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SYNOPSIS

Organosilicon compounds represent a diverse class of molecules that
possess a silicon-carbon bond. Silicon has a larger covalent radius,
which provides the unique characteristics to organosilicon compounds,
such as longer bond length, different bond angle and ring conformation
compared to their carbon analogues. The low polarity of the Si-C bond
enhances the lipophilicity of organosilicon compounds, which often
improves cell and tissue penetration that in turn alters the potency and
selectivity of the silicon structure relative to carbon. The electropositive
nature of silicon contributes an electron-deficient center in the molecule
and reverse bond polarization, which makes them susceptible to
nucleophilic attack, as well as this characteristic of silicon stabilizes the
carbocation at the [-position with respect to silicon. Generally,
organosilicon compounds are considered non-toxic because no element-
specific toxicity associated with silicon. Silicon is a classical isostere of
carbon and is often used as a bioisostere via the “silicon-switch” strategy
in bioactive molecules. All these characteristics make organosilicon
compounds an ideal candidate for organic synthesis, material science,
agrochemicals, pharmaceuticals, and everyday care products. Similar to
organosilicon compounds, organogermanium compounds possess a
germanium-carbon bond, have a larger atomic size, and are more
electropositive than carbon with reverse bond polarization. These
characteristics make organogermanium compounds suitable for its use
in optoelectronics and semiconductors. Generally acknowledged that
germanium is an essential trace element, particularly crucial for the
regular functioning of the immune system and plays a significant role in
the prevention of cancer. Some organogermanium compounds exhibit
medicinal applications, such as Ge-132 shows immunomodulatory,
antioxidant, and anti-inflammatory properties.

Organosilicon compounds are generally synthesized using
organometallic reagents, metal catalysts, or Brensted and Lewis acid-

catalyzed reactions. However, these methods often require harsh



reaction conditions and rely on precious metals, highlighting the need
for the development of novel and sustainable methodologies for the
synthesis of organosilicon and organogermanium compounds. In this
context, we envision to develop a metal-free, visible light-mediated and
organophotocatalyzed protocol for the synthesis of organosilicon and
organogermanium compounds.

This thesis aims to develop novel methodologies for the synthesis of
organosilicon and organogermanium compounds via hydrogen atom
transfer process, enabled under metal-free visible light photoredox
conditions, using simple hydrosilanes and hydrogermane as radical

precursors.
Objective

We intended to use the Si-H and Ge-H bond functionalization strategy
for the synthesis of organosilicon and organogermanium compounds
using simple hydrosilanes and hydrogermanes. The electropositive
nature of silicon and germanium relative to carbon results in a high
hydridic character in Si-H and Ge-H bonds of hydrosilanes and
hydrogermanes, making them ideal candidates for functionalization
through hydrogen atom transfer (HAT) by electrophilic radical, a
process that is polarity-matched. The electrophilic radical can be
generated via thermal or photochemical methods, and we intended to
use the latter due to the ease of handling and mild reaction conditions.
The photochemical generation of an electrophilic radical can be realized
using a transition metal photocatalyst or an organophotocatalyst, with
the latter attracting our attention because it avoids the usage of
hazardous and precious metals.

In our search for an ideal electrophilic radical to initiate the hydrogen
atom transfer, sulfamidyl radical was recognized to be suitable for this
process. Appropriate precursors were employed to generate sulfamidyl
radical through oxidative and reductive quenching pathways of a
visible-light-assisted excited  photocatalyst, enabling the
functionalization of Si-H and Ge-H bond of hydrosilanes and

hydrogermanes.

il



Chapter 1: Introduction

In this chapter, we begin with a brief discussion on silicon and
germanium, their physicochemical properties, and continue with a
general introduction to organosilicon compounds. Next, the historical
background for the synthesis of organosilicon compounds is discussed,
along with modern protocols using different sources of silicon, such as
halosilanes, oligosilanes, silicon-boron reagents, organosilicon
precursors (e.g., silylcarboxylic acid) and lastly hydrosilanes in metal-
catalyzed and metal-free protocols. Organosilicon compounds have
diverse applications in pharmaceuticals, agrochemicals, and materials
research. Some of these applications are further discussed in this
chapter, such as daily life (e.g., Polydimethylsiloxanes and Simeticone),
agriculture (e.g., Sylgard 309 and Silthiofam), and medicinal
applications (e.g., anticancer, antiviral, antibacterial, etc.). After the
discussion on organosilicons, this chapter provides a brief introduction
to organogermanium compounds and their detailed synthesis from
various germanium sources, including halogermanes, oligogermanes,
organogermanium precursors (e.g., germylcarboxylic acid), and
hydrogermanes. Furthermore, we discussed daily life and medicinal
applications of organogermanium compounds. Since our effort to
synthesize organosilicon and organogermanium compounds via Si-H
and Ge-H bond functionalization is under photochemical conditions, we
provided a brief overview of photoredox catalysis and its significance.
Moreover, we discussed the detailed description of the photophysical
process of the photocatalyst. Furthermore, the detailed operating
mechanism of the photocatalyst through oxidative and reductive
quenching pathways is discussed, and the table of photocatalysts, along
with their ground-state and excited-state redox potentials, is provided.
Lastly, we discussed our approach to the functionalization of the Si-H
and Ge-H bond of hydrosilanes and hydrogermanes using an

electrophilic radical.
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Chapter 2: Development of Sulfonamide as Photoinduced Hydrogen
Atom Transfer Catalyst for Organophotoredox Hydrosilylation and
Hydrogermylation of Activated Alkenes

In this chapter, we describes the development of an easily synthesizable,
inexpensive, sterically and electronically tunable sulfonamide as a
hydrogen atom transfer catalyst for the selective functionalization of Si-
H/Ge-H bond of hydrosilanes and hydrogermanes using an

organophotocatalyst under visible light irradiation.
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Scheme 1 N-cyclohexyl-4-methylbenzenesulfonamide as a hydrogen
atom transfer catalyst for photocatalytic hydrosilylation and

hydrogermylation of activated alkenes

The screening of different sulfonamides possessing electron-
withdrawing/donating groups, as well as different steric groups,
revealed that N-cyclohexyl-4-methylbenzenesulfonamide outperformed

other tested sulfonamides and selectively functionalize the Si-H bond
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over the C-H bond of hydrosilanes, despite their comparable bond
dissociation energies, and theoretical studies further confirmed the
selective functionalization of the Si-H bond. Optimization studies
revealed 4CzIPN as the optimal photocatalyst, K3POj4 as the best base,
and with acetone-water mixture as the ideal solvent, using N-
cyclohexyl-4-methylbenzenesulfonamide as the hydrogen atom transfer
catalyst for hydrosilylation of activated alkenes. Different activated
alkenes, such as acrylic esters, maleate esters, a-methylene-y-
butyrolactone, cyclopentenones, acrylamides, vinyl phosphine oxides,
and vinyl sulfone, tolerate the reaction conditions and undergo
hydrosilylation smoothly, affords the corresponding product in
moderate to good yields. Within the scope of hydrosilanes, we found
that the developed protocol is suitable for both linear and branched alkyl
silanes. Also, aryl silanes undergo efficient hydrosilylation with
activated alkenes. Next, we extended this protocol to the selective
functionalization of the Ge-H bond and achieved the hydrogermylation
of activated alkenes in excellent yields. Both alkyl and aryl
hydrogermanes are compatible under the developed reaction conditions.
We performed different control experiments to investigate the reaction
mechanism. Radical inhibition experiments confirmed the involvement
of the radical in the mechanism, quantum yield measurements ruled out
a radical chain mechanism, and deuterium-labelling studies indicated
water as the proton source. The Stern-Volmer quenching revealed that
the potassium salt of N-cyclohexyl-4-methylbenzenesulfonamide is an
actual quencher of the excited photocatalyst. The oxidation potential of
the potassium salt of sulfonamide was measured using cyclic
voltammetry. A scale-up reaction further demonstrated the practical

utility of this method.



Chapter 3: Organophotocatalytic =~ Regioselective  Silylation/
Germylation and  Cascade  Cyclization  of N-Alkenyl a-
CF3 Acrylamides: Access to Densely Functionalized 4-Pyrrolin-2-

ones

In this chapter, we describes the development of an alternative strategy
for sulfamidyl radical generation and its utilization in the synthesis of
silylated and germylated 4-pyrrolin-2-ones via functionalization of Si-

H/Ge-H bond of hydrosilanes and hydrogermanes under photochemical
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2-ones via radical addition and cascade cyclization from N-Alkenyl a-
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To construct the 4-pyrrolin-2-one scaffold, we employed 3-aza-1,5-
dienes as substrates, anticipating that silyl or germyl radical addition
followed by cascade cyclization would deliver silylated or germylated
4-pyrrolin-2-ones. Our previously developed strategy for generating
sulfamidyl radicals from sulfonamides could not be applied in this
context because it proceeds via a reductive quenching pathway that
generates a reduced photocatalyst, whereas the tentative mechanism
suggest that the synthesis of 4-pyrrolin-2-ones from 3-aza-1,5-dienes
requires an oxidized photocatalyst to complete the catalytic cycle. In this
context, an alternative strategy was developed for the simultaneous
generation of the sulfamidyl radical and an oxidized photocatalyst and
we realized that N-aminopyridinium salts would be well-suited to
generate sulfamidyl radical while providing the oxidized photocatalyst

through an oxidative quenching pathway.

Optimization identified 4DPAIPN as the best photocatalyst and
trifluorotoluene as the ideal solvent, using an N-aminopyridinium salt as
the hydrogen atom transfer reagent for the photochemical synthesis of
silylated and germylated 4-pyrrolin-2-ones. In the scope of 3-aza-1,5-
dienes, enamides bearing ethyl, propyl, or phenyl substituents at the 2-
position smoothly afforded the corresponding silylated 4-pyrrolin-2-
ones in excellent yields. Both aryl and alkyl N-substituents were well
tolerated, giving moderate to excellent yields. Substituents at the meta
and para-positions of aryl rings and heteroaromatic ring 2-thienyl at the
a-position of the enamide, afforded the corresponding silylated 4-
pyrrolin-2-ones in good to excellent yields. The developed methodology
was efficient for both linear and branched alkyl silanes, as well as for
aryl silanes undergo efficient radical addition and cyclization for the
synthesis of silylated 4-pyrrolin-2-ones. The protocol was successfully
employed for the synthesis of germylated 4-pyrrolin-2-ones, both alkyl
and aryl hydrogermanes were compatible under the developed reaction
conditions. The synthetic and practical utility of this method was further
demonstrated by the compatibility of natural products and drug scaffold-

tethered to starting materials, as well as through the scale-up reaction.
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The proposed mechanism was supported by control experiments,
including radical inhibition studies, which confirmed the involvement
of aradical in product formation, trapping of the sulfamidyl radical with
1,1-diphenylethylene and quantum yield measurements indicating the
involvement of a short radical chain mechanism. The fluorescence
quenching of the excited photocatalyst by N-aminopyridinium salt was

further confirmed through Stern-Volmer quenching studies.

