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Abstract

SYNTHETIC AND MECHANISTIC INVESTIGATIONS OF RUTHENIUM

ALKYLIDENE-CATALYZED ALKENE-SILANE CROSS-COUPLING REACTIONS

Apparao Bokka, Ph.D.

The University of Texas at Arlington, 2017

Supervising Professor: Junha Jeon

Grubbs-type ruthenium alkylidene-catalyzed intramolecular alkene hydrosilylation and
intermolecular dehydrogenative silylation and hydrosilylation of vinylarenes have been achieved
with high regio- and stereoselectivity. Mechanistic details to support the initial activation of
ruthenium complex have been revealed.

Chapter 1 describes the uses of organosilanes in various fields. Development of transition
metal-catalyzed hydrosilylations, alkene/alkyne metathesis activities of Grubbs-type ruthenium
alkylidenes and non-metathetical activities including hydrosilylation of alkynes are discussed.
The development of intramolecular hydrosilylation of alkenylsilyl ethers through reaction
discovery and optimization is discussed. The strategy developed has been tested successfully on
a variety of substrates with varying steric and electronic properties. A plausible mechanism is
proposed for the activation of the ruthenium complex by direct o-bond metathesis between Si—H

and Ru—Cl. Specifically a mechanistic pathway for intramolecular alkene hydrosilylation

\"



catalyzed by ruthenium alkylidene complexes was proposed based on experimental observations
from the optimization studies, isotope labelling studies, the investigation of base and halide
effects.

In Chapter 2, the synthesis and uses of vinyl and alkyl silanes and existing methods to
synthesize vinylsilanes have been discussed. The discovery and development of dehydrogenative
silylation and hydrosilylation of vinylarenes using Grubbs-type ruthenium alkylidene complexes
are presented. Reaction optimization to selectively achieve the formation of vinyl and alkyl
silanes by varying the L and X-type ligands has been demonstrated. Evaluation of sacrificial
hydrogen acceptors (SHA) and the investigation on substrate scope for the dehydrogenative and
hydrosilylation were explored. This chapter also rationalizes possible mechanistic pathways for
dehydrogenative and hydrosilylation catalyzed by ruthenium alkylidene complexes varying L
and X-type ligands. Mechanistic studies on isotope labelling experiments and ligand effect

revealing the rate-determining step for both the transformations are discussed.

Vi
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1. Introduction

1.1 Importance of Organosilanes

Organosilanes are important building blocks and extensively used for C—C and C-O bond
formation. These silanes are widely employed in organic synthesis (e.g., silicon-based blocking
agents,'” reducing agents,” cross-coupling reactions*® and silicon-based anion relay chemistry’),
medicinal applications,” and materials science (e.g., coating materials, silicon polymers,'*'!
silicone-based surfactants, fluids, molding products, release coatings, and pressure sensitive

12.13 . . . . . . .
7). In addition, organosilanes, which are relatively inexpensive and a wide range of

adhesive
silyl precursors are commercially available, are essential synthetic moieties because they can
serve as latent functional groups by Lewis base activation, and organosilanes by-products are
relatively non-toxic.'*"”
1.2 Alkene hydrosilylation and early developments

Hydrosilylation of alkenes, alkynes, and carbonyls has been utilized for syntheses of
diverse organosilanes.'” Hydrosilylation is defined as the addition of silicon-hydrogen (Si—H)
bonds across an unsaturated moiety (alkenes, alkynes, carbonyls, and imines) and results in a
new silicon-carbon (Si—C) or silicon heteroatom (Si—O/N) bond. Specifically, alkene
hydrosilylation (Figure 1.1) is an important tool to synthesize alkyl silanes,'” which can be used

10,17-19

as silicon-containing  synthetic  intermediates, functionalized materials, and

pharmaceutically useful molecules.****

H SiR'3
R™XN + HSRy; —————» iR+
R SRS Me

Figure 1.1 Alkene hydrosilylation.



Hydrosilylation of alkenes initiated by free-radicals™ (Figure 1.2) has been known for
almost 70 years, in a subsequent year (1957) transition metal-catalyzed alkene hydrosilylation
involving platinum complexes'’ (Speier’s H,PtClg>*? Figure 1.3 and Karstedt’s Pt(0) vinyl-
siloxane?”*®) revolutionized synthesis of organosilanes. In spite of its usefulness, Pt-catalyzed
hydrosilylation is generally associated with inconvenience such as oligomerization,
polymerization, hydrogenation, redistribution, dehydrogenation and dehydrogenative

silylation.'”*

(PhCO,), (16 Mol%) .
H3C/\M3/\ . HSIC|3 > H3C/\(\’)3/\/SIC|3

neat, 45 °C to 63 °C, 9 h

Figure 1.2 Free radical-initiated alkene hydrosilylation.

H,PtClg.(H20) (1 ppm) Sicl
H3C/\/\ + HSICl3 > H3C/\/\/ e

neat, 100 °C, 15 min

Figure 1.3 Platinum-catalyzed alkene hydrosilylation.

Apart from advances made with Pt catalysts,ld various transition metals (Pd, Ir, Rh, Ru,
and Ni) have been employed for the hydrosilylation of alkenes including asymmetric
hydrosilylations. The choice of catalyst determines the mechanism of catalysis.'” Particularly,
relative abundances and the low cost of the ruthenium made it attractive and useful for such

transformation (Figure 1.4).



Platinum, Palladium, Rhodium, Iridium, Ruthenium

Monthly Average prices between 23 Sep 2012 and 23 Sep 2017

JM Base Price $/0z

Platinum average: $1,218.89, Palladium average: $726.99, Rhodium average: $985.42, Iridium average:
$689.30, Ruthenium average: $60.10

—e— Platinum  —e— Palladium —e— Rhodium Iridium  —e— Ruthenium
Figure 1.4 Price chart of precious metals from 2012 to 2017.

http://www.platinum.matthey.com/prices/price-charts (accessed in September 23, 2017)

1.3 Introduction to metathesis and non-metathetical applications of Grubbs Ru-alkylidenes
Ruthenium carbene complexes (Figure 1.5) are versatile catalysts for olefin metathesis,””

3% metal-catalyzed redistribution of carbon-carbon double bonds (Figure 1.6). Because of their

exceptional functional group tolerance, ease of operation, and insensitivity toward oxygen and

water, these catalysts have revolutionized olefin synthesis through more efficient and perhaps

31,33,34

greener methods. During the past decade researchers have begun to explore non-

35,36

metathetical uses of the ruthenium alkylidene complexes as well. Toward this end, these

catalysts have been employed to achieve various reactions such as Karasch addition,** oxidation

40

processes,”’ alkyne hydrosilylations,” alkene hydrogenation,** cyclopropanation,*** C-H

4



activation,’® and cycloaddition reactions.”** Surprisingly, Grubbs-type ruthenium complex-

catalyzed olefin hydrosilylation to provide alkyl silanes was unknown.

. /_\ i- Pr J-Pr—/\
N_ _N< />\,\ - C -N__N
| - : z T~C| i-Pr TCI BPr @
Ru= Ru=\ Ru=\ 9 8z Ry
7| Pnh c’|  Ph c’| Ph OTNS7TS
PCy3 PCY3 PCy3 i_Pr/
Ru-1 Ru-3 Ru-5 Ru-7
/ \ i- Pr Me / \
| =" T C.\Q\ @I/PrTm\@ s olh T @
@ O'l
o i i PGS
0 0 o) .
i-Pr” i-Pr” ipr” i-Pr
Ru-2 Ru-4 Ru-6 Ru-8

Figure 1.5 Grubbs-type ruthenium complexes



Ring-Closing Metathesis

Y

RCM

Ring-Closing Alkyne Metathesis
RCAM
/>

Y

Ring-Closing Enyne Metathesis

Y

RCEYM

Cross Metathesis R2

N
J
=

CcMm

R2 Alkyne Cross Metathesis

el
I
I
Y
e
Il
x,

ACM

RingOpening Metathesis
Polymerization

Y

ROMP * *

Figure 1.6 Types of metathesis

1.4 Alkyne hydrosilylation catalyzed by ruthenium alkylidene complexes
The Cox,” Lee,*® and Cossy47 laboratories demonstrated intermolecular alkyne

3% The regio- and

hydrosilylation using Grubbs-type ruthenium alkylidene complexes.
stereochemical outcome of these processes depends on several factors including the choice of
catalyst (the metal and ligands), the substituents on both reaction partners, and to a lesser extent,
on other reaction parameters (e.g., reaction temperature, solvent and catalyst loading). Cox™

reported that the choice of silane governs the regioselectivity (Figure 1.7). In contrast, Cossy"’

6



attributed the prominent a-selectivity to stereo-electronic factors when the reaction was carried
out under kinetic conditions and steric factors are responsible for the (-silyl products (Figure
1.7). Lee* described the formation a-silyl isomer due to the directing effect of the hydroxyl

group of alkynyl alcohols (Figure 1.8).

R23SiH R23Si SiR23 SiR23
R1E > §: + /:\ + /:/ + /
1 R? SiH2R? 1 7
RuLn (cat) R 3 R R
a-silyl (Z2)-p silyl (E)-p silyl
I\ _ -
PCys; Mes—N_ _N-Mes Mes NTN Mes
lL\\\CI Tpl R\JCI
U= Ru= P
CI/ | Ph o’ | _\Ph Cl (')
PCY3 ,
PCys i-Pr
Ru-1 Ru-3 Ru-4
TCY3
Cl Ph3SiH (1.5 equiv)
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Figure 1.7 Cox’s alkyne hydrosilylation catalyzed by ruthenium alkylidenes.
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Figure 1.8 Cossy’s alkyne hydrosilylation catalyzed by ruthenium alkylidenes
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Figure 1.9 Lee’s alkyne hydrosilylation catalyzed by ruthenium alkylidenes

8




1.5 Challenges of alkene hydrosilylation by ruthenium alkylidene complexes
Ruthenium alkylidene-catalyzed alkyne hydrosilylation was well-explored. However,
inter- and intramolecular alkene hydrosilylation to provide alkyl silanes is unknown as

mentioned in section 1.3. The difficulty of such processes is associated with i) diminished

reactivity of alkenes compared to alkynes upon the treatment of ruthenium catalysts,** and ii)

33,34,53

more importantly, the competitive cross metathesis of an alkenyl silane substrate via alkene

#8052 qctivation to afford homodimers, rather than furnishing

activation over silicon-hydride
regio- and stereoisomeric oxasilacycles (Figure 1.10). In addition, the origin of the reactivity and
selectivity of the processes is unclear in which no mechanistic studies including isotope-labeling

experiments, reaction kinetics, and spectroscopic observations have been reported thus far, and

the regio- and diastereoselectivity remain uncertain.

X2
Si-H activation Hydrosilylation 0—SiX, O/Si
oS Grubbs-type Ru Mechanism ? rR2 Uh R2 n
alkylidene 1-2 1-3
R1’J\ﬁ/)/\ i
R2 n<\ | o’S'XZ
I R!
b R! X 5 x
Alkene activation Olefin Metathesis > R2 U m—Re +
O. ...
1-1 1-4 SiX, 1-5

Figure 1.10 Proposed intramolecular alkene hydrosilylation over alkene metathesis

1.6 Applications of alkene hydrosilylation

Nonetheless, the outcome of these processes has merit for possessing a silicon

functionality, which allows further elaboration via Hiyama-Denmark cross-coupling™* or

Fleming-Tamao oxidation.” In particular, intramolecular hydrosilylation of alkenyl silyl ethers

to form oxasilacycles that can be converted subsequently to 1,2-diols, 1,3-diols, and 1,4-diols>>®
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after oxidative desilylation,” has offered an important synthetic tool in preparation of natural
products and biologically relevant molecules. This research will contribute to the understanding
of fundamental mechanistic aspects of non-metathetical use of the Grubbs-type ruthenium
catalysts, not only hydrosilylation but other associated transformations (e.g. dehydrogenative

condensation of alcohols and silanes, direct arylation, and hydrogenation) as well.

1.7 Reaction optimization for alkene hydrosilylation by ruthenium alkylidene complexes
1.7.1 Synthesis of alkenols and alkenylsilyl ethers

To test the feasibility of hydrosilylation of alkenyl silyl ethers, we designed various
substrates involving allylic/homo allylic alcohol® and 2-allyl phenols.®’ Alkenyl
hydroxy/phenolic substrates were synthesized by three methods shown in Figure 1.11. These
alkenyl alcohols/phenols were converted into silyl ethers by a reaction with
diphenylbromosilane,”> which was prepared in situ from N-bromosuccinimide (NBS) and
diphenylsilane (Figure 1.12). Some of the silyl ethers are not stable on silica gel
chromatographic separation; these compounds were prepared by passing through either a pad of
Celite® or deactivated silica gel quickly and used in the next step. A total of 16 alkenyl silyl

ethers were synthesized (Table 1.1). Substrate 1-1-1 was chosen as the master substrate and used

for optimization studies.
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Figure 1.11 Synthesis of alkenols
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Figure 1.12 Synthesis of alkenyl silyl ethers
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Ph, Ph,

th P.h2 Ph, Si Si
oSy oSy oS-y 0" "H 0" H
Ph Ph
1-1-1 1-1-2 1-1-3 1-1-4 1-1-5
(78%) (88%) (90%) (80%) (86%)
s s Ph, P Ph
0" "H 0" H oSy o Sy oSy
O"'//\ Jij\/\ K/\ MGM N
t-Bu -Bu Me
1-1-6 1-1-7 1-1-8 1-1-9 1-1-10
(82%) (87%) (74%) (83%) (75%)
Ph, Phy Phy Phy a2
/gihf o Shh o Sy oS4 o Shh 0" H
Me
Me OMe cl Br
1-1-11 1-1-12 1-1-13 1-1-14 1-1-15 1-1-16
(68%) (82%) (88%) (79%) (72%) (71%)

Table 1.1 Alkenylsilyl ethers for alkene hydrosilylation

1.7.2 Evaluation of Grubbs ruthenium alkylidene complexes for intramolecular alkene
hydrosilylation

We started our reaction optimization studies; first, a number of ruthenium alkylidene

367 were screened for this transformation. At ambient temperature, Ru-1*® did not give

catalysts®
the hydrosilylation products (i.e., 1-2-1 or 1-3-1) and the homoallyl silyl ether 1-1-1 was
recovered (Table 1.2). The desired product was first observed with Ru-2 (first generation
Hoveyda-Grubbs catalyst),” but even after 7 days of reaction time at room temperature the total
conversion was only 20% (80% of 1-1-1 was unreacted). An improved conversion was observed
by running the reaction at 80 °C (75% 'H NMR yield with an internal standard). Seven

ruthenium alkylidene catalysts (Ru-1 to Ru-7) were evaluated for hydrosilylation of alkenyl silyl

ethers. Among the catalysts used Ru-2 and Ru-3 (second generation Grubbs catalyst)’’ were
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recognized as the most effective catalysts, permitting intramolecular alkene hydrosilylation of 1-
1-1 to afford 1-2-1 (75% and 67% 'H NMR yields with an internal standard, respectively]. To
our surprise, all of the Grubbs-type ruthenium catalysts that were evaluated showed complete
regioselectivity, and only regioisomer 1-2 was observed (regioisomer 1-3 was never present
during the course of the reaction). When these reactions were monitored by 'H NMR
spectroscopy, no change to the resonance of a benzylidene proton on ruthenium catalyst was
observed and the formation of corresponding Ru alkylidene or methylidene intermediate was not
detected in any of the reactions. Homo dimerization product (1-4) of alkenyl silyl ether or the
styrene by-product released by the initial metathesis event were not present in the GC/MS and 'H
NMR analyses.””” These results established that the regioselective synthesis of
oxasilacyclopentanes 1-2 was feasible via hydrosilylative cyclization, using Grubbs-type
ruthenium catalysts. Hoveyda-Grubbs second generation catalyst Ru-4'* generated good yields
with excellent regioselectivity, whereas Grubbs first generation catalyst Ru-1 and other catalysts
Ru-5 and Ru-6">"° gave poor yields including Z-selective catalyst Ru-7.°° Together, the
formation of oxasilacyclopentane 1-2-1, as well as the absence of olefin metathesis by-product 1-
4-1 confirms that the catalytic conditions performed effect the preferential Si—H bond activation

over the alkene activation for metathesis.
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Table 1.2 Evaluation of Grubbs-type ruthenium catalysts for intramolecular alkene

hydrosilylation®
Ph, Ph,
_Si _ _Si _
0" H RuLn (5 mol %) O—SiPh, %O\J OSiPhyH
» + + NN
M Toluene, 80 °C %\)\ Me W
1-1-1 1-2-1 1-3-1 1-4-1 ©OSiPhaH
entry RuLn yield (%) | 1-2-1:1-3-1:1-4-1°
1 Ru-1 27 100:0:0
2 Ru-2 75 100:0:0
3 Ru-3 67 100:0:0
4 Ru-4 50 100:0:0
5 Ru-5 28 100:0:0
6 Ru-6 15 100:0:0
7 Ru-7 13 100:0:0

“conditions: silane 1-1-1 (0.1 mmol), Toluene (0.01 M). ’determined by GC/MS analysis.

“determined by 'H NMR spectroscopy utilizing an internal standard (CH,Br)

1.7.3  Evaluation of solvents for intramolecular alkene hydrosilylation

Ru-2 was identified as the best catalyst for the intramolecular alkene hydrosilylation
(75% "H NMR yield, Table 1.2 entry 2). We wonder if there was a significant impact on yield
by the choice of solvent (Table 1.3). PhMe was used as the solvent in catalyst studies, solvents

routinely utilized in olefin metathesis such as; CH,Cl,, PhH, PhCH3, and CICH,CH,Cl were
14



employed and interestingly THF (85% yield, entry 5) was superior to the rest of the solvents.
Even though rest of the solvents are favorable for metathesis; not even a trace of the metathesis
activity was ever detected by GC/MS.

Table 1.3 Evaluation of solvents for intramolecular alkene hydrosilylation®

Ph, Ph,
oS H Ru-2 (5 mol %) O—SiPh, %O;Sj OSiPh,H
B + + A
M Solvent, 80 °C %\/k Me W
1-1-1 1-2-1 1-3-1 1-4.1 OSPhH
entry Solvent yield (%) | 1-2-1: 1-3-1:1-4-1°
2 PhH 52 100:0:0
3 PhCH; 75 100:0:0
4 CICH,CH,CI 53 100:0:0
5 THF 85 100:0:0

“conditions: silane 1-1-1 (0.1 mmol), Solvent (0.2 M). ‘determined by GC/MS analysis.

“determined by 'H NMR spectroscopy utilizing an internal standard (CH,Br).

1.7.4 Optimization of catalyst loading for intramolecular alkene hydrosilylation

Initial experiments were set up with 2 mol% of catalyst loading to give 1-2-1 (85%, 'H
NMR yield). Yield remains unchanged when the catalyst loading was lower down to 0.5 mol%.
Catalyst loading of 0.1 mol% resulted in lower yield of 1-2-1 (73%, '"H NMR yield) which was

due to the left over alkenylsilylether 1-1-1.
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Table 1.4  Evaluation of catalyst loading for intramolecular alkene hydrosilylation®

Ph, Ph,
O/SI H Ru-2 (XX mol %) O—SiPh, ﬁ OSiPhyH
_— + + S
M THF, 80 °C %\/L Me M
1-1-1 1-2-1 1-3-1 4.4.4 OSiPhH
entry Catalyst yield (%) | 1-2-1: 1-3-1:1-4-1°
1 2 mol% 85 100:0:0
2 0.5 mol% 85 100:0:0
3 0.1 mol% 73 100:0:0

“conditions: silane 1-1-1 (0.1 mmol), THF (0.2 M). ’determined by GC/MS analysis.

“determined by 'H NMR spectroscopy utilizing an internal standard (CH,Br)

1.7.5 Effect of silyl substituent on intramolecular alkene hydrosilylation

The effect of substituents on silicon was also examined. Various substitutions on a silyl
moiety were studied for the intramolecular alkene hydrosilylation. Substrate possessing diphenyl
substituents clearly exhibited a superior yield and conversion over those containing alkyl
substituents such as dimethyl, diisopropyl and ditertiary butyl groups (Ph > Me > i-Pr > ¢-Bu).
The later substituent had no conversion, even at elevated temperatures and extended reaction
time. These experiments suggest that the silyl substituents play an important role in achieving the

efficient intramolecular alkene hydrosilylation.
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"Table 1.5 Silyl substituent effect on Grubbs-type ruthenium catalysts for intramolecular

alkene hydrosilylation”

R2 R2
oSy Ru-2 (2 mol %) 0—SiR, 705') OSiRH
- + + X
M THE. 80 °C %\/k,v,e W
1-1 1-2 1-3 1-4 OSiR,H
entry R yield (%) | 1-2-1:1-3-1:1-4-1°

1 Me 63 100:0:0
2 Ph 85 100:0:0
3 i-Pr 20 100:0:0
4 t-Bu 0 NA

“conditions: silane 1-1-1 (0.1 mmol), THF (0.2 M). ‘Determined by GC/MS analysis.

“determined by 'H NMR spectroscopy utilizing an internal standard (CH,Br).

1.8 Substrate scope for intramolecular alkene hydrosilylation

With optimized reaction conditions, the homoallylic silylether 1-1-1 gave
oxasilacyclopentane via a 5-exo-trig cyclization (1-2-1, 85% yield), whereas allylic silylether 1-
1-8 produced oxasilacyclopentane via 5-endo-trig cyclization in 62% yield. 2-Allylphenoxy
diphenylsilane 1-1-12 gave the oxasilacyclohexane 1-2-12 via a 6-exo-trig cyclization in 65%
yield. After successfully testing three substrates, we designed and synthesized a number of
substrates to evaluate the regio- and stereoselectivity of Grubbs-type ruthenium alkylidene-
catalyzed intramolecular alkene hydrosilylation. Substrates with 3°-alkoxy carbons exhibited

excellent conversion and good yields. Cyclopentane and cyclohexane containing 3°-homoallylic
17



silyl ether substrates (1-1-2 and 1-1-3) provided hydrosilylation products 1-2-2 and 1-2-3 in very
good yields (76% and 87%, respectively). Substrates 1-1-4 to 1-1-7 were designed to study the
effect of stereochemistry on alkene hydrosilylation using Grubbs ruthenium alkylidenes. These
substrates contain Ph or #~Bu groups at d - position to the silyl ether either in either syn or anti
relationship. Substrates holding syn relationship to each other (Ph or #-Bu to the silyl ether)
resulted in better yields (88% for 1-2-5 and 92% for 1-2-7), in comparison to the trans isomers
(73% for 1-2-4 and 68% for 1-2-6). Substrates with 1° alkoxy carbon afforded 1-2-8 in62%
yield. Substrates with 2° alkoxy carbon yielded 2-1-9 (63% yield) with a 3:1 ratio (cis:trans) of
diastereomers. This trend supports the possible gem-dimethyl-like or Thorpe-Ingold effect on
the cyclizations, where the slower rate in substrates holding 1° and 2° alkoxy carbon effects
lower yields.”” We also studied allylsillyl ethers, which provided 1-2-10 and 1-2-11 (62% and
65%, respectively). 2-Allylphenoxy diphenylsilanes generally afforded oxasilacyclohexanes 1-2-
12 to 1-2-16 with good yields, regardless of electronic nature of substituents (Me, OMe, Cl, and
Br) at para-position to the phenoxy group. Organosilicon heterocycles synthesized through the
ruthenium alkylidene-catalyzed alkene hydrosilylation were subjected to the oxidation conditions

followed by acylation or benzylation to afford diacetates, hydroxyl acetates and dibenzoates.
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Table 1.6 Substrate scope of Grubbs-type ruthenium catalyzed for intramolecular alkene

hydrosilylation”
SiPh,H
o Ru-2 ) O—SiPh, 1. Hy0,, TBAF ox oY
14\9/\ (0.5 mol %) " CsOH, DMF, rt »
RRZ n X - R2 R3S > R2 R3
(n=0t02) R3 =H or Me CI—SiéI rt X =HorAcorBz
2> Y =Acor Bz
O—SiPh, O—SiPh, O—SiPh, O—SiPh; ?—?ith
Me Me Me Me Jij\/\ Me
Ph Ph
1-2-1 1-2-2 1-2-3 1-2-4 1-2.5
(85%) (76%) (88%) (73%) (88%)
o—s.Ph2 —SiPh: 5 siph, O0—SiPh, O—SiPh, O—SiPh,
L o T
Me
1-2-6 1-2-7 1-2-8 1-2-9 1-2-10 1-2-11
(68%) (92%) (62%) (63%)° (62%) (65%)
trans:cis = 3:19
th th th th
th Si__Me Si Si Si
1-2-12 1-2-13 1-2-14 1-2-15 1-2-16
(65%) (68%) (74%) (72%) (61%)
OH OBz OAc OAc OH OAc OH OAc OH OAc
" w (hw O O
Ph Ph
1-6-1 1-6-2 1-6-3 1-6-4 1-6-5
(75%) (76%) (77%) (61%) (T7%)
OAc
OH)O\AC OH (_:)Ac OBz OBz OAc e Me
,Ej Me Me K/L Me ©/\/ OAc
t-Bu t-Bu OAc
Me
1-6-6 1-6-7 1-2-8 1-6-12 1-6-13
(58%) (78%) (55%) (54%) (54%)
OAc
Me
OAc
Br
1-6-14 1-6-15 1-6-16
(61%) (63%) (51%)
“conditions: silane 1-1-1 (0.1 mmol), THF (0.2 M). ‘determined by GC/MS analysis.

“determined by 'H NMR spectroscopy utilizing an internal standard (CH,Br»)
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1.9 General mechanistic consideration of hydrosilylation using transition metal catalysis
Hydrosilylation of alkenes catalyzed by transition metals is generally proceed by either
the Chalk-Harrod mechanism® or modified Chalk-Harrod mechanism>*>’ (Figure 1.13). Initial
oxidative addition of hydrosilane to the metal complex provides a metal-hydrido-silyl complex
B, which is coordinated with the alkene. Then complex B undergoes migratory insertion of the
alkene into the M-H bond (hydrometallation) to give the complex C or D. Reductive elimination
of the alkyl and silyl ligands from C or D forms the hydrosilylation product. Alternatively
modified Chalk-Harrod mechanism involves an alkene insertion into the M-Si bond
(silylmetallation) to form the silyl-alkyl-hydrido intermediate E or F, followed by reductive

elimination to complete the hydrosilylation.

XY
Si
o"”*H
R/K/\
A
x\Si Y MLy XY
O "ML, O—Si I|-|
R H X, Y R ML,
C via _Si. via E
hydro- — O ML=H b g
metallation R \' metallation X Y
X~ gi-MmL, B oS
O — 2
R ML,—H
R H F
D
Chalk-Harrod Modified Chalk-Harrod
Mechanism Mechanism

Figure 1.13 Chalk-Harrod Mechanisms involving hydrometallation and silylmetallation
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1.10  Proposed mechanism of ruthenium alkylidene catalyzed alkyne hydrosilylation by Cox
Cox™® proposed two speculative mechanisms which involves path i) activation of Ru
alkylidene by hydrosilane and path ii) standard oxidative addition of silane to Ru alkylidene.
Specifically, in path 1 the catalysis starts with formation of coordinatively unsaturated active
ruthenium alkylidene complex G, generated by loss of a phosphine ligand. Ruthenium silyl
intermediate H was formed by the reaction of the hydrosilane with the ruthenium alkylidene G
(Chauvin-type mechanism).”® Alkyne insertion into the Ru—Si bond proceeds in a syn fashion to
afford a vinyl ruthenium complex I. Isomerization followed by (3-hydride elimination would then
provide the f—(Z)-stereoisomer vinylsilane product B-Z and regenerate the ruthenium alkylidene
complex G” (Figure 1.14). Path ii) involves the traditional organometallic route oxidative

addition, migratory insertion, and reductive elimination.*
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Figure 1.14 Cox’s proposed mechanism of alkyne hydrosilylation by ruthenium alkylidenes

1.11  Cossy’s proposed mechanism of ruthenium alkylidene-catalyzed alkyne hydrosilylation
According to Cossy,” the ruthenium alkylidene catalyzes the alkyne hydrosilylation

#8302 The Ru-alkylidene pre-catalyst generates a

through a modified Chalk-Harrod mechanism.
transient 16-electron metal complex, which reacts with the alkyne and silane at the same time
followed by reductive elimination of the metal to produce vinylsilanes M and N (Figure 1.15).

