-N). **P{*H} NMR (121 MHz,
CDCls, 25 °C): & = 27.6 (s, Si-satellite: Jspp = 174.2 Hz). *Si{*H}
NMR (99 MHz, Ph-F/C¢Ds, 25 °C): & = —-86.9 (d, Jsip= 174.2 Hz,
SiP), 21.7 (d, Jsp = 2.8 Hz, SiCH3). ™B{*H} NMR (160 MHz,
CDCls, 25 °C): 8 = -16.6. *°F NMR (470 MHz, CDCls, 25 °C): d =
—132.5 (m, B(CsFs)a), —163.3 (t, Jer = 20.5 Hz, B(CsFs)s), —166.9
(t, JFF =19.6 HZ, B(C5F5)4)

Compound 7: In a pressure NMR tube, fluorobenzene/CgDs
(0.4+0.1 mL) solution of 3b (114 mg, 0.089 mmol) were exposed
to a 3 bar of CO;, at ambient temperature. This reaction was
monitored by *'P NMR and completed after 30 min. Crystals
suitable for X-ray diffraction analysis were obtained by slow
evaporation from fluorobenzene solution. Due to the low
solubility of 7 after crystallization, full characterization of 7 by
NMR were not succeeded. (Major isomer, 82%): **P{*H} NMR
(121 MHz, C¢De/Ph-F, 25 °C): 8 = 85.4 (d, Jpp = 2.9 Hz, N-Si-P),
20.0 (d, Jpp = 2.9 Hz, P=0). (Minor isomer, 18%): *P{*"H} NMR
(121 MHz, C¢D¢/Ph-F, 25 °C): 8 = 85.7 (s, N-Si-P), 19.7 (s, P=0).

Compound 8-A: In a J. Young NMR tube, to a solution of 3a
(100 mg, 0.069 mmol) in fluorobenzene (0.5 mL),
diphenylphospine (12 yL, 0.069 mmol) was added at ambient
temperature. The color of solution changed from yellow to
colorless within 1 min. Addition of excess pentane (ca. 1.5 mL)
at room temperature leads to crystallization of 8-A, giving the
corresponding 8-A as colorless crystals (102 mg, 92%). Mp:
172-175 °C (decomp.). (Major isomer, 90%): *H NMR (500 MHz,
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CDCls, 25 °C): & = 0.11 (s, 3H, SiCHs3), 0.58 (s, 3H, SiCH3), 0.64
(d, Jun = 6.8 Hz, 3H, CH3ipr), 1.11 (d, Jun = 6.8 Hz, 3H, CH3ipr),
1.28 (overlapped, 3H, CHsipr), 1.28 (s, 9H, CHsry), 1.31 (s, 9H,
CHagy), 1.54 (d, Juu= 6.7 Hz, 3H, CHapr), 1.59 (d, Jun = 9.0 Hz,
1H, CHanom), 1.65 (m, 1H, CHanom), 1.83 (d, Juy = 9.0 Hz, 1H,
CHanom), 1.91 (m, 3H, CHanom), 2.73 (sept, Juy = 6.8 Hz, 1H,
CHipr), 2.87 (m, 1H, CHuridgehead), 3.19 (sept, Juy = 6.7 Hz, 1H,
CHipr), 3.34 (S, lH, CHbridgehead)y 5.77 (dd, Jup = 36.7 and 3.8 HZ,
Si-satellite : Jusi = 233.6 Hz, Si-H), 6.45 (dd, Jup = 8.6 Hz, Jun =
7.9 HZ, 2H, Cprh), 6.94 (t, Jun = 7.0 HZ, 2H, Cprh), 7.10-7.14
(m, 2H, CHAr), 7.37 (d, Jun= 7.1 Hz, 1H, CHAr), 7.47 (t, Iy =77
Hz, 1H, CHppn), 7.52 (dd, Juw = 14.7 and 8.0 Hz, 3H, CHeppn),
7.56 (s, 4H, p-CHgay), 7.68 (dd, Jup = 7.0 Hz, Jun = 7.3 Hz, 2H,
CHppn, 7.76 (s, 8H, 0-CHga). C{*H} NMR (125 MHz, CDCls,
25 °C): & = 3.3 (d, Jecp = 2.2 Hz, SiCH3), 5.8 (SiCHs), 23.9
(CHaipr), 24.6 (CHaipr), 24.7 (CHaipr), 24.7 (CHaipr), 25.0 (CHanom),
