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Abstract

A Rh(l) complex supported by a fused m-conjugated imidazo[1,2-a][1,8]naphthyridine-
based N-heterocyclic carbene ligand with a Dipp attachment on the imidazole nitrogen
has been synthesized and structurally characterized. The title complex is found to be an
excellent catalyst for accessing E-vinylsilanes. The scope of the chemoselective

hydrosilylation is examined for a range of terminal alkynes with silanes Et;SiH and

(EtO)sSiH.
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1. Introduction

N-heterocyclic carbenes (NHCs) constitute an important class of ligands because of
their easy accessibility, structural varieties, steric and electronic tunability, ability to bind
an array of metal ions, and for the remarkable applications of metal-NHC complexes for
a broad range of catalytic transformations.!’?1 Although the metal-NHC complexes are
well suited for oxidation chemistry,i3! the prospect of ligand dissociation from a putative
(NHC)metal-hydride intermediate via reductive elimination restricts the use of the NHC
ligands in direct hydrogenation reactions.!! Introduction of a donor functionality on the
NHC scaffold favors the formation of the chelate complex and thus suppresses ligand
dissociation during the catalytic cycles. Several donor groups are attached to the
imidazole nitrogen either directly or through the linkers which offer wide structural
diversity and improve the stability of the metal-NHC complexes.>”] We reported
naphthyridine-functionalized NHC ligands which show multifaceted coordination to
different metal ions (Scheme 1a).[l The rotational flexibility could be circumvented by
synthetic fusion of the carbene ring and the donor moiety. Suitable annulation has
resulted in a series of NHC ligands where extended tr-delocalization affords the higher
conjugational “stability and the enhanced o-donor ability compared to their non-
annulated analogues.®l An annulated T-conjugated C4/Cs-bound mesoionic carbene
(MIC)®! ligand forms a stable complex [Ru(MIC)(COD)Br,] which endures oxidative
conditions and selectively cleaves olefins to the corresponding aldehydes (Scheme

1b) 3
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Scheme 1. (a) Multifaceted coordination of naphthyridine-
functionalized NHC ligand, (b) an annulated MIC complex of Ru.
Hydrosilylation of carbon-carbon multiple bonds is one of the important methods for
the construction of Si-C bond. Transition-metal catalyzed hydrosilylation of alkynes
gives the straightforward and atom-economical access to vinylsilanes,!'® which are
useful intermediates in organic synthesis,!'"! coupling partners in Hiyama cross coupling
reactionsl0¢12.131 and industrial reagents to synthesize cross-linked silicone polymers.l'4
Three possible stereo-isomeric products, namely, B-(Z), B-(E) and branched a-isomers
are formed in the hydrosilylation of terminal alkynes (Scheme 2). Despite the major
advances in recent years, the selectivity has remained a challenging issue. The nature
of the catalysts, the substrates and reagents (alkynes and silanes) and the reaction
conditions influence the product selectivity. While the Pt catalysts gave selectively B-(E)
vinylsilane,['518] the Ru catalysts afforded B-(Z) or a-isomers.['7-19] Several Rh catalysts
have been reported that allowed to make a few general observations.[5¢.7.19-33] Neutral
Rh complexes tend to show selectivity for B-(Z) vinylsilanes whereas cationic complexes
provide B-(E) vinylsilanes.['93233] Metal-assisted isomerization of B-(Z) to B-(E)
vinylsilane is reported with Rh complexes.[16.27.29.30.33] Selectivity also depends on the
nature of the silanes— electron-rich silanes give [(-(Z) vinylsilanes whereas B-(E)

isomers are obtained from electron-poor silanes.l?%! Further, oligomerisation,?3



polymerization of arylalkynes[?426:321 gand the formation of alkynyl-silanes from the
dehydrogenative silylation products/?530:311 gre the side reactions that complicate the Rh

catalyzed hydrosilylation reactions.
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Scheme 2. Hydrosilylation of terminal alkynes.