Chapter 4: Organophotocatalytic  Regioselective  Silylation/
Germylation and Cascade Cyclization of 1,7-Dienes: Access to

Silylated/Germylated Benzazepines

This chapter describes the synthesis of silylated and germylated seven-
membered heterocycles, benzazepines, via regioselective radical
addition and cascade cyclization of silyl and germyl radical to 1,7-dienes
under photochemical conditions using our previously developed N-
aminopyridinium salt as the hydrogen atom transfer reagent through Si-

H/Ge-H bond functionalization of hydrosilanes and hydrogermanes.

The systematic reaction condition optimization revealed 4DPAIPN as
the most efficient photocatalyst and acetonitrile as the ideal solvent,
facilitating the synthesis of silylated benzazepine in 30 minutes. In the
scope of 1,7-dienes, substituents at the ortho, meta, and para-positions
of the benzene ring, as well as replacement of the benzene ring with a 2-
thiophene tethered to the alkene, were tolerated under the optimized
reaction conditions, affording silylated benzazepines in good to
moderate yields. Further screening of substituents at different positions
of the aryl ring of arylamine affords the desired product. Methyl
substitution at the terminal position of the tethered alkene, as well as a-
methacryloyl-derived substrates, underwent radical addition and
cyclization to afford the corresponding products. The protocol is also
applicable to linear and branched alkyl silanes as well as aryl silanes,
affording a variety of silylated benzazepine derivatives. We extended
this protocol for the synthesis of germylated benzazepines, alkyl and

aryl hydrogermanes smoothly underwent radical addition and

viii



cyclization to give the corresponding product. The drug febuxostat and
natural product (+)-a-tocopherol tethered 1,7-diene affords the desired
silylated/germylated benzazepine in moderate to good yields. The
further transformation of the photoproduct silylated benzazepine was
achieved by converting it to the corresponding thioamide and bromo-

substituted benzazepine.
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Scheme 3 The photochemical synthesis of silylated/germylated
benzazepines from 1,7-dienes via silyl/germyl radical addition and

cascade cyclization

To gain insight into the reaction mechanism, various control
experiments and intermediate trapping experiments were conducted.
The product formation was not detected when the reaction was
performed in the presence of the radical quencher TEMPO, indicating
the involvement of a radical pathway in the reaction mechanism. The
possibility of short radical chain involvement was determined by the
quantum yield and the kinetic isotope effect revealed no role of C-H

bond cleavage in the rate-determining step.
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Furthermore, the formation of the carbocation intermediate during the
synthesis of silylated and germylated benzazepines was confirmed
through the detection of hydroxyl-trapped benzazepine derivative by
HRMS. The practicality of this protocol was tested by performing a 2

mmol scale reaction.
Summary

In summary, we developed the first method to use sulfamidyl radical for
the selective functionalization of the Si-H and Ge-H bonds of
hydrosilanes and hydrogermanes and made efforts to advance the
synthesis of organosilicon and organogermanium compounds. Chapter
1 deals with the general introduction of organosilicon and
organogermanium compounds and their physicochemical properties.
Next, we discussed a detailed synthesis of these compounds from
various available sources and their applications in daily life, medicine
and agriculture. Furthermore, we discussed photoredox catalysis, along
with the photophysical and electrochemical properties of photocatalysts
and their operating mechanism. Finishing this chapter on our approach
to the synthesis of organosilicon and organogermanium compounds.
Chapter 2 deals with the development of sulfamidyl radical from easily
synthesizable, inexpensive, sterically and electronically tunable
sulfonamide as a HAT precursor and employed in the hydrosilylation of
activated alkenes via selective functionalization of Si-H/Ge-H bond of
hydrosilanes and hydrogermanes. Chapter 3 deals with the
development of an alternative protocol for the generation of sulfamidyl
radical from N-aminopyridinium salt via the oxidative quenching
pathway and employed in the synthesis of silylated/germylated 4-
pyrrolin-2-ones. Chapter 4 describes the synthesis of silylated and
germylated benzazepines from 1,7-dienes via silyl and germyl radical
addition followed by cascade cyclization. The silyl and germyl radicals
were generated from hydrosilanes and hydrogermanes through a
hydrogen atom transfer process mediated by N-aminopyridinium salts

derived sulfamidyl radical under an oxidative quenching cycle.
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Chapter 1

Introduction

1.1 General introduction

Silicon lies in the third row of the periodic table, below carbon. It is the
second most abundant element in the earth’s crust./”/ Both carbon and
silicon shows a valency of 4 and form tetrahedral compounds, but there
are certain differences in their properties. Carbon forms stable 7 bonds,
but not in the case of silicon./” Silicon exists in nature as silicate and
silica, as it forms a stable o-bond with oxygen.”*# The compounds that
possess a “silicon-carbon bond” referred to organosilicon compounds,
which are not readily available in nature.// As a result, elemental silicon
is used to synthesize organosilicon compounds. Based on the nature of
bonds, organosilicon compounds are classified into various categories,
such as organosilanes, siloxanes, silazanes, silylethers, and halosilanes.
Additionally, they also bonded with other elements such as sulfur,
phosphorus, and various metals to give different types of silicon

containing compounds.

Germanium also lies in the same fourth row of the periodic table, below
silicon. It was separated from mineral argyrodite (AgsGeSs, containing
5-7% Ge) in 1886 by the German chemist Clemens Winkler.>% The
physical and chemical characteristics of germanium are similar to non-
metal silicon and, to a lesser extent with tin, and usually classified it as
a semi-metal. Germanium is generally found in the +4 oxidation state as

oxides or in solution as Germanic acid (Ge(OH)4)./”/
1.2 Silicon and germanium versus carbon

The covalent radii of both silicon and germanium are larger than that of
carbon, while their electronegativities are lower./*/ The Si-C and Ge-C
bonds are longer than the C-C bonds. Silicon’s higher covalent radius
results in approximately 20% longer bond lengths, different bond

angles, and distinct ring conformations compared to its carbon



analogues. The increased size and covalent radius can have a significant
impact on the conformation and reactivity of ring structures with a
silicon center. Silicon’s electropositive character (relative to C, N, O,
and H) results in an electron-deficient centre in a molecule and reversed
bond polarization when compared to analogous carbon
bonds./¥Organosilicon ~ molecule exhibits ~ high  lipophilic
characteristics/*/? and the incorporation of a silyl group into an organic
compound can alter its chemical and physical properties that makes the
resulting products with distinct characteristics. These characteristics

make silicon an ideal candidate for medicinal studies.

Table 1.1 Covalent radius, electronegativity, and bond length

comparison of C, Si and Ge

Carbon Silicon Germanium
Covalent radius | 77 pm 117 pm 122 pm
Electronegativity | 2.50 1.90 2.01
Bond length C-Cis1.54 A | Si-Cis 1.87 A | Ge-Cis 1.95 A
(p-d) m-bond Absent Strong Weaker than Si

On comparing germanium with silicon and carbon, it exhibits similar
physicochemical properties with silicon rather than carbon. Although
silicon and germanium are much closer to one another, there can be
some quantitative differences in potency due to the difference in rate of
Si-C and Ge-C bond cleavage. This is because germanium has a reduced
capacity to form (p-d) # bonds, and triorganylgermanyl derivatives are

somewhat more lipophilic./”/

1.3 Organosilicon compounds

The compounds that possess a “silicon-carbon bond” refer to
organosilicon compounds. Silicon has become a key element in research

and applications, since the late 1800s demonstrating a substantial



advancement in organosilicon chemistry.//”/ Organosilicons are integral
in both academic research and industrial applications.//>’¥ Their
flexibility covers multiple scientific disciplines, including materials
science,//*!”l medicines,/"*!%/ chemosensors,/’? catalysis,/?*?!/and
polymer chemistry./”’ These organosilicon compounds are also crucial
for drug discovery and biomedical engineering, as well as in the

synthesis of complex molecules./>/

Medicinal
Si'BuMe, 0

HO

Material Science

N |. \ / |./
/SI\O,SIJO,SI\
! Silicon
PDMS 28.086
Catalyst
Me Me
Me
Me, )¢ 204 (S Me BODIPY

1
0. . 0
/S\l/\/ i

Me” Me Karstedt's catalyst Me/ Me

sl K SiTOTsi N Si
Pt—ﬂ ﬂ—Pt
TS

Figure 1.1 Representative examples of silicon-containing functional

molecules

1.3.1 Historical background for the synthesis of organosilicon

compounds

In the early days of silicon chemistry, the practical utility of
organosilicon compounds was not immediately evident. The scientific
curiosity motivated early researchers to explore their synthesis and
investigate its chemical behaviour. A pivotal advancement occurred in
the early 1820s, when J. J. Berzelius first isolated a volatile silicon
compound from its oxygen-rich mineral. He synthesized
tetrachlorosilane (SiCls) by reacting sodium hexafluorosilicate with
potassium in chlorine gas./?” This milestone laid the groundwork for the

modern field of organosilicon chemistry. The progress of organosilicon

3



chemistry closely tracks that of organometallic chemistry. However, in
1849, Sir Edward Frankland reported the first use of ethyl zinc iodide
and diethyl zinc as organometallic reagents./?”/ It was not until 1863 that
Friedel and Crafts synthesized the first organosilicon compound
(Scheme 1.1a). This was achieved by heating diethyl zinc with
tetrachlorosilane (SiCls) in a sealed tube at 140-160°C.[2%%7
Furthermore, In 1873 Ladenburg reported the first synthesis of an aryl
silane derivative by reacting diphenyl mercury with tetrachlorosilane
(Scheme 1.1b)./?%3% In 1884, by adopting the Wurtz-Fittig condition
Polis synthesized tetraphenyl silane (Scheme 1.1¢)./’”

(a) Friedel & James Crafts (1863)

Cl Et
! Sealed Tube I
—Si— + —_— —Si— +
Cl Sll Cl 2 (C2H5)2Zn 140-160 °C Et Sll Et 2 ZHC12
Cl Et
(b) Ladenburg (1873)
(Ill ll’h
c1—s|i—c1 + 2Hg(CeHs)y, —— Ph—SIi—Ph + 2HgCl,
Cl Ph
(c) Poils (1884)
Cl Ph
—di 8 Na !
Cl=Si-Cl + 4 (C¢Hs-Cl) Ph—Si—Ph + 8 NaCl
! Waurtz-Fittig |
Cl . Ph
Reaction

Scheme 1.1 Early synthesis of the organosilicon compounds

Invention of the Grignard reagent/*”/ by Victor Grignard in 1900 drew
the attention of Kipping, who performed the reaction of tetrachlorosilane
with ethylmagnesium iodide and obtained a mixture of ethyl
trichlorosilane, diethyl dichlorosilane, triethyl chlorosilane and
tetraethylsilane (Scheme 1.2a).>%/ Although Si-C bond formation was
attractive in the early 19" century, it was cumbersome due to the
intensive energy requirement and difficulty in the removal of by-
products. Almost four decades later, Rochow developed the direct
process for synthesizing organosilicon compounds. In the direct process,
the reaction of chloromethane with silicon using copper as a catalyst at
300 °C yields dichlorodimethylsilane as the major product (Scheme
1.2b).*¥ In the late 1950s, chloroplatinic acid (Speier's catalyst) was
successfully used to hydrosilylate olefins (Scheme 1.3a)"”. In 1989,

4



Rich group developed a new synthetic method on an industrial scale.
This procedure rely on the reaction between chlorodimethylsilane and

substituted acid chloride (Scheme 1.3b)./3%/

(a) Kipping, Dilthey & Eduardoff (early 1900)