27.9 (CHanom), 28.6 (CHipr), 28.7 (d, Jcp = 1.9 Hz, CHipy), 32.4 (t,
Jep = 5.7 Hz, CHgtBu), 32.8 (d, Jep = 5.7 Hz, CH3tBu), 41.7
(CHbridgehead), 44.7 (d, Jcp = 10.4 Hz, CHuyridgenead), 48.6 (Jcp = 5.0
Hz, CHanorm), 52.7 (Cisu), 53.4 (Cisu), 100.5 (d, Jep = 70.0 Hz, P-
C=C-N), 117.6 (br sept, Jcr = 3.8 Hz, p-CHga), 124.7 (q, Jcr =
272.5 Hz, CF3), 125.7 (CHay), 125.9 (CHar), 129.1 (CHay), 129.1
(qq, JCF = 31.6 HZ, JCB =27 HZ, m-CHBAr), 129.4 (d, Jcp = 6.8
HZ, Cprh), 130.2 (dd, Jep = 20.7 and 5.3 HZ, Cpph), 130.3 (d,
Jcp =54 HZ, Cprh), 131.7 (Cprh), 132.3 (d, Jep = 18.3 HZ,
CHppn), 135.0 (d, Jep = 2.2 Hz, N-Ca), 135.0 (0-CHgar), 137.0 (d,
Jep = 21.1 HZ, Cprh), 146.0 (iPr-CAr), 146.7 (iPr-CAr), 161.9 (q,
Jeg = 49.8 Hz, B-Cp), 191.4 (d, Jcp = 25.3 Hz, P-C=C-N). *'P{*H}
NMR (202 MHz, CDCls, 25 °C): & = —74.2 (d, Jpp = 11.5 Hz, Si-
satellite: Jsip = 73.0 Hz, PPh,), 38.8 (d, Jer = 11.6 Hz, Si-satellite:
Jsip = 100.0 Hz, C=C-P). ®Si{*H} NMR (99 MHz, CDCls, 25 °C) :
8 = —18.7 (dd, Jsip = 72.6 Hz, Jsp = 100.6 Hz, P-Si-P), 22.1 (d,
Jsip = 3.2 Hz, SiCHa). 'B{*H} NMR (160 MHz, CDCls, 25 °C): 5 =
—6.6. *°F NMR (470 MHz, CDCls, 25 °C): & = —62.4 (CFs). (Minor
isomer, 10%): 'H NMR (500 MHz, CDCls, 25 °C): 6 = 0.14 (s, 3H,
SiCHs), 0.98 (d, Jun = 6.8 Hz, 3H, CHap), 1.16 (d, Jun = 6.8 Hz,
3H, CHaipy), 1.21 (d, Junw = 6.8 Hz, 3H, CHap), 1.27 (s, 9H,
CHglsu), 1.33 (d, -]HH: 7.0 HZ, 3H, CH3ipr), 1.77 (d, JHH =8.7 HZ,
1H, CHanor), 2.80 (M, 1H, CHyridgehead), 5.75 (dd, Jwe = 36.1 and
4.2 HZ, Si-H), 6.51 (dd, Jwp=7.4 HZ, Jun = 7.9 HZ, 2H, Cprh).
13C{"H} NMR (125 MHz, CDCls, 25 °C): & = 3.3 (d, Jcp = 3.4 Hz,
SiCH3), 5.8 (SiCHs), 24.2 (CHaspr), 24.3 (CHaipr), 24.3 (CHaipy),
24.4 (CHaipr), 27.7 (CHanor), 28.3 (CHipr), 28.7 (CHip), 32.2 (t,
Jep = 597 Hz, CHagy), 44.4 (d, Jep = 10.9 Hz, CHuriggehead), 49.7
(Jcp =74 HZ, CH2N0rb), 52.8 (C(-Bu), 53.5 (CI-Bu). 102.5 (d, Jcp:
69.1 Hz, P-C=C-N), 125.6 (CHa), 125.7 (CHa), 129.1 (CHa),
129.3 (d, Jep = 6.5 Hz, CHppn), 131.1 (dd, Jcp = 19.4 and 5.5 Hz,
Cepn), 131.7 (CHpen), 136.8 (d, Jep = 20.9 Hz, CHppn), 132.9 (d,
Jep = 3.1 Hz, N-Ca), 146.8 (iPr-Cp), 147.2 (iPr-Ca). **P{*H}
NMR (202 MHz, CDCls, 25 °C): & = —73.6 (d, Jep = 12.9 Hz,
PPh,), 38.4 (d, Jep = 12.8 Hz, C=C-P). ®Si{"H} NMR (99 MHz,
CDCls, 25 °C) : & = —15.5 (dd, Jsip = 69.7 Hz, Jsip = 104.4 Hz, P-
Si-P), 22.2 (d, Jsip = 3.0 Hz, SiCH3).

Compound 8-B: To a mixture of 3 (0.49 g, 0.39 mmol) in
fluorobenzene (2 mL) was added triethylsilane (62 pL, 0.39
mmol) at room temperature. After 1 h, all volatiles were removed
under vacuum. The residue was washed with pentane to obtain
8-B as pale orange powder (0.43 g, Yield: 84 %). Mp : 276 °C.