Jimenez, Oro and coworkers employed both neutral and cationic Rh complexes with
amino-alkyl functionalized NHC ligands (Scheme 3a).”8] High B-(Z2)-selectivity was
reported for 1-hexyne whereas sterically hindered alkynes gave E-selective products. In
addition, Z to E isomerization was observed over a prolonged time, along with extensive
polymerization of the phenylacetylene. Similar Z to E isomerization of the resulting
vinylsilanes was also reported by Cassani and Mazzoni for a neutral Rh(l) complex
containing BOC-protected amino functionalized NHC ligand, although alkyne
polymerization was not observed.?’] Peris and coworkers introduced a pyridine
functionalized Rh-NHC complex for HSiMe,Ph addition to phenylacetylene (Scheme
3b).I"1 A mixture of E/Z/a isomers was obtained at higher temperature (60 °C), but B-(Z)-
selectivity could be improved by carrying out the reaction at room temperature.
Recently, Salazar, Suarez and coworkers reported Rh(l) complexes containing sterically
controlled picolyl-NHC ligands which offered excellent B-(E)-selectivity for
hydrosilylation of a variety of alkynes with both electron-rich and electron-poor silanes
(Scheme 3c).??2l It is apparent from literature reports that the ligand flexibility and the

steric congestion at the metal center influence the product selectivity. To recognize the



effect of ligand rigidity, herein we report a Rh(l) complex containing an annulated -
conjugated chelate ligand bearing bulky diisopropylphenyl (Dipp) substituent on the

imidazole ring for the selective addition of silanes to the terminal alkynes (Scheme 3d).
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Scheme 3. Rh(l) complexes containing N-donor functionalized ligand scaffolds
employed in hydrosilylation of alkynes.

2. Results and Discussion

2.1 Synthesis and characterization of [Rh(L)(COD)]PF¢ (1)

The NHC ligand precursor 1,8-naphthyrido[1,2-a]-(2’,6’-diisopropylphenyl)imidazolium
hexaflurophosphate [LH]PFs and its silver complex [AgL,]PFe were synthesized using
literature procedures.*¥ Transmetalation reaction of [AgL,]PFe with [Rh(u-Cl)(COD)]»
followed by the addition of AgPFg in dichloromethane (DCM) at room temperature
resulted in the complex [Rh(COD)(L)]PFs (1) in high yield (85%). The molecular
structure of 1 reveals the chelate binding of the ligand to the metal through the carbene
carbon (C2) and the naphthyridine nitrogen (N3) (Figure 1). The Rh1-C2 and Rh1-N3
bond distances are 2.032(4) and 2.137(3) A respectively. The ligand bite angle (£C2-
Rh1-N3 = 79.6°) is similar to the analogous bis-carbene (£/C—Rh—C = 80.7°)8d and

1,10-phenanthroline (ZN-Rh—N 79.8°) complexes,% but slightly shorter than that



observed in Suarez’'s complexes (84.0°, 84.6° for R=H and 2,6-(OMe),-CgHs3,
respectively).[’2l One COD molecule completes the distorted square planer geometry
around the metal. The Rh-C (COD) distances (Rh1-C26/C27 = 2.186(4)/2.218(4) A)
trans to the carbene carbon are slightly longer than the corresponding distances (Rh1-
C23/C30 = 2.148(4)/2.131(4) A) that are opposed to the pyridyl nitrogen, reflecting the
trans influence of the carbene carbon. The '"H NMR spectrum of 1 in chloroform-d
shows sets of multiplets for the COD protons (& 1.96-5.24 ppm). A singlet resonance at
6 8.06 ppm is observed for the imidazole proton. The naphthyridine protons appear as
four different signals in the range & 7.45-8.42 ppm. Two doublets are observed at &
1.31 ppm and 1.08 ppm for the chemically non-equivalent isopropyl methyl protons —
CHMe.. In addition, multiplets at & 3.40-3.47ppm are assigned to two non-equivalent
isopropyl-CH protons. The carbene carbon appears at & 162.3 ppm as doublet (Jc.rn =
52 Hz) in the '3C NMR spectrum (Figure S1). ESI-MS shows a signal at m/z = 540.1867

(z= 1) which is assigned for [1 = PFg]* (Figure S2).

[AgL2PFg +  [Rh(u-CI)(COD)]
JAgPFG
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Figure 1. Synthesis of 1 (left) and the molecular structure of the cationic unit

in 1 with selected atoms labeled (right). All hydrogen atoms are omitted for
the sake of clarity. Thermal ellipsoids are drawn at the 40% probability level.