(lil ]IEt ]IEt 91
Cl_sii_CI + EtMgl —— Et—SIi—Et + Et—Sii—Cl + Cl—Sii—Cl
Cl \\ Et Cl Et /
mixture

(b) Rochow & muller (1945)

Et
Si l . .
CH,Cl & —> » Ei=Si=Cl + (CHy)SICL + CHSSiCly
300 °C
Si-Cu alloy Et

major, 70%

Scheme 1.2 Organosilicon synthesis via Grignard reagent and direct

process

(a) Speier's catalyst (late 1950's)

Rl
R R' H,PtCl, J/
R-Si-H + r — R_
R/ | A _Si
Kk
(b) Rich (1989)
(0] Me
Me ~ Me  (PhCN),PdCl, di-Me
c] + Cl-Si-Si-CI —— ~Cl
M¢ Me PR,
145 °C

Scheme 1.3 Speier’s and Rich method for the synthesis of organosilicon

compounds

1.3.2 Synthesis of organosilicon compounds from different silicon

sources

Organosilicon compounds can be synthesized using a variety of silicon
sources, including halosilanes, silylboronates, hydrosilanes, disilanes,
and silylcarboxylates. Elemental silicon was used as a source by Miiller
and Rochow in the direct process./*¥ In the early stages on developing
methods to access organosilicon compounds, tetrachlorosilane was used

as the primary source of silicon with various metals./***”/ Disilanes were



widely utilized in the synthesis of oligosilane backbone in material
chemistry due to their unique properties as o- hybrid architectures./?”/

In this regard, oligosilanyl hydride was used to introduce the oligosilane

unit.38-411

-------------------------------------------------------------

E Si—X Si—B :
: Halosilanes _ .
. Organohalosilane Silylboronate E
: Si—Si R < Si—H :
; ---- Silicon Source --- :
« | Disilanes via Si-Si Mono/di/trihydro :
' bond cleavage . . . '
' e . silanes '
: - Si—C E
E Organic precursor '
: Elemental Si Silylcarboxylate E
: '

-------------------------------------------------------------

Figure 1.2 Source of silicon in the synthesis of organosilicon

compounds

However, over the past few decades, tris(trimethylsilyl)silanes, a unique
class of oligosilanes, have drawn a lot of attention as a commercially
accessible reagent./*>#/ The (TMS)3SiR (R= aryl, alkyl) such as
organotris(trimethylsilyl)-silanes and others make oligosilanes into
greatly enriched available silanyl precursors via cleavage of the Si-Si
bond (Scheme 1.4)./#**/ The silicon-boron reagents are also versatile
intermediates to synthesize organosilicon compounds. There are several
ways to activate the Si-B bond using different transition metal catalysts
(Scheme 1.5)./7°% The Muller-Rochow “direct process” yields
halosilanes (especially chlorosilanes) as a product/°” which is frequently
used as a silicon source on a commodity scale due to its availability. The
organometallic reactions, transition metal-catalyzed reactions, and
photo/electrochemical reactions emphasize the scope of chlorosilane as
a silicon source, in addition few reports are also available for the use of

iodosilane./*?>¥ Here, we describe some recent studies for the synthesis



of organosilicon compounds using different metal catalysts. The Oshima
group disclose the silver-catalyzed transmetallation reaction between
chlorosilanes using alkyl and alkenyl Grignard reagents for the synthesis
of tetraorganosilanes (Scheme 1.6a).°”/ Palladium-catalyzed cross-
coupling between monochlorosilanes and Grignard reagents also
provides tetra-alkyl-substituted organosilicon compounds (Scheme

1.6b). 9/

(a) Pd-catalyzed silylation of unactivated primary and secondary C-H bonds

0 Pd(OAc), TMS O
DMB
-Q+ Me;Si—SiMe; _DMBQ Q

R N R N

H Ag2CO3 H

R' 1,4-dioxane R'
125°C, 12 h

R =H, Ar, alkyl, R' = NPhth, Ar, alkyl 34 examples

Q = 8-quinolinyl, DMQB = 2,6-dimethoxy-1,4-benzoquinone 31-81% yields

(b) Oligosilanes as silyl radical precursors through oxidative Si-Si
bond cleavage

SiMe EWG
R sI S'3M ~EWG Photocatalyst ; -[
-Si—SiMe; 4+ r 4 .
éiMe3 . | HFIP, degass, tt. i:ilM%
|
30 W blue LED, 24 h $iMe,
R = aryl photocatalyst 32 examples

[Ir(dF(CF3)ppy)a(5,5'-d(CF3)bpy)IPFs  20-78% yields

(c) Photocatalytic C-Si bond formations using pentacoordinate silylsilicates as silyl

radical precursors
R?>  SiMe,Ph

FyC R\__R? H :
CF, ﬂ/ 20 W blue LEDs R

o) — photocatalyst

- . + — —
Siz—SiMe,Ph Acetone:MeOH (1:1) PhMe,Si H

0
N2, I't., 24 h
CF; SiMe,Ph
F3C

R!/R? = H/EWG/aryl photocatalyst 50 examples
R3= aryl [Ir(dF(CF5)ppy),(dtbbpy)]PF 37-92% yields

R3

Scheme 1.4 Representative reports for the synthesis of organosilicon

compounds using oligosilanes as a silyl source

A three-component Ni-catalyzed regioselective silylation of
acrylonitrile was reported by Zhang using unactivated alkyl bromide and
chlorosilanes (Scheme 1.6¢).°” Recently, Xie’s group disclosed the
copper-catalyzed cross-coupling reaction of aryl halides with

chlorosilanes under reductive conditions (Scheme 1.6d).’® In the



process of developing organosilicon chemistry, silylcarboxylic acid’>/
and other carbon-based silylating reagents/®**¥ were also used as a

silicon source by the group of Studer, Oestreich, and Uchiyama.

(a) Copper(II)-catalyzed silyl conjugate addition

CusSO
1 4 1
R EWG Me, ) pe 4-Picoline R EWG
]/ + Me—/Sl—B\ _—
R? PR O sto 1’1”' R2” SiMe,Ph
19 examples
1 2_
R" = H/alkyl, R” = alkyl/aryl 44-90% vields
(b) Copper-catalyzed Si-B bond activation SiMe,Ph
LG Me\ . /O CuCN R =
/\) +  Me—Si-B — +
R PH 0 NaOMe S
THE, -78 °C R” " SiMe,Ph
8 examples

R = alkyl/aryl/SiMe, 70-94% yields

(c) Rh-catalyzed asymmetric C-Si bond formation using a Si-B linkage

[Rh(cod),]OTt
Me (R)-BINAP
EWG N Et;N EWG
+ Me—Si—B -
] P 0 1,4-Dioxane-H,0 j
R 45°C,2h R” "/SiMe,Ph

10 examples

R = alkyl/aryl 50-72% yields

Scheme 1.5 Selected reports for the synthesis of organosilicon

compounds using silyl-boron reagents as a silyl source

In 2001, Studer group reported the radical transfer hydrosilylation-
cyclization of alkenes using silylated cyclohexadienes and reaction was
initiated by AIBN under thermal condition (Scheme 1.7a)./%/
Subsequently, in 2013 Oestreich developed the B(CeFs)3-catalyzed
transfer hydrosilylation of alkenes using 3-silylated cyclohexa-1,4-
dienes as a silyl precursor at room temperature (Scheme 1.7b)./V
Recently, Uchiyama group utilized silylcarboxylic acids (Scheme 1.7¢)
and 3-silyl-1,4-cyclohexadiene as a silylating agent in the
hydrosilylation of alkenes under visible light-mediated photocatalytic
conditions.”’**¥/ Hydrosilanes are a versatile silicon precursor for the
synthesis of organosilicon compounds through addition to C-C multiple
bonds, C-H activation of arenes and heteroarenes (Minisci type

addition), and cross-coupling reactions with aryl halides under both



metal-free and transition metal-catalyzed conditions./’>”"/ Here, we
discussed some selected reports for the synthesis of organosilicon
compounds under metal-free and metal-catalyzed conditions using
hydrosilanes as a silyl source.

(a) Ag-catalyzed transmetalation of chlosilane and Grignard reagents
R!

1 MgBr 2
szf\Si—Cl + £ AgNO; Slii§3
; THF, 1-18 h
R 25 °C or below
18 examples

1R2/p3 =
R'/R*/R” = alkyl/aryl 71-97% yields
(b) Pd-catalyzed cross-coupling of chlorosilanes and Grignard reagents
ZR\I RMoB (DrewPhos),Pdl, 2R\1
Q= —+ r -Qi—
R ,Sl Cl g EL,0, 1t,, 24 h R /Sl R
R3 R3
R = alkyl/aryl, RI/R2/R3 = alkyl/aryl 30 examples
- alkylaryl, - alkyvary 30-98% yields
(c) Ni-catalyzed reductive alkylsilylation of acrylonitrile
Ni(PPh);Cl,
1 1
R CN Ligand R, CN
R-$i-Cl + W + RBr ————— Rz-,Sii
R3 Zn, DI\3/[6Al; 35°C R3 R
70 examples
- 1m2/mpR3 =
R = alkyl, R"/R“/R” = alkyl/aryl 19-83% yields

(d) Cu-catalyzed cross-coupling of chlorosilanes with aryl iodides

1 1
RZR\S R I CuBr-SMe, R
Pl Zn, PhF, 100-120 °C S‘if

3
R 12h
Lo2m3 50 examples
R'/R*/R’ = H/alkyl/aryl 43-98% yields

Scheme 1.6 Selected reports for the synthesis of organosilicon

compounds using chlorosilane reagents as a silyl source

The Grubbs and Stoltz reported transition metal-free C-H bond
functionalization of heteroarenes using potassium fert-butoxide as a
catalyst (Scheme 1.8a)/’ as well as C-H bond functionalization of
terminal alkynes using alkali metal hydroxides (Scheme 1.8¢)./”%
Subsequently, the Hou’s group reports the electron-deficient boron-
catalyzed C-H bond functionalization of arenes using hydrosilanes

(Scheme 1.8b)..””/



(a) Cyclohexadienes in radical transfer hydrosilylation/cyclization

Si(R')s Si(R);
/\M/KR/\ . MeO OMe ___AIBN
n hexane, 140 °C R
5-7h n
R = C(CO,Et),, O, N-Ts 15 examples
R' = alkyl/aryl 54-84% yields

(b) B(C4F5)5-catalyzed transfer hydrosilylation of alkenes

.- R Me B(C¢Fs)s i l\l{eMe
- QSi-Me DoV \'K(SI\MS
R Me 24 h R'
18 examples

61-94% yields
(c) Silacarboxylic acids as a precursors for the corresponding silyl radicals

R/R' = H/alkyl/aryl

R2 o3 R R?
\ 4CzIPN 4
R! + 4_Qi_ .S N R} R!
(k R Zl COOH G eN.rw. Th /slj)\
R R blue LEDs R* R
— N 34 examples
R/R'/R = H/alkyl/ary 36-91% yields