(Major isomer, 80%): *H NMR (500 MHz, CDCls, 25 °C): & =
0.62 (s, 3H, SiCH3), 0.71 (s, 3H, SiCH3), 0.73 (m, 3H, CHzg),
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0.86 (m, 6H, CHZEt), 0.88 (m, 9H, CH3Et), 1.13 (d, Jun = 6.7 Hz,
3H, CH3ipr), 1.18 (d, Jun = 6.8 Hz, 3H, CH3ipr), 1.26 (d, Jun = 6.8
HZ, 3H, CHgipr), 1.29 (d, JuH = 6.8 HZ, 3H, CH3ipr), 1.34 (d, Jpn =
1.2 Hz, 9H, CHagy), 1.39 (d, Jup = 0.9 Hz, 9H, CHawy), 1.47 (m,
1H, CHano), 1.54 (dd, Jun= 1.7 Hz, Jup = 9.2 Hz, 1H, CHanom),
1.67 (m, 1H, CHanow), 1.75 (M, 1H, CHanow), 1.92 (m, 1H,
CHanom), 1.97 (m, 1H, CHanom), 2.71 (m, 1H, CHip,), 2.76 (m, 1H,
CHbridgehead)q 3.03 (sept, Jun = 6.8 Hz, 1H, CHipr), 3.36 (S, 1H,
CHbridgehead)q 5.33 (dd, Jup = 17.8 HZ, lH, Jhsi = 184.9 HZ, SiH),
7.23 (M, 2H, CHa,), 7.38 (m, 1H, CHa,). ®*C{*H} NMR (125 MHz,
CDC|3, 25 °C): 0=3.7 (d, Jpc= 2.2 HZ, SICHg), 4.1 (d, Jpc= 1.8
Hz, CHaer), 6.1 (SiCH3), 8.2 (SiCHagy), 23.7 (CHaipr), 24.4 (CHaipy),
25.4 (CHappr), 25.4 (CHanor), 26.1 (CHaipr), 27.9 (CHanom), 28.3
(CHipr), 28.4 (CHipy), 32.0 (d, Jpc = 6.5 Hz, CHawy), 32.7 (d, Jpc=
5.4 Hz, CHagy), 41.6 (CHordgenead), 44.4 (d, Jpc = 11.4 Hz,
CHbridgehead)q 49.8 (d, Jpc= 7.0 HZ, CHZNorb), 52.7 (Ct-Bu), 53.7 (C(.
gu), 102.7 (d, Jpc = 65.4 Hz, P-C=C-N), 124.9 (CHa), 125.6
(CHAr), 129.8 (CHAr), 133.5 (d, Jpc: 3.9 HZ, CAr), 136.3 (d, JCF =
243.8 Hz, B-Cp;), 138.3 (d, Jcr = 245.0 Hz, Ca), 146.4 (Ca),
147.0 (Car), 148.3 (d, Jcr = 237.5 Hz, B-Ca,), 191.5 (d, Jpc = 26.4
Hz, P-C=C-N).*'P{*H} NMR (202 MHz, CDCls, 25 °C): d = 49.4
(s, Si-satellite: Jsip = 33.8 Hz), 2°Si{*H} NMR (99 MHz, CDCls,
25 °C) : 8 = —33.3 (d, Jsip = 34.2 Hz, Si-H), 20.5 (SiEts), 20.5 (d,
Jsip = 3.5 Hz, SiCHs). "'B{*H} NMR (160 MHz, CDCls, 25 °C): 5 =
—16.1. F NMR (470 MHz, CDCls, 25 °C): —132.5 (m, B(C¢Fs)a),
-163.5 (t, Jee = 20.5 Hz, B(CGF5)4), -167.0 ('[, Jee = 19.6 Hz,
B(CeFs)s). (Minor isomer, 20%): H-NMR (500 MHz, CDCls,
25 °C): 8 = 0.61 (s, 3H, SiCHz), 0.72 (s, 3H, SiCH3), 0.86 (m, 6H,
CHZE[), 1.16 (d, \]HH: 7.1 HZ, 3H, CHsipr), 1.30 (d, ‘]HH: 6.7 HZ,
3H, CHaipy), 1.37 (d, Jp= 0.8 Hz, 9H, CHawgy), 1.36 (d, Jup= 1.1
Hz, 9H, CHawy), 1.59 (m, 1H, CHanow), 1.84 (M, 1H, CHanom),
2.76 (m, 1H, CHbridgehead)q 2.81 (m, 1H, CHipr), 2.90 (sept, I =
6.8 HZ, SH, CH3tBu), 3.24 (m, lH, CHbridgehead): 5.42 (dd, \]HP =
17.8 Hz, 1H, Jusi= 187.7 Hz, SiH), 7.23 (m, 2H, CHa,), 7.38 (m,
1H, CHa). *C{*H} NMR (125 MHz, CDCls, 25 °C): 8 = 3.6 (d, Jrc
= 2.1 Hz, SiCHa), 3.9 (d, Joc = 1.8 Hz, CHag), 5.7 (SiCH3), 8.0
(SiCHagy), 24.0 (CHaipr), 24.5 (CHaipr), 24.8 (CHaipr), 25.2 (d, Jpc =
1.6 Hz, CH,), 25.8 (CHapr), 27.8 (CHanom), 28.5 (CHir), 28.8
(CHipr), 32.1 (d, Jpc = 6.4 Hz, CHawy), 32.8 (d, Joc = 5.4 Hz,
CHagu), 41.7 (CHbriggehead), 44.7 (d, Jpc = 10.6 Hz, CHupriggenead),
49.2 (d, Jpc = 4.6 HZ, CHanorb), 52.8 (Crpu), 53.6 (Cray), 101.0 (d,
Jpc = 65.3 Hz, P-C=C-N), 125.0 (s, CHa), 125.7 (CHa), 129.9
(CHar), 133.8 (d, Jpc = 2.9 Hz, Ca,), 186.3 (d, Jcr = 243.8 Hz, Ca),
138.3 (d, Jcr = 245.0 Hz, Cp;), 145.9 (Car), 146.7 (Car), 148.3 (d,
Jor = 237.5 Hz, Cp), 191.1 (d, Jpc = 26.1 Hz, P-C=C-N). **P{*H}
NMR (202 MHz, CDCls;, 25 °C): & = 47.9 (s, Si-satellite: Jsip =
41.9 Hz). »°Si{*H} NMR (99 MHz, CDCls, 25 °C): & = =33.9 (d,
Jsip = 41.7 Hz, Si-H), 21.0 (SiEts), 20.4 (d, Jsip = 3.1 Hz, SiCHs).