However, neither study provided any experimental evidence, supporting any such basic

Pprocessces.
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Figure 1.14 Speculative Mechanism of Alkene Hydrosilylation by Ruthenium alkylidene by

Cossy

1.12  Formation of vinylsilane and chlorosilane

Experimental observations from our optimization studies addressed the initial stage of
Grubbs-type ruthenium complex-catalyzed hydrosilylation within a ruthenium coordination
sphere. During the reaction of silyl ether 1-1-1 with Ru-2, two other products were observed
along with the hydrosilylation product 1-2-1. These products were characterized by GC/MS
spectrometry analysis, which were found be vinylsilane 1-12-1 (ca. 0.5%)*° and chlorosilane 1-

13-1 (ca. 1%)**** (Figure 1.16).
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o' Ru-2 (2 mol %) O—SiPh, O—SiPh oS
M > %\/L + M +
THF, 80 °C Me M
1-1-1 1-2-1 1-12-1 1-13-1
(ca. 0.5%) (ca. 1%)

Figure 1.16 Formation of Vinylsilane and Chlorosilane Observed Alkene Hydrosilylation
Our efforts to isolate either chlorosilane or vinylsilane were not successful with the
substrate 1-1-1, but were able to isolate cyclic vinyl silane 1-12-12 (20% isolated yield) from
hydrosilylation of 1-1-12 (Figure 1.17). The formation of vinylsilane 1-12-1 or 1-12-12 suggests
that Grubbs-type ruthenium complex-catalyzed alkene hydrosilylation likely proceeds through a
modified Chalk-Harrod mechanism (i.e., via silylruthenation)’' rather than the Chalk-Harrod

(i.e., via hydroruthenation) pathway (Figure 1.10).*

Ph, Ph, Ph,
OSiPh,H oS o”SI oS
= Ru-2 (2 mol %) + +
THF, 80 °C
1-1-12 1-2-12 1-3-12 1-12-12
(65%) (0%) (20%)

Figure 1.17 Formation of vinylsilane 1-12-12 during alkene hydrosilylation of 1-1-12

1.13  Activation of Grubbs-type ruthenium catalysts by silanes

The formation of the chlorosilane 1-13 offers indirect information for the initial stage of
the hydrosilylation. Based on these results two possible mechanisms were proposed. Departure
of the PCy; from pre-catalyst produces the active ruthenium alkylidene complex 1-14. Path-A
proceeds through addition of Si-H to the m—bond of Ru-Alkylidene complex 1-14 to produce 1-

14-1a* followed by HCI elimination® to form a presumed Ru-Si complex 1-14-3**7 (Figure
24



1.18), which could be responsible for alkene hydrosilylation to provide oxasilacycle 1-2. On the
other hand, complex 1-14-1, on reductive elimination, affords the ruthenium complex 1-14-2 and
chlorosilane byproduct (e.g., 1-13). Path-B Direct o-bond metathesis between Si—H and Ru—Cl
(1-14) via a four-centered transition state could be involved in the activation of ruthenium

88-100

complex by silanes. Based primarily upon a bottom-face olefin coordination mechanism for

olefin metathesis, '

the metathesis of 1-14 and silane 1-1 may furnish either 1-14-5 via 1-14-
1b (metal-out: unproductive—the silicon never goes to the ruthenium metal center) or 1-14-3 via
1-14-4 (metal-in: productive). It could be an analogous situation where the outcome of
competitive cross metathesis (CM) [i.e., productive CM: an ethylene-producing process (cf., 1-

14-4 to 1-14-3) (Figure 1.19) and unproductive CM: a degenerate metathesis (cf., 1-14-1 to 1-14-

5) is substantially dependent upon the steric hindrance of olefins, as well as the ligand set of

ruthenium catalyst.'®' "%
PCy3
X, \pl Ph
.Si. - R
0O 'H - [Si]-CI !
PC
y3 PCy3 RM PCy3 1'13 H
| @ Pon | o R o 1-14-2
Ru=\ b 1 = [Si]—H e Ph
ci’| Ph o Ny ,IU
PC PC
R y; 1-14 o ‘ g
u- - -14- - L Ph
1-14-1a HCI R
[Si]
1-14-3

Figure 1.18 Addition of a Ru-alkylidene bond across a Si—H bond/HCI elimination
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Figure 1.19 o-Bond metathesis pathway

1.14  Experimental support for the activation of Grubbs-type ruthenium catalysts by silanes
1.14.1 Stoichiometric reaction of alkenylsilyl ethers: formation chlorosilane

To investigate these two mechanistic hypotheses for the initial stage of the catalysis, we
first performed a control experiment and speculated that bulkier substituents such as a -Bu group
at silicon (i.e., 1-1-#-Bu) could favor unproductive o-bond metathesis to yield chlorosilyl ether 1-
13-#-Bu (via 1-15-1 vis-a-vis 1-15-2). However, the formation of 1-13-#-Bu via the sequential
Ru=CHAr addition across Si—H and reductive elimination is unlikely, because an addition of di-
tert-butylsilane 1-1-#-Bu to Ru-2 is greatly hindered—as seen in a Grubbs classification of general

4

reactivity patterns of olefins.'® When 1-1-~-Bu was subjected to the reaction conditions

employing 100 mol% of Ru-2, only 1-13-#-Bu (1-1-#-Bu:1-13--Bu=19:81) was observed without
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any notable cyclization, corroborating our mechanistic hypothesis for the o-bond metathesis

(Figure 1.20).

t-Bu\Si,t-Bu Ru-2 t—Bu\ tBu t-Bu\Si/t-Bu
O~H (100 mol %) 0—Si o el
> +
AN - %\/k M
M THF, 80 °C Me
1-1-t-Bu 1-2-t-Bu 1-13-t-Bu
L L
| < |
/RU_ —_— P Ua
Cl Ph cl Ph
| , H
: Q
1-15-1 1-15-2

Figure 1.20 Stoichiometric Reaction Alkenylsilyl Ether (1-1-#-Bu) with Ru-2

1.14.2 Stoichiometric reaction of deuterosilane: formation of ruthenium silane complex

In an effort to provide further support for this hypothesis, a deuterium labeling
experiment was carried out using deuteriosilane 1-16-D and Ru-4 (Figure 1.21). The benzylidene
proton within the resulting assumed ruthenium complex 1-17 remained intact; we did not detect
deuterium incorporation at this position by H NMR spectroscopy. This result suggests that the

Ru=CHAr addition across Si—H and HCI elimination cascade is unlikely.

Ph, NHC NHC
~Sicg | CIH | .ClH ¢ only H
Ru= CgDs Ru=
o gy 0
MeO \( 60 °C \<
1-16-D (1 equiv) Ru-4 (1 equiv) 1-17

Figure 1.21 Stoichiometric reaction of deuterosilyl ether (1-16-D) with Ru-2
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1.14.3 Detection of ruthenium silane complex by '"H NMR with Ru-4 and Ru-2

The experiment performed to directly detect ruthenium silane complex is shown in Figure
1.22. In this model, the use of an essentially equimolar ratio of Ru-4 and silane 1-16, which does
not bear an alkene moiety, resulted in full conversion to a putative ruthenium silane complex.
Over time the Si—H bond disappeared, yet benzylidene proton (H’) and other protons within the
catalyst Ru-4 (H' to H'") remained intact-an isopropoxy group was still anchored to the
ruthenium center (H'?, 4.74 ppm). Interestingly, all protons in substrate 1-16-H were shifted
downfield, particularly, those at the ortho-position of the diphenylsilyl substituents (‘H, shifted
downfield by 0.12 ppm) and the methylene protons (H’, shifted downfield by 0.063 ppm) within
1-16-H. These protons were drawn closer to the ruthenium center. No additional benzylidene or
alkylidene resonances were observed during this series of experiments. This experiment was also

performed with Ru-2 and silane (1-16) which gave the similar results as above (Figure 1.23).
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Figure 1.22 Reaction monitoring of the stoichiometric reaction of silyl ether (1-16) with Ru-4
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Figure 1.23 Reaction monitoring of the stoichiometric reaction of silyl ether (1-16) with Ru-2
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1.15  Effect of halides on catalytic activity of ruthenium catalysts

Further insights into the reaction mechanism of the hydrosilylation were garnered by
examining the impact of the halide ligands within the ruthenium catalysts (Table 1.8). The
catalytic activity of the hydrosilylation was generally increased by having an electron
withdrawing and smaller halide group from iodide to chloride. This trend is similar to the
observed olefin metathesis reactivity of ruthenium catalyst.” Particularly, dichloride catalyst Ru-
2-Cl was significantly faster than catalysts containing dibromide and diiodide (Ru-2-Br and Ru-
2-1, respectively). The reasons behind the reactivity difference are unclear at this moment, but a
sterically less demanding and electron withdrawing chloride ligand perhaps favors ruthenium

binding to Si—H, dictating a facile o-bond metathesis.

Ph, Ru-2-X
o S (0.5 mol %) 0—SiPh,
M THF, 80 °C Me
1-1-1 1-2-1
PCy3 PCy3 PCy3
| ci | Br N
,Ru_ /Rh_ ,Ru_
ci”t Br’ 4 14
Ru-2-Cl Ru-2-Br Ru-2-1

reaction time - 6 h
yield - 85%

reaction time - 24 h
yield - 70%

31

reaction time - 24 h
yield - 67%



100
90 .
80 ®
70 ¢ n
60
50
40 ||

30 [, |

20 1Al
m ¢ Ru-2-Cl ™ Ru-2-Br Ru-2-1

o
0 5 10 15 20 25

reaction time (h)

NMR yield (%)
O

Table 1.7 Catalytic Activities Varying Halides on Ru-2-X Catalysts

1.16  Deuterium labeling and cross-over studies

We carried out an additional set of deuterium-labeling studies to further understand the
nature of this cyclization. Under the same reaction conditions, the deuterium of 1-1-1-D was
mainly transferred to two positions of 1-1-1-D, supporting the modified Chalk-Harrod
mechanism (Figure 1.24). Furthermore, the cross-over experiment established that the proton
transfer occurs intermolecularly (Figure 1.25). The hydrogen and deuterium scrambling, shown

as 1-2-1H/D and 1-2-3H/D, reinforces our mechanistic hypothesis involving the o-bond

metathesis.
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Pha Ru-2 o
_Si u- OS5I 229

oD > MD(m%)
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1-1-1D 1-2-1D

Figure 1.24 Intramolecular Deuterium-Labeling Studies

Ph, ohz Ph Ph
_Si _Si R L
oD o H Ru-2 07 H/D 777 H/D
M + O\/\ %\/L/\ + O\/L/\
THF, 80 °C
1-1-1D 1-1-3 1-2-1H/D 1-2-3H/D
48% 52%

Figure 1.25 Cross-over Studies

1.17  Effect of proton scavenger on ruthenium alkylidene catalyzed intramolecular alkene
hydrosilylation

Finally, we examined the reaction of 1-1-1 employing a stoichiometric amount of base
[2,6-di-tert-butyl-4-methylpyridine (DTBMP) or NaHCOs] (Figure 1.26). The rates of two
reactions with and without base were essentially identical (¢, = ca. 40 min), albeit resulting in
slightly diminished yields of 1-2-1. This result indicates that the dissociated HCI did not affect
the overall reaction efficiency. In addition, a potential mechanism involving heterolysis of a

Si—H bond by ruthenium catalyst can be eliminated.**'"’

Ph; Ru-2
/S-\ i
o " H (2 mol %) O—SiPh; Base: DTBMP  62%
o,
M . #\/kMe NaHCO; 63%
1-1-1 THF, 80 °C 1-2-1

Figure 1.26 Effect of proton scavenger on alkene hydrosilylation
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1.18 Possible mechanism for ruthenium alkylidene catalyzed

hydrosilylation

intramolecular alkene

The plausible overall mechanism, based upon our mechanistic studies and observations,

is depicted in Figure 1.27. The initial productive o-bond metathesis between ruthenium catalyst

and silyl ether 1-1 affords ruthenium-silyl complex 1-14-3 (see Figure 1.19). Alkene

coordination to ruthenium within 1-14-6, followed by silylruthenation affords 1-14-7. At this

stage, either f-hydride elimination (to 1-12) or o-bond metathesis (to product 1-2) via 1-14-8

takes place and regenerates 1-14-6. Alternatively, protonation by HCI would afford 1-2 and

ruthenium catalyst (RuLn).

X5
oS
PCy; PCys RF\%\Mn/\ PCys;
R\\‘CI PCy3 ‘ ‘C| 1 = [S|] H \\\Cl
u— N = - Ru—
C|’| e A=\ - o7 p
cl Ph ' H
PCys [Si]/
Ru-1 1-14 1-14-1b
~[Si]-Cl
1-13
PCy3
o
R‘u:\
| Ph
H
1-14-5
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CysP ~
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O—(Si] HCI R
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A RuL, [Si]
 [Si] o
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Figure 1.27 Plausible Mechanism of Alkene Hydrosilylation Catalyzed by Ruthenium Alkylidene

Complex.
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1.19  Summary of Chapter 1

In summary, we have developed a Grubbs-type ruthenium complex-catalyzed
intramolecular alkene hydrosilylation of alkenylsilyl ethers to provide cycloalkyl silanes.
Preferential silicon-hydride bond activation over alkene activation was observed, where alkene
metathesis was effectively suppressed. This study expands our understanding of fundamental
mechanistic aspects of non-metathetical function of Grubbs-type ruthenium catalysts for alkene
hydrosilylation, with potential implications for other associated transformations such as
dehydrogenative condensation of alcohols and silanes,*® direct arylation,'*® and hydrogenation '’
Notably, the initial stage of the hydrosilylation involving the o-bond metathesis between Si—H
and Ru—Cl, is proposed. The Grubbs-type ruthenium complex-catalyzed alkene hydrosilylation

follows the modified Chalk-Harrod mechanism.
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Chapter 2
Regio- and Stereoselective Dehydrogenative Silylation and Hydrosilylation of Vinylarenes

Catalyzed by Ruthenium Alkylidenes.

Apparao Bokka, and Junha Jeon*

This work has been published in Org. Lett. 2016, 18, 5324-5327"

* Used with the permission of the publisher, 2016
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2. Introduction

2.1 Introduction to vinylsilanes and alkylsilanes

Vinylsilanes and alkylsilanes are important building blocks in synthesis of small
molecules and polymers, ' 1% based, in part, on their relatively high stability and virtually
non-toxic nature.”"'*!7 These organosilanes have been extensively exploited as useful synthetic
intermediates whose silicon functional groups can be directly converted to many other useful

moieties through further reactions. These conversion reactions include (Figure 2.1) Fleming-

14,109 112,113 108,114

Tamao oxidation, halogenation, and Hiyama-Denmark cross-coupling,

20,21,22

importantly, these routes allow facile access to pharmaceutical targets, and drug delivery.’

Unsaturated organosilanes are potent nucleophiles and highly useful intermediates in organic

- 11-14,115-119
synthesis.”

PhOTf (1.5 equiv)

o [Si] Pd(dba), (10 mol%) ~__Ph
@N XPhos (22 mol% ) @N

R TBAF-8H,0 (2 equiv) R
90 °C, toluene, 16 hr

1. Br2 Br

2. NaOMe R\%

R Pd(OAc),, DPEPhos
M si) R A~
Ph
KOTMS  pp~~X-Br

TBAF (4.4 equiv) O

H,0, (24 equiv)
KHCO; (5 equiv)
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Me><Me [{(r-allyl)PdCl}>]
00 TBAF, THF
cu\neZSi/\)\/'\/ 60 °C, 0.5 h

Figure 2.1 Applications of vinyl silanes as synthetic intermediates

2.2 Introduction to dehydrogenative silylation of alkenes
Vinylsilanes and alkylsilanes can be prepared primarily through organometallic addition

to activated silanes (e.g., XSiR3) or alkene/alkyne hydrosilylation. In addition to hydrosilylation,

29,120-137

metal-catalyzed dehydrogenative silylation of alkenes has emerged as a powerful method

to yield Si—C bonds."*® Dehydrogenative silylation was first identified as an undesired side

pathway that was competitive with metal catalyzed hydrosilylation, and catalysts that selectively

11,12,138,139

furnish vinylsilanes remain rare. Dehydrogenative silylation of alkenes is attractive as a

10,139,140

valuable alternative to hydrosilylation of alkynes, which has regio- and stereo chemical

issues. "*° Existing methods for the synthesis of vinylsilanes include the silyl-Heck reaction,''*'*!

45,46, 142-146

alkyne hydrosilylation (Figure 2.2), and manipulation of compounds with existing C—

Si bonds;'*'°® these methods have a number of drawbacks, including the commercial
g

112,84

availability of alkynes, and limited substrate scope. Regio- and stereoselective

7% 9 to provide vinylsilanes are challenging, *’ owing to either

dehydrogenative silylation
competitive hydrosilylation to afford alkylsilanes or alternative -hydride elimination to furnish

allylsilanes'>* #7143 155163 (Rigyre 2.3).
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hydrosilylation :
=+ RsSH Yool ReSi R’

L - RuLn R'3Si __SRs
R'— + SIR3H R1 + R1 + R1 SiR'3

Figure 2.2 Hydrosilylation of alkynes to produce vinyl silanes

23 Transition metal catalyzed dehydrogenative silylation of alkenes

Based on these reports, a highly selective and more direct, alkene C—H silylation method
to afford vinyl silanes thus is desired. Due to their wide accessibility, and stability, alkenes can
be used as starting materials.'®* Iridium-catalyzed regio- and stereoselective dehydrogenative

12 with

silylation of terminal alkenes was recently reported by Falck'® and Hartwig (Figure 2.4)
norbornene as a sacrificial hydrogen acceptor (SHA). These approaches were initiated by
oxidative addition of Si—H bond to a metal center to afford hydridosilyl metal complexes (M =
Ir). Watson demonstrated Palladium-catalyzed Silyl-Heck reaction utilizing terminal alkenes and

silyl triflates (Figure 2.5).'%

Chirik and coworkers recently demonstrated highly selective cobalt-
catalyzed dehydrogenative silylation of alkenes for preparation of allylsilanes (Figure 2.6)."
Activation of bis(imino)pyridine cobalt methyl complex by silane initially generates putative
cobalt silyl complex and methane, rather than cobalt hydride and methylsilane. For catalytic
turnover, half of the alkene served as sacrificial hydrogen acceptor to furnish simple alkanes as
byproduct. Although there are a number of developments in the dehydrogenative silylation to

o e 29,125,127,129-131,134,136,13
afford vinylsilanes utilizing metal catalysts,””'*>'*" 34136137

such methods generally
require either excess alkenes/silanes, air- and moisture sensitive catalysts, or more reactive

alkylsilanes in lieu of more useful alkoxysilanes, for further manipulations.
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R3Si xR

dehydrogenative silylation allylsilane

1

R R3SiH +H,
TM Catalyst (or)
(Fe, CO, Ni, Pd, Ir, Re, and Rh) R5Si %/\/R1
vinylsilane

Figure 2.3 Transition metal-catalyzed dehydrogenative silylation of alkenes

[{Ir(cod)OMe},], dtbpy

RN + R3Si—H > Ro— SR
nbe, THF, 40 °C, 2h IR3
[{Ir(coe),OH},] Me, Me
TMSO),MeSiH [Si] —
= N N=
Me4Phen (1.5 mol%) R
nbe (3 equiv) Me4Phen
N 50°C
R
Me
[{Ir(cod)OMe},] NN
TMSO),MeSiH
( )2 . R/\/\[Si] N\ | _
2-MePhen (1.7 mol%) | =
nbe (2—01 ;)1(: equiv) 2-MePhen

Figure 2.4 Hartwig’s iridium-catalyzed dehydrogenative silylation of alkenes

Mezsl(OTf)z
cat. Pdy(dba)s/ t-BuPPh, Me Me
N
AI’/\ U Si.
cat. Nal, Et;N A" 0R

then ROH or H,O

Figure 2.5 Watson’s palladium catalyzed dehydrogenative silylation of alkenes
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Figure 2.6 Chirik’s cobalt-catalyzed dehydrogenative silylation of alkenes

\/\/\/\/SI‘Me

2.4  Ruthenium alkylidene catalyzed dehydrogenative silylation and hydrosilylation

In our previous study, we demonstrated that the preferential Si—H activation over alkene
activation utilizing Ru-alkylidene complexes was feasible to achieve intramolecular alkene
hydrosilylation. In contrast to a generally accepted Chauvin type silylation mechanism of

addition of Si—H across the w-bond of a Ru-benzylidene,**"'**

a mechanism involving direct Si—
H activation by Ru—Cl was proposed, based on a series of spectroscopic and isotope-labeling
experiments.'® However, there are no examples of this type of Si-H activation by metal
alkylidenes (i.e., catalytic deprotonative silyl metalation) for dehydrogenative silylation to afford
vinylsilanes (Figure 2.3)."*"*!1*"1% We focused on regio- and stereoselective dehydrogenative
silylation and hydrosilylation of terminal aryl-substituted alkenes by altering the ruthenium

alkylidene catalysts (L' and X ligand). Particularly, preparation of both alkylsilanes and
y y g

vinylsilanes was achieved using a nearly equimolar ratio of alkenes and silanes.
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2.5 Optimization for ruthenium alkylidene catalyzed dehydrogenative silylation of alkenes
2.5.1 Evaluation of ruthenium alkylidene complexes for dehydrogenative silylation of alkenes
We started our investigation with ruthenium alkylidene catalysts (Figure 1.10) used for
our previously developed intramolecular hydrosilylation of alkenes. Styrene (2-1-1) was chosen
as the master substrate and reactions were carried out with styrene, trisiloxane [HSiMe(OTMS),]
and THF as the solvent at 65 C. The results revealed three possible products alkylsilane 2-2-1,
vinylsilane 2-3-1, and stilbene 2-4-1 from hydrosilylation, dehydrogenative silylation and olefin
metathesis. The ratio of these three products is highly dependent on catalyst structure and silanes.
Reaction with Ru-1, constituting phosphine L-type ligand and dichloride X-type ligands showed
propensity towards dehydrogenative silylation (vinyl silane, Table 2.1, entry 1). The product
ratio between vinylsilane and alkylsilane decreased when the Ru-1 was replaced with Ru-2
(Table 2.1, entry 2). Metathesis product stilbene 2-4-1 (entries 3-6) was dominant when the
catalyst contains NHC/dichloride even in the presence of excess of silane. In contrast, Ru-7 and
Ru-8, best known for Z-selective olefin metathesis catalysts containing an NHC and bi-dentate
nitrate ligands, as well as chelating adamantyl ligand,”>’® furnished alkylsilanes 2-2-1 as a major
product (entries 15-16). During these reactions, 30-40% of alkene hydrogenation adduct was

usually formed.
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Table 2.1 Evaluation of Grubbs-type ruthenium catalysts for dehydrogenative silylation and

hydrosilylation of vinylarenes.”

N HSiMe(OTMS), [Si] X [Si]
o™ o TN
RuL,, (5 mol %) O

2-1-1 THF, 65 °C 2-2-1 2-3-1 2-4-1
[Si] — SiMe(OTMS),
entry RuLn conversion (%)” | 2-2-1:2-3-1:2-4-1¢
1 Ru-1 100 1:16:0
2 Ru-2 100 1:3:0
3 Ru-3 100 1:5:14
4 Ru-4 100 1:8:25
5 Ru-5 100 1:3:12
6 Ru-6 100 1:4:5
7 Ru-7 100 5:1:0
8 Ru-8 100 4:1:0

“conditions: 2-1-1 (0.4 mmol), silane (0.44 mmol), THF (0.2 M). ’determined by GC/MS analysis.

‘determined by GC/MS analysis and 'H NMR spectroscopy utilizing an internal standard (CH,Br)

2.5.2 Evaluation of silanes for dehydrogenative silylation of alkenes
Initial catalyst screening was carried out with trisiloxane, which yielded (E)-vinylsilane
2-3-1 as the major product with excellent regio- and stereoselectivity (Table 2.2, entry 1).

Various silanes (mono, di, tri-hydrosilanes) were tested with Ru-1 but the product ratio was not
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improved significantly (entrie 2-7). Reaction with phenyl silanes resulted in disproportionation
of the silane (entries 3,5, and 6).

Table 2.2 Evaluation of silanes for dehydrogenative silylation.”

X Ru-1 (5 mol %) [Si] X - [Si]
©/\ + Silane _ ©/\/ + ©/\/ + \ O
THF, 65 °C

2-1-1 2-2 2-3 24
entry solvent conversion (%) 2-2-:2-3:2-4¢

1 HSiMe(OSiMes), 100 1:16:0

2 HSi(OEt); 91 1:1:0

3 HSiPh; 95 n.d

4 HSiEt; 77 1:6:0

5 H,SiPh, 94 3:2:0

6 H,SiPhMe 11 n.d

7 H,Sii-Pr;, 25 n.d

8 H,SiEt, 32 n.d

9 H;SiPh 60 n.d

“conditions: 2-1-1 (0.4 mmol), silane (0.44 mmol), THF (0.2 M). ’determined by GC/MS analysis.

‘determined by GC/MS analysis and 'H NMR spectroscopy utilizing an internal standard (CH,Br,)
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2.5.3 Effect of solvents on dehydrogenative silylation of alkenes

With emphasis on dehydrogenative silylation, the reaction conditions were optimized,
beginning with the solvent screening. As a standard condition Ru-1 (1.0 equiv) with trisiloxane
(1.1 equiv) and THF (0.1 M) resulted in excellent conversion with very good dehydrogenative
silylation to the hydrosilylation (16:1) product ratio. Metathesis was never observed even the
solvent was changed to DCM, toluene and benzene (solvents favorable for metathesis). When
THF was replaced with other solvents the products ratio was reduced significantly (Table 2.3,
entries 2-5). Pentane and hexane shown the good products ratio and surprisingly alkene
hydrogenation product was greatly diminished (entries 6,7). Based on the results from THF,
pentane and hexane as solvents we used the combination of THF/pentane and THF/hexane both

resulted in excellent ratio with decreased hydrogenation product (entries 8, 9).
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Table 2.3 Evaluation of solvents for dehydrogenative silylation.”

N HSiMe(OTMS), Ej/\/[Si] . ©/\/[Si] \ O
C Ru-1(5 mol %) & A O

2-1-1 Solvent, 65 °C 2-2-1 2-3-1 2-4-1
[Si] — SiMe(OTMS),

entry solvent conversion (%)” | 2-2-1:2-3-1:2-4-1¢

1 THF 100 1:16:0

2 DCM 96 2:3:0

3 Toluene 91 2:5:0

4 Benzene 95 1:3:0

5 Et,O 88 1:1:0

6 Pentane 93 1:7:0

7 Hexane 94 1:8:2

8* THEF/Pentane 100 1:28:0

o* THF/Hexane 100 1:29:0

“conditions: 2-1-1 (0.4 mmol), silane (0.44 mmol), THF (0.2 M). ’determined by GC/MS analysis.
‘determined by GC/MS analysis and 'H NMR spectroscopy utilizing an internal standard (CH,Br)

* solvent concentration (0.2 M)
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2.5.4 Optimization of temperature and concentration for dehydrogenative silylation of alkenes
These reactions were performed at different temperatures (rt, 40, 65, 85 and 100 oC), and

65 'C was suitable for this conversion. Solvent concentration of either 0.1 M or 0.2 M with

catalyst loading of 5 mol% or 2 mol% resulted in good yield. Lowering down the catalyst

loading to less than 1.0 mol%, was not productive with some substrates.