Scheme 1.7 Silylated cyclohexadienes and silylcarboxylic acids as a

silyl source

(a) C-H bond silylation of heteroarenes using KO'Bu as a catalyst

H R\l KO’Bu I.,R2
+ R-Si-H > Ships

: THF, A

R 48-72 h

60 examples
1p2/R3 =
R'/R“/R” = H/alkyl/aryl upto 95% vield

(b) B(C4F5)5-catalyzed aromatic C-H silylation

1 3 1 3
R o opikiy PG R e
N H 2! PhCI, 120 °C ZN 'R
R 24 h R R

R2
R!/R? = alkyl/aryl 40 examples
R3/R*R3 = H/alkyl/aryl 45-92% yields
(c) C(sp)—H bond silylation using alkali metal hydroxide
Rl MOH "
__ \ M=K, Na; M = Li /
R——H + R’-Si-H > R——=——Si-R?
; DME, 23-85 °C 3
R R
R = alkyl/aryl 24-48 h 40 examples
RY/R¥/R3 = H/alkyl/aryl 30-99% yields

Scheme 1.8 Representative reports for transition metal-free synthesis of

organosilanes using hydrosilanes as silicon source

Transition metal-catalyzed organosilicon compounds synthesis were

developed using Pt, Pd, Rh, Ru, Fe, Ir, Ni, and Cu, among others./%6-7%/

10



Here, we have shown some of the selected reports for transition metal-
catalyzed organosilicon compound synthesis using hydrosilanes as silyl
source. In 1965, Chalk and Harrod utilized Co2(CO)s as a catalyst for
the hydrosilylation of olefins using hydrosilanes (Scheme 1.9a).”"/
Yamanoi disclosed the silylation of aryl halides using palladium as a
transition metal catalyst with a bulky alkyl phosphine as the ligand
(Scheme 1.9b)./5% An Ir-catalyzed silylation of the heteroarenes using
hydrosilanes under thermal conditions was reported by the Falck group
(Scheme 1.9¢)./5” Very recently, the Zhang group disclosed the Ni-
catalyzed Markovnikov hydrosilylation of vinylarenes via hydrogen

atom transfer process (Scheme 1.9d)./5%/

(a) Co-catalyzed hydrosilylation of alkenes

Et Co,(CO) E
\ 2 8 t R
T v e
R = Alkyl Et Ef

(b) Pd-catalyzed silylation of aryl halides

1 2
X R Pd('BusP), &R
FG + RESi-H —————> g3
3 K;PO,4, NMP R
R
rt., 5h
X=CLBr,I RIRYR3 = alkyl/aryl 11 examples

. . 12-86% yields
(c) Ir-catalyzed C-H silylation of heteroarenes

Ir(OMe)(cod
N E (rOMe)(cod); i
FG i toopy FG N—siEt
+ Et—SI—H \
N / 2-Norbornene N Et
H  Et 80 °C, 24 h H

16 examples
41-99% yields

(d) Ni-catalyzed hydrosilylation of vinylarenes Me
NiBrz Rl
X R! .-
\ 1 SI\
FG©/\+ . CuCl dppp R
3 THF, 80 °C
R 10 h
R!/R?/R? = H/alkyl/aryl 22 examples

40-90% yields

Scheme 1.9 Selected examples for the transition metal-catalyzed

catalyzed organosilicon compounds synthesis from hydrosilanes
1.3.3 Applications of organosilicon compounds

Organosilicon compounds have extensive and widespread applications
in synthetic chemistry, pharmaceuticals, agrochemicals, and materials

research./”%384 Selected applications are discussed below.
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Daily life applications: Organosilicon compounds have been widely

used in daily life for example, polydimethylsiloxanes (PDMS) (Figure
1.3) a silicon polymer used as a food additive under the European Food
Safety Authority (EFSA)/®¥ and also used in medicine, cosmetics, foam
deforming agents,’* superhydrophobic coating agents for advanced

surfaces,’”” lubricants, and in heat-resistant tiles.

<N/ L [l .
/Sl|:\O/SIJO/SIi _Sll O_Sll iy 5102
Z n

PDMS Simeticone

Figure 1.3 Organosilicon compounds PDMS and Simeticone

Simeticone (Figure 1.3) is an FDA-approved over-the-counter medicine
based on silicone that is used as a gastrointestinal surfactant to treat
infant colic./5¥/

Agricultural applications: In the field of agriculture, organosilicon

compounds are wused as an adjuvant or additive with
herbicides/pesticides as a spray improver, leaf absorption additive or
activator. For instance, silicone polyether copolymer and silicon
surfactant Sylgard 309/Y enhances the efficacy of agricultural agents,

including fungicides, insecticides, herbicides, and as a plant growth

regulators.
(IIOCH3
~  (C3HgO) H
0] ! Me.  .N
Me (C,H40) ST o
Vi N CHOY | My S
Me | H ' . .
M —sll[o—slfo—sl—
S Si” € | | n |
1 Me (I) HO OH M
Me —Si— ¢
| Organosilicon derivative
Silthiofem Sylgard® 309 of f-D-ribofuranoside

Figure 1.4 Organosilicon compounds Silthiofem, Sylgard 309, and /-

D-ribofuranoside
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Organosilicon derivatives of p-D-ribofuranoside exhibit insecticidal
activity with low toxicity.”*” Silthiofam is used as a fungicide to control
fungal diseases in wheat and vegetables (Figure 1.4)./°/

Medicinal applications: Due to the unique physicochemical properties

of silicon, organosilicon compounds are ideal candidates for its use in
medicinal chemistry./” Some medicinal applications are discussed here,
including anticancer, antiviral, and antibacterial properties.

Anticancer: DB-67, also known as Silatecan or AR-67 is a highly potent
silicon-containing anticancer drug. DB-67 is a silicon derivative of plant
derived alkaloid camptothecin known for its stability in the bloodstream
and strong cytotoxicity towards a wide range of cancer cells./”
Amsilarotene, a silyl derivative of retinoid benzoic acid, exhibit
potential antineoplastic properties by inhibiting retinoblastoma
phosphorylation. The silylated bisfurans shows cytotoxic activity
towards human fibrosarcoma, and murine hepatocellular carcinoma, it
also shows cytotoxic activity towards normal 3T3 cells./*” Silicon-
containing clinically proven platinum complex (Silaplatin) cis-
dichlorodiamineplatinum (cis-Platin) is well known for its antitumor

activity (Figure 1.5)./°/

M Me
Med ! I..Me
_Si Si.
€ Me
N O
H
DB-67 anti-cancer agent Amsilarotene
NEtz Cl\ /Cl
JPt.
H,N NH,
Me kSi)
Me Sl\gMe\Lf& -Me Me" Me
Bisfurnaes Silaplatin

Figure 1.5 Selected examples of silicon-containing anticancer agents

Antiviral: Organosilicon derivatives of some bioactive carbon
analogous were found to show potent antiviral activity against

multidrug-resistant influenza A.
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Me
HN Me-l..Me
St
_Me S N=—
Si’ ? f
I Me
OH Me
OMe

Organosilianes against multi-drug
resistant influenza-A
ECs5( 0.4 pM (Si) vs 2.5 uM (C)

Organosilicon compound exhibits
anti-bacterial activity

Figure 1.6 Organosilicon as antiviral and antibacterial agents

From the study, silyl analogues were found to exhibit better activity than
the carbon analogue in response to increasing resistance to oseltamivir
(Tamiflu), and effectively combated both oseltamivir-sensitive and
oseltamivir-resistant influenza A viruses (Figure 1.6)./%%/

Antibacterial: Organosilicon compounds exhibit antibacterial properties
against both gram-positive and gram-negative bacteria. Generally, they
are more active and surpass the activity of streptomycin against

staphylococcus aureus (Figure 1.6)./°%/

Novel glucoconjugated silicon(IV) phthalocyanines

Figure 1.7 Organosilicon in photodynamic therapy

Organosilicon in photodynamic therapy: Silicon is considered to be the

best choice for photodynamic therapy (PDT) because it provides
macrocycles with the desired photophysical properties and permits the
axial introduction of ligands to modify the macrocyclic properties,
including aggregation, solubility, and other targeted characteristics. A

novel glucoconjugated silicon(IV) phthalocyanine was found to have

14



high photocytotoxic activity towards human colorectal carcinoma and
human hepatocarcinoma (Figure 1.7)./°”/ Apart from these activities,
researchers have also synthesized silicon-containing drug molecules,
either independently or as carbon analogues, that exhibit neurotropic,
anti-diarrheal, active against cardiovascular disease, anti-inflammatory,

anti-parasitic, anti-diabetic, and antifungal activities./*”/

1.3.4 Silicon as a bioisostere of carbon

Silicon is a classical isostere of carbon (in the context of several
biologically active molecules). Several “silicon-switched” biomolecules
of carbon analogues have been advanced into clinical studies. At the
same time, some silicon-containing molecules, such as the antifungal
Flusilazole and the insecticide Silafluofen, with broad commercial
applications in the agricultural field, are available in the market (Figure

1.8)./18

fN\> EtO
N

N-
) O
Si Me
F Si,
Me
F F

Flusilazole Silafluofen

Figure 1.8 Organosilicon compound Flusilazole and Silafluofen

The potential of utilizing silicon as a bioisostere stems from the intrinsic
differences between silicon and carbon, which can result in significant
changes to the physicochemical and biological characteristics of silicon-
containing analogues, thereby offering several advantages in drug
design. Some of the key properties of carbon and silicon are given in

Table 1.2./8Y
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Table 1.2 Comparison of key physical parameters associated with

carbon and silicon

Carbon Silicon
Covalent radius | 77 pm 117 pm
Electronegativity | 2.50 1.90 more electropositive than C,
N,O0&H
Bond length C-Cis1.54 A | Si-Cis 1.87 A
Lipophilicity Ph-'Bu; Ph-Si(CH3)3; cLogP =4.72
cLogP =3.97
Bond stability C-H stable, | Si-H is labile, particularly under
C-O-C stable | basic conditions, Si-O-C
hydrolytically sensitive

Me Ph H
»- ) MeN
\ HN
Me /Sl \\\
Mé Me
¢ Slla-Venlafaxme
p38 MAP Kinase Inhibitor C to Si switch: Improving selectivity
C to Si switch: Increase pK, value (10 fold)
CO,H
M M
c e m/@ =
Me
Me Me Disila-tamibarotene Sila-selective s; ligand
C to Si switch: Improving bioactivity C to Si switch: Improving selectivity
(10-fold) (10 fold)
0] F
o A i
Me 0 /\ Me H’Sl/><
\( |\/N N Si_ L COH
HN_ /" Me N
Sila-linezolid Sila-proine
C to Si switch: Improving lipophilicity C to Si switch: Improving cellular
(29-fold) uptake (20-fold)

Figure 1.9 Selected examples of silicon switch organosilicon

compounds

The transition state mimics and metabolic pathways of silicon-
containing compounds appear to be as predictable as those of carbon

analogs. The C/Si switch in p38 MAP kinase inhibitor, featuring a tert-
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butyl moiety, is a powerful example of simple bioisosteric substitution.
The Si for C switch slightly increases the pKa value of the morpholine
N-atom with similar efficacy to the progenitor./’” The silicon switch in
various bioactive carbon analogues, such as linezolid, venlafaxine, and
tamibarotene leads to an improvement in lipophilicity, selectivity,
bioactivity, and cellular uptake./>?*/% Some selected examples are
depicted in Figure 1.9.