Compound 8-C: In a J. Young NMR tube, to a solution of 3a
(100 mg, 0.069 mmol) in fluorobenzene (0.5 mL), pinacolborane
(10 pL, 0.069 mmol) was added and warmed at 70 °C. The color
of solution changed from yellow to colorless within 5 min.
Addition of excess pentane (ca. 1.5 mL) at room temperature
leads to crystallization of 8-C, giving the corresponding 8-C as
colorless crystals (92 mg, 87%). Mp: 179-180 °C (decomp.).
(Major isomer, 90%): *H NMR (500 MHz, CDCls, 25 °C): & =
0.60 (s, 3H, SiCHg), 0.68 (s, 3H, SiCH3), 1.17 (d, Juw = 6.8 Hz,
3H, CH3ipr), 1.17 (S, 6H, CHgspin), 1.18 (S, 6H, CHggpin), 1.23 (d,
Jun = 6.8 Hz, 6H, CHaipr), 1.26 (overlapped, 3H, CHsipr), 1.34 (s,
18H, CHawpy), 1.56 (d, Jun = 9.1 Hz, 1H, CHano), 1.66 (m, 1H,
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CHZNOTb)y 1.82 (d, JHH =90 HZ, lH, CHZNOTb)v 1.86 (m, lH,
CHZNOTb)y 1.92 (m, 1H, CHZNorb), 1.96 (m, 1H, CHZNorb), 2.74 (m,
1H, CHoidgehead), 2.82 (sept, Jun = 6.8 Hz, 1H, CHip), 2.92 (sept,
Jun = 6.8 Hz, 1H, CHipy), 3.34 (s, 1H, CHupriagenead), 5.29 (d, Jup =
24.3 Hz, Si-satellite : Jusi = 212.3 Hz, Si-H), 7.21-7.25 (m, 2H,
CHay), 7.37-7.40 (m, 1H, CHay), 7.55 (S, 4H, p-CHgar), 7.74 (s, 8H,
0-CHgar). *C{*H} NMR (125 MHz, CDCls, 25 °C): & = 3.7 (d, Jcp
= 1.4 Hz, SiCHs3), 4.9 (SiCHs), 23.8 (CHaipr), 24.2 (CHaip,), 24.3
(CHsipr), 24.8 (CHagpin), 24.9 (CHagpin), 24.9 (CHanom), 26.1
(CHaipr), 27.9 (CHanor), 28.6 (CHipr), 28.6 (CHipr), 32.1 (d, Jep =
6.1 HZ, CH3[BU), 32.5 (d, Jcp= 5.7 HZ, CH3tBu), 41.2 (CHbridgehead),
44.6 (d, JCP= 10.5 HZ, CHbridgehead), 48.9 (Jcp =47 HZ, CHZNorb),
52.8 (Ctsu), 53.5 (Crau), 86.8 (Cgpin), 100.5 (d, Jcp = 70.6 Hz, P-
C=C-N), 117.6 (br sept, Jcr = 3.8 Hz, p-CHga), 124.7 (q, Jcr =
272.5 Hz, CF3), 125.1 (2xCHar), 129.6 (CHar), 129.1 (qq, Jcr =
31.5 HZ, Jeg = 2.6 HZ, m-CHBAr), 132.7 (d, Jep = 2.6 HZ, N-CAr),
135.0 (O-CHBAr), 146.2 (iPr-CAr), 146.6 (iPr-CA,), 161.9 (q, Jeg =
49.8 Hz, B-Cp;), 192.6 (d, Jcp = 25.7 Hz, P-C=C-N). *'P{"H} NMR
(202 MHz, CDCls, 25 °C): & = 39.8 (s, Si-satellite: Jsip = 111.0
Hz, C=C-P). *Si{"H} NMR (99 MHz, CDCls, 25 °C): & = -35.0 (br,
P-Si), 19.9 (SiCHa). *'B{*H} NMR (160 MHz, CDCls, 25 °C): & =
—6.6 (BAry), 30.3 (br, Bpin). °F NMR (470 MHz, CDCls, 25 °C):
8 = —62.4 (CF3). (Minor isomer, 40%): *H NMR (500 MHz, CDCls,
25 °C): 6 = 0.60 (overlapped, 3H, SiCH3), 0.68 (overlapped, 3H,
SiCHs), 1.13 (d, Jun = 6.8 Hz, 3H, CHaip), 1.19 (d, Juy = 6.8 Hz,
3H, CHgsier), 1.25 (overlapped, 3H, CHaipr), 1.25 (s, 6H, CHagpin),
1.26 (S, 6H, CH3Bpin), 1.31 (d, Jun = 6.8 HZ, 3H, CHaipr), 1.33 (S,
9H, CHawy), 1.37 (s, 9H, CHawgy), 1.52 (d, Junw = 8.5 Hz, 1H,
CHanom), 1.74 (d, Juw = 8.5 Hz, 1H, CHanom), 2.74 (m, 1H,