2.2 Catalytic studies

The catalytic utility of 1 was evaluated for the hydrosilylation of terminal alkynes. Initial
reaction of phenylacetylene (1 mmol), Et3SiH (1.2 mmol) and 2 mol% catalyst 1 in DCM
at 40 °C afforded 97% conversion of the alkyne to the corresponding vinylsilane (85:15,
E:a) after 6 h (Table 1). Possible side products arising out of the dehydrogenative
silylation and the alkyne polymerization were not observed. Performing the same
reaction at room temperature gave only 70% of the desired product (entry 1, Table S2).
A range of solvents including CHCI3;, THF, CH3CN, 1,4-dioxane, toluene and 1,1,2,2-
tetrachloroethane were screened and the best conversion (95%) could be achieved in
1,4-dioxane with good selectivity (80:20, E:a) at 80 °C. The optimization studies
revealed that the DCM was the best choice among the solvents studied. Increasing the
catalyst loading from 2 to 3 mol% did not affect the yield and the selectivity. Further,
reducing the catalyst loading from 2 to 1 mol% diminished the yield of the reaction.
Hydrosilylation of phenylacetylene was performed with other silanes, PhSiH; Me,PhSiH
and (EtO);SiH (Table 1). The primary silane PhSiH; gave a mixture of B-(E) and a-
vinylsilane along with divinylsilane ((PhCH=CH),SiPhH) in 54:40:6 ratio (entry 2).
Dimethylphenylsilane gave excellent yield with moderate E-selectivity (78:22, E:a) (entry
3). Addition = of (EtO);SiH to phenylacetylene afforded the corresponding

vinylalkoxysilane with higher E-selectivity (86:14, E:a) (entry 4).



Table 1: Complex 1 -catalyzed hydrosilylation of
phenylacetylene.?

H Ph H Ph H
— . 2 mol% 1 _ .
/ +ORRGSH gtehe =+ \—=(

Ph

40°C H SiRR', R;RSi H
E a
Entry Silane Yield %® Ratio E/a®
1. Et;SiH 97 85/15
2. PhSiH; 93 54/40/6°
3. (CH3),PhSiH 98 78/22
4. (Et0)sSiH 98 86/14

aReaction conditions: alkyne:silane:1 = 1:1.2:0.02 mmol, in
CH,ClI,, 40 °C, 6 h. bYields and E/a ratio are determined by
GC-MS using mesitylene as an internal standard.
cdivinylsilane.

With an optimized catalytic condition in hand, substrate scope of 1 for alkyne
hydrosilylation was explored with two different silanes, Et3;SiH and (EtO);SiH (Table 2).
Electron-rich alkynes 4-methylphenylacetylene and 4-methoxyphenylacetylene on
reactions with Et3SiH afforded high yields (>95%) to the corresponding vinylsilanes with
good E-selectivity (86:14, E:a; entries 2,3). Electron-deficient alkynes (4-fluoro and 4-
bromophenylacetylene) afforded relatively lower yield (89% and 87% respectively, with
80:20, E:a selectivity; entries 4, 5). An excellent result was obtained for the bulky alkyne
(2-ethynyl-6-methoxynaphthalene) which showed 99% E-selectivity (entry 6). Aliphatic
alkynes 4-phenyl-1-butyne and 1-hexyne gave 86:14 and 83:17 ratio of E- and a-
vinylsilane with 85% and 89% conversions respectively (entries 7, 8). Isomerization of
vinyl silanes to allyl silanes are reported for the silylation of the aliphatic alkynes,26:27]
but no such isomerized products are observed for catalyst 1. Hydrosilylation of
trimethylsilylacetylene gave excellent yield 97% (94:6, E:a) of the vinyldisilane (entry 9),

a useful substrate for chemoselective derivatization reactions in organic synthesis.[3l



Further, the scope of 1 was extended to (EtO);SiH with a wide variety of aryl and alkyl
alkynes (entries 10 - 21). A list of vinylalkoxysilanes were obtained which are important
substrates in organic synthesis.l'8l Electron-rich aromatic alkynes offered excellent
yields (99 and 96%) of the corresponding vinylsilanes (83:17, E:a) (entries 11, 12). 4-
fluorophenylacetylene gave 92% yield with 81:19 ratio of E:a isomers (entry 13). Similar
to Et3SiH, the (EtO);SiH also resulted in high selectivity (>94%) and excellent yields
(>96%) with bulky substrates (entries 14 - 16). Aliphatic alkynes ethynylcyclopropane, 4-
phenyl-1-butyne and 1-heptyne gave more than 87% yields with good E-selectivity (82 -
87%) (entries 17 - 19). In addition, diynes 1,3-diethynylbenzene and 1,7-dioctyne were
also employed with 2 equivalents of (EtO);SiH which showed 80% (80:20, E:a) and
78% (82:18, E:a) yields of the corresponding bis-vinylsilanes, respectively (entries 20,

21).