Other applications:  Additionally, because of their unique

semiconducting and photophysical properties, organosilicon
compounds are utilized in molecular electronics and photonics.//*/10%/
For example, silicon derivative of fluoranthene exhibits higher thermal
stability than fluoranthene. An anthracene derivative exhibits efficient

blue shift with a higher quantum yield than the progenitor.//%¥/

1.4 Organogermanium compounds

The compounds featuring “the Ge-C bond” are known as
organogermanium compounds. The first organogermanium compound,
“Tetraethylgermane” was synthesized by Winkler in 1887 through the
reaction of germanium tetrachloride and  diethylzinc.//%¥
Organogermanium compounds have emerged as useful building blocks
for the synthesis of highly functionalized molecules.//?-/%”7 Germanium
and its derivatives have several industrial applications, including
semiconductors, infrared optics, optical fibers, ceramics,
polymers.//1#117.129.13%-14]] The biological actions include fungicide,

bactericide, anticancer, psychotropic, and radioprotective properties.//?-

109]

1.4.1 Synthesis of organogermanium compounds

Organogermanium compounds are synthesized using halogermanes and
hydrogermanes as the most accessible sources, although reports are

available with the cleavage of the Ge-C and Ge-Ge bonds.’%%> 110-113]
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Ge—X

Halogermane
Organohalogermane

: Ge—Ge —_

; ... Germanium ____ Gey—H

v |Digermane via Ge-Ge Source Mono/di/trihydro
v \bond cleavage

; germanes

\

Ge—C

Organic precursor
germylcarboxylate

Figure 1.10 Source of germanium in the synthesis of organogermanium

compounds

Traditionally, compounds with Ge-C bonds are synthesized by
combining alkyl or arylmetal nucleophiles (lithium, potassium,

magnesium; mono and bimetallic derivatives) with germanium

electrophiles (typically halides).///¥

(a) Benzylic C-H germylation mediated by a LiN(SiMes),/CsCl system
L1N(S1M63)2

R!
FG + R2-Ge-Cl — Gl R2
g 130 °C,12h R3
R

11 examples
R!/R?/R3 = alkyl/aryl 42-90% yields
(b) Ni-catalyzed reductive C(sp®)~Ge coupling of alkyl bromides
with chlorogermanes

NiCl
R! 2 Zf—béy R
Alkyl-Br  + R2-Ge-Cl ’ R?-Ge- Alkyl
: Mn, DMF, 0 °C :
R 36 h R
R 28 examples
R'/R4/R” = alkyl/aryl 30-90% yields
(c) Ni-catalyzed reductive germylative alkylation of activated olefins
R2
1 RLT.R?
EWG R NiBr, Ge
Alkyl-Br + W + R2-Ge-Cl oo Alkyl
R3 Mn, DMA, 35 °C EWG
36 h
UR2/R? — alkvl/arl 65 examples
R'/R7/R” = alkyl/ary 24-95% yields

Scheme 1.10 Selected reports for the synthesis of organogermanium
compounds using chlorogermanes
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Halogermanes are a primary source for the construction of Ge-C bond
under transition metal-catalyzed reactions, electrochemical reactions,
and visible light photocatalyzed reactions.///’*?%/ Some recent reports
are discussed, In 2021 the Mao group disclosed LiN(SiMes), and CsCl
mediated germylation of toluene C(sp*)-H bond (Scheme 1.10a).//%7/
Nickel-catalyzed reductive coupling of alkyl bromide with
chlorogermanes for the synthesis of organogermane was reported by

Shu’s group (Scheme 1.10b).//?%/

(a) Pd-catalyzed direct germanylation of benzamides

Pd(OAC),
Me Me AgC0;
\ / CaSO,
+ Me—/Ge—GQ-Me L adi
M ,4-dioxane
Me ©  130°C,24h
_ _ L 4 examples
X = CH/N, Q = 8-quinolinyl 40-70% vields
(b) Pd-catalyzed remote meta-selective C—H bond germanylation
FG NP Pi(oécc))z FG NP
S Me Me 273 S~
" DG < Na,SO, h DG
+ Me—Ge—Ge-Me
o1 M Me HFIP
n=0,1, ¢ Ac-Gly-OH
H 45°C,48h  GeMes

4 examples, 42-48% yields

(c) Nucleophilic germylation of stable 7~bonds via Ge-Ge bond cleavage
Me;Ge

FG =
t
" Me ~ Me  KOBU n1 Me

\
n Me—Ge—G{:-Me 18-crown-6 or
Me/ Me DMEF H/GeMe,

FG o 45°C, 48 h FG GeMe;
— H GeMe;,

45 examples, 21-94% yields

or

Scheme 1.11 Synthesis of organogermanium compounds via Ge-Ge

bond cleavage of hexamethyldigermane

Recently, Zhang and coworkers reported access to alkylgermanes via
nickel-catalyzed reductive germylative alkylation of activated olefins
(Scheme 1.10¢).//?%/ Similarly, Ge-Ge bond cleavage approaches have
also been employed in the synthesis of organogermanium compounds.
For example, Kanai reports the palladium-catalyzed germylation of

benzamides using hexamethyldigermane under thermal conditions
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(Scheme 1.11a).//?% Soon later, Maiti group reported palladium-
catalyzed meta-selective germylation at relatively low temperatures
(Scheme 1.11b)./7?%/ Recently, Uchiyama achieved the germylation and
multigermylation of alkenes and alkynes using potassium tert-butoxide
and 18-crown-6 ether at room temperature under thermal conditions
(Scheme 1.11¢)./7"¥/ Different germanium precursors were also utilized
for the synthesis of organogermanium compounds, such as
germylcarboxylic acids and germyl cyclohexadiene derivatives.
Oestrich group reports the Lewis acid-catalyzed hydrogermylation of
alkenes and alkynes using germyl cyclohexadiene (Scheme 1.12a)./72%
Subsequently, Uchiyama disclosed the visible light-mediated
hydrogermylation of alkenes via Ge-C bond cleavage of
germacarboxylic acid and derivatives of germyl cyclohexadiene
(Scheme 1.12-b,c)./**%/ Hydrogermanes are the most reliable source of

germanium in the synthesis of modern organogermanium compounds.

(a) B(C4F5);-catalyzed hydrogermylation of alkenes and alkynes
R!

1
_[Rl | | B(C¢Fs)3 .- R R?
J or + —_— ' or 1
N N R
- R2 1,2-F2C6H4 R.Ge R2 \/LL‘(}eR3
R2 rt., 3h 3
RYRZ= alkyl/aryl 26 examples, upto 99% yields
(b) Germylcarboxylic acids: precursors for the corresponding gilyl radicals
1 R2
R Ph, [Ir(ppy)s(dtbbpy)]PF¢ Ph
Y+ Ph-Ge-COOH Ph~! R!
R2 Ph/ CH;5CN, rt., 24 h /GC
Blue LEDs Ph
RI/R% = H/aryl 2 examples, upto 70% yields

(c) Visible-light-driven germyl radical formation via Ge-C bond homolysis

JEt [Ir(dF(CF3)ppy(dtbbpy)]PFs Et ]IEt EWG

R\[(EWG+ Ge-Et H,0 ° <
Et Toluene, Ar, rt., 6 h Et” R
OMe Blue LEDs
R = H/alkyl/aryl 6 examples, 64-90% yields

Scheme 1.12 Synthesis of organosilicon compounds by Ge-C bond

cleavage

Hydrogermanes are utilized in the hydrogermylation of alkenes and
alkynes to obtain organogermanium compounds under metal-free,

metal-catalyzed reactions, photo/electrochemical catalysis and other
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methods /1171271361 Tn 2001 Oshima group reported palladium-catalyzed
hydrogermylation of alkenes and dienes using hydrogermanes as a
source of germanium to access organogermanium compounds (Scheme
1.13a)./13% Subsequently, In 2010 Yamanoi and Nishihara disclosed an
elegant method for the synthesis of organogermanium compounds using
mono, di- and trihydrogermanes. The reaction between different
hydrogermanes and aryl iodides was catalyzed by a palladium catalyst
(Scheme 1.13b)./”3”7 Very recently, He and coworkers reported the
copper-catalyzed enantioselective hydrogermylation of alkenes utilizing
mono-, di-, and trihydrogermanes (Scheme 1.13¢)./”*¥ Hydrogermanes
are also used in transition metal-free hydrogermylation reactions. In
2022 Schoenebeck group reported the germylation of alkynes using
B(C6F5); as a catalyst (Scheme 1.14a)//3¥/ and very recently, the base-
catalyzed remote hydrogermylation of alkenes was also reported
(Scheme 1.14b)./72Y

(a) Pd-catalyzed hydrogermylation of alkynes in water .
R

[PACI(n*-C3Hs)]y/L 2
R'——R? + Ge-H R xR
H,0, rt., 3 h 5
R! = alkyl, R? = H, alkyl R™  Ge
t
B
A b 8 examples
o
GeoH = < el L= olp upto 89% yields
(0)
3 3
(b) Pd-catalyzed germylation of aryl iodides
[PA(P('Bu)s),)] R
I R I.R
\ DBACO Ge.
+ R-Ge-H N —— R
R/ DME, rt.
1-3 days
R = alkyl/aryl 32 examples, 27-95% yields
(c) Cu-catalyzed enantioselective hydrogermylation of alkenes
R! M Cu(OAc) II{/H R!
' (S,S)-Ph-BPE Y - Rv
OR" "+ H-ge-rmH R/H’GGV\WO
\ THF, Ar, rt.
O R 24h o

R = alkyl/aryl, R' = alkyl/aryl, R' = NPhth 32 examples, 30-98% yields

Scheme 1.13 Selected examples of the metal-catalyzed

organogermanium compound synthesis using hydrogermanes
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(a) B(C4F5);-catalyzed dehydrogenative germylation of terminal alkynes
B(C¢Fs);

Et 7 Et
__ 2,6-Lutid
{2 ——=—H+p-Ge-H oG ——Ge-Et
FG Et/ Toluene FG Ft
100°C, 16 h

24 examples, 58-87% yields

(b) Base-catalyzed remote hydrogermylation of alkens

' R . '
RN LiO'Bu, CsF R /\(%1

R'GG'H Ge
- 0.8 R/ DMI, 80 °C R 1R
e 16 h R
'=aryl R = Me/Et/Bu 47 examples, upto 95% yields

Scheme 1.14 Representative examples of metal-free germylation using

hydrogermanes
1.4.2 Applications of organogermanium compounds

Organogermanium compounds have a wide range of applications in
medicinal chemistry, organic synthesis, semiconductor industries, and
fiber optics./10%117. 129, 139-144]

Daily life application: Nowadays, it is generally acknowledged that

germanium is an essential trace element, particularly crucial for the
regular functioning of the immune system and plays a significant role in
the prevention of cancer.//**/*/ Thymus contains the highest
concentration of germanium, which is found in all mammalian organs
and tissues. Several physiological processes, particularly those related
to blood, such as pH, glucose, uric acid, minerals, cholesterol,
[150,151]

hemoglobin, and leukocytes are regulated by germanium.