CHuriggenead), 2.72 (sept, Jun = 6.8 Hz, 1H, CHipy), 3.06 (sept, Jun
= 6.8 Hz, 1H, CHir), 3.37 (S, 1H, CHoriagehead), 5.14 (d, Jup = 18.6
Hz, Si-satellite : Jusi = 211.9 Hz, Si-H), 7.21-7.25 (m, 2H, CHa),
7.37-7.40 (m, 1H, CHa,)."*C{"H} NMR (125 MHz, CDCls, 25 °C):
8 =3.7 (d, Jep = 1.0 Hz, SiCHa), 5.1 (SiCHs), 24.0 (CHaipy), 24.1
(CHaipr), 24.8 (CHagpin), 25.3 (CHagpin), 25.0 (d, Jep = 1.0 Hz,
CHanom), 25.5 (CHaipr), 25.5 (CHaipr), 27.8 (CHanom), 28.2 (CHipy),
28.4 (CHipy), 31.8 (d, Jcp = 6.2 Hz, CHawy), 32.5 (d, Jcp = 5.6 Hz,
CHStBu); 41.3 (CHbridgehead)| 44.4 (d, JCP =11.2 HZ, CHbridgehead)y
49.4 (Jcp = 6.8 Hz, CHanom), 52.9 (Creu), 53.5 (Cray), 87.0 (Cepin),
101.7 (d, Jcp = 69.4 Hz, P-C=C-N), 125.2 (CHa,), 125.3 (CHa),
129.8 (CHa), 132.8 (d, Jecp = 3.5 Hz, N-Ca), 146.4 (iPr-Ca),
147.3 (iPr-Ca), 193.1 (d, Jcp = 26.1 Hz, P-C=C-N). **P{*H} NMR
(202 MHz, CDCls, 25 °C): & = 40.0 (s, Si-satellite: Jsp = 110.8
Hz, C=C-P). *Si{*H} NMR (99 MHz, CDCls, 25 °C): = -32.3 (br,
detected by *H-?°Si HSQC, P-Si), 20.3 (SiCHa).

Compound 9: To a mixture of 8-B (0.30 g, 0.23 mmol) in
fluorobenzene (1.8 ml) was added diisopropylformamide (3.3 L,
0,23 mmol) at room temperature. After 1 h, all volatiles were
removed under vacuum. The residue was washed with pentane
to obtain 9 as pale orange powder (0.26 g, Yield: 78 %). Crystals
suitable for Xray diffraction analysis were obtained from a
solution in CDCls/pentane at room temperature. (Major isomer,
69%): 'H NMR (500 MHz, CDCls, 25 °C): & = 0.23 (m, 6H, CH2gy),
0.75 (d, Jun = 8.0 Hz, 9H, CHgsg), 0.79 (s, 3H, SiCHs), 0.80 (s,
3H, SiCHg), 1.15 (d, Jun = 6.9 Hz, 3H, CHaipr.oip), 1,26 (d, Jun =
6.9 Hz, 3H, CHsipr.pip), 1.26 (d, I = 6.9 Hz, 6H, CHaipr.pip), 1.29
(d, JHH = 6.8HZ, GH, CH3.NiPr2), 1.31 (d, JHH = 6.8HZ, 6H, CH3.
nier2), 1.36 (overlapped, 1H, CHanom), 1.38 (overlapped, 1H,
CHZNOfb)v 1.42 (S, 9H, CHgtsu), 1.43 (S, 9H, CH3[BU), 1.58 (d, JHH =
6.8 Hz, 1H, CHanom), 1.77 (m, 1H, CHanor), 1.84 (m, 1H, CHanor),
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1.89 (m, 1H, CHanom), 2.54 (br s, 1H, CHbridgehead)q 2.94 (sept, JhH
= 6.9 Hz, 1H, CHipr.Dip), 2.98 (sept, Jun = 6.9 Hz, 1H, CHipr.Dip),
3304 (bI’S, lH, CHbridgehead)q 3.40 (d, JhH = 6.6 HZ, 2H, CHiPr-NiPrZ),
4.06 (dd, JHP =223 HZ, JHH =39 HZ, PCHNiprz), 5.55 (dd, JHP =
4.1 Hz, Junw = 3.9 Hz, Si-satellite : Jusi = 253.3 Hz, 1H, SiH),
7.22-7.27 (m, 2H, CHa), 7.36-7.40 (m, 1H, CHa,). *C{*H} NMR
(125 MHz, CDCls, 25 °C): 8 = 4.4 (d, Jpc = 3.1 Hz, SiCHs), 5.9
(CH2gi), 6.6 (SiCHs3), 7.1 (SiCHsg), 22.6 (CHsipr-nipr2), 23.3 (CHaipr-
oips 24.1 (CHsiprpip), 24.2 (CHsipr-pip), 24.5 (CHsipr-pip), 25.4 (d, Jcp
= 2.3 Hz, CHanon), 26.0 (CHaipripr2), 27.7 (CHano), 28.6 (CHipr.