Table 2: Scope of complex 1 catalyzed hydrosilylation of terminal alkynes.?
H

— o 2mol% 1
Z + R,SH
R/ > T mL CH,Cl, mL CH,Cl > < H
'3 3S|

Entry Substrate Silane Yield (%) E/a ratio®?

1 @—: Et,SiH 97 85/15

2 ‘@E Et,SiH 95 86/14
3 HsCO = Et,SiH 96 86/14
4 F@—: EtsSiH 89 80/20
5 BrO{ EtsSiH 87 80/20
6 HSCO Et;SiH 97 99/1
7 ®/\/¢ Et;SiH 85 86/14

g

8 \Ms// Et,SiH 89 83/17



\

o 5= Et,SiH 97 94/6

10 @—: (EtO)SiH 98 86/14

11 AQ—: (EtO)sSiH 99 83/17

12 mco@—: (EtO)SiH 96 83/17

13 F@—: (EtO):SiH 92 81/19

14¢ ;©/\ (EtO)sSiH 97 94/6

\\

15 H3C° (EtO);SiH 98 97/3

16 %{ (EtO)sSiH 96 95/5

17 k (EtO)sSiH 92 87/13
=

18 (EtO)SiH 87 82/18

=

19 \M4// (EtO)sSiH 89 83/17

20 /©\ (EtO)sSiH 80 80/20
“ X

21 =N F (EtO)sSiH 78 82/18

aReaction conditions: alkyne:silane:1 = 1:1.2:0.02 mmol, in CH,Cl,, 40 °C, 6 h. bYields
and E/a ratio are determined by GC-MS using mesitylene as an internal standard.
cReaction time 10 h. 92 mmol silane.

To evaluate the chemoselectivity of the catalyst, a competitive experiment was
performed with equimolar mixture of phenylacetylene and p-methoxystyrene under the
optimized reaction conditions (Scheme 4). The silane addition product
styryltriethylsilane was obtained as expected, but the styrene remains unreacted. This
experiment confirms that the hydrosilylation of alkynes is chemoselectively achieved in

the presence of alkenes.
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Scheme 4. Chemoselectivity experiment.

2.3 Proposed Mechanism

The progress of the reaction involving phenylacetylene and Et;SiH was monitored by
GC-MS (Figure 2). The substrate is gradually consumed with the appearance of the E-
vinylsilane. A small amount of a-vinylsilane was also observed but the Z-isomer was not

identified in the reaction. Therefore, the possibility of a Z to E isomerization could be

ruled out.
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Figure 2. Time-conversion profile of hydrosilylation of
phenylacetylene.

To garner further insight into the reaction mechanism, a 4:1 mixture of
phenylacetylene and 1 in CDCI; was heated inside a screw-cap NMR tube for 3 h. The

'H NMR signals corresponding to 1 and phenylacetylene remained unchanged,



indicating a Chalk-Harrod mechanism that is initiated by silane reaction with the
catalyst.[?837] Next, a CDCl; solution of 1 and HSi(OEt); (1:4 molar ratio) was treated at
40 °C for 3 h and the reaction was followed by 'H NMR spectroscopy (Scheme 5). At
room temperature, a broad signal for Rh-H appeared at 8 —=17.71 ppm. However, a clear
doublet was observed with J = 30.9 Hz at lower temperature (—30 °C) (Figure S4). This
supports the plausible intermediacy of a mononuclear Rh-H species A in the catalytic
cycle (Scheme 6).2238 The 'H NMR spectrum further reveals one set of protons for
COD and NHC ligand in 1:1 ratio (Figure S4). Six signals corresponding to nine
aromatic ligand protons appear in the range of 7.25 — 8.42 ppm. Two doublets are
observed at 6 1.33 ppm (J = 6.9 Hz) and 1.10 ppm (J = 6.9 Hz) for the chemically non-
equivalent isopropyl methyl protons (—CHMe;) of the Dipp unit. In addition, multiplets in
the range & 2.41-2.49 ppm are assigned for two non-equivalent isopropyl -CH protons.
The methylene and methyl protons of the metal-coordinated silyl group appear at & 3.70
ppm (J = 6.9 Hz) and & 1.22 ppm (J = 6.9 Hz) respectively. Eight COD methylene
protons appear as four multiplets in the range 1.93 — 2.37 ppm whereas vinylic protons
resonate at & 4.27 and 5.24 ppm. ESI-MS analysis of the same mixture in methanol
showed a signal at m/z = 628.2420 (z = 1) which is assigned for

[Rh(L)H(Si(OEt)3)(CH3OH)J* (Figure S5).
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Scheme 5. Oxidative addition of HSi(OEt); to 1.