Medicinal applications: Natural sources of germanium compounds

have long been considered as medicinally active agent with antiviral,
antitumor,  anticancer, and anti-inflammatory  properties./’¥/
Germanium is found in garlic, aloe, echinacea, ginseng, and saprophyte
mushrooms, especially lacquered polypore (Ganoderma lucidum) and
chaga. It has also been demonstrated that germanium compounds
normalize oxidative phosphorylation, or oxygen respiration in cells,
which can also slow down the growth of tumors.//%%/
Bis(carboxyethylgermanium) sesquioxide (Ge-132) (Figure 1.11), an

organogermanium compound, exhibits a variety of biological activities,
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including anticancer, immunomodulatory, antiviral, and anti-

inflammatory properties./*¥/

OH
| | O_N__~
HO o
/B —
(0] Ge-0O-G
Ie e HO OH
_Ge.
Me Me
Me

Ge-Vit
Ge-132 treatment of atopic dermatitis

Figure 1.11 Organogermanium compound Ge-132 and Ge-Vit

The germanium derivative of ascorbic acid (Ge-Vit) exhibits high
antioxidant properties and is proposed for the treatment of atopic
dermatitis (Figure 1.11).// The germatranes are another class of
organogermanium compounds that exhibit biological activities i.e. 3-
germatranyl-3-(4-hydroxy-3-methoxyphenyl) propionic acid
(germatranes), which is based on caffeic acid, demonstrated potent
efficacy against cervical tumor.//?% 6-O-[3-(trimethylgermyl)propyl]-4
D-glucopyranoside is another trimethylgermyl group-containing
molecule that promotes the synthesis of interferon (Figure 1.12). Owing
to its high water solubility, it exhibited greater activity than Ge-132 and
was significantly less toxic.//°”/ Spirogermane compounds have also

been found to be biologically active in clinical trials./”*/

HO

Me GéEt
0-Ge O)(’tG?Me

( /BO Me
-2HCI
N H%w% M
N
HO O HO Me/ L

Germatranes INF-g inducer Spirogermanium

Figure 1.12 Medicinally active organogermanium compounds
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1.5 Si-H and Ge-H bond functionalization in the synthesis of

organosilicon and organogermanium compounds

Even though the silyl/germyl functionalities can be added to organic
molecules from a variety of silicon/germanium sources, due to the
inherent reactivity of the Si-H/Ge-H bond, its functionalization can be
harnessed under milder conditions, with high atom economy, minimal
and harmless waste generation, high functional group tolerance, and

catalyst-driven excellent regio- and stereoselective control.

............................

............................

’7 Ionic method—‘ ’7 Radical method—‘

Bronsted Acid Lewis Acid Thermal Photochemical
eg. [H(OEt,),] [BArF,] Frustrated Lewis Acid eg. Peroxides eg. Peroxide
via Silyl Cation eg. B(C¢Fs)3 Na,S,04

via Silyl/Germyl Cation Amines & Oxidants

Figure 1.13 Flow chart for functionalization of the Si-H and Ge-H
bonds of hydrosilanes and hydrogermanes using ionic and radical

methods

In this context, we envisioned the use of hydrosilanes and
hydrogermanes for synthesizing organosilicon and organogermanium
compounds (formation of Si-C/Ge-C bond) via Si-H and Ge-H bond
functionalization. To functionalize the Si-H/Ge-H bond of the
hydrosilane and hydrogermane, various ionic (Brensted acid/Lewis
acid) as well as free radical (Thermal/photochemical) methods are
available. We intend to use photochemical (radical) method for the
functionalization of Si-H and Ge-H bonds in hydrosilanes and

hydrogermanes.
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1.6 Photoredox catalysis

The increasing need for sustainable processes and more efficient
synthetic methods are one of the primary drivers of new discoveries.
Additionally, this requirement stimulates creative rethinking of
established concepts, which will eventually lead to the development of
new chemistry. The concept of “the light as a renewable energy source
in a chemical reaction” was given by Giacomo Ciamician in 1908./7°%
With the application of plentiful metals and organophotocatalysts,
artificial photosynthesis, photo-biocatalysis, and photoredox catalysis
are just a few of the many applications in the broad and quickly evolving
field of photochemistry. As early as the 20th century, photochemistry
already drew the attention of (organic) chemists, because of its use in
unconventional chemical transformations and its requirement for mild
conditions. So, there has been a surge in pursuing these processes in
recent years.

The early examples of photochemical transformations typically involve
the direct irradiation of substrates. Currently, photoredox catalysis is one
of the most widely used and rapidly developing area of synthetic
chemistry. Unquestionably, visible-light photoredox catalysis has
proven to be an effective method for activating small molecules and
functionalization to enable formerly challenging or unattainable
chemical transformations. When exposed to visible light, typical
photocatalysts (PCs), which can be transition metal-based complexes, or
organic dyes, or an material which can harvests light, can reach
electronically excited states, allowing for photoinduced electron transfer
(PET), single-electron transfer (SET), proton-coupled electron transfer
(PCET), energy transfer (ET), or hydrogen atom transfer (HAT)

reactions with organic substrates.//??-/%%

1.6.1 Photophysical process of photoredox catalyst

The diverse photochemistry associated with molecules and materials,

exhibits a range of excited state energies and the rates associated with
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their photophysical processes. Typical photophysical processes are

depicted in Figure 1.14./75%-171
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Figure 1.14 Photophysical processes of photoredox catalysts

The absorption of light (+4v) by a molecule results in an electronically
excited molecule, typically by promoting an electron from the ground
state singlet (So) to the singlet excited state (Si). The fate of singlet
excited state (S1) depends on both radiative and nonradiative pathways
(when only the photophysical pathways of an electronically excited
molecule in isolation are considered). Radiative pathways are transitions
to lower energy states by emitting light (—Av), whereas the energy
dissipated in a nonradiative transition is lost as heat. S; can proceed to
T via spin-forbidden intersystem crossover (ISC, nonradiative process),
or it can return to ground state So via fluorescence (radiative transition)
or internal conversion (IC, nonradiative transition). The transition from
T to So is also spin-forbidden; therefore, the T states are often the
longest-lived and can perform both radiative (phosphorescence) and
nonradiative processes. Usually, the nonradiative process of T to So
dominates under standard conditions. S1 and T are the most likely
excited states involved in the bimolecular reaction (i.e., the substrate)
and can perform energy transfer or electron transfer, with lifetimes

ranging from nanoseconds to milliseconds. The process of electron
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transfer between an excited-state molecule and an electron donor or an
electron acceptor is known as “photoinduced electron transfer” and is a

redox process.

1.6.2 Oxidative and reductive quenching pathways of photoredox

catalyst

Most of the photoredox catalytic reactions follow either oxidative
quenching pathways or reductive quenching pathways, as illustrated in
Figure 1.15. /%771l Classically, the photoinduced electron transfer
(PET) process, in which an excited molecule acts as a reductant and is
subsequently oxidized, is known as “oxidative quenching.” On the other

hand, in “reductive quenching” the excited-state molecule is reduced.

Reductive
quenching

Oxidative
quenching

Q

Figure 1.15 Oxidative and reductive quenching cycles of photoredox

catalysis

Oxidative quenching pathway of photoredox catalyst: This cycle starts

with the excitation of ground state catalyst M™ upon absorption of light
(+hv) and produces excited state catalyst M™. The excited-state catalyst
M™ gets oxidized by donating an electron to the quencher [Q]. The

catalytic turnover step involves the reduction of [M"*1] by donor [D].
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Reductive quenching pathway of photoredox catalyst: This cycle

commences with the excitation of ground state catalyst M™ upon
absorption of light (+4v) and produces excited state catalyst M™*. The
excited state catalyst M™ gets reduced by accepting an electron from the
quencher [Q]. The catalytic turnover step involves the oxidation of [M™
1] by donating an electron to the acceptor [A].

Here, we provide the structure of selected photocatalysts, along with
their excited-state and ground-state redox potentials, which were used

to conduct the research throughout our work (Figure 1.16).

Qe

O N

o e
OO

4CzIPN 4DPAIPN 3DPAFIPN

(0}

s
Br ! [ Br
HO (0] OH

Br

Br

Eosin Y

Ir(ppy)3 Ir(dFppy)3 Ir(ppy),(dtbbpy)]PF¢
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Ir(dF(CF3)ppy),(dtbbpy)]PF¢ Ir(dtbppy),(dtbbpy)]PF

Figure 1.16 Photocatalyst used to carry out our research work

Table 1.3 Ground-state and excited-state redox potentials for
photocatalysts//75-/8/

ground-state redox potentials excited-state redox potentials
Photocatalyst E°y (PCT/PC)* B2,y (PC/PCT)*  E°o (PCT/PCY! EC, 4 (PCT/PC)”
4CzIPN +1.11° -1.59° -1.56" +0.97?
4DPAIPN +0.65% -2.03% -1.90° +0.52°
3DPAFIPN +0.92° -1.97° -1.76" +0.72°
Eosin Y - -1.44b¢ -1.49P¢ +0.450¢
Mes-Acr-Ph* BF,” - - - +2.20
[Ru(bpy);]Cl,.6H,0 +0.88" -1.71° -1.19° +0.39%
Ir(ppy)3 +0.39° -2.57 -2.11° -0.07
Ir(dFppy); +0.69 251 -1.82 0.00
Ir(ppy),(dtbbpy)]PF +0.83° -1.89% -1.34? +0.28°
Ir(dF(CF5)ppy),(dtbbpy)]PF +1.31° -1.75° -1.59% +0.51°

“Potentials measured in V vs Fc'/Fc and measured in MeCN unless indicated. *converted to
Fc*/Fc from the reference electrode used in the original report//8?/ . measured in 1:1 MeCN:H,O.

1.7 Our effort in the synthesis of organosilicon and

organogermanium compounds

We envisioned using hydrosilanes and hydrogermanes as sources of
silicon and germanium for the synthesis of organosilicon and
organogermanium compounds vie Si-H and Ge-H bond

functionalization. Our interest narrows down to radical method for
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functionalizing Si-H and Ge-H bonds. The electropositive nature of
silicon and germanium results in a high hydridic character for Si-H and
Ge-H bonds of hydrosilanes and hydrogermanes, making them ideal
candidates for functionalization using an electrophilic radical center.
The electrophilic radical can be generated using thermal or
photochemical methods, and we intended to use the latter owing to the
ease of handling and mild reaction conditions. The photochemical
generation of an electrophilic radical can be accomplished using a

transition metal photocatalyst or an organophotocatalyst.