Dip), 29.1 (CHipr.Dip), 31.7 (d, Jpc = 4.8 HZ, CH3tBu), 33.1 (d, Jpc =
55 HZ, CHgtBu), 44 .4 (d, Jpc =6.0 HZ, CHbridgehead)y 46.8 (d, Jpc =
12.1 HZ, CHbridgehead)y 47.5 (d, Jpc =47 HZ, CHZNorb)y 51.5 (CHip,
nipr2), 54.1 (Cray), 54.4 (Crsy), 54.9 (d, Jpc = 53.4 Hz, PCHyipr2),
94.4 (d, Jpc = 89.4 Hz, P-C=C-N), 124.2 (br, B-Cp;), 125.4 (CHa),
125.6 (CHar), 129.4 (CHay), 135.3 (N-Ca), 136.4 (d, Jcr = 244.0
HZ, B-CAr), 138.3 (d, \]CF = 244.3 HZ, B-CAr), 146.0 (iPr-CA,),
146.8 (iPr-Ca), 148.4 (d, Jcr = 242.5 Hz, Cp), 178.1 (d, Jpc =
13.5 Hz, P-C=CN). *P{*H} NMR (202 MHz, CDCls, 25 °C): & =
47.9 (s, Si-satellite: Jsp = 41.9 Hz), ®Si{*H} NMR (99 MHz,
CDCls, 25 °C): & = 20.5 (d, Jspp = 5.7 Hz, SiMe,), 21.0 (SiEts), —
33.9 (d, Jsip = 41.7 Hz, SiH). B{*H} NMR (160 MHz, CDCls,
25°C): & = —16.6. 1°F NMR (470 MHz, CDCls, 25°C): & = —132.5
(m, B(CGF5)4), -163.4 ('[, Jrr = 20.5 Hz, B(C6F5)4), -167.0 (t, Jee =
19.5 Hz, B(CesFs)s). (Minor isomer, 31%): 'H NMR (500 MHz,
CDCls, 25 °C): & = 0.23 (overlapped, 6H, CHg), 0.76 (d, Jun =
8.1 Hz, 9H, CHsg), 0.18 (s, 3H, SiCHgz), 0.82 (s, 3H, SiCH3), 1.36
(d, JHH = 6.7 HZ, 3H, CHsipr.Niprz), 1.39 (d, JHH = 6.8 HZ, 3H,
CHgipr.Niprz), 1.38 (S, 9H, CHSIBU), 1.43 (S, 9H, CHgtBu), 2.61 (br S,
1H, CHoriagenead), 2.87 (sept, Jun = 6.7 Hz, 1H, CHiprop), 3.25 (br
S, 1H,CHuriggenead), 3.44 (sept, Jun = 6.9 Hz, 2H, CHyipr2), 3.92 (dd,
Jup = 20.5 HZ, Jun = 3.6 HZ, PCHNiprz), 5.55 (dd, Jup = 6.7 HZ, 1H
SiH), 7.22-7.27 (m, 2H, CHa,), 7.36-7.40 (m, 1H, CHa,). *C{*H}
NMR (125 MHz, CDCl3, 25 °C): d = 4.6 (d, Jrc = 2.9 Hz, SiCHg),
5.9 (CHgey), 6.3 (SiCH3), 7.0 (SiCHsg), 23.4 (CHgipr-pip), 23.9
(CHSiPr-Dip), 24.0 (CHZNorb)y 25.2 (bl’, CH3-iNiPr2)y 25.3 (CH3iPr-Dip)y
25.4 (CHaipr-pip), 25.8 (CHa.inipr2), 27.5 (CHanorb), 28.8 (CHipr.pip),
29.0 (CHipr.Dip), 31.7 (d, Jpc =47 HZ, CHgtBu), 32.8 (d, Jpc =54
Hz, CHagy), 43.7 (d, Jpc = 5.7 Hz, CHuridgenead), 46.8 (d, Jpc= 12.1
Hz, CHoridgehead), 49.1 (d, Jpc = 4.9 Hz, CHanom), 54.4 (CHiprnipr2),
54.0 (Ctgu), 54.2 (Ctu), 58.6 (d, Jpc = 53.6 Hz, PCHnipr2), 94.5 (d,
Jpc = 89.0 Hz, P-C=C-N), 125.4 (CHay), 125.6 (CHa), 129.6
(CHar), 132.5 (N-Cp)), 146.2 (iPr-Ca), 146.6 (iPr-Ca,), 179.3 (d,
Jec = 14.0 Hz, P-C=C-N). *P{"H} NMR (202 MHz, CDCls,
25 °C): 8 = 46.4 (s, Si-satellite: Jsip = 77.4 Hz). *Si{*H} NMR (99
MHz, CDCl;, 25 °C): & = 20.5 (d, Jsip = 5.7 Hz, SiMey), 21.0
(SiEts), —33.9 (d, Jsip = 41.7 Hz, SiH).