2.5.5 Evaluation of sacrificial hydrogen acceptor (SHA) for dehydrogenative silylation of
alkenes

'H NMR yields of the reactions were only 40-50% with these reaction conditions;
hydrogenation of styrene (ethyl benzene) resulted in the formation of other major product.
Earlier studies used the excess alkene which served as a sacrificial hydrogen acceptor (SHA).
The external sacrificial hydrogen acceptor was employed to compensate the hydrogenation of
styrene. When the well-known strained bicyclic alkenes [e.g., norbornene (nbe), norbornadiene
(nbd)] were tested, we observed noticeable ring-opening metathesis polymerization (ROMP)
activity of Ru-1 in a presence of nbe or nbd. Moderately ROMP-active cycloalkenes [including
cyclopentene, cyclohexene, 1,3-cyclohexadiene, cycloheptene, cis-cyclooctene, and cis, cis-1,5-
cyclooctadiene (cod) 2-6] not only afforded good yields of vinylsilane by diminishing the alkene
reduction product, but also exhibited excellent selectivity of dehydrogenative silylation over
hydrosilylation (Table 2.4). The trend of vinylsilane yield and the ratio of 2-2-1 and 2-3-1 was
169-171

well-correlated with the ring strain of cycloalkenes, whereupon with increasing ring strain,

the corresponding product ratio as well as yield (2-3-1) proportionally increased.
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Table 2.4 Evaluation of sacrificial hydrogen acceptors for dehydrogenative silylation.

HSiMe(OTMS),
N Ru-1 (2.5 mol %) [Si] - [Si]
[ j > ©/\/ . ©/\/ .\ ©/\
SHA
2-1-1 THF/Hexane, 65 °C 2-2-1 2-3-1 2-5-1
[Si] — SiMe(OTMS),
, yield %
entry SHA 2-2-1:2-3-1
(2-3-1:2-5-1)°
1 cyclopentene 1:33 65:24
2 cyclohexene 1:14 62:28
3 cycloheptene 1:28 63:25
4 cyclooctene 1:47 68:20
5 cycclooctadiene 1:50 70:9
6 norbornene 1:34 45:32
7 norbornadiene 1:26 NA

“conditions: 2-1-1 (0.4 mmol), silane (0.44 mmol), THF (0.2 M). ’determined by GC/MS analysis.

‘determined by GC/MS analysis and '"H NMR spectroscopy utilizing an internal standard (CH,Br,
Py g

2.6 Substrate scope for ruthenium alkylidene catalyzed dehydrogenative silylation of alkenes

With the optimized conditions, we explored the scope of Ru alkylidene-catalyzed

dehydrogenative silylation of 2-1 with Ru-1 (X = Cl and L' = PCy3) to afford (E)-2-3 (Table

2.6). The parent substrate styrene 2-1-1 resulted in the formation of the (£)-vinylsilane (2-3-1) in

good yield and excellent stereoselectivity. Electron rich styrenes (Table 2.5, entries 2-3-2 to 2-3-
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6), styrenes with electron withdrawing substituents (entries 2-3-7 to 2-3-11), and inductively
electron withdrawing styrenes (entries 2-3-12 to 2-3-17) produced moderate to good yields of
vinylsilanes and product selectivity. Other functional groups including carboxylic acid, ester,
free and protected amine, indole, benzofuran and boronate ester were well-tolerated under these
conditions (entries 2-3-18 to 2-3-26). Substrates containing amines showed little tendency
towards hydrosilylation (15 to 20%) which also resulted in lower yields. The structurally
complex, C3-vinyl estrone derivative yielded vinylsilane 2-3-27 in 76% yield with good product
selectivity. Ru alkylidene catalytic systems unfortunately did not effect the reaction of alkyl

substituted (terminal and internal) vinylarenes with an alkyl side chain.
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Table 2.5 Substrate scope of ruthenium alkylidene (Ru-1) catalyzed dehydrogenative

silylation of vinylarenes."

PCy;
N | c , HSiMe(OTMS), [Si] ~_[SI]
N +
LNy -
CI/ | Ar THF/hexanes (2:1)
- PCy3 65 °C . .
21 (2.5 mol%) 2-6 2-2 23
©/\/ [Si] /@/\/ [Si] /@/\/ [Si] Me\©/\/ [Si] ()\/\/ [Si]
2-3-1 2-3-2 2-3-3 2-3-4 2-3-5
(70%, 2:98) (79%, 5:95) (70%, 5:94) (82%, 4:96) (65%, 5:95)
/©/v [Si] J@/V [S']Meo\©/\/ [Sil ©\/v (Sil Meojg/v [Si]
2-3-6 2-3-7 2-3-8 2-3-9 2-3-10
(70%, 13:87) (80%, 6:94) (75%, 8:92) (73%,10.90) (77%, 7:93)
. . cl .
- [S X [Si] i - [Si]
<O:©/v[ il /Ej/v Cl \©/\v [Si] ~_[Si] /@/\/
o cl N F
2-3-11 2-3-12 2-3-13 2-3-14 2-3-15
(75%, 10:90) (80%, 4:96) (85%, 4:96) (81%, 4:96) (69%, 3:97)
/@/\V [si] /@/\V [Si] /@/\V [Si] /@/\v [Si] /@/\v [si]
Br F3C Ph HO,C EtO,C
2-3-16 2-3-17 2-3-18 2-3-19 2-3-20
(85%, 4:96) (81%, 5:95) (77%, 3:97) (61%, 8:92) (70%,15:85)
/@/\v [sil i\ - [Sil [T e N 81 - [Sil
| Iv O/v (D/V
H,N Z>NMe, Me,N 0
2-3-21 2-3-22 2-3-23 2-3-24 2-3-25
(55%, 15:85) (56%, 20:80) (69%, 15:85) (61%, 12:88) (62%, 8:92)
2-3-26 2-3-37
(82%, 12:88) (76%, 10:90)

“conditions: 2-1 (0.4 mmol), silane (0.44 mmol), THF (0.2 M) and COD (0.8 mmol).
product ratio (2-2:2-3) was determined by GC/MS analysis and yields reported are isolated.
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2.7  Gram scale synthesis vinylsilane
Ru alkylidene-catalyzed alkene dehydrogenative silylation strategy was successfully
tested on a gram scale (Figure 2.7) on substrate 2-1-2 (7 mmol, 1.12 g) with 75% yield, good

product selectivity and excellent stereoselectivity (only E vinyl silane).

N . Ru-1 (2.5 mol %) [Si] X - [Si]
+ HSiMe(OTMS), > +
t-Bu cod t-Bu t-Bu

2-1-2 THF/Hexane 2-2-2 2-3-2
(1.129) 65°C

Jij/\v [Si]
|
t-Bu Z

2-3-2 (79%, 7:93)

Figure 2.7 Gram scale reaction of ruthenium alkylidene (Ru-1)-catalyzed dehydrogenative

silylation of vinylarenes.

2.8 Reaction optimization of ruthenium alkylidene-catalyzed alkene hydrosilylation

After successfully developed the dehydrogenative silylation, we turned our focus on
hydrosilylation. During the catalyst screening we observed Ru-7 (X = NO;, and L' = NHC
bearing adamantyl) in the presence of silane and styrene favors the hydrosilylation to provide the
alkyl silane product (Table 2.1, entries 7 and 8) over dehydrogenative silylation (2-2-1:2-3-1,
5:1). We started altering the conditions to achieve hydrosilylation over dehydrogenative
silylation, our studies begin with temperature screening which resulted in maximum conversion
at 85 'C. Then we focused our attention on solvent, like dehydrogenative silylation DCM,
toluene, and hexane did not produce good product selectivity. With combinations of solvents,
formation of alkylsilane is prominent, the product ratio further improved with concentrated

condition [THF/Hexane 2:1, 2.0 M (Table 2.6)].
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Table 2.6 Evaluation of solvents for hydrosilylation.”

P HSiMe(OTMS), [Si] - [Si] O
| - O
Pz Ru-7 (5 mol %)

2-1-1 Solvent, 65 °C 2-2-1 2-3-1 2-4-1
[Si] — SiMe(OTMS),
entry solvent conversion (%) | 2-2-1:2-3-1:2-4-1°
1 THF 100 5:1:0
2 DCM 926 2:1:0
3 Toluene 91 1:1:0
4 Et,O 88 2:1:0
5 Pentane 100 4:1:0
6 THF/Pentane* 100 25:1:0
2.0 M)

“conditions: 2-1-1 (0.2 mmol), silane (0.22 mmol), THF (0.2 M). ’determined by GC/MS analysis.

“determined by GC/MS analysis and '"H NMR spectroscopy utilizing an internal standard (CH,Br,
Py g

2.9  Substrate scope for ruthenium alkylidene catalyzed hydrosilylation of alkenes

We continued to investigate the scope of Ru alkylidene-catalyzed hydrosilylation of 2-1
and HSiMe(OTMS), with Ru-7 (Table 4). When Ru-7 (X = NOs and L' = adamantyl bearing
NHC) was used, diverse mono- and disubstituted styrenes provided alkylsilanes 2-2-1 to 2-2-10
with moderate to good yields and a synthetically useful level of product selectivity of

hydrosilylation over dehydrogenative silylation. Again, ester, amino, benzofuran, and indole-
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containing styrenes underwent hydrosilylation to provide 2-2-11 to 2-2-14 in good yields (Table

2.7).

Table 2.7 Substrate scope of ruthenium alkylidene (Ru-7) catalyzed hydrosilylation of

vinylarenes."

|Pr/_\

¥ T @ HSiMe(OTMS), ‘/V[Si] . [Si]
o N<o o THF/hexanes (2:1)
o) 85 °C
2-1 i-Pr 2-3
(5.0 mol%)
t-Bu Me Me Me
2-2-1 2-2-2 2-2-3 2-2-4 2-2-5
(72%, 95:5) (77%, 95:5) (66%, 95:5) (76%, 96:4) (72%,87:13)
/@/\/ [Si] M90:©/\/ [Si] /@/\/ [Si] /@/\/ [Si] [Si]
eO MeO F5;C Ph
2-2-6 2-2-7 2-2-8 2-2-9 2-2-10
(56%, 90:10) (80%, 97:3) (72%, 89:11) (74%, 94:6) (83%, 98:2)
[Si] [Si] Sl
| |
/@/\/ (;(\/ (W [Si] w
MeO,C NMe, &
2-2-11 2-2-12 2-2-13 2-2-14
(71%,85:15) (52%, 70:30) (66%, 92:8) (56%, 70:30)

“conditions: 2-1 (0.2 mmol), silane (0.25 mmol), solvent (2.0 M), reaction time 24 h.

product ratio (2-2:2-3) was determined by GC/MS analysis and yields reported are isolated.
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2.10  Kinetic isotopic experiments

Kinetic isotopic experiments (KIE) were planned to illuminate some insights into the
reaction mechanism of ruthenium alkylidene catalyzed dehydrogenative silylation. We assumed
that when the isotope —labelled styrenes on reaction with Ru-1 and silane will provide some
valuable information regarding the stereoselectivity of the dehydrogenative silylation.
Unfortunately, under the reaction conditions stereospecifically isotope-labeled alkenes (Z)-2-1-1-
D or (E)-2-1-1-D were rapidly isomerized to furnish a nearly 1:1 mixture of (£)-2-1-1 and (E)-2-
1-1, which hindered the studies for stereoselectivity of this process (Figure 2.8).

HSiMe(OSiMe3),

oD N Ru-1 (2.5 mol %) ~-P A
| (or) > +
~ D D

cod, 65 °C
(E)-2-1-1-D (2)-2-1-1-D it <10 min (E)-2-11-D  (1:1)  (2)-2-1-1-D

Rapid isomerization of alkene

Figure 2.8 Isotope labeling of alkene—rapid isomerization of alkene

2.10.1 Isotope labeling of silane

Two independent reactions (Figure 2.9) were carried out to study the KIE of
dehydrogenative silylation of vinylarenes catalyzed by ruthenium alkylidene complex. Reaction
of styrene 2-1-1 and 3-deutero-1,1,1,3,5,5,5-heptamethyltrisiloxane [DSiMe(OTMS),, was
monitored by 'H NMR spectroscopy at time intervals of 6 min by taking aliquots. A parallel
reaction was carried out using 1,1,1,3,5,5,5-heptamethyltrisiloxane [HSiMe(OTMS),]. Aliquots
at 18 min from the independent parallel reactions were diluted with CDCl; at room temperature
and the products were analyzed by '"H NMR spectroscopy. The reaction with DSiMe(OTMS),

produced vinyl silane in 2.7% yield, whereas HSiMe(OTMS), afforded vinyl silane in 8.7%
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yield (18 min). Analysis of the products by 'H NMR spectroscopy established KIE of 3.2 (kuw/kp

=3.2, 1° KIE).

Ru-1 (2.5 mol %)

H [si]
m +  H-SiMe(OSiMes), ~ m
H cod, 65 °C "

2-1-1 18 min 2-3-1

Ru-1 (2.5 mol %)

H [Si]
m +  D-SiMe(OSiMes), - m
H cod, 65 °C H

2-1-1 18 min 2-3-1
ki/kp = 3.2 = 0.1

Figure 2.9 Preliminary mechanistic studies- Isotope labeling of silane

2.10.2 Isotope labeling of alkene

Reaction of styrene 2-1-1-[2,2-H*] and 2,2-dideuterostyrene 2-1-1-[2,2-D,] with silane
[HSiMe(OTMS)2] in presence of Ru-1 and COD (2-6) was monitored by 'H NMR spectroscopy
at time intervals of 5 min (Figure 2.10). The reaction furnished 2-3-1-H in 6.2% yield and f3-
deutero-vinylsilane 2-3-1-D in 4.8% yield. Analysis of the products by 1H NMR spectroscopy
established KIE of 1.3 (kw/kp = 1.3, 2° KIE) suggesting that direct C—H activation/silylation to

afford vinylsilane is unlikely.

HSiMe(OSiMe3),
P - H Ru-1 (2.5 mol %) o Sl o [Si]

cod, 65 °C
2-1-1-[2,2-D,] 2-1-1-[2,2-H,] (11% yield) 2-3-1-D 2.3-1-H

ki/kp = 1.3 + 0.1
Figure 2.10 Preliminary mechanistic studies- Isotope labeling of alkene
Taken together, the observed significant KIE in the parallel isotope experiments

indicates that the Si—H bond cleavage to generate the putative ruthenium silyl complex and HCI,
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is the turnover-limiting step which is consistent with observation of ruthenium alkylidene (e.g.
Ru-1) as the resting state.*'%
2.11  Effect of halides on catalytic activity of ruthenium catalysts (Ru-1)

We further examined the influence of X-type ligands of Ru-1 for dehydrogenative
silylation. As reported in our previous work, dichloride catalyst Ru-1-Cl was superior to Ru-1-
Br and Ru-1-L.'°® The propensity of product selectivity (i.e., 2-2-3 and 2-3-3) paralleled the
kinetic behavior of catalysts, whereby the reaction with Ru-1-Cl was considerably faster and
most favorable to the formation of 2-3-3, whereas Ru-1-Br/Ru-1-I produced more reduction
products. This study suggests that electron-withdrawing and smaller X-type halide ligands in Ru
alkylidene may facilitate rapid Si—H bond activation, as well as conformationally allow facile
B—H elimination leading to 2-3-3, relative to the analogous events with Ru-1-Br/Ru-1-I (Figure

2' 1 1) 71,75,76

Ru-1-X (2.5 mol %)

S [Si] WAL
+ HSIMG(OSIM93)2 +
cod (2 equiv)
(1.1 equiv) THF/hexanes

Me . Me Me
2-1-3 2-2-3 2-3-3
(1 equiv)
PCy3 PCY3 PCy3
‘ Cl ‘ Br ‘ N
Ru=\ Ru=\ Ru=\
c’]  Ph g/|  Ph MR
PCy; PCy; PCys
Ru-1-Cl Ru-1-Br Ru-1-I
yield 77% yield 16% yield 14%
(4:96) (14:86) (14:86)
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Figure 2.11 Effect of X-type Halide Ligands

2.12  Possible mechanism for dehydrogenative silylation of alkenes

The catalytic mechanisms of these processes involving catalysts such as Ru-1 and Ru-7
have not been yet fully elucidated. Based upon discoveries from our current studies, coupled
with  previous studies regarding Ru alkylidene-catalyzed intramolecular alkene
hydrosilylation,'®® we propose mechanisms for the Ru alkylidene-catalyzed hydrosilylation and
dehydrogenative silylation of alkenes (Figure 2.12). First, dehydrogenative silylation begins with
the Si—H activation by the catalyst after dissociation of phosphine ligand to afford putative Ru—Si
complex 2-7-3 (via 2-7-1)'"* and HCI. The resulting sub-stoichiometric amount of HCI can
further react with silane to give Si—Cl and H,. Due to this side reaction the dehydrogenative
silylation requires a slight excess of silane (1.1 equiv). A similar type of a bond exchange
reaction has been seen in Noyori’s asymmetric hydrogenation, where early activation of H,, by
Ru(I)Cly, provided Ru(II)HCI and HCL'" Alkene coordination and olefin migratory insertion
then give rise to 2-7-5 via 2-7-4. When catalyst contains phosphine/dichloride ligands (e.g., Ru-
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1) 2-7-6, produced by coordination of ROMP-active cycloalkane COD (2-6) to ruthenium metal.
This intermediate (2-7-6) could be responsible for the product selectivity by by facilitating the C-
C single bond rotation (2-7-7).  Subsequent f-hydride elimination will produce the
thermodynamic product (E)-vinylsilane 2-3 and Ru-H (2-7-8). The catalytically responsible Ru—
Si (2-7-3) is regenerated by a sequence of olefin migratory insertion of cod into ruthenium
hydride (to 2-7-9), and reaction with silane by releasing cyclooctene (observed in 'H NMR

spectroscopy and GC-MS spectrometry.

PCy3 L

| c | .cl - ,
JRi= L, JRu= [Si—H Ho —B1—H _ [sii—ci + H,
Ph Ph
2-7-2
PCys 2-7-1
Ru-1
WAV, 1
|\\C| R/\
isij—H Ru=\ 1
| Pn
||_ [SI] ||_ N
cl R
2-7-3 >
Ru= Ru=
_/ ~Ph / u_\Ph
2.7.9 S| 2-7-4
dehydrogenative
silylation
L L
e S | .c
s Ph
H | R——H
278 T - 2-3 [Si]
H—H 2-7-5
T =
cl —
Ru=— O
R—<H Ph 2-6
\__ —
[SI\_/~\=
H 2-7-6

2-7-7

Figure 2.12 Proposed mechanism of dehydrogenative silylation of vinylarenes catalyzed by Ru-1
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2.13 Possible mechanism for hydrosilylation of alkenes

L) [Si]-H = @
- O WA _( s T
G)o—Nfog = . "Rul 0 9 _Ompy”
OH oH | NS
[Si] Ar ipr/o
2-8-1
(L = NHC; A = adamantyl) Ru-7
H,p [Si]-H
L)
ol
o N
| [sil Ar _
R X [Si] [Si]-H
2-1 2-8-2

RS
2-2

L
WA iylati Ou, ] oA
. hydrosilylation ( ‘Ru'

o., |
'Ru
gg /| \I cycle 0 \
\” [Si] Ar R Si] Ar
2-8-3 2-8-4

\/

Figure 2.13 Proposed mechanism of hydrosilylation of vinylarenes catalyzed by Ru-7

Hydrosilylation catalyst Ru-7, which includes NHC, nitrate, and adamantyl ligands,
activates the Si—H bond to furnish the putative Ru silyl complex 2-8-1. The resulting mono-
bound nitrate can quickly react with additional silane to afford bis-silyl Ru complex 2-8-2. As
shown in Table 2.7, the hydrosilylation necessitates use of slightly more silane (1.25 equiv, cf.
1.1 equiv for dehydrogenative silylation). Side-bound olefin in 2-8-3 then undergoes olefin

migratory insertion to provide 2-8-4. Finally, reaction of 2-8-4 with silane releases alkylsilanes
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2-2 and produce the active silyl complex 2-8-2. We observed that this hydrosilylation is nearly
four-times slower compared to dehydrogenative silylation (z;, = 30 min for dehydrogenative
silylation of 2-1-4 and #;» = 120 min for hydrosilylation of 2-1-4), presumably resulting from
added steric hindrance with the Ru complex. Moreover, we conjecture that bulky 2,6-
diisopropyl groups in NHC ligand and other moieties in the metal-ligand sphere such as
adamantyl and silylated nitrate ligands likely impede the propensity of f-hydride elimination (cf.
2-7-7 to 2-7-8 and 2-3) by restricted conformational change for requisite syn-elimination within
2-7-7. A structurally similar catalyst Ru-8 holding the smaller mesityl group in NHC reduces

product selectivity, shown in Table 2.1, entry 8.

2.14  Effect of proton scavenger on dehydrogenative and hydrosilylation of alkenes

In order to better understand potential impact of liberated HCI or the putative protonated
nitrate moiety within Ru complex (e.g., 2-8-1), we carried out the dehydrogenative silylation and
hydrosilylation of 2-1-2 doped with 2,6-di-tert-butyl-4-methylpyridine (DTBMP) (1 equiv). In
fact, the reaction rates were basically identical to those without DTBMP. These results indicate
that the dissociated HCI and the protonated nitrate moiety were consumed by the rapid reactions
with silane to release Si—Cl and H, or O,NOSi and H; under the reaction conditions, thereby

such strong acids did not affect the overall reaction efficiency.
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N . Ru-1 (2.5 mol %) [Si] X _-[Si]
+ HSiMe(OTMS), +
t-Bu cod, DTBMP t-Bu t-Bu

2.1-2 THF/Hexane 2-2-2 2-3-2
65 °C

100
“ & &
70

60 -—‘

ig _ﬂ 9 No Base A Base
30
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0 ? . : : : :

10 20 25
reaction time](?l)

NMR yield of 2a (%)

Figure 2.14 Effect of a proton scavenger on dehydrogenative alkene-silane coupling

N . Ru-7 (5.0 mol %) [Si] X - [Si]
+ HSiMe(OTMS), +
t-Bu DTBMP t-Bu t-Bu

2-1-2 THF/Hexane 2-2-2 2-3-2
85°C

80
70

60 ‘
A

> &

50

‘
40 A

20 9 No Base A Base

10
OA T T T T T T

0 5 10 15 20 25 30
reaction time (h)

NMR yield of 2a (%)

Figure 2.15 Effect of a proton scavenger on hydrogenative alkene-silane coupling
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2.15 Summary of Chapter 2

In summary, we have developed selective dehydrogenative silylation and hydrosilylation
of a virtually equimolar ratio of alkenes and alkoxysilanes exploiting ruthenium alkylidene
catalysts to access vinylsilanes and alkylsilanes. Notably, variation of catalyst structure,
specifically both L- and X-type ligands at ruthenium, greatly altered reaction pathways to
dehydrogenative silylation and hydrosilylation. The readily accessible catalysts, with a newly
discovered cis,cis-1,5-cyclooctadiene hydrogen acceptor for the dehydrogenative silylation,
exhibited relatively broad functional group tolerance and high regio- and stereoselectivity.
Although a variety of non-metathetical synthetic applications of Grubbs-type ruthenium
alkylidenes are known, including silylation reactions, a mechanistic understanding of non-
metathetical catalytic function of such catalysts is still limited. Our preliminary studies on
dehydrogenative silylation exhibited that the turnover-determining step is the Si—H cleavage by
Ru alkylidene. The origin of such ligand-controlled selectivity regarding dehydrogenative
silylation and hydrosilylation as well as their detailed mechanism are currently under

investigation.
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Appendix A: List of Abbreviations
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d: chemical shift (ppm)

pL: microliter

Ac: acetate

Ad: adamantyl

Ar: aryl group or substituent, general
Bn: benzyl

Bu: butyl

Bu: tert-butyl

C: Celsius

calcd: calculated

cat.: catalyst, catalytic amount

COD: 1,5-cyclooctadiene

cf: compare

Cy: cyclohexyl

DCM: dichloromethane

Eq.: equation

equiv.: equivalent

Et: ethyl

g: gram

GCMS: gas chromatography mass spectrometry
h: hours

HRMS: high resolution mass spectrometry

Hz: hertz
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IR: infrared spectroscopy

J: coupling constant, NMR spectroscopy
M: metal, general

M: molar

[M+]: molecular ion

Me: methyl

min.: minutes

mg: milligram

MHz: megahertz

mL: milliliter

mmol: millimole

MW: molecular weight

n/a: not applicable

nfom (non-first-order multiplet)
NHC: N-heterocyclic carbene ligand

NMR: nuclear magnetic resonance spectroscopy
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Appendix B: Experimental Procedures
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General Experimental

Reactions requiring anhydrous conditions were performed under an atmosphere of nitrogen
or argon in a VAC glovebox or using standard Schlenk techniques with flame or oven dried
glassware. Anhydrous tetrahydrofuran (THF) and diethyl ether (Et,0) were distilled from
sodium and benzophenone. Triethylamine and pyridine were distilled from KOH. DMF and
DMSO were stored over 4A molecular sieves. All other solvents and reagents from the
commercial sources were used as received. 'H, H, and “C NMR spectra were recorded on
JEOL Eclipse Plus 500 (500 MHz) and JEOL ECX 300 (300 MHz) spectrometers. 'H NMR
chemical shifts are referenced to chloroform (7.26 ppm), THF-dg (1.72 ppm), and benzene-d,
(7.16 ppm). *H NMR chemical shifts are referenced to chloroform (7.26 ppm) and benzene (7.16
ppm). “C NMR chemical shifts are referenced to “CDCI; (77.23 ppm). The following
abbreviations are used to describe multiplets: s (singlet), d (doublet), t (triplet), q (quartet), pent
(pentet), m (multiplet), nfom (non-first-order multiplet), and br (broad). The following format
was used to report peaks: chemical shift in ppm [multiplicity, coupling constant(s) in Hz,
integral, and assignment]. 'H NMR assignments are indicated by structure environment, e.g.,
CH_H,. Coupling constant analysis was guided by method described elsewhere.'”* '"H NMR and
C NMR were processed with iNMR software program. Infrared (IR) spectra were recorded on
a Bruker Alpha-P FT-IR spectrometer using neat (for liquid compound) or a thin film from a
concentrated DCM solution. Absorptions are reported in cm™. Only the most intense and/or
diagnostic peaks are reported. MPLC refers to medium pressure liquid chromatography (25-200
psi) using hand-packed columns of Silasorb silica gel (20-45 um, spherical, 70 A pore size), a
Waters HPLC pump, and a Waters R401 differential refractive index detector. High-resolution

mass spectra (HRMS) were recorded in electrospray ionization time-of-flight (ESI-TOF) mode
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using a Shimadzu LC/MS IT-TOF. Samples were introduced as solutions in mixed solution of
methanol and methylene chloride (DCM). GC/MS data were recorded on a Varian 450-
GC/Varian 240-MS System. The methods used are noted parenthetically: 5025015 refers to 2
min @ 50 °C — 20 °C/min — 3 min @ 250 °C (a 50 °C initial temperature that was held for 2
minutes followed by a 20 °C/min ramp to a final temperature of 250 °C that was held for 3
minutes for a total run time of 15 minutes). 5029017 refers to: 2 min @ 50 °C — 20 °C/min — 3
min @ 290 °C. 5029019 refers to: 2 min @ 50 °C — 20 °C/min — 5 min @ 290 °C. 5032021
refers to: 2 min @ 50 °C — 20 °C/min — 5 min @ 320 °C. Analytical TLC experiments were
performed on EMD Merck F254 plate, 250 um thickness. Detection was performed by UV light

or potassium phosphomolybdic acid, permanganate, p-anisaldehyde staining.
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General Experimental Procedure: Chapter 1

General Procedure for Preparation of Alkenol by organometallic addition reactions'”>""®:

0 THF OH
M Z — >
+ BrM N
Me™ "Me ? 0°Ctort, 1h S
1-6 1-7

To a solution of allylmagnesium chloride in anhydrous THF (15.3 mL, 2 M, 30.6 mmol,
1.50 equiv) at 0 °C was slowly added acetone (1.50 mL, 1.18 g, 20.4 mmol, 1 equiv). After 15
min at 0 °C, the reaction mixture was stirred for 1 h at rt. The reaction mixture was then poured
into a saturated aqueous NH4Cl solution (20 mL) and extracted with diethyl ether (300 mL). The
combined organic extracts were washed with a saturated aqueous NaHCOj solution (25 mL),
dried over MgSO4, filtered, and concentrated under reduced pressure. Distillation under reduced

pressure (10—15 bar, bp 50 °C) gave the product (1.1 g, 54%) as colorless oil.