\ HAT \
—Q— —_— —Q® +
Q-H + Q @H

Q=Si/Ge  E = Electrophile
HAT = Hydrogen Atom Transfer

Scheme 1.15 Functionalization of Si-H/Ge-H bond using an

electrophilic reaction

1.8 Conclusion

In this chapter, begin with a brief discussion of silicon and germanium,
and their physicochemical properties. Furthermore, we discussed the
synthesis of organosilicon and organogermanium compounds by
different silyl/germyl sources and their applications. Since our efforts in
synthesizing organosilicon and organogermanium compounds align
with photoredox catalysis, we provide a general introduction to
photoredox catalysis, the photophysical process of photocatalysts, and
their working mechanisms via oxidative and reductive pathways. Lastly,
concluded with our approach in the synthesis of organosilicon and

organogermanium compounds.
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Chapter 2

Development of Sulfonamide as Photoinduced Hydrogen Atom
Transfer Catalyst for Organophotoredox Hydrosilylation and
Hydrogermylation of Activated Alkenes

2.1 Introduction

One of the most valuable synthetic transformation in organosilicon
chemistry is the hydrosilylation reaction. Which proceed through the
addition of silicon hydride across C-C multiple bonds and give rise to
range of organosilicon compounds. This method is more frequently used
in the industries to produce silicone polymers, including oils, rubbers,
and resins./”/ In addition, several other organosilicon reagents, which are
utilized in fine chemical synthesis for the oxidation, cross-coupling
reactions, and other applications can also be accessed through the
hydrosilylation process.” In 1947, Sommer reported the first
hydrosilylation reaction by treating trichlorosilane with 1-octene in the
presence of peroxide under thermal condition./”/ In the late 1950s, a
homogeneous transition metal catalyst derived from platinum, also
known as “Speier’s catalyst”, was found to be effective with improved
selectivity in the hydrosilylation reaction./* A notable improvement was
observed in 1973 with the introduction of the Karstedt’s catalyst, which
displayed enhanced activity and selectivity. However, despite their
high industrial utility, platinum catalysts are found to show a number of
disadvantages. For instance, side reactions such as dehydrogenative
silylation, hydrogenation, isomerization, olefin oligomerization, and
redistribution of hydrosilanes. To overcome these disadvantages,
researchers have developed numerous transition metal catalysts//*’%/ for

the hydrosilylation of C-C multiple bonds.
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2.2 Literature reports for hydrosilylation and hydrogermylation of

alkenes

The discovery of different metal complexes based on iridium,
ruthenium, rhodium, nickel, cobalt, iron, and manganese, among others,
as efficient hydrosilylation catalysts is the clear indication of intensive
research in this area (Scheme 2.1).//%?% Similarly, the hydrogermylation
of alkenes also received great attention and was achieved using different

transition metal catalysts./?/~*/

R2 R] R2 Rl
R! R' AW /
; E Metal Catalyst R3L0 R o R3_\Q R

N
Rz—/Q-H o
R R R'

Q =Si/Ge R
Jfor hydrosilylation (c) Karstedt's catalyst
(a) Speier's catalyst Me Me Me\ Me Me Me
H,[PtCl¢].H,O Sl\/\ \/Sl
\ t— —Pt 0
i
(b)Cobalt catalyst[Co,(CO)q] / 7 ud Me
(d) Marko's catalyst (e) Iron catalyst (f) Nickel catalyst
Me Me N ipr
Me_ ") \ 1
SiA N Arg N N \Q
O, Pt—<(] N—Fe—N )
S\l/\/ }\1 | | Pr
Me
Me Me Me Me \
Ph;P”
(g) Iridium catalyst (h)Copper catalyst Ph,
Ph |
I ~l P
\\lr/Cl\\lr// Cu(OAC)z i CP/\/
Al AT
|-~ Cl \ . Ph
(S,5)-Ph-BPE  Ph
for hydrogermylation
PtCl, PdCI(7*-C3Hs)], Ni(acac),¥PPhy  Coy(CO)g
Ar Ar Ph ;
| | ;
FeCly + N “Me Cu(OAc) + EEP—/_ ;j
| / Ph
/ -
Ar = 2,6-Et-C¢Hj; (S,5)-Ph-BPE

Scheme 2.1 Selected examples of metal catalysts used for the

hydrosilylation and hydrogermylation of alkenes
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In addition, Lewis acid-catalyzed reactions has also been developed
using catalysts such as AICI3,/?” electron-deficient boranes,?”-?/
organoboron-phosphonium salts/*”/ in the hydrosilylation of alkenes
(Scheme 2.2).

R! o 1
Lewis acid catalyzed H R

/\ + RZ—\ ~H I/R2
R /Q R)\/Q\R3

Lewis acids used for hydrosilylation
AlCl3, [Ph3C][B(CgF5)4]
[(CF5)PF][B(CgFs)4]
for both hydrosilylation and hydrogermylation B(C4F5)53

Scheme 2.2 Lewis acid-catalyzed hydrosilylation and hydrogermylation

of alkenes

The  Schoenebeck group developed [B(CeFs)3] catalyzed
hydrogermylation of alkenes.”*’/ Even though the above-mentioned
methods worked very well with a variety of alkenes, an efficient
catalytic system is still required, particularly for electron-deficient
alkenes, especially under transition metal-free and environmental

benign conditions./?*3%

TBADT (2 mol%)  R2 /Rl

1
2R\ . __EWG UV light 310 nm R3—\Si EWG
R-=Si=H + ’ ’/ > \ /
R3 CH;CN (0.1 M), 24 h L

TBADT = [("BuyN)4(W0032)]  36-90% yields, 13 examples

Both C-H and Si-H bond functionalize product observed

rCN Et
CN CN L
\_( | SI1 H

Si=H ——> + + Bt
conditions Et;Si Et—Si-H
BY NC
overall yield 50%
3 1 : 1

H, Si—H, 92.8 keal/mol

Si

~N—
Hc/\( K BDEs C-H, 93.8 keal/mol
”h

C-H, 95.7 kcal/mol

Scheme 2.3 TBADT-mediated hydrosilylation of electron-poor alkenes

55



On the other hand, the synthesis of organosilanes via generation silyl
radical from hydrosilanes has garnered significant interest. The
hydrogen atom transfer (HAT) process is a classical route for generating
a silyl radical with the help of radicals derived from peroxides under
thermal condition.*”/ Over the last decade, significant developments in
photocatalysis  have enabled the previously unattainable
transformations.’**#/ In 2015, Fagnoni and co-workers achieved
hydrosilylation of electron-deficient alkenes using tetrabutylammonium
decatungstate (TBADT) as a direct hydrogen atom transfer catalyst to
functionalize hydrosilanes under 310 nm ultraviolet light irradiation

(Scheme 2.3)./%%/

elelctron deficient alkenes

R2 Rl
R! 4CzIPN (3 mol%) A
EWG 31g;j
RESimH | r HAT cat. 1 (10 mol%) R —Sl‘ | EWG
R3 N CH;CN (0.1 M), rt., 24 h ~o-
Blue LEDs
33-94% yields, 36 examples
elelctron rich alkenes 4CzIPN (3 mol%) 2 Rl
R! HAT cat. 2 (10 mol%) 300
RS0, r EDG  DIPEA (Smol%) ~ RTSL EDG
R3 Dioxane or THF (0.1 M) N
rt., 12-24 h

Blue LEDs 35-95% yields, 21 examples

Selected examples (Si= Et;Si

S S :
1\/\CO2Bn 1\/\SOZPh Sl\/\CN t>:O
81% 65% 45% 37% ©
Si= SiPhMe, 0
Si Si Ph Si Si N: 7
\/\tBu NN 1\/\Si(OEt)3 i
58% 35% 94% 64%
L z T T
. NC CN O > |
: OAc :
! Z=%N /N Si-SH |
, Z :
! 4CzIPN HAT cat. 1 HAT cat.2

Scheme 2.4 Hydrosilylation of alkenes using quinuclidin-3-yl-acetate

and 'Pr3SiSH as HAT catalyst

However, this method was associated with poor chemoselectivity, both

Si-H and C-H bond functionalized products of hydrosilanes were
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obtained, this is likely due to the similarities in bond dissociation
energies. Soon after, inspired by Macmillan's work/*” on selective
functionalization of hydridic C-H bond using quinuclidine as a HAT
catalyst, the team led by Wu developed an elegant method for the
hydrosilylation of electron-deficient alkenes under photocatalytic,
metal-free conditions using modified quinuclidin-3-yl-acetate as the
HAT catalyst (Scheme 2.4)./#/ Under the developed conditions, the
hydrosilylation of electron-rich alkenes with quinuclidine failed to
provide the hydrosilylated product. Combining a photoredox catalyst
with a polarity reversal catalyst (‘Pr3SiSH) allowed the hydrosilylation
of electron-rich alkenes. In this approach, the range of alkenes and

hydrosilanes were investigated.

(a) Barriault, 2018

COQMC
R! CO,Me  [r(dF(CF3)ppy)>(dtbbpy)]Cl
2/Q0 (2 mol%) _ 1
RESIFH - | hnosyn o RusiTcoMe
R’ CO,Me HO.5M) R? |
: Ar, 60 °C,16 h R}
Blue LEDs 51-81% yields, 5 examples
Selected examples
COZMe COzMe COzMe

oo Mg

7
Sii CO,Me Sit CO,Me Si’ ~CO,Me Sii 'CO,Me
Et | P | ipf | M¢ |

Et Ph Pr Bu

51% 55% 65% 81%

(b) Wang, 2022

R! FeCl; (20 mol%) R2 /Rl
RESi-H r EWG LiCI (50 mol%) 4D  EWG
R3 . CH3CN (0.3 M), 1t,, 20 h —/
Blue LEDs
33-94% yields, 36 examples
Selected examples
Ph Ph Ph Ph Ph Ph Ph Me
; N
Ph—Si Ph—Si Ph=8j Ph—Si
o)
CO,Me CO,Bn
? N PhHN _ | 2
55% 74% 34% 52%

Scheme 2.5 Chlorine radical-mediated hydrosilylation of activated

alkenes
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In 2018, Barriault and coworkers uncovered thermal and visible light
irradiated, photoredox mediated catalytic generation of the chlorine
radical for the functionalization of a variety of substrates such as
alkanes, alcohols, ethers, esters, amides, aldehydes, and silanes (Scheme
2.5a). The scope of this method has been widely explored for the C-H
bond activation of substrates, with a few examples of the Si-H bond of
hydrosilanes./*”/ In addition, the generation of chlorine radicals through
ligand-to-metal charge transfer (LMCT) between the iron catalyst and
lithium chloride, under visible light irradiation, promotes silyl radical
formation via the HAT process from hydrosilanes, which eventually
leads to the hydrosilylation of electron-deficient alkenes (Scheme
2.5b).’Y However, this method is only limited to arylsilanes and
requires high loading of silanes. Reports on the synthesis of f-silyl-a-
amino acids were disclosed by Zhang (Scheme 2.6)°” and others.’”/

The reaction conditions were similar to the Wu’s method (Scheme 2.4).

4CzIPN (3 mol%) R?> R!
1
R (Boc) N ~COMe pat car 1 (10 mol%) g3k

R2Si=H + \[ CO,Me
R3 R CH;CN (0.13 M) }—(
Nz, I't., 12h R N(BOC)2
Blue LEDs  30-929% yields, 22 examples

Selected examples

(Boc)zNj/CO2Me (Boc)2Nj/CO2Me (Boc)2Nj/C02Me (Boc)2NICO2Me
Ph” | Ph” | Et” | Ph” |
Me Ph H Me
82% 66% 75% 56%, dr=3.1:1

Scheme 2.6 Synthesis of f-silyl-a-amino acid derivatives through

hydrosilylation of activated alkenes

In 2025, the Zhu group achieved hydrosilylation of alkenes using a
uranyl(IV)-catalyst. ~However, this method is limited to
tris(trimethylsilyl)silane as a silyl source (Scheme 2.7). Under blue LED
irradiation, the excited uranyl catalyst undergoes LMCT and generates
the silyl radical through hydrogen atom transfer. In this method, the
overreactive product were also observed.*” Concurrently, the Cao

group developed a substrate-designed chiral Lewis acid-controlled
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enantioselective hydrosilylation and hydrogermylation of electron-
deficient alkenes by combining anthraquinone as a photocatalyst along

with Lewis acid Zn(OTf), under blue LED irradiation (Scheme 2.8).