On close examination, the intensity of the Rh-H signal was found to be low relative to
the ligand protons in both CDCIl; and CD,Cl,. Literature reports reveal that the hydrido-
rhodium(lll) complexes exhibit low stability in the chlorinated solvents and the hydride.is
exchanged by the chloride.?®l We attribute the loss of Rh-H signal intensity to the
hydride-chloride exchange in chlorinated solvents. To circumvent this problem, we
performed the same reaction in non-chlorinated solvent CD;CN,[“% however, no Rh-H
signal was observed. Different silanes were used and the reaction conditions were
varied, but catalyst 1 failed to produce the Rh-H intermediate in CD3;CN.

A GC-MS analysis of the reaction mixture of catalyst 1 and silane did not reveal free
COD or its hydrogenated product. '"H NMR spectrum of the silyl-rhodium(lll)-hydride
intermediate indicated COD coordination to the metal. The weak coordination of COD to
the high-valent Rh(lll) is evident from the ESI-MS which shows loss of COD in
methanol. It is conceivable that COD would be readily replaced by coordinating solvents
such as acetonitriles.?? In the absence of a coordinating solvent, the COD molecule
remains bound to the metal in A. An immediate product formation was detected by 'H
NMR on addition of phenylacetylene to A, suggesting the viability of the catalytic cycle
shown in Scheme 6.

The first step is the oxidative addition of the silane to the Rh center to generate the
hydrido-silyl-Rh species A. The COD is then extruded from the metal centre to pave the
way for alkyne coordination. The resulting intermediate B follows two pathways of
alkyne migratory insertion into the Rh-H bond. An 1,2-insertion followed by reductive
elimination directs E-vinylsilanes (path a), while in path b, a-isomer is formed through

reductive elimination following a 2,1-insertion of alkyne into the Rh-H bond. In the case



of bulky substrates, the formation of a-isomer is decreased due to steric hindrance

between the substituents on the alkyne and the silyl group.

1 + HSIR,
H>=<SiR3 0.A RsSi.  H
R H R3SiH > <
R4SiH H
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Scheme 6. Proposed pathways for Chalk-Harrod mechanism
of 1-catalyzed alkyne hydrosilylation. [Rh’] =
[Rh(L)(COD)]PFs, [Rh] = [Rh(L)]PFs.
An alternate alkyne insertion into the Rh-Si bond[?%30] could give rise to B-(Z) along
with B-(E) and a-isomers (Figure S6). However, (3-(Z) isomer was not observed in the
reaction. Furthermore, the bulky alkynes afforded E-isomers as the major products with

very little to no a-isomers. These are inconsistent with a pathway that involves alkyne

insertion into the Rh-Si bond and thus discarded.

3. Concluding Remarks

This work examines the effect of ligand rigidity for the Rh(l) catalyzed hydrosilylation of
terminal alkynes. A Rh(l) complex bearing an annulated t-conjugated chelate ligand
affords vinylsilane derivatives for a variety of terminal alkynes with good to excellent

yields and high B-(E) selectivity. Although the a-isomers are invariably obtained up to



20% of the overall products, polymerization and dehydrosilylation reactions were
avoided. The B-(E) selectivity is excellent for bulky alkynes. Further, chemoselective
hydrosilylation of alkyne was achieved in the presence of alkene. The ligand rigidity

appears to play a crucial role for the B-(E) selectivity.

4. Experimental

4.1 Instrumentation

All reactions with the metal complex were carried out under an-atmosphere of purified
nitrogen using standard Schlenk—vessel and vacuum line techniques. Glasswares were
flame—dried under vacuum prior to use. 'H and '3C NMR spectra were obtained on
JEOL JNM-LA 400 MHz and JEOL JNM-LA 500 MHz spectrometers. 'H NMR
chemical shifts were referenced to the residual hydrogen signal of the deuterated
solvents. The chemical shift is given as dimensionless & value and frequency
referenced relative to TMS for 'H and '3C NMR spectroscopy. Elemental analyses were
performed on a Thermoquest EA1110 CHNS/O analyzer. The crystallized compound
was powdered, washed several times with dry petroleum ether, and dried in vacuum for
at least 48 h prior to elemental analyses. ESI-MS were recorded on a Waters
Micromass - Quattro Micro triple—quadrupole mass spectrometer. The GC-MS
experiments were performed by using an Agilent 7890A GC and 5975C MS system.