0 THF OH
MeO +  MeMgBr >
0°Ctort, 1h
1-8 1-9

To a solution of methylmagnesiumbromide in anhydrous THF (100 mL, 0.3 M, 75 mmol,
2.50 equiv) at 0 °C was slowly added methyl methacrylate (3.0 g, 30 mmol, 1 equiv). After 15
min at 0 °C, the reaction mixture was stirred for 4 h at rt. The reaction mixture was then poured
into a saturated aqueous NH4Cl solution (20 mL) and extracted with ethyl acetate (300 mL). The
combined organic extracts were washed with a saturated aqueous NaHCOj solution (25 mL),
dried over MgSOQy, filtered, and concentrated under reduced pressure. Distillation under reduced

pressure gave the product (1.9 g, 63%) as colorless oil.
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General Procedure for Preparation of Alkenols by Claisen Rearrangement:

OH OH
1. K,CO3, ACN, reflux, o/night =
+ Cl/\/ >
2. Neat, 200 °C, 4 h
R R
R =H, Me, OMe,ClI, Br
1-10 1-11

To a mixture of phenol (0.4 g, 2.3 mmol) and K,CO; (0.62g, 4.6 mmol) in acetonitrile
(9.2 mL, 0.25 M) was added allyl chloride (0.352 g. 4.6 mmol). The reaction mixture was heated
to reflux for 6-8 h. Reaction progress was monitored by GC-MS. Upon completion of the
reaction pour the reaction mixture into water and extract the product into ethyl acetate (3*30
mL). Combined organics were washed with brine solution and dried over Na,SO, and evaporated
to get the crude product. The crude product (>90% pure by GC-MS) from this stage is used as
starting material for the next stage. The crude allyl ether was charged in a 4 mL glass vail with a
screw cap u/nitrogen atmosphere. The reaction was heated to 200 °C for 4-6 h. Reaction progress
was monitored by GS-MS. Crude product 1-11was purified by column chromatography using

10% ethyl acetate in hexane as the eluent.

General Procedure for Preparation of Alkenylsilyl Ethers (1-1):

1. PhySiH,, NBS, DCM - Si.

0°Ctort, 1h
M M

2.Py,0°Ctort, 1h

Y

Diphenylsilane (2.07 mL, 11.2 mmol) was dissolved in DCM (30 mL, 0.33 M), and the
reaction mixture was cooled to O °C with an ice bath and stirred at 0 °C for 5 min. NBS (1.95 g,
11.0 mmol) was added to the mixture in three portions (caution: exothermic), and the reaction

mixture was warmed to rt and stirred for 1 h. During this process, the reaction mixture turned
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colorless from orange. The reaction mixture was again cooled to 0 °C with an ice bath, and
stirred at 0 °C for 5 min. Pyridine (0.96 mL, 12.0 mmol) and alkenols (10.0 mmol, non-
commercial substrates were synthesized through either vinylic or allylic organometallic addition
reactions for la-1i, 1j-1k or Claisen rearrangement for 11-1p*) were added to the reaction
mixture dropwise, which was warmed to rt and stirred for 1 h. The volatiles were removed in
vacuo. Pentane was added to the resulting mixture, which was filtered through a pad of Celite®
and concentrated in vacuo to afford the alkenylsilyl ethers 1. The resulting crude material was
purifed by MPLC (hexanes/EtOAc = 80:1, 8 mL/min, retention time 5-10 min), unless otherwise
notices — partial decomposition of some alkenylsilyl ethers was observed during the MPLC

separation.

General Procedure for Ru-Catalyzed Hydrosilylation of Alkenylsilyl Ethers:

_SiPh,H

Ru-2 .
o O—siPh
1 (0.5 mol %) 1 ol
RN - R
R THF R
1-1 1-2
(n=0to0?2) 80°C R3 = H or Me

Ruthenium catalyst, Ru-2 (0.9 mg, 0.5 mol %) was dissolved in degassed THF (1.5 mL,
0.2 M). Alkenylsilyl ether (0.3 mmol) was added to the reaction mixture, and the septum on the
vial was replaced by a screw cap with a Teflon liner. The mixture was warmed to 80 °C and
stirred for 8 to 18 h. Volatiles were removed in vacuo. Hexanes was added to the resulting
mixture and stirred for 10 min, which was filtered through a pad of Celite® and concentrated in
vacuo. The yield of the reaction was determined by 'H NMR spectroscopy by an addition of
CH;Br; (21 uL, 0.3 mmol) as an internal standard. The resulting crude mixture was purified by
MPLC, unless otherwise notices a partial decomposition of some oxasilacycles was observed

during the MPLC separation.
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General Procedure for Oxidation and Acetylation or Benzylation of Oxasilacycles:

. 1. HoO,, TBAF
O—SiPh 2

1 $iPha CsOH, DMF, rt 1 0
R R

R2 n R3 r2 U R3

2. Ac,0 (or BzCl)
1-2 Et;N, DMAP 1-6
R3=H or Me le| él o X =HorAcorBz
2> Y =Ac or Bz

KHCOs3 (1.0 mmol), hydrogen peroxide (30% in H,O, 3.0 mmol), and a 1:1 mixture of
DMF (1.0 mL, 0.5 M) and THF (1 mL, 0.5 M) were added to a vial. Tetrabutylammonium
fluoride (TBAF, 1.0 M in THF solution, 1.0 mmol) and oxasilacycles (0.20 mmol) were added to
the mixture at rt, which was stirred for 2-12 h. The reaction mixture was carefully quenched
with saturated aqueous sodium thiosulfate and stirred for 10 min. The mixture was extracted
with EtOAc (20 mLx3), and the combined organic extract was washed with aqueous HCI (1.0
M, 20 mL), saturated aqueous sodium bicarbonate (20 mL), brine (20 mL), and dried over
anhydrous sodium sulfate. The volatiles were removed under reduced pressure to afford the

crude diol, which was directly used for a subsequent reaction without further purification.

Diol (0.2 mmol), DMAP (0.04 mmol), and Et;N (1.2 mmol) were dissolved in DCM (0.15 M).
acetic anhydride (1.2 mmol) or benzoyl chloride (1.2 mmol) was added to the reaction mixture,
which was stirred for 4 to 8 hr at rt. The reaction mixture was quenched with water and
extracted with EtOAc (3x20 mL), and the combined organic layer was washed with brine

solution, and dried over Na,SO4. The volatiles were removed in vacuo. The resulting crude

mixture was purified by MPLC (hexanes/EtOAc = 3.5:1 to 10:1, 8 mL/min).
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Formation of vinylsilane 1-12 and chlorosilane 1-13 from alkenylsilyl ether 1-1-1:

.Si. ) ) .
o7'H Ru-2 (2 mol %) O—SiPh, O—SiPh, -Si.

M %\)\M + M + #\/\
THF, 80 °C © X

1-1-1 1-2-1 1-12-1 1-13-1
(ca. 0.5%) (ca. 1%)

i | -5
| 05] | .
P N ‘ - . ]
L omd — N NS _
| ‘ - ‘ - — 0— SiPh,
: 1150 1.75 1200 1225 1250
minutes
[ Seq 2, Customer std, Time: 5.00-17.00
! Scans 143 145 158 1558 [ 1641

i | LT L] oF (R[] tons] § 1-12-1
o o] & B[ Eo = B [E 0

Spectrum 1A EE 1 M*: 280
i |BP.2002 (585=100%), 000 bart083 hat thf 24h 532013 20633 pm 1.ms 11,988 min, Scan: 1521, 50:550, lon: 3834 us, RIC: 95509, BC
kCuunlg W2 2765r
: 1812 '
e 510
105.1 1442
i 4 70 U8 7 03
i 9 } 218
by L s
T VAR “ s il
x , - .
100 Fi) W i) m

075

Ph,

: _Si
053 3 o >cl

025 _ \ M

000] SN : — /NN — ~ 3
1150 175 1200 12 12’50 s 1-13-1
minutes
[ 5eq 2, Customer std, T 1 ]
Scans ' 1443 1485 1528 1604 1641

S ——— MIIT I o TGIEs) ] X .
Ak 1 = o W e
S——— — | (M-allyl): 275.2
9=100%). }i1000 bar1063_hg1_thf 24h 5-3-2013 2-06-33 pm 1.sms 12.304 min, Scan: 1576, 50:550, lon: 2655 us, RIC: 110822, BC
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'"H NMR spectrum for 1-2-12 and 1-12-12:

Ph, Ph,
0SiPh,H O,Si O,Si
P Ru-2 (2 mol %) +
THF, 80 °C
1-1-12 1-2-12 1-12-12
(65%) (20%)
'"H NMR (CDCl,, 500 MHz):
Ph, ¢
O,Sl ,::;;;k.
[ ]
[ J
o v
v
- ¢ *
|| | h IULL
Y v o
0.195 1.1 1
¥ Y Y
0.18%9 0.403 1.02 3.06
opm 8 7 6 : 4 3 2 i 0

75



GC/MS for 1-13-t-Bu:

t-Bu_  t-Bu

s Ru-2 tBu_ ,tBu LB, By
O H (100 mol %) 0—Si o~ el
D AN
THF, 80 °C
1-1-t-Bu 1-2-t-Bu 1-13-t-Bu
I\ P
‘J
‘ _ t-Bu_ ,t-Bu
, \ i .Si
250+ ‘ — O \CI
‘ \ 1
) ) ‘ ] M
— ‘ 7 T T == | 1-13-t-Bu
Scans 1001 1085 1163 1253 133%
J [ S 0 ton: -
1ol & MW: 276.92
: (M=CI)*: 241
(M-allyl)*: 235
70 o : \'ul 20 To 20 X I i g 2% m‘.ﬁ?%l,...ﬂ i [(M+2)—aﬂ}’l]+

237
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Figure 1.24: '"H NMR Spectrum (CDCl,, 500 MHz):

Ph, Ru2 Ph,
Si u- O—Si D(22%)

oD - M D (78%)

M THF, 80 °C

1-1-1D 1-2-1D
0.782
b ;22
oom 8 7 . : : : { 2
H NMR Spectrum (CHCI,, 300 MHz):

T
ppm 8 7 6 5 4 3
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Figure 1.25: '"H NMR (CDCl;, 500 MHz):

Ph, Phy Ph Ph
_Si .Si. w2 _ ol
o>'p O Ru-2 O—3i H/D 77 H/D
M + O\/\ %\/L/\ + O\/L/\
THF, 80 °C
1-1-1D 1-1-3 1-2-1H/D 1-2-3H/D
48% 52%
Ph,
O—Si
H/D
1-2-2-H/D
AL

ppm 8 7 6 5 - 3 2 1 0
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O—Si
H/D
A
1-2-3-H/D
V. A
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Catalytic activities varying halides on Ru-2

Ph, Ru-2-X
o S H (0.5 mol %) 0—SiPh,
7N THF, 80 °C 7w
1-1-1 1-2-1
PCy3 PCy3 PCy3
| cl | Br |
/Rh_ /Rh_ /Rh_
cit Br’ } 11
\<O \<O \<O
Ru-2-Cl Ru-2-Br Ru-2-1
reaction time - 6 h reaction time - 24 h reaction time - 24 h
yield - 85% yield - 70% yield - 67%

For synthesis of Ru-2-Br and Ru-2-1, see the following reference.
M. S. Sanford, J. A. Love, R. H. Grubbs, J. Am. Chem. Soc. 2001, 123, 6543-6554.

Ruthenium catalyst (0.3 mg, 0.5 mol%) was placed in an oven-dried J-Young tube and
dg-THF (0.5 mL, 0.2 M) was added. Alkenylsilyl ether (28 mg, 0.1 mmol) and CH,Br, (0.1
mmol) as an internal standard were added to the reaction mixture. The septum on the NMR tube
was replaced by a TFE plug with a Viton O-ring seal. The mixture was warmed to 80 °C and the
reaction progress was monitored and the yield of the reaction was determined by 'H NMR

spectroscopy.
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General Experimental Procedure: Chapter 2

General Procedure for Ruthenium Alkylidene-Catalyzed Dehydrogenative Alkene-Silane

Coupling:
PCy3
Cl HSiMe(OTMS [Si] s [Si]
|Ar\ ~ IL[] s ( " - * IAr\
70 | . "
Z al| A THF/hexanes (2:1)
- PCys 65 °C . :
2-1 (2.5 mol%) 2-6 2-2 2-3

Ru-1 (4.1 mg, 2.5 mol %) and degassed THF/hexanes (0.7 mL/0.35 mL, 0.2 M) were
added to a flame-dried, nitrogen-purged septum-capped vial. 1,1,1,3,5,5,5-
Heptamethyltrisiloxane [HSiMe(OTMS),, 56 uL, 0.22 mmol], alkene 1 (0.2 mmol), and
cyclooctadiene (49 uL, 0.4 mmol) were added to the mixture. The septum on the vial was
replaced by a screw cap with a Teflon liner under a N, atmosphere. The reaction mixture was
stirred for 8-18 h at 65 °C. Volatiles were removed in vacuo, and hexanes was added to the
resulting mixture, which was stirred for 10 min, filtered through a pad of Celite®, and

concentrated in vacuo. The crude product was purified by MPLC to afford vinyl silanes 2-3.
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General Procedure for Ruthenium Alkylidene-Catalyzed hydrogenative Alkene-Silane

Coupling:
|Pr/_\
X @:’rT @ HSiMe(OTMS), [Si]+ x5l
* O5NeCRY @ @
07 | THF/hexanes (2:1)
o) 85 °C
2-1 i-Pr \Ej 2-2 2-3
(5.0 mol%)

Ru-7 (6.8 mg, 5.0 mol %) and degassed THF/hexanes (0.13 mL/0.065 mL, 2 M) were
added to a flame-dried, nitrogen-purged septum-capped vial. 1,1,1,3,5,5,5-
Heptamethyltrisiloxane [HSiMe(OTMS),, 63 pL, 0.25 mmol] and alkenes 1 (0.2 mmol), were
added to the mixture. The septum on the vial was replaced by a screw cap with a Teflon liner
under a N, atmosphere. The reaction mixture was stirred for 18-30 h at 85 °C. Volatiles were
removed in vacuo, and hexanes was added to the resulting mixture, which was stirred for 10 min,
filtered through a pad of Celite®, and concentrated in vacuo. The crude product was purified by

MPLC to afford alkyl silanes 2-2.
Addition of a Proton Scavenger for Dehydrogenative Silylation

Ru-1 (2.5 mol %)

N [Si] X~ [S]
/@/\ + HSIMe(OTMS), _ /@/\/ . ©/\/
t-Bu cod, DTBMP +-Bu t-BU

2-1-2 THF/Hexane 2-2-2 2-3-2
65 °C

Ru-1 (4.1 mg, 2.5 mol %) and degassed THF/hexanes (0.7 mL/0.35 mL, 0.2 M) were
added to a flame-dried, nitrogen-purged septum-capped vial. 1,1,1,3,5,5,5-
Heptamethyltrisiloxane [HSiMe(OTMS),, 56 L, 0.22 mmol], alkene 2-1 (32 mg, 0.2 mmol),
cyclooctadiene (49 L, 0.4 mmol), and DTBMP (2,6-di-tert-buthyl-4-methylpyridine, 41.1 mg,

0.2 mmol) were added to the mixture. The septum on the vial was replaced by a screw cap with
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a Teflon liner under a N, atmosphere. The mixture was warmed to 65 °C and stirred for 24 hr.
Reaction progress was monitored by '"H NMR using EtOAc (20 uL, 0.2 mmol) as an internal

standard.

Isotope Labeling of Silane-Independent Parallel Experiments:

Ru-1 (2.5 mol %)

] [Si]
©A\( +  H-SiMe(OSiMe3), ~ m
L cod, 65 °C "

2-1-1 18 min 2-3-1

Ru-1 (2.5 mol %)

H [Si]
m +  D-SiMe(OSiMes), - m
H cod, 65 °C H

2-1-1 18 min 2-3-1
ku/kp = 3.2 = 0.1

Ru-1 (4.1 mg, 2.5 mol %) and degassed THF/hexanes (0.7 mL/0.35 mL, 0.2 M) were
added to a flame-dried, nitrogen-purged septum-capped vial. 3-Deutero-1,1,1,3,5,5,5-
heptamethyltrisiloxane [DSiMe(OTMS),, 56 ulL, 0.22 mmol], styrene (23 ulL, 0.2 mmol),

cyclooctadiene (49 uL, 0.4 mmol), and ethyl acetate (internal standard, 20 uL, 0.2 mmol) were
added to the mixture. The septum on the vial was replaced by a screw cap with a teflon liner
under a N, atmosphere. The reaction mixture was heated to 65 °C and the reaction progress was
monitored by 'H NMR spectroscopy at time intervals of 6 min by taking aliquots. A parallel
reaction was carried out using 1,1,1,3,5,5,5-heptamethyltrisiloxane [HSiMe(OTMS),]. Aliquots
at 18 min from the independent parallel reactions were diluted with CDCl; at room temperature
and the products were analyzed by '"H NMR spectroscopy. The reaction with DSiMe(OTMS),
produced vinyl silane in 2.7% yield, whereas HSiMe(OTMS), afforded vinyl silane in 8.7%

yield. Analysis of the products by 'H NMR spectroscopy established KIE of 3.2 (1° KIE).
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Isotope Labeling of Alkene—Competition Experiment

HSiMe(OSiMe3),

o P L Ru-1 (2.5 mol %) N [Si]+ IS

cod, 65 °C
2-1-1-[2,2-D,] 2-1-1-[2,2-H,] (11% yield) 2-3-1-D 2.3-1-H

ki/kp = 1.3 + 0.1

Ru-1 (4.1 mg, 2.5 mol %) and degassed THF/hexanes (0.7 mL/0.35 mL, 0.2 M) were
added to a flame-dried, nitrogen-purged septum-capped vial. 1,1,1,3,5,5,5-
Heptamethyltrisiloxane [HSiMe(OTMS),, 50 uL, 0.2 mmol], styrene 1a-[2,2-H,] (23 uL, 0.2
mmol), 2,2-dideuterostyrene 1a-[2,2-D,] (23 uL, 0.2 mmol), cyclooctadiene (49 uL, 0.4 mmol),
and ethyl acetate (internal standard, 20 uL., 0.2 mmol) were added to the mixture. The septum on
the vial was replaced by a screw cap with a Teflon liner under a N, atmosphere. The reaction
mixture was heated to 65 °C and the reaction progress were monitored by '"H NMR spectroscopy
at time intervals of 5 min by taking aliquots. An aliquot at 25 min from the competition reaction
was diluted with CDCI, at room temperature and the products were analyzed by 'H NMR
spectroscopy. The reaction furnished 3a-H in 6.2% yield and deutero-vinylsilane 3a-D in 4.8%

yield. Analysis of the products by 'H NMR spectroscopy established KIE of 1.3 (2° KIE).
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Isotope Labeling of Alkene—Rapid Isomerization of Alkene

HSiMe(OSiMe3),

XD N Ru-1 (2.5 mol %) x-P A
| (or) > +
~ D D

cod, 65 °C
(E)-2-1-1-D (2)-2-1-1-D it <10 min (E)-2-11-D  (1:1)  (2)-2-1-1-D

Rapid isomerization of alkene

Two separate reactions were set up in the above mentioned procedure with cis-styrene-
(B)-d (23 uL, 0.2 mmol) and trans-styrene-()-d (23 uL, 0.2 mmol). Rapid isomerization to
furnish a nearly 1:1 mixture of (Z)-la and (E)-la were observed in both the cases, which

unfortunately hindered studies for stereoselectivity of the dehydrogenative silylation.

Addition of a Proton Scavenger for Dehydrogenative Silylation

Ru-1 (2.5 mol %)

A [Si] - [Si]
| + HSiMe(OTMS), /@/\/ + J@/\/
=

2-1-2 THF/Hexane 2-2-2 2-3-2
65 °C

Ru-1 (4.1 mg, 2.5 mol %) and degassed THF/hexanes (0.7 mL/0.35 mL, 0.2 M) were
added to a flame-dried, nitrogen-purged septum-capped vial. 1,1,1,3,5,5,5-
Heptamethyltrisiloxane [HSiMe(OTMS),, 56 uL, 0.22 mmol], alkene 1b (32 mg, 0.2 mmol),
cyclooctadiene (49 uL, 0.4 mmol), and DTBMP (2 ,6-di-tert-buthyl-4-methylpyridine, 41.1 mg,
0.2 mmol) were added to the mixture. The septum on the vial was replaced by a screw cap with
a Teflon liner under a N, atmosphere. The mixture was warmed to 65 °C and stirred for 24 hr.
Reaction progress was monitored by 'H NMR using EtOAc (20 uL, 0.2 mmol) as an internal

standard.
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Addition of a Proton Scavenger for Hydrosilylation

Ru-7 (5.0 mol %)

N [Si] - [Si]
| + HSiMe(OTMS), /@A/ + /@N
=

t-Bu DTBMP t-Bu t-Bu

2-1-2 THF/Hexane 2-2-2 2-3-2
85°C

Ru-7 (6.8 mg, 5 mol %) and degassed THF/hexanes (0.13 mL/0.065 mL, 2 M) were
added to a flame-dried, nitrogen-purged septum-capped vial. 1,1,1,3,5,5,5-
Heptamethyltrisiloxane [HSiMe(OTMS),, 63 L., 0.25 mmol], alkene 1b (32 mg, 0.2 mmol), and
DTBMP (2,6-di-tert-buthyl-4-methylpyridine, 41.1 mg, 0.2 mmol) were added to the mixture.
The septum on the vial was replaced by a screw cap with a Teflon liner under a N, atmosphere.
The mixture was warmed to 65 °C and stirred for 24 hr. Reaction progress was monitored by 'H

NMR using EtOAc (20 xL., 0.2 mmol) as an internal standard.
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Appendix C

Spectral data of the compounds
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[(2-Methylpent-4-en-2-yl)oxy]diphenylsilane (1-1-1)

Ph,

Physical Appearance: Colorless clear liquid.

'H NMR (CDCl,, 500 MHz): 8 7.62 [dd, J = 7.9, 1.5 Hz, 4H, Si{Ce(H,1,),H:},1, 7.43-7.35 [m, 6H,
Si{Co(Homno)x(Honera)sHypara}21, 5.91 (dddd, J = 17.5,10.3,7.2,7.2 Hz, 1H, CH,=CH), 5.57 (s, 1H, SiH), 5.07
(dddd,J = 103,24, 12,12 Hz, 1H, CH,,,H,,=CH), 5.05 (dddd, J = 17.5,2.4,12, 1.2 Hz, 1H,
CH,,H.=CH),2.34 (ddd, J=7.2, 12,12 Hz, 2H, CH,CH=CH,), and 1.30 [s, 6H, OC(CH,),].

BC NMR (CDCl,, 125 MHz): § 136.2,135.1,134.7,130.1, 128.1, 117.7,75.4,49.1, and 29 4.
GC-MS (5029017): t, = 11.70 min, m/z 281 [(M=H)*, 100], 241 [(M-allyl)*, 15], and 205 (10).
IR (neat): 2972 (m), 2119 (m), 1428 (m), 1111 (s), 1246 (m), 816 (s), and 695 (s) cm™".
HRMS (ESI/TOF): Calcd for (C,sH,;0Si)" : 283.1513. Found: 383.1521.
4-Hydroxy-4-methylpentan-2-yl benzoate (1-6-1)

OH OBz
Me
1-6-1
Physical Appearance: Colorless clear liquid.
Purified by MPLC (hexanes/EtOAc = 3:1, 8 mL/min).

Physical Appearance: Colorless clear liquid.

'"H NMR (CDCl;, 500 MHz): 6 8.02 [dd, J = 8.3, 1.4 Hz, 2H, PhH,,,, ], 7.54 [tt,J = 7.4,1.4 Hz, 1H,
PhH,,,],7.43 [ddd,/J=8.3,74,14Hz,2H, PhH,,,],542 [dqd,J=838,6.2,3.3 Hz, IH,
CH,CH(OBz)CH;],2.06 [dd, J = 14.9,8.8 Hz, 1H, C(OH)CH H,], 1.76 [dd, J = 14.9,3.3 Hz, 1H,
C(OH)CH,H,],1.39[d,J =6.2 Hz, 3H, CH,CH(OBz)CH;], and 1.27 [s, 3H, CH;CH;C(OH)] and 1.25 [s,

3H, CH;CH;C(OH)].
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BC NMR (CDCl,, 125 MHz): § 166.3,133.1, 130.6, 129.6, 128.5,70.1,69.5,49.2,30.0,29.8, and 21.9.
TLC: R;=0.40 in 3:1 hexanes: EtOAc.

GC-MS (5032021): t = 10.04 min, m/z 222.7 [(M=H)"] and 205 [(M—-OH)", 100]

IR (neat): 3455 (w), 2972 (m), 1712 (s), 1273 (s), 1111 (s), and 709 (s) cm™.

HRMS (ESI/TOF): Calcd for (C3H,005)*: 223.1329. Found: 223.1320
[(1-Allylcyclopentyl)oxy]diphenylsilane (1-1-2)

Ph,
O/SI\ H

d\/\
1-1-2

Physical Appearance: Colorless clear liquid.

'"H NMR (CDCl;, 500 MHz): § 7.65 [dd, J = 7.7, 1.6 Hz, 4H, Si{C«(H,,.,)-H;},], 7.45-7.38 [m, 6H,
Si{Cs(Hortno)2(H era) 2H parat21, 5.95 (dddd, J = 17.2,10.3,7.1,7.1 Hz, 1H, CH,=CH), 5.59 (s, 1H, SiH), 5.07
(dddd,J=10.2,2.2,1.2,1.2 Hz, 1H, CH,,,,H.,=CH), 5.05 (dddd, J=17.2,2.2,1.2,1.2 Hz, 1H,
CH,,H;=CH),2.46 (ddd,J= 7.1,1.2,1.2 Hz,2H, CH,H,CH=CH,), 1.87 (ddd,J=11.6,2.9,2.9 Hz,
2H, cyclopentyl H2 and H5), 1.75 (ddddd, J=11.6,5.9,5.9,3.4,3.4 Hz, 2H, cyclopentyl H3 and H4),
and 1.67-1.57 (m, 4H, cyclopentyl H2, H3, H4, and H5).

13C NMR (CDCl,, 125 MHz): 8 136.1, 135.3, 134.7,130.1, 128.0, 117.5, 86.6, 45.6, 39.1, and 23.7.
GC-MS (5029017): t, = 12.744 min, m/z 307 [(M=H)*, 100], 267 [(M=-allyl)*, 60], and 231 (100).
IR (neat): 2955 (m), 2127 (m), 1738 (w), 1428 (m), 1114 (m), 818 (s), and 695 (s) cm™".

HRMS (ESI/TOF): Calcd for (C,,H,;0Si)*: 309.1669. Found: 309.1676.

1-(1-Acetoxycyclopentyl)propan-2-yl acetate (1-6-2)

OAc OAc

Me
1-6-2
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Physical Appearance: Colorless clear liquid.
Purified by MPLC (hexanes/EtOAc = 5:1, 8 mL/min).

'"H NMR (CDCl;, 500 MHz): § 5.04 [dqd, J = 8.6, 6.3,3.6 Hz, 1H, CH,CH(OAc)CH;], 2.31 [dd, J =
15.1,3.6 Hz, 1H, cyclopentane(OAc)CH H,], 2.21 [d,J =15.0,3.4 Hz, 1H, cyclopentane(OAc)CH,H,],
2.01 [s, 3H, CH(O,CCHj3)], 1.97 [s, 3H, CH(O,CCH3)], 1.72-1.56 (m, 8H, cyclopentyl CH,), and 1.21 [d,
J=6.3Hz,3H, CH,CH(OAc)CH;].

BC NMR (CDCl,, 125 MHz): § 171.0,170.7,91.2,68.5,42.3,38.3,38.1,23.9,23.5,22.5,21.7, and 21 5.
TLC: R;= 0.5 in 5:1 hexanes: EtOAc.

GC-MS (5032021): tg = 8.0 min, m/z 169 [(M-OAc)*, 40], 111(60) and 84(100).

IR (neat): 2875 (s), 1736 (s), 1370 (s), 1240 (s), 1079(s) and 1035 (s) cm™.

HRMS (ESI/TOF): Calcd for (C,,H,,0,)*: 229.1434. Found: 229.1425.
[(1-Allylcyclohexyl)oxy]diphenylsilane (1-1-3)

Ph,
o >H

S
1-1-3

Physical Appearance: Colorless clear liquid.