Hydroboration of pyridine catalyzed by compound 8-C

In a J. Young NMR tube, to a solution of 8-C (77 mg, 0.053
mmol) in fluorobenzene (0.5 mL), pinacolborane (77 pL, 0.553
mmol, 10 eq.) and pyridine (44 uL, 0.553 mmol, 10 eq.) was
added and warmed at 60 °C. After 11 hours, the consumption of
HBpin was observed by B NMR and formation of 1,4-
hydroboration product was observed by 'H NMR. After removal
of all volatiles under reduced pressure, the residue was
extracted by pentane and the filtrate were dried under reduced
pressure to obtain the corresponding 1-pinacolboryl-1,4-
dihydropyridine as colorless oil (102 mg, 90%).
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Data for 1-pinacolboryl-1,4-dihydropyridine: 'H NMR (300
MHz, 25°C, C¢Ds): 6 = 0.98(s, 12 H, CHj3), 2.82 (m, 2H, CH,),
4.57 (m, 2H, CH,-CH), 6.50 (d, Jun = 8.1 Hz, N-CH). *C{*H}
NMR (75 MHz, 25°C, C¢Ds): & = 22.8 (CHy), 24.6 (CH3), 83.4 (O-
C), 102.8 (CH-CH), 127.5 (N-CH). "B{*H} NMR (96 MHz, 25°C,
CsDg): & = 23.9 (Bpin). EI-MS Calculated for m/z C11H1sBNO:
2017.1431, found: 207.1495.

Data for 10: **P NMR (202 MHz, 25°C, Ph-F/CeDs): 5 = 108.6 (t,
Jen = 20.1 Hz, N-P-Si). ®Si{"H} NMR (99 MHz, 25°C, Ph-
F/CGDG): 0=-204 (d, JSip =10.5 HZ, SIHzB)

Reaction of compound 2-H with H,

In a pressure NMR tube, the fluorobenzene solution (0.6 mL) of
2-H (110 mg, 0.0357 mmol) were exposed to a 5 bar of H, and
heated at 80°C for 16 h. The reaction is monitored by NMR. The
same reaction was also effectuated in another NMR tube at the
same time. After the reaction completed, the solutions in the two
tubes were combined in a NMR tube. After removal all volatiles,
the addition of pentane leads to the slow precipitation of 22 at
room temperature. The solution was filtered and the solids were
washed with pentane to obtain 22 as vyellow solid.
Recrystallization of the obtained solid in fluorobenzene/pentane
gave 16 (140 mg, 96%) as yellow crystals. The separated
organic phase were dried under reduced pressure to obtain the
corresponding 15 (33 mg, 60%) as colorless powder. Crystals
suitable for X-ray diffraction analysis of 22 were grown from
Et,O/pentane solution.

Data for 21: Mp. 85-87 °C (decomp.). *H NMR (500 MHz, 25 °C,
CDCls): 6 = 0.43 (s, 3H, SiMey), 0.46 (s, 3H, SiMey), 1.00 (d, Juu
=7.9 Hz, 1H, CHanom), 1.19 (d, Jun = 6.9 Hz,63H, CHappr), 1.19 (d,
Jun = 6.9 Hz, 6H, CHaipr), 1.22 (d, Jup = 0.9 Hz, 9H, CHap,), 1.22
(overlapped, 1H, CHanom), 1.25 (d, Jup = 0.9 Hz, 9H, CHawru),
1.32 (d, Jun = 7.9 Hz, 1H, CHanor), 1.49 (m, 1H, CHanor), 1.61
(m, 1H, CHanor), 1.68 (m, 1H, CHanor), 2.26 (S, 1H, CHuoridgehead),
3.24 (sept, Jun = 6.9 Hz, 1H, CHipy), 3.29 (sept, Jun = 6.9 Hz, 1H,
CHipr), 3.53 (s, 1H, CHoridgehead), 4.91 (d, Jwp = 29.9 Hz, Si-
satellite: Jusi = 219.5 Hz, SiH,), 7.14-7.17 (m, 2H, CHa,), 7.26 (t,
Jun = 7.6 Hz, 1H, CHa,). *C{*H} NMR (125 MHz, 25 °C, CDCls):
0 = 6.3 (SiMey), 7.8 (d, Jcp = 5.6 Hz, SiMe,), 23.6 (CHaipr), 23.8
(CHaipr), 25.0 (CHaipr), 25.5 (CHgipr), 26.5 (CHanor), 27.8 (CHipr),
27.9 (CHipr), 28.1 (CHanorb), 32.3 (d, Jcp = 5.6 Hz, CHawry), 32.7
(d, \]cp =5.8 HZ, CH3tBu), 41.7 (d, Jcp =1.2 HZ, CHbridgehead)x 46.5
(d, J(;p =42 HZ, CHbridgehead), 46.8 (CHZNorb), 50.6 (d, Jcp =105
Hz, Cgu), 50.9 (d, Jcp = 13.3 Hz, Cgu), 123.4 (d, Jcp = 48.6 Hz,
PC=CN), 123.9 (CHas), 124.1 (CHa/), 127.2 (CHas), 142.8 (N-Ca)),
146.5 (iPr-Ca/), 147.8 (iPr-Ca;), 165.7 (d, Jcp = 29.2 Hz, PC=CN).