4.2 Materials

All solvents were purified and dried by conventional methods prior to use. RhCl3.xH,O
was purchased from Arora Matthey, India. All other chemicals were purchased from
Sigma—Aldrich. The ligand precursor [LH]PFg,[34 [AgLo]PFe24 and [Rh(COD)(u-Cl)Jo4"

were prepared according to the literature procedures.



4.3 Synthesis of 1

In a flame dried schlenk flask, [Rh(COD)(p-Ch], (0.032 g, 0.06 mmol) was added to a
DCM solution of [AgL,]PFs (0.060 g, 0.06 mmol). An immediate color change from
yellow to red was observed. AgPFg (0.016 g, 0.06 mmol) was added to the reaction
mixture and stirred for 2 h under the exclusion of light in N, atmosphere. The resulting
suspension was filtered through a small pad of celite to remove the precipitated silver
halide. The filtrate was concentrated under reduced pressure followed by the addition of
15 mL of petroleum ether with stirring to induce precipitation. Repeated washing
followed by prolonged drying in vacuum provided 1 as an orange solid. Crystals suitable
for X-ray diffraction were grown by layering diethyl ether over a concentrated DCM
solution of the compound inside an 8 mm o.d. vacuum sealed glass tube. Yield: 85%;
ESI-MS, m/z=540.1867 (z = 1) for [1 - PFe]*; "TH-NMR (500 MHz, CDCl;): 8 8.42 (d, J =
7.1 Hz, 1H, NP), 8.06 (s, 1H, Im), 7.77 (dd, J = 7.9 Hz, 5.4 Hz, 1H, NP), 7.56 - 7.52 (m,
2H, NP), 7.45 (d, J = 9.6 Hz,1H, NP), 7.32 - 7.29 (m, 3H, Ar), 5.24 (br, 2H, CH= COD),
4.01 (br, 2H, CH= COD), 2.48-2.40 (m, 2H, CHisopropy), 2.37-2.30 (m, 2H, CHH COD),
2.25-2.18 (m, 2H, COD), 2.07 - 2.02 (m, 2H, COD), 1.99 - 1.93 (m, 2H, COD), 1.31 (d, J
= 6.8 Hz, 6H, Mejsopropyi), 1.08 (d, J = 6.8 Hz, 6H, Mejsopropy1); '°C NMR (125 MHz,
CDCl3): 162.3 (d, C-2, NHC), 147.7 (NCN, NP), 144.9 (CH, NP), 140.7 (NCj), 133.4
(CH, NP), 131.6 (CH, NP), 128.6 (C, Im), 124.8 (CH, NP), 124.5 (CH, Ar), 124.2 (CH,
Ar), 120.6 (CH, Ar), 118.4 (CH, Im), 118.1(C,NP), 95.8 (d, CH= COD), 77.8 (d, CH=
COD), 32.1 (CH,, COD), 28.4 (CHisopropy1), 22.9 (CH,, COD), 22.5 (Me); Anal. Calcd for
RhC30H35N3PFs: C, 66.64; H, 6.52; N, 7.77. Found: C, 66.43; H, 6.28; N, 7.45.

4.4 Procedure for the generation of metal hydride intermediate



A screw-cap NMR tube was charged with a solution of complex 1 (0.020 g, 0.03 mmol)
and (EtO);SiH (21 pL, 0.12 mmol) in CDCl3 (0.5 mL). The reaction mixture was heated
to 40 °C for 3 h. A plausible metal-hydride intermediate was identified by 'H-NMR

spectroscopy.

4.5 General procedure for catalytic alkyne hydrosilylation

An oven-dried reaction vessel was charged with 1 (0.02 mmol), alkyne (1 mmol), silane
(1.2 mmol) and mesitylene (1 mmol) in 2 mL of DCM and heated at 40 °C for 6 h. The
reaction mixture was cooled, diluted with ethyl acetate and ‘passed through a short
column of silica for GC-MS analysis to determine the yield and the E/a ratio. For NMR
characterization of the product, the solvent was evaporated under vacuum and the
residue was purified by column chromatography on silica gel (by petroleum ether/ethyl
acetate).
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A Rh(l) complex supported by an annulated t-conjugated imidazo-naphthyridine based N-

heterocyclic carbene ligand featuring a Dipp attachment is an excellent catalyst for E-selective
hydrosilylation of a range of terminal alkynes.