'H NMR (CDCl,, 500 MHz): 8 7.63 [dd, J = 7.9, 1.5 Hz, 4H, Si{Ce(H,1,),H:},1, 7.42-7.34 [m, 6H,
Si{Co(Homno)ox(Honera) 2H pra}21, 5.86 (dddd, J = 17.2,10.2,7.2,7.2 Hz, 1H, CH,=CH), 5.59 (s, 1H, SiH), 5.02
(dddd,J=102,22,12,1.2 Hz, 1H, CH,,,H,,=CH), 498 (dddd, J = 17.2,2.2,12, 1.2 Hz, 1H,
CH,,.H.=CH),2.32 (ddd,J= 7.2,12,1.2 Hz, 2H, CH,H,CH=CH,), and 1.68-1.25 (m, 10H, cyclohexyl
CH,).

3C NMR (CDCl;, 125 MHz): § 136.4, 134.8, 134.6, 130.1, 128.0, 117.7,76.9, 53.26 (CH,Cl,), 46.3,
37.6,25.8,and 22.6.

GC-MS (5029017): t = 13.23 min, m/z 321 [(M-H)*, 100], 281 [(M-allyl)*, 10] and 245.

IR (neat): 2931 (m), 2119 (m), 1738 (w), 1428 (m), 814 (s), and 695 (s) cm".
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HRMS (ESI/TOF): Calcd for (C,,H,;,0Si)": 323.1826. Found: 323.1814.
1-(1-Hydroxycyclohexyl)propan-2-yl acetate (1-6-3)

OH OAc

Me
1-6-3

Physical Appearance: Colorless clear liquid.
Purified by MPLC (hexanes/EtOAc = 5:1, 8 mL/min).

'H NMR (CDCl,, 500 MHz): 5.09 [dqd, J = 8.6, 6.3, 3.4 Hz, 1H, CH,CH(OAc)CH,],2.26 [dd, J = 153,
8.6 Hz, 1H, CH,H,CH(OACc)], 2.25-2.20 (m, 1H, cyclohexyl CH,H,), 2.17-2.12 (m, 1H, cyclohexyl
CHH,),2.10 [dd, J = 15.3, 3.4 Hz, H, CH,H,CH(OACc)], 2.00 s, 3H, CH(O,CCH,)], 1.57 [ddddd, J =
17.0,8.5,42,12,12 Hz, 1H, CH,H,], 1.52-1.40 (m, 4H, cyclohexyl CH,), 1.37-1.31 (m, 2H, cyclohexyl
CH,), 1.28-1.22 (m, 1H, cyclohexyl CH,H,), and 1.20 [d, J = 6.3 Hz, 3H, CH,CH(OAc)CH;].

BC NMR (CDCl,, 125 MHz): § 170.7,82.8,67.6,42.9,35.1,35.0,25.6,22.6,22.0,21.9, and 21.7.
TLC: R;=0.5in 5:1 hexanes: EtOAc.

GC-MS (5032021): tg = 9.34 min, m/z 183 [(M-OAc)*, 70], 122 (100) and 81 (40).

IR (neat): 2926 (m), 1733 (s), 1368 (m), 1233 (s), 1015 (s), and 699 (w) cm™.

HRMS (ESI/TOF): Calcd for (C5H,;0,)*: 243.1591. Found: 343.1587.
[{1-Allyl-4-phenylcyclohexyl}oxy]diphenylsilane (1-1-4)

Ph,
_Si
0 °""H

Sk
Ph

1-1-4
Physical Appearance: Colorless clear liquid.

'H NMR (CDCl,, 500 MHz): 8 7.70 [dd, J = 7.8, 1.4 Hz, 4H, Si{C¢(H,,,1.).Hs},], 7.46-7.38 [m, 6H,

Si{Co(Homno)x(Honera)sH para}21, 7.25 [dd, J = 7.8, 7.3 Hz, 2H, Ph-H], 7.17 [dd, J = 7.3,7.3 Hz, 1H, Ph-H],

7.08 [d,J = 7.8 Hz, 2H, Ph-H], 5.86 (dddd, J = 17.3,10.2,7.3,7.3 Hz, 1H, CH,=CH), 5.66 (s, 1H, SiH),
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5.05 (dddd, J=10.2,3.0,1.0, 1.0 Hz, 1H, CH,,.H..=CH), 5.01 (dddd, J = 17.3,3.0, 1.0, 1.0 Hz, 1H,
CH,,H.=CH),2.43 (dddd,J=11.9,11.9,3.3,3.3 Hz, |H, PhCH), 2.39 (app d,J = 7.3 Hz, 2H,
CH,H,CH=CH,), 1.94-1.85 (m, 4H, Cy-H), 1.64-1.61 (m, 2H, Cy-H), and 1.55-1.48 (m, 2H, Cy-H).

BC NMR (CDCl;, 125 MHz): § 147.7,136.3,134.8, 134.3,130.2, 128.5,128.1, 127.1, 126.1, 118 2,
76.0,48.5,44.0,37.1, and 29 4.

GC-MS (5032021): t = 16.91 min, m/z 397 [(M-H)*, 20], 357 [(M—allyl)*, 801, 321(30), 279 (20), 199
(90) and 157 (100).

IR (neat): 2931 (w), 2128 (m), 1738 (w), 1428 (m),1112 (m), 1054 (m), 812 (s), 730 (s) and 694 (s) cm™
HRMS (ESI/TOF): Calcd for (C,;H;,0S1)*: 399.2139. Found: 399.2144.
1-(1-Hydroxy-4-phenylcyclohexyl)propan-2-yl acetate (1-6-4)

OH OAc

J@RaC
Ph

1-6-4
Physical Appearance: Colorless clear liquid.
Purified by MPLC (hexanes/EtOAc = 3:1, 8 mL/min).

'H NMR (CDCl,, 500 MHz): 8 7.29 [dd, J = 8.0, 7.2 Hz, 2H, Ph-H,,,], 7.23 [dd, J = 8.0, 1.4 Hz, 2H, Ph-
H,),7.18 [dddd, J=7.2,7.2,14, 1.4 Hz, 1H, Ph-H,,,],5.24 [dqd, J = 8.6,6.3,3.4 Hz, 1H,
CH,CH(OAC)CH,], 2.45 (dddd, J = 12.2,12.2,3.5,3.5 Hz, H, PhCH), 2.06 [s, 3H, CH(OCOCH,)], 2.01
(brs, 1H, CyOH), 191 [dd, J = 15.0, 8.6 Hz, 1H, Cy(OH)CH,H,], 1.90-1.68 (m, 6H, Cy-H), 1.63 [dd, J =
15.0,3.4 Hz, 1H, Cy(OH)CH,H,], 1.47 (dddd, J = 134, 13.4,4.0,2.9 Hz, 2H, H2,, and H6,,), and 1.29 [d,
J = 6.3 Hz, 3H, CH,CH(OACc)CH,].

BC NMR (CDCl;, 125 MHz): § 171.1, 147.3,128.5,127.1,126.2,69.8,68.4,49.8,44.2,38.2,37.5,
29.34,29.28,22.1, and 21.8.

TLC: R;=0.4 in 3:1 hexanes: EtOAc.
GC-MS (5032021): ty = 12.88 min, m/z 259 [(M—OH)*, 100], 198 (10), 156 (10) and 128 (10).

IR (neat): 3481 (b), 2926 (m), 1733 (s), 1371 (m), 1244 (s), 1128 (m), 1034 (m), 757 (m), and 698(s) cm’
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HRMS (ESI/TOF): Calcd for (C,;H,;0)": 277.1798. Found: 277.1791.
[{1-Allyl-4-phenylcyclohexyl}oxy]diphenylsilane (1-1-5)

Ph,
_Si
0" "“H

L}/\
Ph

1-1-5
Physical Appearance: Colorless clear liquid.

'H NMR (CDCl,, 500 MHz): 8 7.66 [dd, J = 7.9, 1.6 Hz, 4H, Si{Ce(H,1,),H:},1, 7.45-7.38 [m, 6H,
Si{Co(Homno)2(Honera) 2Hypara}21, 7.30 [dd, J = 7.8, 7.3 Hz, 2H, Ph-H], 7.22-7.18 [m, 3H, Ph-H], 6.04 (dddd, J
=173,104,7.1,7.1 Hz, 1H, CH,=CH), 5.66 (s, 1H, SiH), 5.13 (dddd, J = 10.2,2.4, 1.2, 1.2 Hz, 1H,
CH,.,.H..=CH), 5.11 (dddd, J = 17.3,2.4,1.2,12 Hz, 1H, CH,,,H,.=CH), 2.54 (app d, J = 7.1 Hz, 2H,
CH,H,CH=CH,), 2.51 (dddd, J = 122, 12.2,3.3,3.3 Hz, 1H, PhCH), 2.02 (dddd, J = 12.9,3.3,3.3,3.3
Hz,2H, H3,, and H5,,), 1.85-1.81 (m, 2H, H2,, and H6,,), 1.76 (ddd, J = 12.9,12.9, 3.3 Hz, 2H, H2,, and
H6,),and 1.57 (dddd, J = 13.4,12.2, 12.2,3.3 Hz, 2H, H3,, and H5,,).

BC NMR (CDCl;, 125 MHz): § 146.6, 136.3, 134.7, 134.5,130.1, 128.6, 128.1, 127.0, 126.3, 117.7,
COSiPh,H (overlap with CDCIl; peaks between 77.4 to 76.9; inferred by 1e/1f/1g), 43.4,41.8,38.5, and
31.3.

GC-MS (5032021): t = 17.97 min, m/z 397 [(M-H)*, 20], 357 [(M—allyl)*, 10], 321(30), 279 (20), 199
(90) and 157 (100).

IR (neat): 2931 (w), 2128 (m), 1738 (w), 1428 (m), 1112 (m), 1054 (m), 812 (s), 730 (s) and 694 (s)

cm™.

HRMS (ESI/TOF): Calcd for (C,;H5,0S1)*: 399.2139. Found: 399.2144.
1-[(1-Hydroxy-4-phenylcyclohexyl]propan-2-yl acetate (1-6-5)
OH OAc
Me
Ph
1-6-5
Physical Appearance: Colorless clear liquid.
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Purified by MPLC (hexanes/EtOAc = 3:1, 8 mL/min).

'H NMR (CDCl,, 500 MHz): § 7.30 [dd, J = 8.0, 7.2 Hz, 2H, Ph-H,,,,], 7.22 [dd, J = 8.0, 1.4 Hz, 2H, Ph-
H,),7.20 [dddd, J =7.2,7.2,14, 1.4 Hz, 1H, Ph-H,,,],5.20 [dqd, J = 8.6,6.3,3.5 Hz, 1H,
CH,CH(OAC)CH,],2.58 (dddd, J = 11.6, 11.6,3.5,3.5 Hz, IH, PhCH), 2.23 (br s, 1H, CyOH), 2.04 [s,
3H, CH(O,CCH,)1,2.03 [dd, J = 15.0, 8.6 Hz, 1H, CH,H,C(OAc)], 1.91-1.80 [m, 5H, Cy-H or
CH,H,C(OAc)], 1.67-1.45 [m, 4H, CyH or CH,H,C(OAc)], and 1.32 [d, J = 6.2 Hz, 3H, CH(OACc)CH].

BC NMR (CDCl;, 125 MHz): § 170.9, 146 .4, 128.6, 127.0,126.4,71.4,68.8,43.5,42.7,39.1,38.9,31.3,
31.2,22.0,and 21.8.

TLC: R;=0.3 in 3:1 hexanes: EtOAc.
GC-MS (5032021): tg = 12.65 min, m/z 259 [M-OH)*, 100],, 198 (10), 156 (10) and 128 (10).
IR (neat): 3453 (b), 2930 (m), 1731 (s), 1493 (m), 1371 (s), 1242 (s) 1024 (m), 756 (m), and 698 (s) cm™.

HRMS (ESI/TOF): Calcd for (C,,H,s0)*: 277.1798. Found: 277.1791.
[{1-Allyl-4-(tert-butyl)cyclohexyl}oxy]diphenylsilane (1-1-6)

Ph,

oS H

Lh
t-Bu

1-1-6
Physical Appearance: Colorless clear liquid.

'H NMR (CDCl,, 500 MHz): 8 7.63 [dd, J = 7.8, 1.5 Hz, 4H, Si{Ce(H,s,),H:},1, 7.42-7.34 [m, 6H,
Si{Co(Homno)x(Honera) 2Hypra}21, 5.79 (dddd, J = 17.1,10.2,7.1, 7.1 Hz, 1H, CH,=CH), 5.60 (s, 1H, SiH), 4.99
(dddd,J =102,22,12,1.2 Hz, 1H, CH,,,H,,=CH), 495 (dddd, J = 17.1,2.2,12, 1.2 Hz, 1H,
CH,,H.=CH),2.32 (dddd, J = 15.9,7.3,12, 1.2 Hz, 1H, CH,H,CH=CH,), 2.28 (dddd, J = 15.9,7.3,
12,12 Hz, 1H, CH,H,CH=CH,), 1.82 (dddd, J = 13.8,3.1,3.1, 3.1 Hz, 2H, H2,, and H6,,), 1.49 (m, 2H,
H3,, and H5,)),142 (ddd,J =13.1, 11.8,3.3 Hz, 2H, H2,, and H6,,),1.32 (dddd,J = 13.1,11.8,11.8,4.3
Hz,2H, H3,, and H5,),0.97 (dddd, J = 11.8,11.8,3.3,3.3 Hz, IH, ‘BuCH), and 0.79 [s, 9H, C(CH.),].

NMR (CDCl;, 125 MHz): § 1364, 134.8, 134.6,130.1,128.0,117.8,76.3,48.5,47.8,37.3,32.6,27.7,22 5.

GC-MS (5029017): ty = 14.8 min, m/z 377 [(M=H)", 100], 337 [(M—-allyl)*, 20] and 301 (20).
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IR (neat): 2940 (s), 2119 (w), 1738 (w), 1428 (m), 1111 (m), 814 (s), and 696 (s) cm™.

HRMS (ESI/TOF): Calcd for (C,sH350S1)*: 379.2452. Found: 379.2445.

1-[4-(tert-Butyl)-1-hydroxycyclohexyl]propan-2-yl acetate (1-6-6)
OH OAc
S
t-Bu
1-6-6
Physical Appearance: Colorless clear liquid.
Purified by MPLC (hexanes/EtOAc = 3.5:1, 8 mL/min).

'H NMR (CDCl,, 500 MHz): § 5.24 [dqd, J = 8.6, 6.1, 3.3 Hz, 1H, CH,CH(OAc)CH,], 2.02 [s, 3H,
CH(O,CCH,)], 1.85 (br s, 1H, CyOH), 1.82 [dd, J = 14.9, 8.6 Hz, 1H, Cy(OH)CH,H,], 1.68 (nfom, 2H,
Cy-H), 1.59-1.53 (m, 2H, Cy-H), 1.55 [dd, J = 14.9, 3.4 Hz, 1H, Cy(OH)CH,H,], 1.37-1.26 (m, 4H, Cy-
H),124[d,J = 6.2 Hz,3H, CH,CH(OAc)CH,], 0.94-0.88 (m, 1H, ‘BuCH), and 0.84 [s, 9H, CyC(CH.)].

BC NMR (CDCl,, 125 MHz): § 170.8,69.9, 68.3,49.6,47.8,38.2,37.8,32.5,27.6,22.4,22.3,21.9 and
21.6.

TLC: R;=0.5in 3.5:1 hexanes: EtOAc.
GC-MS (5032021): tg = 10.51 min, m/z 239 [M-OH)*, 100], 180 (10), 164(5) and 138 (5).
IR (neat): 3482 (b), 2939 (s), 1735 (s), 1367 (s), 1242 (s), 1040 (m), and 950 (w) cm™.

HRMS (ESI/TOF): Calcd for (C,sH,,05)*: 257.2111. Found: 257.2105.
[{1-Allyl-4-(tert-butyl)cyclohexyl}oxy]diphenylsilane (1-1-7)

Ph,
oS H

L
t-Bu

1-1-7

Physical Appearance: Colorless clear liquid.
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'H NMR (CDCl,, 500 MHz): 8 7.61 [dd, J = 7.8, 1.5 Hz, 4H, Si{Ce(H,1,),H},1, 7.42-7.34 [m, 6H,
Si{Co(Homno)x(Honera) sHpara}21, 5.99 (dddd, J = 17.2,10.2,7.1, 7.1 Hz, 1H, CH,=CH), 5.60 (s, 1H, SiH), 5.08
(dddd,J = 103,24, 14,14 Hz, 1H, CH,,,.H,,=CH), 5.05 (dddd, J = 17.0,2.4, 1.4, 1 4 Hz, 1H,
CH,,H.=CH),2.40 (dd, J = 16, 7.1 Hz, 1H, CH,H,CH=CH,), 2.38 (dd, J = 16, 7.1 Hz, 1H,
CH,H,CH=CH,), 192 (dddd, J = 12.2,3.3,3.3,3.3 Hz, 2H, H3,, and H5,,), 1.62 (m, 2H, H2,, and H6,,),
1.55(ddd, J = 12.8, 12.8,3.3 Hz, 2H, H2,, and H6,,), 1.07 (dddd, J = 12.8, 12.8, 12.2,3.3 Hz, 2H, H3,,
and H5,,),0.98 (dddd, J = 12.2, 12.2,3.3,3.3 Hz, 1H, ‘BuCH), and 0.83 [s, 9H, C(CH,),].

BC NMR (CDCl;, 125 MHz): § 136.5,134.8,134.7,130.1, 128.0, 117.4,77.4,47.4,41.5,38.7,32 4,
27.8 and 24.6.

GC-MS (5029017): ty = 14.8 min, m/z 377 [(M=H)"*, 100], 337 [(M-allyl)*, 20]and 301 (20).

IR (neat): 2940 (m), 2122 (m), 1738 (w), 1428 (m), 1352 (w), 1113 (s), 1058 (s), 843 (s), 731 (s) and 696

(s)cm™.
HRMS (ESI/TOF): Calcd for (CysH350Si)": 379.2452. Found: 379.2443.
1-[1-Hydroxy-4-(tert-butyl)cyclohexyl]propan-2-yl acetate (1-6-7)
(:)H QAC
Jij\% Me
t-Bu
1-6-7
Physical Appearance: White fluffy solid.
Purified by MPLC (hexanes/EtOAc = 3:1, 8 mL/min).

'H NMR (CDCl,, 500 MHz): 8 5.24 [dqd, J = 8.6, 6.2, 3.6 Hz, 1H, CH,CH(OAc)CH,], 2.16 (br s, 1H,

CyOH),2.03 [s, 3H, CH(O,CCH,)], 1.88 [dd, J = 15.1, 8.6 Hz, 1H, Cy(OH)CH,H,], 1.79-1.65 [m, 5H,

Cy-H and Cy(OH)CH,H,], 1.37 (dddd, J = 129, 12.9, 12.9,3.7 Hz, 2H, H3,, and H5,), 1.28 [d,J = 6.2
Hz, 3H, CH,CH(OAc)CH,], 1.15-0.94 (m, 3H, Cy-H and ‘BuCH), and 0.84 (s, 9H, CyC(CH),].

BC NMR (CDCl,, 125 MHz): § 170.7,71.6,68.7,47.5,42.1,39.1,39.1,32.3,27.7,24.6,24.4,21.8 and
21.6.

TLC: R;=0.3 in 3:1 hexanes: EtOAc.
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GC-MS (5032021): tg = 10.51 min, m/z 239 [(M—OH)", 100], 180 (10), 164(5) and 138 (5)
IR (neat): 3454 (b), 2939 (s), 1735 (s), 1366 (m), 1243 (m), 1129 (m), and 950 (s) cm™".

HRMS (ESI/TOF): Calcd for (C,sH,,05)": 257.2111. Found: 257.2119.
(But-3-en-1-yloxy)diphenylsilane (1-1-8)
Ph,

O/SI‘H

N

1-1-8

1h was not stable on SiO, column chromatography (flash or MPLC). The crude 1h (ca. 95% 'H NMR
yield) was directly used for the hydrosilylation.

Physical Appearance: Colorless clear liquid.
GC-MS (5029017): tg = 10.97 min, m/z 253 [(M-H)*, 100], 180 (20) and 154 (5).

Butane-1,3-diyl dibenzoate (1-2-8)
OBz OBz

Me
1-2-8

Physical Appearance: Colorless clear liquid.

Purified by MPLC (hexanes/EtOAc = 10:1, 8 mL/min).

'H NMR (CDCl,, 500 MHz): § 8.04 [dd, J = 8.0, 1.4 Hz, 2H, Ph-H,,,,], 8.01 [dd, J = 8.0, 1.4 Hz, 2H, Ph-
H,),7.54 [dddd,J=7.2,7.2,14,14Hz, IH, Ph-H,,,],7.53 [dddd, J =7.2,7.2,14, 1.4 Hz, 1H, Ph-
H,,.],741[dddd,J=80,72,14,14Hz, 2H, Ph-H,,,], 7.40 [dddd, J =8.0,7.2, 1.4, 1.4 Hz, 2H, Ph-
H,.], 540 [dqd, J = 8.0,6.3,4.6 Hz, 1H, CH,CH(OBz)CH,], 4.50 [ddd, J = 11.2,6.1,6.1 Hz, 1H,
(BzO)CH,H,],4.43 [ddd, J = 11.2,7.6,5.7 Hz, 1H, (BzO)CH,H,], 2.23 [dddd, J = 14.2,8.0,6.1,5.7 Hz,
1H, (BzO)CH,CH,CH,], 2.15 [dddd, J = 14.2,7.6,6.1, 4.6 Hz, 1H, (BzO)CH,CH,CH,], and 1.45 [d, J =
6.3 Hz, 3H, CH,CH(OBz)CH,],

BC NMR (CDCl,, 125 MHz): § 166.6, 166.2, 133.1, 133.0, 130.6, 130.2, 129.8, 129.7, 128 4 (2), 68.9,

61.6,35.2 and 20 .4.
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TLC: R;= 0.5 in 10:1 hexanes: EtOAc.
GC-MS (5032021): tg = 14.14 min, m/z 299 [M-H)*, 100], 177 [M-OBz)*, 100], and 105 (5).
IR (neat): 2977 (w), 1711 (s), 1450 (m), 1263 (s), 1095 (s), 1068 (s), 1025 (s), and 705 (s) cm™".

HRMS (ESI/TOF): Calcd for (C,sH,,0,)*: 299.1278. Found: 299.1289.
(2-Methylhex-5-en-3-yloxy)diphenylsilane (1-1-9)

Ph,

o S"H

i-Pr)\/\
1-1-9
Physical Appearance: Colorless clear liquid.

'H NMR (CDCl,, 500 MHz): § 7.67-7.65 [nfom, 4H, Si{C¢(H,,),H.}>], 7.46-7.38 [m, 6H,
SI{CeHy(Hpera)sH para 2], 5.81 (dddd, J = 17.2,10.1,7.1,7.1 Hz, 1H, CH,=CH), 5.49 (s, 1H, SiH), 5.05
(dddd,J=172,22,12,12 Hz, 1H, CH,,, H,=CH), 501 (dddd, J=102,2.2,1.2,1.2 Hz, 1H,
CH,.,.H..=CH), 3.67 (ddd, J = 6.6,5.1,5.1 Hz, |H, SiOCHCH,), 2.32 (ddddd, J = 142,6.6,6.6,12, 12
Hz, 1H, CH,H,CH=CH,), 2.28 (ddddd, J = 14.2,6.8,5.1,1.2, 1.2 Hz, 1H, CH,H,CH=CH,), 1 .80 [qqd, J =
6.8,6.8,5.1 Hz, 1H, SIOCHCH(Me),],0.93 (d, J = 6.8 Hz, 3H, CH,), and 0.91 (d, J = 6.8 Hz, 3H, CH,).

BC NMR (CDCl,, 125 MHz): § 135.7, 135.00, 134.96, 130.4, 128.1, 117.0,79.3,38.7,33.0, 19.1, and
17.5.

GC-MS (5029017): ty = 11.727 min, m/z 295 [(M=H)*, 100], and 219 (40).
IR (neat): 3069 (w), 2125 (m), 1640 (w), 1590 (w), 1467 (m), 812 (s), and 695 (s) cm™.

HRMS (ESI/TOF): Calcd for (C,oH,50Si)™: 297.1669. Found: 297.1660.

Trans-5-Isopropyl-3-methyl-2,2-diphenyl-1,2-oxasilolane (trans-1-2-9)
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O—SiPh,
i-Pr ~Me

trans 1-2-9

Physical Appearance: Colorless clear liquid.

'H NMR (CDCL,, 500 MHz): 8 7.66-7.61 [m, 4H, Si{Ce(H,;,)-H},1, 7.44-7 38 [m, 6H,
SI{CHy(Hnere)sH para ), 3.99 (ddd, J = 7.9,7.3,5.0 Hz, 1H, SiOCH), 2.01 (ddd, J = 13.2,7.9,7.4 Hz, 1H,
CH,H,CHMeSiPh,), 1.78 (ddd, J = 13.2, 5.0, 5.0 Hz, 1H, CH,H,CHMeSiPh,), 1.72 (qqd, J = 7.3, 6.6, 6.6
Hz, 1H, CHMe,), 1.74 (qdd, J = 7.6, 7.4, 5.0 Hz, 1H, SiCHMe), 1.04 [d, J = 6.6 Hz, 3H, (CH,),CH], and
1.01(d,J=7.6 Hz, 3H, SiCHCH,), and 0.91 [d, J = 6.6 Hz, 3H, (CH,),CH].

BC NMR (CDCl;, 125 MHz): § 135.7,135.1, 134.6, 133.7, 130.14, 130.06, 128.1, 127.9,82.9, 38 2,
34.6,19.5,18.7,17.1,and 15.8.

GC-MS (5029017): t, =13.062 min, m/z 253 [(M="Pr)*, 100], 199 (45), and 175 (70).
IR (neat): 3068 (w), 2925 (m), 1453 (m), 1117 (m), 697 (s), and 499 (s) cm™.
HRMS (ESI/TOF): Calcd for (C,sH,,NaOSi)*: 319.1489. Found: 319.1473.
Cis-5-Isopropyl-3-methyl-2 2-diphenyl-1,2-oxasilolane (cis-1-2-9)

O—SiPh;
i-Pr """ Me

cis 1-2-9
Physical Appearance: Colorless clear liquid.
Purified by MPLC (hexanes/EtOAc = 10:1, 8 mL/min).

'H NMR (CDCl,, 500 MHz): 8 7.64 [dd, J= 7.8Hz, 1.4 Hz, 2H, Si{Cy(H,,,,,)-H:}1,  7.57 [dd, J= 7.8Hz,
1.4 Hz, 2H, Si{CHy(H 1) :H pra}21, 7:45-7.36 [m, 6H, Si{C(H,0)H;},1,3.75 (ddd, J = 10.8, 6.8, 3.8 Hz,
1H, SiOCH), 2.22 (ddd, J = 12.7,7.3, 3.8 Hz, 1H, CH,H,CHMeSi), 1 .85 (qqd, J = 6.8, 6.8, 6.8 Hz, 1H,
CHMe,) 1.72 (dqd, J = 12.7,7.3,7.3 Hz, 1H, SiCHMe), 136 (ddd, J = 12.7,12.7, 10.8 Hz, 1H,
CH,H,CHMeSi), 1.08 (d, J = 7.3 Hz, 3H, SiCHCH,), 1.07 [d, J = 6.8 Hz, 3H, (CH,),CH], and 0.96 [d, J =
6.8 Hz, 3H, (CH,),CH].
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BC NMR (CDCl;, 125 MHz): § 135.4,135.2,134.8, 133.7,130.3, 130.07, 128.1, 127.9,83.7,39.2, 35.1,
19.7,19.6,18.5,and 14.8.

GC-MS (5032021): t = 13.270 min, m/z 253 [(M—Pr)*, 100] and 175 (90).
IR (neat): 3068 (w), 2925 (m), 1453 (m), 1117 (m), 697 (s), and 499 (s) cm’".

HRMS (ESI/TOF): Calcd for (C,,H,,NaOSi)*": 319.1489. Found: 319.1473.
[(2-Methylbut-3-en-2-yl)oxy]diphenylsilane (1-1-10)

Ph,

1-1-10
Physical Appearance: Colorless clear liquid.