Sp{"H} NMR (202 MHz, 25 °C, CDCls): & = 106.6 (s). *'P NMR
(202 MHz, 25 °C, CDCls): & = 106.6 (g, Jen = 29.8 Hz). #Si{*H}
NMR (99 MHz, 25 °C, CDCl3): 8 = 8.9 (d, Jsip = 0.9 Hz, SiMe,), —
42.7 (d, Jsp = 18.8 Hz, N-Si-P). *°Si NMR (99 MHz, 25 °C,
CDC|3) 5 =28.8 (m, SiMez), —-42.7 (dq, \JSiH = 2204 HZ, Jsjp =
18.8 Hz, N-Si-P).

Data for 22: Mp.: 222-226 °C (decomp.). 'H NMR (500 MHz,
25 °C, CDClz): = 0.63 (s, 3H, SiMey), 0.64 (s, 3H, SiMey), 1.11
(d, Jun = 7.0 Hz, 3H, CHaipr), 1.12 (d, Iun = 7.0 Hz, 3H, CHappy),
1.17 (d, Junw = 6.9 Hz, 3H, CHapy), 1.19 (d, Juw = 6.9 Hz, 3H,
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CHsipr), 1.30 (d, Jup = 0.9 Hz, 9H, CH3,), 1.30 (overlapped, 1H,
CHZNorb), 1.33 (d, JHp =09 HZ, 9H, Cnggu), 1.52 (dd, JHp =13
Hz, Jun = 9.1 Hz, 1H, CHanom), 1.63 (M, 1H, CHanor),1.72 (d, Jun
= 9.0 Hz, 1H, CHanom), 1.86 (m, 1H, CHanow), 1.90 (m, 1H,
CHanorb), 2.71 (S, 1H, CHoriggenead), 2.78 (Sept, Jun = 6.9 Hz, 1H,
CHipr), 2.92 (sept, Jun = 6.9 Hz, 1H, CHip), 3.32 (s, 1H,
CHuridgehead), 5.11 (d, Jup = 26.4 Hz, Si-satellite: Jusi = 261.7 Hz,
Sin), 7.20 (d, Jyn = 7.8 Hz, 1H, CHAr), 7.37 (t, Jun = 7.8 Hz, 1H,
CHar), 7.54 (s, 4H, p-CHgar), 7.72 (M, 4H, 0-CHga,). *C{*H} NMR
(125 MHz, 25 °C, CDCls): & = 3.6 (d, Jep = 1.0 Hz, SiMey), 5.3
(SiMey), 23.7 (CHaipr), 24.0 (CHaipr), 24.7 (CHanom), 25.0 (CHaipy),
25.1 (CHappr), 28.0 (CHipr), 28.5 (CHipr), 28.7 (CHanom), 32.2 (d,
Jep = 6.2 HZ, CH3tBu), 32.3 (d, Jep = 6.1 HZ, CHg‘Bu), 41.4
(CHbridgehead)q 44.1 (d, Jcp = 10.3 Hz, CHbridgehead)« 48.5 (d, Jep =
6.4 Hz, CHanorb), 53.1 (Ciay), 53.1 (Cigy), 99.1 (d, Jcp = 76.5 Hz,
PC=CN), 117.6 (br sept, Jcr = 3.8 Hz, p-CHg.a), 124.7 (q, Jcr =
272.5 Hz, CF3), 125.1 (CHay), 125.2 (CHay), 129.1 (qq, Jcs = 2.7
HZ, JCF: 31.2 HZ, m-CB.A,), 129.6 (CHAr), 132.1 (N-CAr), 135.0
(0-CHg.a), 146.3 (iPr-Ca,), 146.6 (iPr-Ca), 161.9 (g, Jcs = 49.9
Hz, ipso-Cg-ar), 191.8 (d, Jep = 24.2 Hz, PC=CN). "B{*H} NMR
(160 MHz, 25 °C, CDCls): 8 = — 6.5 (BAr). **F NMR (470 MHz,
25 °C, CDCls): 8 = =62.0 (CFs3). **P{*H} NMR (121 MHz, 25 °C,
CDCls): & = 34.0 (Si-satellite: Jpsi = 136.9 Hz). **P NMR (121
MHz, 25 °C, CDCls): 8 = 34.0 (t, Jpw = 29.2 Hz). ®Si{*"H} NMR
(99 MHz, 25 °C, CDCls): 8 = 17.6 (d, Jsip = 3.7 Hz, SiMey), —78.2
(d, Jsip = 202.4 Hz, N-Si-P).
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Various base-stabilized silyliumylidene ions with different ligands were synthesized. Their behaviour appeared strongly dependent on
the type of ligand. Indeed, in contrast to the poorly reactive silyliumylidenes stabilized by strongly donating ligands (DMAP, NHC), the
sulfide-supported one (SMe,) exhibits higher reactivity toward various small molecules. Furthermore, their capability to successively
activate multiple small molecules was clearly demonstrated by processes involving successive reactions with silane / formamide, CO,
and H,. Of particular interest, the silyliumylidene-silylene complex is one of the very rare species able to activate two H, molecules.
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