'H NMR (CDCl,, 500 MHz): 8 7.62 [dd, J = 7.8, 1.4 Hz, 4H, Si{Cy(H,1,),H:},1, 7.42-7.34 [m, 6H,
Si{Co(Homno)2x(Hpnera) sHypara}21, 5.97 (dd, J = 17.2, 10.6 Hz, 1H, CH,=CH), 5.53 (s, IH, SiH), 5.20 (dd, J =
17.2,1.2 Hz, 1H, CH,,, H,=CH), 4.97 (dd, J = 10.6, 1.2 Hz, 1H, CH,,,.H,,=CH), and 1.39 [s, 6H,
OC(CH,),].

13C NMR (CDCl,, 125 MHz): 8 145.7, 136.0, 134.8, 130.1, 128.0, 111.7, 75.4, and 29.8.
GC-MS (5029017): ty = 10.88 min, m/z 267 [(M—H)*, 100], 253 [(M—CH,)*, 5] and 181 (5).
IR (neat): 2974 (w), 2123 (m), 1428 (m), 1111 (m), 1033 (s), 815 (s), 730 (s) and 696 (s) cm"".

HRMS (ESI/TOF): Calcd for (C,;H,,0Si1)*: 269.1356. Found: 269.1356.

5,5-Dimethyl-2,2-diphenyl-1,2-oxasilolane (1-2-10)

O—SiPh,

1-2-10
Physical Appearance: Colorless clear liquid.
Purified by MPLC (hexanes/EtOAc = 40:1, 7 mL/min).
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'H NMR (CDCl,, 500 MHz): 8 7.61 [dd, J = 7.9, 1.4 Hz, 4H, Si{C(H,,,1.).H:},], 7.43-7.35 [m, 6H,
Si{Co(Homno)ox(Honera) sHypra}21, 1.95 (t,J = 7.7 Hz, 2H, CH,CH,Si), 1.37 [s, 6H, OC(CHs),] and 1.32 (t, J =
7.7 Hz, 2H, CH,CH,Si).

BC NMR (CDCl,, 125 MHz): § 135.6, 134.7,130.2, 128.1, 80.9, 38.2,30.0 and 10.1.

GC-MS (5032021): t, = 11.50 min, m/z 267 [(M=H)*, 5], 253 [(M—CH,)*, 100], 225 (10), 182 (100) and
152 (20).

IR (neat): 3069 (w), 2969 (m), 1738 (s), 1428 (s), 1117 (s), 819 (s), and 696 (s) cm™.
HRMS (ESI/TOF): Calcd for (C,;H,,0Si)*: 269.1356. Found: 269.1348.
[(2,3-Dimethylbut-3-en-2-yl)oxy]diphenylsilane (1-1-11)

Ph,
_Si
o °"“H

o

Me

1-1-11
Physical Appearance: Colorless clear liquid.

'H NMR (CDCl,, 500 MHz): 8 7.62 [dd, J = 7.8, 1.5 Hz, 4H, Si{Ce(H,1,),H:},1, 7.42-7.34 [m, 6H,
Si{Co(Homo)2x(Honera) sHypra}21, 5.53 (s, 1H, SiH), 5.01 (qd, J = 1.5,0.8 Hz, 1H, CH,,,, H,,=CH), 4.77 (dq, J
=15, 1.5Hz, 1H, CH,,,H,,=CH), and 1.80 [dd, J = 1.5,0.8 Hz, 3H, C(CH,)=CH,], and 1.42 [s, 6H,
OC(CH,),].

3C NMR (CDCly, 125 MHz): 8 151.1, 136.1, 134.7,130.1, 128.0, 109.5, 77.4, 29 4 and 19.3
GC-MS (5029017): t, = 11.40 min, m/z 281 [(M=H)*100], 239 (5) and 205 (70).
IR (neat): 2974 (w), 2127 (m), 1738 (w), 1428 (m), 1149 (s), 815 (s), 696 (s) and 458 (s) cm™.

HRMS (ESI/TOF): Calcd for (C,sH,;0Si1)*: 283.1513. Found: 283.1520.

4,5,5-Trimethyl-2,2-diphenyl-1,2-oxasilolane (1-2-11)
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O—SiPh,

Me
1-2-11
Physical Appearance: Colorless clear liquid.
Purified by MPLC (hexanes/EtOAc = 40:1, 7 mL/min).

'H NMR (CDCl,, 500 MHz): 8 7.62 [dd, J = 7.9, 1.4 Hz, 2H, Si{Cy(H,,,),H;}1, 7.59 [dd, J=7.9, 1.4 Hz,
2H, Si{Cs(H ,):H3}1, 7.43-7.35 [m, 6H, Si{Co(Honno)s(Honera)sHpara ), 2.12 [dqd, J = 12.6, 6.7, 6.4 Hz,
1H, CH,CHCH,Si], 2.0 (unidentifiable impurities), 1.42 [s, 3H, OC(CH,)(CH,)], 1.37 (dd, J = 14 .8, 6.4
Hz, IH, H,H,CSi), 1.15 [s, 3H, OC(CH,)(CH,)], 1.09 (dd, J = 14.8, 12.6 Hz, 1H, H,H,CSi), and 1.08 (d,
J = 6.7 Hz, 3H, CH,CCH,Si).

BC NMR (CDCl,, 125 MHz): § 135.6, 135.0, 134.8, 134.7,130.2, 130.1, 130.1, 128.0, 83.0,43.5,29.5,
28.9,23.8,and 19.0.

GC-MS (5032021): ty = 11.93 min, m/z 281 [(M=H)*, 5], 267 [(M=CH.)*, 100] , 225 (5) and 152 (5).

IR (neat): 2929 (m), 1738 (w), 1428 (m), 1110 (s), 958 (s), 911 (s), 731 (5), 695 (s), 524 (s), and 472 (s)

cm™.

HRMS (ESI/TOF): Calcd for (C,sH,;0,Si)*: 283.1513. Found: 283.1521.
(2-Allylphenoxy)diphenylsilane (1-1-12)

Ph,
_Si
o0 ""“H

@/\/
1-1-12

Physical Appearance: Colorless clear liquid.

'H NMR (CDCl,, 500 MHz): § 7.70 [d, J = 8.0 Hz, 4H, Si{C(H,,.,).H:},], 7.48 [app t, J = 7.3 Hz, 2H,
SiPhH],7.42 [app t, J = 7.2 Hz, 4H, SiPhH], 7.17 (dd, J = 7.5, 1.7 Hz, 1H, H3 or H6), 7.05 (ddd, J =77,
7.7,1.7 Hz, 1H, H4 or H5), 6.93 (ddd, J=7.4,7.4,1.2 Hz, |H, H4 or H5), 6.87 (dd,J = 8.0, 1.2 Hz, 1H,
H3 or H6), 5.98 (dddd, J = 16.8, 10.7, 6.6, 6.6 Hz, IH, CH,=CH), 5.77 (s, 1H, SiH), 5.044 (dddd, J =
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10.6,1.5,1.5 Hz, 1H, CH,,,,H,=CH), 5.036 (dddd,J=16.8,1.6,1.6 Hz, 1H, CH,,,,,H,;=CH), and 3.45
(dt,J =6.6,1.5 Hz, 2H, ArCH,CH=CH,).

BC NMR (CDCl;, 125 MHz): § 153.4,137.0,134.9, 133.3,130.9, 130.7, 1304, 128 .4, 127.5, 122.1,
118.2,115.9, and 34.8.

GC-MS (5029017): ty = 13.58 min, m/z 316 [M*, 100], 287 (10) and 238 (10).

IR (neat): 3069 (w), 2135 (m), 1489 (m), 1428 (m), 1245 (s), 1113 (s), 918 (s), 813 (s), 731 (), 695 (s)
and 495 (s) cm™.

HRMS (ESI/TOF): Calcd for (C,,H,,0Si)*: 317.1356. Found: 317.1348.

1-(2-Acetoxyphenyl)propan-2-yl acetate (1-6-12)
OAc
Me
OAc
1-6-12
Physical Appearance: Colorless clear liquid.
Purified by MPLC (hexanes/EtOAc = 10:1, 8 mL/min).

'"H NMR (CDCls, 500 MHz): § 7.27-7.23 (m, 2H, Ar-H), 7.17 (ddd, J = 7.5,7.5, 1.0, 1H, H4 or H5), 7.04
(dd,J=7.5,10Hz, 1H, H3 or H6),5.09 [dqd,J=7.3,6.3,6.3 Hz, IH, CH(OAc)CH;],2.92 (dd, J =
13.6,6.3 Hz, 1H, ArCH H,), 2.62 (dd, J = 13.6,7.3 Hz, 1H, ArCH,H,), 2.35 [s, 3H, ArO,CCH),2.0 (s,
3H, CHO,CCH,), and 1.19 [d, J = 6.3 Hz, 3H, CH(OAc)CH;].

BC NMR (CDCl;, 125 MHz): § 170.7, 169.8, 149.5,131.7, 129.6, 128.0, 1262, 122.7,70.4,36.9, 21 5,
21.2 and 19.6.

TLC: R;= 0.6 in 10:1 hexanes: EtOAc.
GC-MS (5032021): tg = 9.72 min, m/z 237 [(M+H)*, 100], 177 (100) and 134 (70).
IR (neat): 2982 (w), 1763 (s), 1732 (s), 1370 (m), 1241 (s), 1202 (s), 1172 (s) and 751 (s) cm™.

HRMS (ESI/TOF): Calcd for (C,,H,,04)": 237.1121. Found: 237.1123.

103



(2-Allyl-4-methylphenoxy)diphenylsilane (1-1-13)

Ph,
_Si
o""""H

—

Me
1-1-13

Physical Appearance: Colorless clear liquid.

'H NMR (CDCl,, 500 MHz): 8 7.69 [app d, J = 6.6 Hz, 4H, Si{C((H,s,).H:},1,7.47 [app t,J = 7.3 Hz,
2H, SiPhH], 7.41 [dddd, J = 7.2 Hz, 4H, SiPhH], 6.96 [d,J = 2.1 Hz, 1H, H3], 6.83 (dd, J=8.1,2.1 Hz,
1H, H5), 6.75 (d, J = 8.1 Hz, 1H, H6), 5.97 (dddd, J = 16.6, 10.1, 6.6, 6.6 Hz, 1H, CH,=CH), 5.74 (s, 1H,
SiH), 5.05-5.00 (m, 2H, CH,,H..=CH), 3.41 (d, J = 6.6 Hz, 2H, ArCH,CH=CH,), and 2.25 [s, 3H,
CH,Ar].

BC NMR (CDCl;, 125 MHz): § 151.1,137.2,134.9,133.4,131.3,131.0, 130.8, 130.3, 128.3, 127.8,
118.0,115.8,34.8 and 20.8.

GC-MS (5032021): t, = 14.03 min, m/z 330 [M*, 100], 301 (15) and 252(15).

IR (neat): 3069 (w), 2133 (m), 1498 (m), 1428 (m), 1254 (m), 1112 (s), 812 (s), 730 (s), 695 (s), and 473

cm™.
HRMS (ESI/TOF): Calcd for (C,,H,;0Si)*: 331.1513. Found: 331.1522.

1-(2-Acetoxy-5-methylphenyl)propan-2-yl acetate (1-6-13)

OAc
Me
OAc
Me
1-6-13

Physical Appearance: Colorless clear liquid..
Purified by MPLC (hexanes/EtOAc = 10:1, 8 mL/min).
'"H NMR (CDCl;, 500 MHz): § 7.06-7.03 [m, 2H, H3 and H5], 6.91[d, J = 8.0 Hz 1H, H6], 5.09 [dqd, J =
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75,62,6.2 Hz, 1H, CH(OAc)CH,], 2.88 [dd, J = 13.5, 6.0 Hz, 1H, ArCH,H,], 2.57 [dd, J = 13.5,7.5 Hz,
1H, ArCH,H,], 2.34 [s, 3H, Ar(0,CCH,)], 2.31(s, 3H, ArCH,), 2.0 [s, 3H, CH(O,CCH,)], and 1.18 [d, ] =
6.2 Hz, 3H, CH,CH(OAC)CH,].

BC NMR (CDCl,, 125 MHz): § 170.7,170.0, 147.3,135.8,132.2,129.2, 128.7, 122.4,70.6,36 .9, 21.5,
21.2,21.0,and 19.6.

TLC: R;= 0.5 in 10:1 hexanes: EtOAc.
GC-MS (5032021): tg = 11.19 min, m/z 251 [M+H)", 40], 191 [(M-OAc)*, 70], and 148 (100).

IR (neat): 2936 (w), 1758 (s), 1732 (s), 1496 (m), 1369 (m), 1240 (s), 1053 (m), 806 (s), and 491 (s) cm’

1
HRMS (ESI/TOF): Calcd for (C,,H,;iNaO,)*": 273.1097. Found: 273.1120.
(2-Allyl-4-methoxyphenoxy)diphenylsilane (1-1-14)

Ph,
_Si
o0 >""H

—

OMe
1-1-14

1n was not stable on SiO, column chromatography (flash or MPLC). The crude 1n (ca. 95% 'H NMR
yield) was directly used for the hydrosilylation.

Physical Appearance: Colorless clear liquid.
GC-MS (5029017): tg = 14.99 min, m/z 346 [(M-H)*, 100], 317 (10) and 269 (100).

1-(2-Acetoxy-5-methyoxyphenyl)propan-2-yl acetate (1-6-14)

OAc
Me
OAc
OMe
1-6-14
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Physical Appearance: Pale yellow color liquid.
Purified by MPLC (hexanes/EtOAc = 10:1, 8 mL/min).

"H NMR (CDCls, 500 MHz): 8 6.95 (d, J = 8.6 Hz 1H, H6), 6.78 (dd, J = 8.6, 3.0 Hz, 1H, H5), 6.75 [d, J
=3.0Hz, 1H,H3],5.09 [dqd,J=7.3,6.3,6.3 Hz, 1H, CH,CH(OAc)CH;], 3.77(s, 3H, H;COAr), 2.87
[dd,J=13.6,6.3 Hz, 1H, C(OAc)CH H,],2.57 [dd,J = 13.6,7.3 Hz, 1H, C(OAc)CH,H,], 2.33 (s, 3H,
ArO,CCH;), 20 [s, 3H, CH(O,CCHj3)],and 1.19 [d, J = 6.3 Hz, 3H, CH,CH(OACc)CHj;].

BC NMR (CDCl;, 125 MHz): § 170.7,170.2, 157.4,143.1, 130.6, 123.3,116.7, 1129, 70.4, 55.7,37.1,
21.5,21.1 and 19.6.

TLC: R;=0.5in 10:1 hexanes: EtOAc.
GC-MS (5032021): tg = 11.02 min, m/z 267 [M+H)", 201, 207 (40), 164 (100) and 149 (30).

IR (neat): 2937 (w), 1758 (s), 1731 (s), 1496 (m), 1369 (m), 1240 (s), 1192 (s), 1052 (m), 1032 (s), and
1011 (s) cm™.

HRMS (ESI/TOF): Calcd for (C,,H,,0,)*: 251.1278. Found: 251.1260.
(2-Allyl-4-chlorophenoxy)diphenylsilane (1-1-15)

Ph,
_Si
o >"“H

—

Cl
1-1-15

1o was not stable on SiO, column chromatography (flash or MPLC). The crude 1o (ca. 95% 'H NMR
yield) was directly used for the hydrosilylation.

Physical Appearance: Colorless clear liquid.

GC-MS (5032021): t, = 14.69 min, m/z 350 [M*, 60], 272 (50), 257 (70), 246 (60), 183 (60) and 105
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1-(2-Acetoxy-5-chlorophenyl)propan-2-yl acetate (1-6-15)

OAc
Me

OAc

Cl
1-6-15

Physical Appearance: Pale yellow color liquid.
Purified by MPLC (hexanes/EtOAc = 10:1, 8 mL/min).

'H NMR (CDCl,, 500 MHz): § 7.227 [d, J = 2.5 Hz, 1H, H3], 7.225 (dd, J = 9.2, 2.5 Hz, 1H, H5), 7.00
[d,J=9.2 Hz, 1H, H6),5.06 [dqd, J = 7.0, 6.3, 6.3 Hz, 1H, CH,CH(OAc)CH,], 2.88 [dd, J = 13.6, 6.3
Hz, 1H, C(OAc)CH,H,],2.59 [dd, J = 13.6, 7.0 Hz, 1H, C(OAc)CH,H,], 2.35 (s, 3H, ArO,CCH,), 2.00 [s,
3H, CH(O,CCH,)], and 1.19 [d, J = 6.3 Hz, 3H, CH,CH(OACc)CH,].

BC NMR (CDCl,, 125 MHz): § 170.7, 169.5,148.0, 131.6, 131.5, 131 .4, 128.1, 124.0,70.0, 36.8, 21.5,
21.1,and 19.7.

TLC: R;=0.5in 10:1 hexanes: EtOAc.
GC-MS (5032021): tg = 15.156 min, m/z 271 [(M+H)*, 60], 211 [M-OAc)*, 60], 168 (100), 133 (20).

IR (neat): 2982 (w), 1762 (s), 1732 (s), 1482 (m), 1370 (s), 1238 (s), 1199 (s), 1165 (s), 1055 (m), 956
(m), and 825 (m) cm™.

HRMS (ESI/TOF): Calcd for (C,;H,sCINaO,)*: 293.0551. Found: 293.0570.
(2-Allyl-4-bromophenoxy)diphenylsilane (1-1-16)

Ph,
_Si
o0"""“H

/

Br
1-1-16
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1p was not stable on SiO, column chromatography (flash or MPLC). The crude 1p (ca. 95% 'H NMR
yield) was directly used for the hydrosilylation.

Physical Appearance: Colorless clear liquid.

GC-MS (5032021): t = 15.108 min, m/z 396 [(M+2)*, 100], 394 [M*, 98], 318 (40), 290 (25), 259 (30),
183 (70) and 105 (90).

1-(2-Acetoxy-5-bromophenyl)propan-2-yl acetate (1-6-16)

OAc
Me

OAc

Br
1-6-16

Physical Appearance: Pale yellow color liquid.
Purified by MPLC (hexanes/EtOAc = 10:1, 8 mL/min).

'H NMR (CDCl,, 500 MHz): § 7.377 [d, J = 2.5 Hz, 1H, H3], 7.366 (dd, J = 8.6, 2.4 Hz, 1H, H5), 6.94
(d,J = 8.6 Hz, 1H, H6), 5.06 [dqd, J = 7.0, 6.3, 6.3 Hz, 1H, CH,CH(OAc)CH,], 2.88 [dd, J = 13.6,6.3
Hz, 1H, C(OAc)CH,H,],2.59 [dd, J = 13.6, 7.0 Hz, 1H, C(OAc)CH,H,], 2.35 (s, 3H, ArO,CCH,), 2.00 [s,
3H, CHC(0,CCH,)], and 1.19 [d, J = 6.3 Hz, 3H, CH,CH(OACc)CH,].

BC NMR (CDCl;, 125 MHz): § 170.6, 169.4, 148.5,134.4,132.0,131.0, 124.5,119.1,70.1,36.7,21 4,
21.1,and 19.6.

TLC: R;=0.4 in 10:1 hexanes: EtOAc.

GC-MS (5032021): ty = 15.156 min, m/z 317 [{(M+2)+H}*, 70], 315 [(M+H)", 70], 255 [(M—OAc)*, 50],
214/215 (100) and 133 (70)

IR (neat): 3982 (w), 1762 (s), 1734 (s), 1481 (m), 1370 (m), 1241 (s), 1201 (s), 1167 (s), 1122 (m), 1057
(m) and 1012 (m) cm™.

HRMS (ESI/TOF): Calcd for (C,5H,5,0,)": 315.0226. Found: 315.0210.
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(E)-1,1,1,3,5,5,5-Heptamethyl-3-styryltrisiloxane (2-3-1)

N X - [Si]
()/\/

2-3-1
Physical Appearance: Colorless clear liquid.

Yield: 45.4 mg, 70%.

'H NMR (CDCl,, 500 MHz): & 7.45 (d,J = 7.6 Hz, 2H, Ar-H), 7.34 (dd, J = 7.6, 7.3 Hz, 2H, Ar-H), 7.27
(dd,J=73,73 Hz, 1H, Ar-H), 6.96 (d, J = 19.2 Hz, 1H, ArCH=CH), 6.27 (d,J = 19.2 Hz, 1H,
ArCH=CH), 0.19 [s, 3H, CH,Si(OTMS),], and 0.13 [s, 18H, MeSi{OSi(CH,);},].

BC NMR (CDCl,, 125 MHz): § 145.2,138.4,128.7,128.5, 126.86, 126.80, 2.1, and 0.2.

TLC: R;= 0.6 in hexanes.

GC-MS (5029017): tz = 9.26 min, m/z 324 [M", 10], 309 [(M-CH,)*, 80], 221 (100), and 73 (80).

IR (neat): 2957 (m), 1606 (w), 1574 (w), 1250 (s), 1036 (s), 990 (s), 835 (s), 751(s), and 687 (s) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH,sNaO,Si;)": 347.1289. Found: 347.1273.

(E)-3-[4-(tert-Butyl)styryl]-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-2)

/@/\/ [Si]
t-Bu

2-3-2
Physical Appearance: Colorless clear liquid.
Yield: 60.1 mg, 79%; 2.00 g, 75% [7 mmol (1.12 g) scale]

'H NMR (CDCl,, 500 MHz): & 7.37 (nfom, 2H, Ar-H), 7.36 (nfom, 2H, Ar-H), 6.94 (d,J = 19.2 Hz, 1H,
ArCH=CH), 6.22 (d,J = 19.2 Hz, 1H, ArCH=CH), 1.32 (s, 9H, ¢-Bu), 0.17 [s, 3H, CH,Si(OTMS),], and
0.13 [s, 18H, MeSi{OSi(CH,);},].

BC NMR (CDCl;, 125 MHz): 8 151.6, 1450, 135.7,126.5,125.9, 125.7,34.8,31.5,2.1, and 0.2.
TLC: R;= 0.6 in hexanes.

GC-MS (5029017): #, = 10.98 min, m/z 381 [(M+H)*, 4], 366 [(M—CH,)*, 15], 221 (100), 73 (90), and 57
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(60).
IR (neat): 2957 (m), 1607 (w), 1512 (w), 1251 (s), 1037 (s), 988 (s), 836 (s), 752 (s), and 797(s) cm™".

HRMS (ESI/TOF): Caled for (M+Na)* (C,,H,Na0,Si,)": 403.1915. Found: 403.1947.

(E)-1,1,1,3,5,5,5-Heptamethyl-3-(4-methylstyryl)trisiloxane (2-3-3)

Me

2-3-3
Physical Appearance: Colorless clear liquid.

Yield: 47.3 mg, 70%.

'H NMR (CDCl,, 500 MHz): & 7.34 (app d,J = 8.1 Hz, 2H, Ar-H), 7.15 (app d, J = 7.9 Hz, 2H, Ar-H),
6.93 (d,J = 192 Hz, 1H, ArCH=CH), 6.20 (d, J = 19.2 Hz, 1H, ArCH=CH), 2.35 (s, 3H, Ar-CH,), 0.17
[s, 3H, CH,Si(OTMS),], and 0.12 [s, 18H, MeSi{OSi(CH,);}.].

BC NMR (CDCl;, 125 MHz): 6 145.1,138.4,135.7, 1294, 126.7,125.5,21.5,2.1,and 0.2.
TLC: R;= 0.6 in hexanes.

GC-MS (5029017): t, = 9.87 min, m/z 338 [M*, 10], 323 [(M—CHS,)*, 80], 221 (100), 175 (40), and 73
(35).

IR (neat): 2957 (m), 1609 (w), 1510 (w), 1250 (s), 1035 (s), 988 (s), 836 (s), 783 (s), and 752(s) cm’".

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH3,NaO,Si;)": 361.1446. Found: 361.1434.

(E)-1,1,1,3,5,5,5-Heptamethyl-3-(3-methylstyryl) trisiloxane (2-3-4)

Me\©/\/ [Si]

2-3-4

Physical Appearance: Colorless clear liquid.
Yield: 55.5 mg, 82%.

'H NMR (CDCl,, 500 MHz): & 7.26-7.21 (m, 3H, Ar-H), 7.09 (d, J = 6.9 Hz, 1H, Ar-H), 6.94 (d,J = 19.2
Hz, 1H, ArCH=CH), 6.25 (d, J = 19.2 Hz, 1H, ArCH=CH), 2.36 (s, 3H, Ar-CH,), 0.18 [s, 3H,
110



CH;Si(OTMS),], and 0.12 [s, 18H, MeSi{OSi(CH3);},].

BC NMR (CDCl;, 125 MHz): & 145.3,138.33, 138.29, 129.3, 128.6, 127.5, 126.6, 123.9, 21.6,2.1, and
0.2.

TLC: R;= 0.6 in hexanes.

GC-MS (5029017): £, = 9.77 min, m/z 338 [M*, 12], 323 [(M—CHS,)*, 100], 221 (100), 175 (35), and 73
(40).

IR (neat): 2957 (m), 1609 (w), 1582 (w), 1250 (s), 1035 (s), 988 (s), 836 (s), 783 (s), and 753(s) cm’".

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH3,NaO,Si;)": 361.1446. Found: 361.1464.

(E)-1,1,1,3,5,5,5-Heptamethyl-3-(2-methylstyryl)trisiloxane (2-3-5)

Me
2-3-5
Physical Appearance: Colorless clear liquid.

Yield: 44 mg, 65%.

'H NMR (CDCl, 500 MHz): & 7.54-7.50 (m, 1H, Ar-H), 7.20 (d, J = 19.0 Hz, 1H, ArCH=CH), 7 21-
7.14 (m, 3H, Ar-H), 6.18 (d, J = 19.0 Hz, 1H, ArCH=CH), 2.42 (s, 3H, Ar-CH,),0.19 [s, 3H,
CH,Si(OTMS),], and 0.14 [s, 18H, MeSi{OSi(CH,);},].

BC NMR (CDCl,, 125 MHz): 6 142.9,137.7,135.8,130.5, 128.6, 128.2,126.3,125.6,19.9,2.1, and 0 4.
TLC: R;= 0.6 in hexanes.

GC-MS (5029017): t, = 9.71 min, m/z 323 [(M-CH,)*, 65], 221 (100), 175 (35) and 73 (40).

IR (neat): 2957 (m), 1609 (w), 1582 (w), 1250 (s), 1035 (s), 988 (s), 836 (s), 783 (s), and 753(s) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH3,NaO,Si;)": 361.1446. Found: 361.1420.

(E)-3-(2,4-Dimethylstyryl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-6)
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Me

/@/\ (8]
Me

2-3-6
Physical Appearance: Colorless clear liquid.

Yield: 49.3 mg, 70%.

'H NMR (CDCl,, 500 MHz): & 7.43 (d,J = 7.9 Hz, 1H, Ar-H),7.21 (d,J = 19.1 Hz, 1H, ArCH=CH),
7.01(d,J=79Hz, 1H, Ar-H), 6.97 (s, 1H, Ar-H), 6.13 (d, J = 19.1 Hz, 1H, ArCH=CH), 2.36 (s, 3H,
ArCH,),2.31 (s, 3H, ArCH,), 0.18 [s, 3H, CH,Si(OTMS),], and 0.13 [s, 18H, MeSi{OSi(CH,),},].

BC NMR (CDCl;, 125 MHz): § 142.7,138.0, 135.7, 134.8, 131.3, 127.3,127.1, 125.5,21.3,19.8, 2.1,
and 0.4.

TLC: R;=0.7 in hexanes.

GC-MS (5029017): t, = 10.27 min, m/z 353 [(M+H)*, 16], 338 [(M—CH,)*, 100], 221 (100), 189 (35),
and 73 (40).

IR (neat): 2957 (m), 1600 (w), 1479 (w), 1250 (s), 1035 (s), 900 (s), 835 (s), 783 (s), and 749(s) cm’".

HRMS (ESI/TOF): Calcd for (M+Na)* (C,;H3,Na0,Si;)": 375.1602. Found: 375.1660.

(E)-3-(4-Methoxystyryl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-7)

/@/\/ [Si]
MeO

2-3-7
Physical Appearance: Colorless clear liquid.
Yield: 56.7 mg, 80%.

'H NMR (CDCL,, 500 MHz): & 7.39 (app d, J = 8.7 Hz, 2H, Ar-H), 6.90 (d, J = 19.2 Hz, 1H, ArCH=CH),
6.87 (app d, J = 8.7 Hz, 2H, Ar-H), 6.10 (d, J = 19.2 Hz, 1H, ArCH=CH), 3.82 (s, 3H, Ar-OCH,), 0.17 [s,
3H, CH,Si(OTMS),], and 0.13 [s, 18H, MeSi{OSi(CH,),},].

BC NMR (CDCl,, 125 MHz): 8 160.0, 144.6,131.3,128.1,124.1, 114.1,55.5,2.1, and 0.3.

TLC: R;=0.3 in hexanes:EtOAc = 100:1.
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GC-MS (5029017): £, = 10.74 min, m/z 355 [(M+H)*, 80], 340 [(M—CHS,)"*, 100], 265 (20), 221 (30), and
73 (50).

IR (neat): 2956 (m), 1606 (m), 1509 (s), 1248 (s), 1170 (m), 1032 (s), 988 (s), 835 (s), 793 (s), and 752
(s)cm™.
HRMS (ESI/TOF): Calcd for (M+Na)* (C,;H;NaO,Si;)*: 377.1395. Found: 377.1441.

(E)-3-(3-Methoxystyryl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-8)

Me0\©/\/ [Si]

2-3-8

Physical Appearance: Colorless clear liquid.
Yield: 53 mg, 75%.

'H NMR (CDCl,, 500 MHz): 8 7.25 (dd, J=8.1,7.7 Hz, 1H, Ar-H), 7.04 (ddd, J=7.7,1.3, 1.3 Hz, 1H,
Ar-H), 6.98 (dd, J = 2.6, 1.3 Hz, 1H, Ar-H), 6.93 (d, J = 19.2 Hz, 1H, ArCH=CH), 6.83 (ddd, J = 8.1, 2.6,
1.3 Hz, 1H, Ar-H), 6.25 (d, J = 19.2 Hz, 1H, ArCH=CH), 3.83 (s, 3H, Ar-OCH,), 0.18 [s, 3H,
CH,Si(OTMS),], and 0.12 [s, 18H, MeSi{OSi(CH,),},].

BC NMR (CDCl;, 125 MHz): § 160.0, 145.0,139.9,129.7,127.2,119.6,114.1,111.9,55.5,2.1,and 0.2.
TLC: R; = 0.4 in hexanes:EtOAc = 100:1.

GC-MS (5029017): t, = 10.55 min, m/z 355 [(M+H)*, 80], 340 [(M—CHS,)"*, 100], 265 (15), 221 (50), and
73 (60).

IR (neat): 2956 (m), 1601 (w), 1577 (w), 1251 (s), 1036 (s), 988 (s), 836 (s), 782 (s), 752 (s), and 684 (s)

cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH3,NaO5Si;)": 377.1395. Found: 377.1369.

(E)-3-(2-Methoxystyryl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-9)

OMe

2-3-9
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Physical Appearance: Colorless clear liquid.
Yield: 51.7 mg, 73%.

'H NMR (CDCL,, 500 MHz): & 7.53 (dd, J = 7.6, 1.6 Hz, 1H, Ar-H), 7.40 (d, J = 19.5 Hz, 1H,
ArCH=CH), 7.25 (ddd, J = 8.3,7.6, 1.6 Hz, 1H, Ar-H), 6.94 (dd, J = 7.6, 7.6 Hz, 1H, Ar-H), 6.87 (dd, J =
8.3,0.7 Hz, 1H, Ar-H), 624 (d, J = 19.5 Hz, 1H, ArCH=CH), 3.85 (s, 3H, Ar-OCH,), 0.19 [s, 3H,
CH,Si(OTMS),], and 0.14 [s, 18H, MeSi{OSi(CH,),},].

BC NMR (CDCl;, 125 MHz): 8 157.1, 1396, 129.5,127.5,127.0, 1264, 120.8,111.2,55.7, 2.1, and 0.3.
TLC: R;=0.3 in hexanes:EtOAc = 100:1.

GC-MS (5029017): £, = 10.32 min, m/z 355 [(M+H)*, 60], 340 [(M—CHS,)*, 100], 265 (20), 221 (30), and
191 (60).

IR (neat): 2901 (m), 1598 (m), 1485 (m), 1243 (s), 1029 (s), 995 (s), 835 (s), 782 (s), and 747 (s) cm’".

HRMS (ESI/TOF): Calcd for (M+Na)* (C,,H3,NaO5Sis)": 377.1395. Found: 377.1423.

(E)-3-(3,4-Dimethoxystyryl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-10)

Me0:©/\/ [Si]
MeO
2-3-10
Physical Appearance: White color semi solid.

Yield: 59.2 mg, 77%.

'H NMR (CDCl,, 500 MHz): 8 7.01 (d,J = 1.9 Hz, 1H, Ar-H), 6.98 (dd, J = 8.3, 1.9 Hz, 1H, Ar-H), 6.89
(d,J = 19.2 Hz, 1H, ArCH=CH), 6.83 (d, J = 8.3 Hz, 1H, Ar-H), 6.10 (d, J = 19.1 Hz, 1H, ArCH=CH),
3.92 (s, 3H, Ar-OCH,), 3.89 (s, 3H, Ar-OCH,), 0.18 [s, 3H, CH,Si(OTMS),], and 0.14 [s, 18H,
MeSi{OSi(CH,);},].

BC NMR (CDCl,, 125 MHz): § 149.6, 149.2, 144.9, 131.6, 124.4,120.3, 111.1, 108.9, 56.14, 56.03, 2.1,
and 0.3.

TLC: R;= 0.5 in hexanes:EtOAc = 200:1.

GC-MS (5029017): t, = 11.56 min, m/z 386 [(M+2H)", 100], 370 [(M—CH,)*, 100], 221 (25), and 73
(90).
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IR (neat): 2956 (m), 1602 (w), 1579 (w), 1513 (s), 1465 (s), 1249 (s), 1163 (m), 1024 (s), 988 (s), 834
(s), 788 (s), and 751(s) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,;H3,NaO,Si;)": 407.1501. Found: 407.1551.

(E)-3-{2-(Benzo[d][1,3]dioxol-5-yl)vinyl}-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-11)

0]
2-3-11
Physical Appearance: Colorless clear liquid.

Yield: 55.2 mg, 75%.

'H NMR (CDCl,, 500 MHz): 8 7.00 (d,J = 1.7 Hz, 1H, Ar-H), 6.87 (ddd, J=7.9,1.7,0.4 Hz, 1H, Ar-H),
6.85 (d,J=19.1 Hz, 1H, ArCH=CH), 6.77 (d, J = 7.9 Hz, 1H, Ar-H), 6.05 (d,J = 19.1 Hz, 1H,
ArCH=CH), 5.96 (s, 2H, ArOCH,0), 0.16 [s, 3H, CH,Si(OTMS),], and 0.11 [s, 18H,
MeSi{OSi(CH,);},].

BC NMR (CDCl;, 125 MHz): & 148.3,148.0, 144.6, 133.1, 124.6, 122.0, 108.4, 105.8, 101.3, 2.1, and
0.2.

TLC: R;= 0.3 in hexanes.

GC-MS (5029017): £, = 11.28 min, m/z 369 [(M+H)*, 25], 353 [(M—CH,)*, 20], 279 (25), 115 (30), and
73 (100).

IR (neat): 2957 (m), 1737 (w), 1594 (w), 1503 (m), 1489 (s), 1445 (m), 1247 (s), 1205 (w), 1034 (s), 986
(s), 836 (s), 786 (s), and 752(s) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH,sNaO,Si;)": 391.1188. Found: 391.1218.

(E)-3-(4-Chlorostyryl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-12)

|
cl N

2-3-12

Physical Appearance: Colorless clear liquid.
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Yield: 57.3 mg, 80%.

'H NMR (CDCl,, 500 MHz): & 7.46 (app d,J = 8.4 Hz, 2H, Ar-H), 7.30 (app d, J = 8.4 Hz, 2H, Ar-H),
6.89 (d,J = 19.2 Hz, 1H, ArCH=CH), 6.25 (d, J = 19.2 Hz, 1H, ArCH=CH), 0.18 [s, 3H,
CH,Si(OTMS),], and 0.13 [s, 18H, MeSi{OSi(CH,);}].

BC NMR (CDCl;, 125 MHz): § 143.8,137.3,131.8,128.3,127.9,122.3,2.1, and 0.2.
TLC: R;=0.7 in hexanes.

GC-MS (5029017): t, = 10.17 min, m/z 345 [(M+2)-CH,)", 4], 343 [(M—CH.,)*, 2], 221 (50), and 195
(100).

IR (neat): 2957 (m), 1605 (w), 1486 (m), 1445 (m), 1250 (s), 1036 (s), 987 (s), 835 (s), 788 (s), and 752
(s)cm™.
HRMS (ESI/TOF): Calcd for (M+H)* (C,sH,Cl0,Si;)*: 359.1080. Found: 359.1118.

(E)-3-(3-Chlorostyryl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-13)

cl \©/\v [Si]

2-3-13

Physical Appearance: Colorless clear liquid.
Yield: 60.9 mg, 85%.

'H NMR (CDCl,, 500 MHz): & 7.42 (dd, J= 1.8, 1.8 Hz, 1H, Ar-H), 7.30 (ddd, J = 7.3, 1.8, 1.8 Hz, 1H,
Ar-H),7.27 (dd,J=73,7.3,Hz, 1H, Ar-H), 7.24 (ddd, J=7.3, 1.8, 1.8 Hz, 1H, Ar-H), 6.89 (d,J = 19.2
Hz, 1H, ArCH=CH), 6.28 (d, J = 19.2 Hz, 1H, ArCH=CH), 0.18 [s, 3H, CH,Si(OTMS),], and 0.14 [s,
18H, MeSi{OSi(CH,),}].

BC NMR (CDCl;, 125 MHz): § 143.6, 140.3, 134.8, 130.0, 128.8, 128.3,126.7, 125.0,2.1, and 0.2.
TLC: R;=0.7 in hexanes.

GC-MS (5029017): £, = 10.26 min, m/z 345 [(M+2)-CH,)", 5], 343 [(M—CH,)", 10], 221 (100), 175 (15),
149 (15), and 73 (10).

IR (neat): 2957 (m), 1606 (w), 1563 (w), 1470 (w), 1250 (s), 1192 (w), 1037 (s), 987 (s), 836 (s), 813 (s),
538 (s), and 677 (s) cm™.
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HRMS (ESI/TOF): Calcd for (M+H)" (CsH,,Cl0O,Si5)": 359.1080. Found: 359.1124.

(E)-3-(2-Chlorostyryl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-14)

Cl

@N [Si]

2-3-14
Physical Appearance: Colorless clear liquid.

Yield: 58 mg, 81%.

'H NMR (CDCl,, 500 MHz): & 7.59 (dd, J = 7.7, 1.8 Hz, 1H, Ar-H), 7.40 (d, J = 19.2 Hz, 1H,
ArCH=CH), 7.35 (dd,J=7.7, 1.5 Hz, 1H, Ar-H), 7.24 (dddd, J = 7.7,7.7,1.5,0.6 Hz, I H, Ar-H), 7.20
(ddd,J=7.7,7.7,1.8 1H, Ar-H), 6.27 (d, J = 19.2 Hz, 1H, ArCH=CH), 0.20 [s, 3H, CH,Si(OTMS),], and
0.14 [s, 18H, MeSi{OSi(CH,),},].

BC NMR (CDCl,, 125 MHz): & 140.9, 136.3, 133.6, 130.1, 129.8, 129.2, 126.92, 126.81,2.0, and 0.2.

TLC: R;=0.7 in hexanes.

GC-MS (5029017): £, = 10.12 min, m/z 345 [(M+2)-CH,)", 5], 343 [(M—CH,)", 10], 221 (50), 195 (100),
and 143 (20).

IR (neat): 2957 (m), 1601 (w), 1466 (w), 1439 (w), 1250 (s), 1037 (s), 989 (m), 835 (s), 811 (m), 782 (s),
746 (s), and 686 (s) cm™.

HRMS (ESI/TOF): Calcd for (M+H)" (CsH,,Cl10O,Si5)": 359.1080. Found: 359.1096.

(E)-3-(4-Fluorostyryl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-15)

O/\v [Si]
F

2-3-15
Physical Appearance: Colorless clear liquid.

Yield: 47.2 mg, 69%.

'H NMR (CDCl,, 500 MHz): & 7.41 (nfom, 2H, Ar-H), 7.02 (nfom, 2H, Ar-H), 6.91 (d,J = 19.2 Hz, 1H,
ArCH=CH), 6.17 (d,J = 19.2 Hz, 1H, ArCH=CH), 0.18 [s, 3H, CH,Si(OTMS),], and 0.13 [s, 18H,
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MeSi{OSi(CH;);},].

BC NMR (CDCl;, 125 MHz): 8 162.7 (d, 'J.c = 247 Hz), 143.9, 134.6 (d, *J;.c = 2.5 Hz), 128.39 (d, J5.c
=84 Hz),126.6,(d, Jrc =22 Hz),1155 (d,’Jpc =21.7Hz),2.1,and 0.2.

TLC: R;= 0.6 in hexanes.

GC-MS (5029017): t, = 9.22 min, m/z 342 [M*, 2], 327 [(M=CH,)*, 10], 221 (100), 175 (20), 143 (15)
and 91 (10).

IR (neat): 2957 (m), 1602 (m), 1507 (m), 1410 (w), 1251 (s), 1230 (m), 1036 (s), 987 (s), 836 (s), 785
(s), 752 (s) and 687 (s) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH,,FNaO,Si;)": 365.1195. Found: 365.1201.

(E)-3-(4-Bromostyryl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-16)

Br

2-3-16
Physical Appearance: Colorless clear liquid.

Yield: 68.3 mg, 85%.

'H NMR (CDCl,, 500 MHz): & 7.46 (app d,J = 8.4 Hz, 2H, Ar-H), 7.31 (app d, J = 8.4 Hz, 2H, Ar-H),
6.89 (d,J = 19.2 Hz, 1H, ArCH=CH), 6.25 (d, J = 19.2 Hz, 1H, ArCH=CH),0.18 0.19 [s, 3H,
CH,Si(OTMS),], and 0.13 [s, 18H, MeSi{OSi(CH,);}].

BC NMR (CDCl;, 125 MHz): § 143.8,137.3,131.8,128.3,127.9,122.3,2.1, and 0.2.
TLC: R;= 0.8 in hexanes:EtOAc = 100:1.

GC-MS (5029017): t, = 10.87 min, m/z 389 [(M+2)-CH,)"*, 15], 387 [(M—CH,)*, 15], 221 (100), 143
(20), and 73 (10).

IR (neat): 2957 (m), 1605 (w), 1486 (m), 1397 (w), 1250 (s), 1037 (s), 987 (w), 835 (s), 788 (s), 752 (s)
and 664 (m) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH,,BrNaO,Si;)*: 425.0394. Found: 425.0400.

(E)-1,1,1,3,5,5,5-Heptamethyl-3-[4-(trifluoromethyl)styryl]trisiloxane (2-3-17)
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/@/\/ [Si]
FsC

2-3-17

Physical Appearance: Colorless clear liquid.
Yield: 63.5 mg, 81%.

'"H NMR (CDCl;, 500 MHz): 6 7.46 (d, J = 8.4 Hz, 2H, Ar-H),7.31 (d,J = 8.4 Hz, 2H, Ar-H), 6.89 (d, J
=192 Hz, 1H, ArCH=CH), 6.25 (d,J=19.2 Hz, 1H, ArCH=CH), 0.18 [s, 3H, CH;Si(OTMS),], and
0.13 [s, 18H, MeSi{OSi(CH;);},].

BC NMR (CDCl;, 125 MHz): & 143.5,141.7,130.2, 130.1 (Jc = 32 Hz), 126.9, 125.7 (*J;.c = 3.6 Hz),
124.4 ("Jpc =272 Hz),2.1,and 0.2.

TLC: R;= 0.8 in hexanes.
GC-MS (5029017): tz = 9.10 min, m/z 377 [M*, 15], 151 (15), 128 (10), and 73 (100).

IR (neat): 2957 (m), 1613 (w), 1574 (w), 1411 (w), 1324 (s), 1252 (s), 1165 (m), 1127 (m), 1041 (s), 988
(m), 835 (s), 781 (s), 752 (s) and 623 (m) cm™.
HRMS (ESI/TOF): Calcd for (M+Na)* (C,4H,;,F;Na0,Si;)*": 415.1163. Found: 415.1234.

(E)-3-[2-{(1,1'-Biphenyl)-4-yl}vinyl]-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-18)

J@A/ [Si]
Ph

2-3-18

Physical Appearance: Colorless clear liquid.
Yield: 61.6 mg, 77%.

'H NMR (CDCL,, 500 MHz): & 7.63-7.60 (m, 2H, Ar-H), 7.59 [nfom, 2H, Ar-H (styryl)], 7.53 [nfom, 2H,
Ar-H (styryl)],7.45 (app dd, J = 7.9, 7.4 Hz, 2H, Ar-H), 735 (dddd, J = 7.9,6.7,13, 1.3 Hz, 1H, Ar-H),
701 (d,J = 19.2 Hz, 1H, ArCH=CH), 6.32 (d, J = 19.2 Hz, 1H, ArCH=CH),0.21 0.19 [s, 3H,
CH,Si(OTMS),], and 0.14 [s, 18H, MeSi{OSi(CH,),},].

BC NMR (CDCl,, 125 MHz): § 144.7,141.2, 140.9, 137.4, 129.0, 127.58, 127 .44, 127.24, 127.20, 1270,
2.1,and 0.2.
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TLC: R;= 0.6 in hexanes:EtOAc = 100:1.

GC-MS (5029017): £, = 13.12 min, m/z 400 [M*, 15], 385 [(M—CH.)*, 22], 221 (30), 59 (35), and 73
(100).

IR (neat): 2957 (m), 1604 (w), 1486 (w), 1406 (w), 1250 (s), 1035 (s), 988 (m), 835 (s), 781 (s), 752 (s),
694 (m), and 593 (w) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,,H3,NaO,Si;)": 423.1602. Found: 423.1608.

(E)-4-[2-(1,1,1,3,5,5,5-Heptamethyltrisiloxan-3-yl)vinyl ]benzoic acid (2-3-19)

O/\v [Si]
HO,C

2-3-19
Physical Appearance: Yellow color semi solid.

Yield: 44.9 mg, 61%. [containing ca. 6% of hydrosilylation product (alkyl silane) and 3% of

hydrogenation product (ethyl benzene)]

'H NMR (CDCl,, 500 MHz): & 8.09 (d, J = 8.2 Hz, 2H, Ar-H), 7.53 (d, J = 8.2 Hz, 2H, Ar-H), 7.00 (d, J
=19.2 Hz, 1H, ArCH=CH), 6.43 (d, J = 19.2 Hz, 1H, ArCH=CH), 0.20 [s, 3H, CH,Si(OTMS),], and 0.12
[s, 18H, MeSi{OSi(CH,);}.].

BC NMR (CDCl;, 125 MHz): 8 171.8, 143.9, 143.5, 130.84, 130.77, 130.61, 126.8,2.1,and 0.2.
TLC: R;=0.5 in hexanes:EtOAc = 5:1.
GC-MS (5029017): tx = 12.96 min, m/z 353 [(M-CH,)", 100], 262 (25), 145 (25), and 73 (100).

IR (neat): 3200-2500 (b), 2956 (m), 1683 (s), 1604 (m), 1419 (m), 1286 (m), 1249 (s), 1031 (s), 991 (m),
836 (s), 809 (s), 786 (s), 753 (), 630 (m), and 577 (w) cm’".

HRMS (ESI/TOF): Calcd for (M-H"): 367.1217. Found: 367.1210.

(E)-Ethyl 4-[2-(1,1,1,3,5,5,5-Heptamethyltrisiloxan-3-yl)vinyl]benzoate (2-3-20)

@/\/ [Si]
EtO,C

2-3-20
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Physical Appearance: Colorless clear liquid.
Yield: 55.5 mg, 70%.

'H NMR (CDCl,, 500 MHz): & 8.01 (app d,J = 8.4 Hz, 2H, Ar-H), 7.49 (app d, J = 8.4 Hz, 2H, Ar-H),
6.98 (d,J=19.2 Hz, 1H, ArCH=CH), 6.39 (d, J = 19.2 Hz, 1H, ArCH=CH), 4.38 (q, J = 7.1 Hz, 2H,
ArCO,CH,CHS,), 1.40 (t, J = 7.1 Hz, 3H, ArCO,CH,CH,), 0.19 [s, 3H, CH,Si(OTMS),], and 0.11 [s, 18H,
MeSi{OSi(CH,);},].

BC NMR (CDCl;, 125 MHz): & 166.6, 144.0, 142.5, 130.14, 130.09, 130.06, 126.6,61.2, 14.6,2.1, and
0.2.

TLC: R;=0.3 in hexanes:EtOAc = 100:1 .

GC-MS (5029017): £, = 11.91 min, m/z 397 [(M+H)*, 20], 272 [(M=CH,)", 251, 143 (30), 131 (100), and
73 (30).

IR (neat): 2957 (m), 1718 (s), 1606 (w), 1409 (w), 1366 (w), 1272 (s) 1250 (s), 1038 (s), 989 (m), 836
(s), 808 (s), 782 (s), 751 (s), 688 (m), and 631 (w) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH3,Na0O,Si;)": 419.1501. Found: 419.1536.

(E)-4-[2-(1,1,1,3,5,5,5-Heptamethyltrisiloxan-3-yl)vinyl]aniline (2-3-21)

/@/\/ [Si]
HoN

2-3-21
Physical Appearance: Light brown color clear liquid.
Yield: 37.3 mg, 55%. [containing ca. 10% of hydrosilylation product (HS)]

'"H NMR (CDCl;, 500 MHz): 6 7.27 (app d, J = 8.4 Hz, 2H, Ar-H), 6.86 (d,J = 19.2 Hz, 1H, ArCH=CH),
6.65 (appd,J =84 Hz,2H, Ar-H),6.02 (d,/=19.2 Hz, 1H, ArCH=CH), 3.72 (br s, 2H, NH,), 0.16 [s,
3H, CH;Si(OTMS),], and 0.12 [s, 18H, MeSi{OSi(CH3);},].

BC NMR (CDCl;, 125 MHz): & 146.9, 145.1, 129.3 (DS or HS), 128.7 (DS or HS), 128.1, 122.1, 115.5
(HS),115.1,2.1,and 0.3.

TLC: R;= 0.6 in hexanes:EtOAc =7:1 .
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GC-MS (5029017): £, = 11.32 min, m/z 340 [(M+H)*, 1000], 324 [(M—CH.,)*, 25], 176 (30), and 73 (30).

IR (neat): 3465 (w), 3386 (w), 2956 (m), 1619 (m), 1601 (m), 1513 (s), 1250 (s), 1173 (m), 1032 (s), 988
(m), 835 (s), 792 (s), 752 (s), 686 (m), and 510 (m) cm™.

HRMS (ESI/TOF): Caled for (M+H)* (C,sH;NO,Sis)*: 340.1579. Found: 340.1640.

(E)-2-[2-(1,1,1,3,5,5,5-Heptamethyltrisiloxan-3-yl)vinyl]-NV ,N-dimethylaniline (2-3-22)

NMe,
2-3-22
Physical Appearance: Light brown color clear liquid.

Yield: 41 mg, 56%.

'H NMR (CDCl,, 500 MHz): & 7.49 (dd, J = 7.4, 1.5 Hz, 1H, Ar-H), 7.35 (d,J = 19.4 Hz, 1H,
ArCH=CH), 7.23 (ddd, J = 8.3,7.4, 1.5 Hz, 1H, Ar-H), 7.00 (m, 2H, Ar-H), 6.17 (d, J = 19.4 Hz, 1H,
ArCH=CH), 2.73 [s, 6HAIN(CH,),], 0.20 [s, 3H, CH,Si(OTMS),], and 0.13 [s, 18H, MeSi{OSi(CH,);},].

BC NMR (CDCl;, 125 MHz): 8 152.2,143.4,132.5,128.8,127.1,125.8,122.3,118.1,44.9,2.1,and 0.2.
TLC: R;= 0.3 in hexanes:EtOAc = 200:1 .

GC-MS (5029017): t, = 10.42 min, m/z 368 [(M+H)*, 90], 252 [(M—CHS,)", 301, 143 (40), 131 (100), and
73 (60).

IR (neat): 2956 (m), 1597 (m), 1484 (m), 1321 (w), 1250 (s), 1036 (s), 947 (m), 835 (s), 815 (s), 781 (s),
752 (s), 687 (m), and 559 (w) cm™.

HRMS (ESI/TOF): Calcd for M+H)" (C;H3,NO,Si3)": 368.1892. Found: 368.1942.

(E)-4-[2-(1,1,1,3,5,5,5-Heptamethyltrisiloxan-3-yl)vinyl]-NV ,N-dimethylaniline (2-3-23)

OA _1Isi]
MezN

2-3-23

Physical Appearance: Red color liquid.

Yield: 50.7 mg, 69%.
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'"H NMR (CDCl;, 500 MHz): 6 7.35 (app d, J = 8.8 Hz, 2H, Ar-H), 6.89 (d,J = 19.2 Hz, 1H, ArCH=CH),
6.69 (app d,J=8.8 Hz,2H, Ar-H),6.02 (d,/=19.1 Hz, 1H, ArCH=CH), 2.98 (s, 6H, ArNMe,),0.17 [s,
3H, CH;Si(OTMS),], and 0.13 [s, 18H, MeSi{OSi(CH3);},].

TLC: R;= 0.3 in hexanes:EtOAc = 200:1.
BC NMR (CDCl;, 125 MHz): 6 150.8, 145.2,127.9,127.0,121.2,112.4,40.7, 2.1, and 0.3.

GC-MS (5029017): t, = 11.80min, m/z 368 [(M+H)*, 100], 252 [(M—CH,)", 801, 278 (10), 204 (20), 144
(25), and 73 (60).

IR (neat): 2956 (m), 1600 (m), 1519 (m), 1354 (w), 1250 (s), 1180 (m), 1036 (s), 986 (m), 869 (s), 835
(s), 812 (s), 790 (s), 751 (s), 687 (m), and 514 (w) cm™.

HRMS (ESI/TOF): Calcd for M+H)* (C,;H;,NO,Si;)": 368.1892. Found: 368.1902.
(E)-4-[2-(1,1,1,3,5,5,5-Heptamethyltrisiloxan-3-yl)vinyl]-1-methyl-1H-indole (2-3-24)

[—

Me Y - [Sil

2-3-24
Physical Appearance: Light brown color clear liquid.
Yield: 46 mg, 61%.

'H NMR (CDCl,, 500 MHz): & 7.41 (d, J = 19.3 Hz, 1H, ArCH=CH), 7.32 (d, J = 7.2 Hz, 1H, Ar-H),
726 (d,J=8.0 Hz, 1H, Ar-H,), 7.23 (dd, J = 8.0, 7.2 Hz, 1H, Ar-H), 7.1 (d, J = 3.1 Hz, |H, NCHCH),
6.72 (d,J = 3.1 Hz, IH, NCHCH), 6.44 (d, J = 19.3 Hz, 1H, ArCH=CH), 3.81 (s, 3H, AtNMe), 0.23 [s,
3H, CH,Si(OTMS),], and 0.15 [s, 18H, MeSi{OSi(CH,);},].

BC NMR (CDCl,, 125 MHz): § 143.5, 137.4, 130.8, 129.3, 127.3, 127.0, 121.7, 117.1, 109.2, 99 4, 33.1,
2.1,and 0.3.

TLC: R;= 0.3 in hexanes:EtOAc = 40:1.

GC-MS (5029017): t = 12.52 min, m/z 378 [(M+H)", 80], 262 [(M-CH,)*, 100], 288 (25), 221 (25), 214
(25), 198 (55), 168 (60), 154 (40), and 73 (60).

IR (neat): 2956 (m), 1594 (w), 1513 (w), 1417 (w) 1340 (w), 1288 (m), 1250 (s), 1033 (s), 988 (m), 869
(s), 835 (s), 783 (s), 740 (s), 709 (m), and 594 (m) cm™.
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HRMS (ESI/TOF): Calcd for (M+H)" (CsH3,NO,Si3)*: 378.1735. Found: 378.1780.

(E)-3-[2-(Benzofuran-5-yl)vinyl]-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-3-25)

- [S]
A0
O
2-3-25
Physical Appearance: White color clear liquid.

Yield: 45.1 mg, 62%.

'H NMR (CDCl,, 500 MHz): & 7.66 (ddd, J = 1.7,0.7,0.7 Hz, 1H, ArH), 7.61 (d,J = 2.2 Hz, 1H,
OCHCH), 7.45 (ddd, J = 8.5,0.7,0.7 Hz 1H, ArH), 7.45 (dd, J = 8.5, 1.7 Hz 1H, ArH), 7.06 (app d, J =
19.2 Hz, 1H, ArCH=CH), 6.76 (dd, J = 2.2,0.7 Hz, |H, OCHCH), 6.24 (d, J = 19.2 Hz, IH, ArCH=CH),
0.20 [s, 3H, CH,Si(OTMS),], and 0.13 [s, 18H, MeSi{OSi(CH,),},].

BC NMR (CDCl,, 125 MHz): § 155.3, 145.7, 145.4,133.7, 127.9, 125.5,123.3,119.7, 111.6, 107.0, 2.2,
and 0.3.

TLC: R; = 0.4 hexanes:EtOAc = 60:1.

GC-MS (5029017): t, = 11.21min, m/z 365 [(M+H)", 15], 249 [(M—CH.)*, 60], 221 (100), 201 (30), and
73 (15).

IR (neat): 2957 (m), 1604 (w), 1586 (w), 1465 (w) 1439 (m), 1251 (s), 1187 (m), 1030 (s), 987 (m), 836
(s), 790 (s), 752 (s), 729 (s), and 687 (m) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,;H,sNaO5Si;)": 387.1238. Found: 387.1252.

(E)-1,1,1,3,5,5,5-Heptamethyl-3-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)styryl]
trisiloxane (2-3-26)

/@/\/[Si]
8
>§(°

2-3-26

Physical Appearance: White color semi solid.
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Yield: 73.8mg, 82%.

'H NMR (CDCl,, 500 MHz): & 7.78 (d, J = 8.0 Hz, 2H, Ar-H), 7.44 (d, J = 8.0 Hz, 2H, Ar-H), 6.97 (d, J
=19.2 Hz, 1H, ArCH=CH), 6.34 (d, J = 19.2 Hz, 1H, ArCH=CH), 1.35 (s, J = 3.2 Hz, 12H, BPin), 0.19
[s, 3H, CH,Si(OTMS),], and 0.11 [s, 18H, MeSi{OSi(CH,);}>].

BC NMR (CDCl;, 125 MHz): 6 145.1,141.0, 135.2,135.1, 128.1, 126.1,84.0,25.1,2.1, and 0.2.
TLC: R;= 0.3 hexanes:EtOAc = 100:1.

GC-MS (5029017): t, = 10.42 min, m/z 452 [(M+2H)", 40], 435 [(M-CH3)", 60], 351 (25), 313 (25), 221
(30), 143 (70), 83 (80), and 73 (100).

IR (neat): 2957 (m), 1606 (w), 1514 (m), 1396 (s) 1358 (m), 1252 (s), 1143 (m), 1037 (s), 993 (m), 836
(s), 796 (s), 752 (s), 669 (s), and 577 (m) cm™".

HRMS (ESI/TOF): Calcd for (M+Na)* (C,,H3BNaO,Si;)": 473.2141. Found: 473.2107.

(8R9S5,135,145)-3-[(E)-2-(1,1,1,3,5,5,5-Heptamethyltrisiloxan-3-yl)vinyl]-13-methyl-
7,89,11,12,13,15,16-octahydro-6H-cyclopenta[a]phenanthren-17(14H)-one (2-3-27)

2-2-27

Physical Appearance: White color semi solid.
Yield: 76 mg, 76%.

'H NMR (CDCl,, 500 MHz): 8 7.27 (d,J = 8.3 Hz, 1H, Ar-H), 7.25 (dd, J = 8.3, 1.2 Hz, 1H, Ar-H), 7.17
(d,J =12Hz, IH, Ar-H), 691 (d,J = 19.2 Hz, 1H, ArCH=CH), 6.22 (d, J = 19.2 Hz, 1H, ArCH=CH),
294 (dd,J =4.5,4.5 Hz, 1H),2.93-2.91 (m, 1H, alkyl-H), 2.51 (ddd, J = 19.1, 8.8,0.7 Hz, 1H, alkyl-H),
2.46-2.41 (nfom, 1H, alkyl-H), 2.31 (ddd, J = 10.7, 10.7, 4.2 Hz, 1H, alkyl-H), 2.24 (dddd, J = 19.2,9.0,
9.0 Hz, 1H, alkyl-H), 2.09-2.01 (m, 2H, alkyl-H), 1.99-1.95 (nfom, 1H, alkyl-H), 1.68-1.41 (m, 6H, alkyl-
H), 1.00 [s, 3H, CH(18),],0.26 [s, 3H, CH,Si(OTMS),], and 0.21 [s, 18H, MeSi{OSi(CH,);},].

BC NMR (CDCl,, 125 MHz): & 221.1, 144.9,140.2, 136.8, 136.0, 127.5, 126.1, 125.8, 124.2,50.7, 48 2,
44.7,38.3,36.1,31.8,29.6,26.7,259,21.8,14.0,2.1,and 0.2.
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TLC: R; = 0.4 in hexanes:EtOAc = 10:1.

GC-MS (5029019): 7, = 18.9 min, m/z 501 [(M+H)", 2], 486 [(M—OH)", 3], 264 (2), 151 (10) and 73
(100).

IR (neat): 2956 (m), 1738 (s), 1603 (w), 1454 (w) 1407 (w), 1250 (s), 1035 (s), 989 (m), 837 (s), 783 (s),
752 (s), 688 (s), and 579 (w) cm™.

HRMS (ESI/TOF): Caled for (M+H)" (C,;H,505Si5)": 501.2671. Found: 501.2626.

1,1,1,3,5,5,5-Heptamethyl-3-phenethyltrisiloxane (2-2-1)

[Si]

\

2-2-1
Physical Appearance: Colorless clear liquid.
Yield: 46.9 mg, 72%.

'H NMR (CDCl,, 500 MHz): & 7.29 (dd, J = 7.6, 7.4 Hz, 2H, Ar-H), 721 (d,J = 7.6 Hz, 2H, Ar-H), 7.18
(dd,J =7.4,74 Hz, 1H, Ar-H), 2.67-2.63 (nfom, 2H, Ar-CH,CH,), 0.86-0.83 (nfom, 2H, Ar-CH,CH,),
0.12 [s, 18H, MeSi{OSi(CH,),},], and 0.04 [s, 3H, CH,Si(OTMS),].

BC NMR (CDCl;, 125 MHz): § 145.4,128.5,128.0,125.7,29.5,19.9,2.1, and -0.1.
TLC: R;= 0.3 in hexanes.

GC-MS (5029017): t, = 9.15 min, m/z 327 [(M+H)*, 10], 322 [(M—CH,)*, 100], 221 (100), 208 (20) and
164 (10).

IR (neat): 2957 (m), 1603 (w), 1496 (w) 1453 (w), 1251 (s), 1039 (s), 835 (s), 793 (s), 780 (s), 751 (s),
696 (s), and 572 (m) cm™.

HRMS (ESI/TOF): Calced for (M+H)" (C,sH5,0,Si5)": 327.1626. Found: 327.1669.

3-[4-(tert-Butyl)phenethyl]-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-2-2)
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t-Bu

2-2-2
Physical Appearance: Colorless clear liquid.
Yield: 58.8 mg, 77%.

'H NMR (CDCl, 500 MHz): & 7.31 (d, J = 8.3 Hz, 2H, Ar-H), 7.14 (d, J = 8.3 Hz, 2H, Ar-H), 2.63-2.60
(nfom, 2H, Ar-CH,CH,), 1.32 (s, 9H, Ar-CMe;), 0.85-0.82 (nfom, 2H, Ar-CH,CH,), 0.11[s, 18H,
MeSi{OSi(CH,);},], and 0.03 [s, 3H, CH,Si(OTMS),].

BC NMR (CDCls, 125 MHz): § 148.5,142.3,127.6,125.4,34.5,31.7,28.8,19.8,2.1,and —0.1.
TLC: R;= 0.6 in hexanes.

GC-MS (5029017): £, = 10.89 min, m/z 383 [(M+H)*, 4], 367 [(M—CH,)*, 50], 313 (15), 295 (10), and
221 (100).

IR (neat): 2957 (m), 1516 (w), 1363 (w), 1252 (s), 1041 (s), 836 (s), 796 (s), 780 (s), 753 (s), 687 (m),
and 561 (m) cm™.

HRMS (ESI/TOF): Caled for (M+H)" (C,4H3,0,Si5)": 383.2252. Found: 383.2291.

1,1,1,3,5,5,5-Heptamethyl-3-(2-methylphenethyl)trisiloxane (2-2-3)

Me

2-2-3
Physical Appearance: Colorless clear liquid.
Yield: 44.9 mg, 66%.

'H NMR (CDCl,, 500 MHz): & 7.16 (m, 2H, Ar-H), 7.13 (s, 1H, Ar-H), 7.11 (m, 1H, Ar-H), 2.63-2.60
(nfom, 2H, ArCH=CH), 2.31 (s, 3H, Ar-CH,), 0.80-0.76 (nfom, 2H, ArCH=CH), 0.13 [s, 18H,
MeSi{OSi(CH,);},], and 0.07 [s, 3H, CH,Si(OTMS),].

BC NMR (CDCl;, 125 MHz): & 143.5,135.6,130.3,128.1, 126.2, 125.8,26.8,19.4, 18.5,2.1, and —0.1.

TLC: R;= 0.6 in hexanes.
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GC-MS (5029017): t, = 9.74 min, m/z 341 [(M+H)", 5], 325 [(M-CHjs)", 100], 296 (3), 251 (5), 221
(100), 208 (20) and 179 (7).

IR (neat): 2956 (m), 1492 (w), 1457 (w), 1251 (s), 1179 (w), 1039 (s), 835 (s), 802 (s), 781 (s), 750 (s),
687 (m), and 447 (m) cm™.

HRMS (ESI/TOF): Caled for (M+H)" (C,H,:0,Si)" : 341.1783. Found: 341.1842.

1,1,1,3,5,5,5-Heptamethyl-3-(3-methylphenethyl)trisiloxane (2-2-4)

Me\©/\/ [Si]

2-2-4
Physical Appearance: Colorless clear liquid.
Yield: 51.7 mg, 76%.

'H NMR (CDCl,, 500 MHz): & 7.18 (dd, J=7.4,7.4 Hz, 1H, Ar-H), 7.03 (s, 1H, Ar-H), 7.00 (app t, J =
8.2 Hz, 2H, Ar-H), 2.63-2.60 (nfom, 2H, Ar-CH,CH,), 2.35 (s, 3H, Ar-CH,), 0.85-0.82 (nfom, 2H, Ar-
CH,CH,),0.12 [s, 18H, MeSi{OSi(CH,),},], and 0.04 [s, 3H, CH,Si(OTMS),].

BC NMR (CDCl;, 125 MHz): & 145.4,138.0, 128.8, 128.4,126.4,125.0,29.4,21.6,20.0, 2.1, and —0.1.
TLC: R; = 0.6 in pure hexanes.

GC-MS (5029017): t, = 9.61 min, m/z 341 [(M+H)", 5], 325 [(M=CHS,)", 100], 251 (6), 221 (100), 208
(20) and 179 (10).

IR (neat): 2957 (m), 1609 (w), 1488 (w), 1410 (w), 1251 (s), 1179 (w), 1039 (s), 835 (s), 805 (s), 780 (s),
752 (s), 689 (m), and 585 (m) cm™.

HRMS (ESI/TOF): Caled for (M+H)" (C,¢H330,Si5)": 341.1783. Found: 341.1837.

3-(2,4-Dimethylphenethyl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-2-5)

Me Me

2-2-5
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Physical Appearance: Colorless clear liquid.
Yield: 51 mg, 72%.

'H NMR (CDCl,, 500 MHz): & 7.07 (d,J = 8.3 Hz, 1H, Ar-H), 6.97 (s, 1H, Ar-H), 6.96 (d, J = 8.3 Hz,
H, Ar-H), 2.60-2.57 (nfom, 2H, Ar-CH,CH,), 2.30 (s, 3H, Ar-CH,), 2.28 (s, 3H, Ar-CH,), 0.78-0.75
(nfom, 2H, Ar-CH,CH.,), 0.13 [s, 18H, MeSi{OSi(CH,);},], and 0.08 [s, 3H, CH,Si(OTMS),].

BC NMR (CDCl,, 125 MHz): & 140.5,135.4,135.2,131.1, 128.0, 126.8,26.3,21.1,19.3,18.8,2.1,-0.2.
TLC: R;=0.7 in pure Hexanes.

GC-MS (5029017): t, = 10.19 min, m/z 354 [M", 5], 339 [(M—CHS,)", 60], 265 (8), 221 (100), 208 (25)
and 192 (10).

IR (neat): 2956 (m), 1503 (w), 1453 (w), 1251 (s), 1179 (w), 1039 (s), 836 (s), 798 (s), 784 (s), 751 (s),
687 (m), and 560 (m) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,;H3,NaO,Si;)": 377.1759. Found: 377.1792.

3-(4-Methoxyphenethyl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-2-6)

/@/\/ [Si]
MeO

2-2-6
Physical Appearance: Colorless clear liquid.
Yield: 39.9 mg, 56%.

'H NMR (CDCl, 500 MHz): & 7.12 (d, J = 8.6 Hz, 2H, Ar-H), 6.83 (d, J = 8.6 Hz, 2H, Ar-H), 3.79 (s,
3H, ArOCH,), 2.61-2.57 (nfom, 2H, Ar-CH,CH,), 0.82-0.79 (nfom, 2H, Ar-CH,CH.,), 0.11[s, 18H,
MeSi{OSi(CH,);},], and 0.03 [s, 3H, CH,Si(OTMS),].

BC NMR (CDCl;, 125 MHz): 8 157.7,137.4,128.8,113.8,55.4,28.5,20.1,2.0, and -0.2.
TLC: R; = 0.4 in hexanes:EtOAc = 100:1.
GC-MS (5029017): tx = 10.66 min, m/z 357 [M+H)", 100], and 341 [(M-CH,)*, 100].

IR (neat): 2956 (m), 1612 (w), 1511 (m), 1299 (w), 1245 (s), 1174 (m), 1036 (s), 835 (s), 797 (s), 781 (s),
752 (s), 687 (m), and 516 (w) cm™.
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HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH3,NaO5Si;)": 379.1551. Found: 379.1622.

3-(3,4-Dimethoxyphenethyl)-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-2-7)
MeO [Si]
MeOD/\/
2-2-7
Physical Appearance: Colorless clear liquid.

Yield: 61.8 mg, 80%.

"H NMR (CDCls, 500 MHz): 8 6.79 (d,J = 8.0 Hz, 1H, Ar-H), 6.73 (dd, J = 8.0, 1.9 Hz, 1H, Ar-H), 6.72
(app s, 1H, Ar-H), 3.88 (s, 3H, ArOCHj;), 3.86 (s, 3H, ArOCH;), 2.61-2.57 (nfom, 2H, Ar-CH,CH,), 0.84-
0.80 (nfom, 2H, Ar-CH,CH,),0.11 [s, 18H, MeSi{OSi(CH;);},], and 0.03 [s, 3H, CH;Si(OTMS),].

BC NMR (CDCl;, 125 MHz): & 149.0, 147.1,138.1,119.6, 111.4 (2), 56.15,55.98,29.0,20.1, 2.1, and —
0.1.

TLC: R;=0.7 in hexanes:EtOAc = 100:1.
GC-MS (5029017): tr = 11.49 min, m/z 387 [M+H)", 100], 372 [(M-CH,)", 15], and 283 (15).

IR (neat): 2956 (m), 1590 (w), 1513 (s), 1464 (w), 1416 (w), 1251 (s), 1141 (m), 1030 (s), 835 (s), 795
(s), 782 (s), 752 (s), and 687 (m) cm™.
HRMS (ESI/TOF): Calcd for (M+Na)* (C,;H;,NaO,Si;)*: 409.1657. Found: 409.1704.

1,1,1,3,5,5,5-Heptamethyl-3-[4-(trifluoromethyl)phenethyl]trisiloxane (2-2-8)

/@/v [Si]
Fs;C

2-2-8

Physical Appearance: Colorless clear liquid.
Yield: 56.8 mg, 72%. [containing ca. 5% of dehydrogenative silylation (DS) product]

'H NMR (CDCl,, 500 MHz): & 7.52 (d, J = 8.0 Hz, 2H, Ar-H), 7.30 (d, J = 8.0 Hz, 2H, Ar-H), 2.70-2.67
(nfom, 2H, Ar-CH,CH,), 0.84-0.81 (nfom, 2H, Ar-CH,CH,), 0.13 [s, 18H, MeSi{OSi(CH,);},], and 0.04
[s, 3H, CH,Si(OTMS),].
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BC NMR (CDCl;, 125 MHz): & 149.5, 143.5 (DS), 128.3, 128.1 (Jr.c = 32 Hz), 126.9 (DS), 126.8 ("J;.¢
=271 Hz), 1254 (CJrc=3.6 Hz),29.4,19.7,2.1,and -0.12.

TLC: R;= 0.6 in hexanes.
GC-MS (5029017): tx = 9.17 min, m/z 395 [(M+H)*, 2], 376 [(M-F)*, 100], 221 (130), and 155 (50).

IR (neat): 2958 (m), 1618 (w), 1416 (w), 1324 (s), 1252 (s), 1163 (m), 1125 (s), 1041 (s), 836 (s), 815
(s),797 (s), 781 (s), 752 (s), 687 (m), and 614 (w) cm™".

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sHyFsNaO,Si;)": 417.1320. Found: 417.1280.

3-[2-{(1,1'-Biphenyl)-4-yl}ethyl]-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-2-9)

Ph

2-2-9
Yield: 59.5 mg, 74%.

Physical Appearance: Colorless clear liquid.

'H NMR (CDCl,, 500 MHz): 8 7.60 (dd, J = 8.3, 1.2 Hz, 2H, Ar-H), 7.53 (d, J = 8.2 Hz, 2H, Ar-H), 7 .44
(dd,J=8.3,7.4 Hz,2H, Ar-H), 7.35 (ddd, J = 7.4, 1.2, 1.2 Hz, 1H, Ar-H), 7.29 (d, J = 8.2 Hz, 2H, Ar-H),
2.72-2.69 (nfom, 2H, Ar-CH,CH,), 0.91-0.87 (nfom, 2H, Ar-CH,CH,), 0.15 [s, 18H, MeSi{OSi(CH,),},1,
and 0.07 [s, 3H, CH,Si(OTMS),].

BC NMR (CDCl;, 125 MHz): § 144 .4, 141 .4, 138.6, 128.8, 128.3, 127.18, 127.13, 127.05,29.0, 19.8,
2.0,and -0.2.

TLC: R;=0.5 in hexanes:EtOAc = 100:1.
GC-MS (5029017): t, = 13.11 min, m/z 402 [M*, 20], 388 [(M-CH,)", 60], and 221 (100).

IR (neat): 2956 (m), 1486 (m), 1449 (w), 1408 (w), 1251 (s), 1178 (w), 1038 (s), 1041 (s), 853 (s), 796
(s), 781 (s), 752 (s), 695 (m), 585 (m), and 501 (m) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,,H3,NaO,Si;)": 425.1759. Found: 425.1803.

1,1,1,3,5,5,5-Heptamethyl-3-[2-(naphthalen-2-yl)ethyl]trisiloxane (2-2-10)
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/ [Si]

2-2-10
Physical Appearance: Colorless clear liquid.
Yield: 62.4 mg, 83%.

'H NMR (CDCl,, 500 MHz): & 7.81-7.76 (m, 3H, Ar-H), 7.62 (s, 1H, Ar-H), 7.44 (ddd, J = 8.1,6.8, 1.3,
1H, Ar-H),7.40 (ddd, J = 8.1, 6.8, 1.3, 1H, Ar-H), 7.35 (dd, J = 8.4, 1.7 Hz, 1H, Ar-H), 2.82-2.79 (nfom,
2H, Ar-CH,CH,), 0.94-0.90 (nfom, 2H, Ar-CH,CH,), 0.13 [s, 18H, MeSi{OSi(CH,);},], and 0.06 [s, 3H,
CH Si(OTMS),].

BC NMR (CDCl;, 125 MHz): & 142.9,133.9, 132.1, 128.0, 127.80, 127.61, 127.3, 126.0, 125.6, 125 2,
29.7,19.9,2.1,and 0.0.

TLC: R;=0.7 in hexanes:EtOAc = 100:1.
GC-MS (5029017): tg = 12.18 min, m/z 376 [M*, 20], 362 [(M-CH,)", 60], and 221 (100).

IR (neat): 2957 (m), 1600 (w), 1508 (w), 1251 (s), 1179 (w), 1038 (s), 835 (s), 798 (s), 781 (s), 751 (s),
687 (m), and 473 (m) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,0H3,Na0,Si;)": 399.1602. Found: 399.1635.

Ethyl 4-[2-(1,1,1,3,5,5,5-Heptamethyltrisiloxan-3-yl)ethyl|]benzoate (2-2-11)

MeOzC

2-2-11
Physical Appearance: Colorless clear liquid.
Yield: 55.5 mg, 71%.

'"H NMR (CDCl;, 500 MHz): 6 7.95 (d, J = 8.3 Hz, 2H, Ar-H), 7.25 (d, J = 8.3 Hz, 2H, Ar-H), 4.36 (q, J
=7.1 Hz, 2H, ArCO,CH,CH,;), 2.70-2.66 (nfom, 2H, Ar-CH,CH,), 1.39 (t,J =7.1 Hz, 3H,
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ArCO,CH,CH,), 0.84-0.81 (nfom, 2H, Ar-CH,CH.,), 0.08 [s, 18H, MeSi{OSi(CH,);},], and 0.03 [s, 3H,
CH,Si(OTMS),].

BC NMR (CDCl;, 125 MHz): § 167.0, 150.8, 129.9, 128.07, 128.00, 60.9,29.6, 19.7,14.6, 2.1, and —0.1.
TLC: R;=0.3 in hexanes:EtOAc = 80:1.

GC-MS (5029017): t, = 11.86 min, m/z 398 [M*, 20], 383 [(M—CH.)*, 15], 353 (30), 340 (20), and 132
(100).

IR (neat): 2957 (m), 1719 (s), 1610 (w), 1414 (w), 1366 (w), 1273 (s), 1251 (s), 1178 (m), 1105 (m),
1040 (s), 835 (s), 781 (s), 752 (s), 688 (m), and 623 (w) cm’.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH3,NaO,Si;)": 421.1657. Found: 421.1701.

2-[2-(1,1,1,3,5,5,5-Heptamethyltrisiloxan-3-yl)ethyl]-NV,N-dimethylaniline (2-2-12)

>0
NMez

2-2-12
Physical Appearance: Colorless clear liquid.
Yield: 38.4 mg, 52%.

'H NMR (CDCl,, 500 MHz): 8 721 (dd, J=7.5, 1.6 Hz, 1H, Ar-H), 7.15 (ddd, J = 8.0, 7.3, 1.6 Hz, 1H,
Ar-H),7.07 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.01 (ddd, J=7.5,7.3, 1.6 Hz, 1H, Ar-H), 2.75-2.69
(nfomm, 1H, Ar-CH,CH,), 2.67 (s, 6H, Ar-NMe,), 0.87-0.81 (nfomm, 2H, Ar-CH,CH,), 0.11 [s, 18H,
MeSi{OSi(CH,);},], and 0.06 [s, 3H, CH,Si(OTMS),].

BC NMR (CDCl;, 125 MHz): § 152.5,140.0,129.2,126.3,123.4,119.4,45.2,24.0,19.0,2.1,and -0.1.
TLC: R;= 0.3 in hexanes:EtOAc = 200:1.
GC-MS (5029017): tx = 10.23 min, m/z 370 [M+H)*, 70], 354 [(M-CH,)*, 30], 221 (80), and 148 (100).

IR (neat): 2956 (m), 1597 (w), 1491 (m), 1452 (w), 1251 (s), 1039 (s), 836 (s), 800 (s), 781 (s), 751 (s),
687 (m), and 566 (w) cm™.
HRMS (ESI/TOF): Calcd for M+H)* (C,;H;,NO,Si;)": 370.2048. Found: 370.2109.

3-[2-(Benzofuran-2-yl)ethyl]-1,1,1,3,5,5,5-heptamethyltrisiloxane (2-2-13)
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O

2-2-13
Physical Appearance: Colorless clear liquid.
Yield: 48.3 mg, 66%.

'H NMR (CDCL,, 500 MHz): & 7.49-7.46 (nfom, 1H, Ar-H), 7.43-7.39 (nfom, 1H, Ar-H), 7.20 (ddd, J =
73,73,19Hz, 1H, Ar-H),7.17 (ddd, J=7.3,7.3, 1.6 Hz, 1H, Ar-H), 6.38 (d, J = 0.8 Hz, 1H, Ar-H),
2.82-2.76 (nfom, 2H, Ar-CH,CH,), 0.98-0.92 (nfom, 2H, Ar-CH,CH,), 0.11 [s, 18H, MeSi{OSi(CH,),},1,
and 0.06 [s, 3H, CH,Si(OTMS),].

BC NMR (CDCl;, 125 MHz): § 161.9, 154.9, 129.3, 123.2, 122.5,120.4, 1109, 101.2,22.4, 15.6, 2.1,
and -0.2.

TLC: R;= 0.8 in hexanes:EtOAc = 100:1.
GC-MS (5029017): t, = 11.16 min, m/z 366 [M*, 30], 351 [(M-CH,)", 100], 278 (30), and 221 (90).

IR (neat): 2956 (m), 1600 (w), 1588 (w), 1455 (m), 1251 (s), 1183 (w), 1040 (s), 947 (w), 835 (s), 790
(s), 748 (s), 737 (s), and 687 (m) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,;H3,NaO5Si;)": 389.1395. Found: 389.1445.

3-[2-(1,1,1,3,5,5,5-Heptamethyltrisiloxan-3-yl)ethyl]-1-methyl-1H-indole (2-2-14)

[Si]
Qf

N
Me

2-2-14
Physical Appearance: Colorless clear liquid.
Yield: 42.5 mg, 56%.

'H NMR (CDCl,, 500 MHz): 8 7.60 (d,J = 7.9 Hz, 1H, Ar-H), 7.29 (d, J = 8.2 Hz, 1H, Ar-H), 7.23 (dd, J
=8.2,73 Hz, 1H, Ar-H), 7.11 (dd,J=7.9,7.3 Hz, 1H, Ar-H), 6.84 (s, 1H, Ar-H), 3.78-3.72 (s, 3H,
NMe), 2.80-2.77 (m, 2H, Ar-CH,CH,), 0.97-0.92 (m, 2H, Ar-CH,CH,), 0.14 [s, 18H, MeSi{OSi(CH,);},],
and 0.07 [s, 3H, CH,Si(OTMS),].
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BC NMR (CDCl;, 125 MHz): & 137.3,127.7,125.5,121.5,119.1, 118.51, 118.33,109.2, 32.6, 18.6,
184,2.0,and -0.2.

TLC: R;= 0.8 in hexanes:EtOAc = 80:1.

GC-MS (5029017): t, = 12.22 min, m/z 379 [M*, 100], 366 [(M—CH,)*, 601, 337 (10), 291 (5), 280 (12),
144 (70), and 73 (5).

IR (neat): 2956 (m), 1615 (w), 1471 (w), 1423 (w), 1251 (s), 1037 (s), 835 (s), 785 (s), 752 (s), 733 (s),
686 (m), and 425 (w) cm™.

HRMS (ESI/TOF): Calcd for (M+Na)* (C,sH33NNaO,Si;)*: 402.1711. Found: 402.1778
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