T™S , TMS ,JTMS
/ I.- " , R UOZ(NO3)2-6H20 (1 mol%l TMS— Sl R’
™M5-QrH “/ CH,CN (0.25 M) -
T™S Ar, rt., 1 h, T
Blue LEDs
TMS = SiMe; 30-98% yields, 28 examples

Selecled examples

/_>\— /_>¥NMez b e éMg

90% 85% 41% 80% 92%

Scheme 2.7 Uranyl-catalyst-catalyzed hydrosilylation of alkenes

AQ (10 mol%)
Zn(0TH),/L

0) O
(10 mol%, 1.1:1) 1
2 n - ~R
R Q " » J\]/ CH,CN (0.05 M) X»N Qg2
\/’ Ar R3

Ar N, -30°C,36h

=Sj Blue LED
Q=SiorGe ue S X =0, CH,
_____ 33-83% yields, 53 examples, 90_9_%?_"/__e_e_
| 0] |
| ® ® |
| o N N '
: OQ,{ »:\/\\ i o !
! N 00 060 N |
! I Ph—/ "H H~ \—Ph:
i Anthraquinone Ligand :
Selected examples
0 O
)k )K‘/\Q )k J\‘/\Q )kN Q/Ph
M \Et 0 “Ph
Me (N
83% 8% ee 4% 7% ee Si= 82%, 97% ee
Ge = 74%, 98% ee Ge = 61%, 93% ee Ge = 63%, 94% ee
(¢}
o O 0
N)J\‘/\Q/Ph )k )‘k{\ O%N)Y\Sifph
| \MC Me \/I Ph kMC
Ph  Me Ar Me Cl
Ar = p-Me-Ph
=69%, 90% ee Si=54%, 98% ee om0 o
Ge = 64%, 93% ec Ge = 60%, 97% ec S1=82%, 98% ee

Scheme 2.8 Dual chiral Lewis acid and photocatalytic merged

enantioselective hydrosilylation/hydrogermylation of activated alkenes
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Here, the chiral Lewis acid controls the enantioselectivity, while the
silyl/germyl radical was generated via hydrogen atom transfer from
hydrosilane/hydrogermanes at low temperature by anthraquinone, and a
wide range of silyl and germyl groups were tolerated under the reaction
conditions./”¥ Subsequently, hydrogermylation of alkenes via HAT also
drew attention. In 2022 the Schoenebeck group disclosed a
hydrogermylation protocol for the electron-rich alkenes (Scheme 2.9a).
In this method, 4CzIPN is used as an organophocatalyst along with
PrsSiSH as a hydrogen atom transfer catalyst under blue LED

irradiation./>”/

(a) Schoenebeck, 2022

R 4CzIPN (3 mol%) R R
X PN i 1 )
RAGemH , L PrySiSH (10 mol%), DIPEA (10 mol%) R—Ge R
/ R CH;CN (0.1 M), rt., 16 h 7/
Blue LEDs -

36-96% yields, 14 examples

Selected examples Ge = GeEt;

Ge O/\Ge 0 Ge OH
BIl/N Ge

92% 55% 79% 72%
(b) Wang & Uchiyama, 2024

4-CI-BP (25 mol%) R R
R .
RADH, = Pr3SiSH (5 mol%), Cs,CO; (1.0 eq.) R_\Q/ R
/ R’ CH;CN (0.25 M), Ar, 1t., 21 h —/
Blue LEDs B
Q =Sior Ge, R =Et, "Bu, Ph 20-99% yields, 37 examples

Selected examples (Ge = GeEt;

Ph Me CO,Et /\/\)J\ Ge
r— >_< Ge OEt -\—Q—R"
Ge Ph Ge Me

R" = CFj3, CN, OMe,Me

85% 91% 68% 18-81%
Ph O O Ph
Ph /\)J\ Ph« /\)J\ .Me
PhiGe  Ph p -5 OBn b3t ) PhSiy Ph
Ph Ph Me Me Me Ph Me
92% 36% 45% 83%

Scheme 2.9 Hydrogermylation of alkenes using ‘Pr3SiSH as HAT
catalyst

Recently, Uchiyama group unveiled the visible light-assisted generation

of germyl radical from hydrogermanes via electron-donor acceptor
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(EDA)-catalyzed electron transfer-hydrogen atom transfer process
(Scheme 2.9b). They utilized ‘Pr3SiSH as the HAT catalyst, which also
acts as an electron donor via in situ formation of ‘Pr3SiS™ and electron-
deficient 4-chlorobenzophenone (4-CI-BP) as the acceptor. The EDA
complex formation occurs in sifu under the reaction condition. Upon
irradiation with light, electron transfer from thiol anion to electron-
deficient 4-chlorobenzophenone leads to the formation of thiol radical,
which provides germyl radical through functionalization of the Ge-H
bond of hydrogermanes.’*” Also, this strategy was extended for the
hydrosilylation of alkenes, with only a few examples.

Despite all these advancements, the development of new, mild and
practical methods for the synthesis of organosilanes and

organogermanes remains highly desirable.
2.3 Objective

In the synthesis of organosilicon and organogermanium compounds
from hydrosilanes and hydrogermanes through the functionalization of

Si-H and Ge-H bonds, the use of electrophilic radical is crucial.

Electrophilic radical in polarity matched silyl/germyl radical formation

Electonegativity of C:2.55 > H:2.20 > Ge:2.01 > Si:1.90

Hydricity @- H < H < @- H

Hydrogen atom

Polarity Matched Transfer
0 4y *
Favorable

Qll,,,,,l
Nuc—H Elec’ Nuc® Elec—H ® Hz/ ?
Q= Si, Ge 5 &

Elec: Electrophile, Nuc: Nucleophile

Scheme 2.10 Electrophilic radical in Si-H and Ge-H bond

functionalization

The electropositive nature of silicon and germanium relative to carbon
leads to a more hydridic character for Si-H and Ge-H bonds of
hydrosilanes and hydrogermanes, making them ideal candidates for

functionalization through hydrogen atom transfer by electrophilic
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radical, and the process is polarity matched (Scheme 2.10). The nature
of electrophilic radical is also crucial for the chemoselective
functionalization of more hydridic Si-H and Ge-H bond. Although, the
existing HAT catalyst has been successfully employed in
hydrosilylation/hydrogermylation reactions, they are not structurally
and electronically tunable to match with the variable bond dissociation
energies (BDEs)*’? (Scheme 2.11) and polar effects/*” associated

with different hydrosilanes and hydrogermanes.

Bond dissociation energies of hydrosilanes/hydrogermanes and hydrocarbons

Me,Si—H Et;Si—H PhMe,Si—H Ph,MeSi—H PhySi—H (Me;Si);Si—H

93.2 92.8 91.3 90 88.6  82.3 (kcal/mol)
Me;Ge—H Et;Ge—H Bu;Ge—H Ph;Ge—H Ph,HGe—H
81.6 82.3 82.6 80.2 79.5 (kcal/mol)

105 100.5 98.1 95.7 89.7 81.0 (kcal/mol)

Scheme 2.11 Bond dissociation energies of hydrosilanes,

hydrogermanes and hydrocarbons

In our search for an ideal electrophilic radical to initiate hydrogen atom
transfer process, the sulfamidyl radical was recognized to be suitable, as
the process is thermodynamically favourable due to the difference in
bond dissociation energies between the Si-H/Ge-H bonds of
hydrosilanes/hydrogermanes and the corresponding N-H bond of
sulfonamide/*”®/ (Scheme 2.12). In this context, we envisioned
utilizing sulfonamide as precursor for electrophilic N-centered
sulfamidyl radical. Because sulfonamides are readily synthesizable,
inexpensive, and can be tuned sterically and electronically to match the
variable BDEs of different hydrosilanes and hydrogermanes.

The generation of electrophilic N-centered radical pioneered by
Knowles/®% under visible-light-driven photochemical conditions
through proton-coupled electron transfer (PCET) process and further
utilized by others in C-H bond functionalization./*-*/ In 2017, the Kanai

group utilized sulfonamide as a potent HAT catalyst for allylic and
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benzylic C-H arylation under visible light photoredox catalysis./*”/ Soon
after, the Duan group explored the utility of sulfonamide in C(sp?)-H

alkylation under metal-free photoredox catalysis./%%/

Sulfamidyl radical in silyl/germyl radical formation: Thermodyanmic favourable

Q 0O
O—Si-H Si
O 09 RO
\ 7/ <, .- Me
BDE 84-95 keal/mol ©/S\ .Me ©/ N
v—’ O BDE 103 kcal/mol

Thermodynamically
BDE 80-85 kcal/mol Jfavoured

Scheme 2.12 Sulfamidyl radical in functionalization of Si-H/Ge-H bond

Herein, we developed the first method to utilize sulfonamides as a
photoinduced  hydrogen atom transfer catalyst for the
hydrosilylation/hydrogermylation of electron-deficient alkenes under
metal-free visible light irradiation for the synthesis of functionalized

organosilanes/organogermanes.
2.4 Present work
2.4.1 Selection of model reaction

The hydrosilylation of benzyl acrylate (1a) with fert-
butyldimethylsilane (2a) was selected as a model reaction to
systematically evaluate the reaction parameters and establish optimal
conditions for assessing the feasibility of sulfonamide as a hydrogen

atom transfer catalyst for the generation of silyl radical (Scheme 2.13).

O
0 Me Photocatal‘yst (mol%)
| Sulfonamide (mol%) OBn
+ Bu—Si=H — >
OBn I Conditions Me. .
| Me Blue LEDs I

1a 2a Me 3a

Scheme 2.13 Model reaction to screen the reaction conditions
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2.4.2 Screening of sulfonamides as a hydrogen atom transfer

catalyst

To evaluate series of sulfonamides as HAT catalysts in the
hydrosilylation of alkenes, 4CzIPN was selected as an organic
photocatalyst owing to its broad redox potential window, KsPO. was
employed as the base for deprotonation, and an acetone-water mixture
as the reaction medium under 450 nm blue LED irradiation at room

temperature.
Table 2.1 Screening of sulfonamides

0 4CzIPN (5 mol%) O
Me HATC (20 mol%) 1\([‘3_/—/<
| OBn + ’Bu—SIi—H - fBu—sli OBn

K3PO4 (20 mol%)

Me Acetone:H,O (20:1) Me
1a 2a Ar, rt., 24 h 3a, yield® (%)
Blue LEDs

N e 3w L) - ¥k
H H
Me Me Me

HATC1, 40% HATC2, 74% HATC3, 35%

CF,
0.0

0. ,0 ip F,C Y

\\S/: ! O\\S//O } \TTI
H H
Me iPr [Pr

CF,
HATC4, 52% HATCS, 18% HATCé6, 23%

v D %0 10
IogaNeas ooy
MeO H ‘Bu H pr "Prl—I
HATC7, 35% HATCS, 37% HATC9, Trace

0
S ~
/©/ | Without HATC
H
Me

n.r.
HATC10, Trace

“Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), 4CzIPN (0.01 mmol), HATC
(0.04 mmol), K5PO, (0.04 mmol) and 2 mL of Acetone:H,O (20:1) were irradiated
under blue LEDs. “Isolated yield. n.r. = no reaction
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Firstly, we evaluate effect of the sulfonamide as HAT catalyst (Table
2.1) using N,4-dimethylbenzenesulfonamide (HATC1), which provides
40% of desired hydrosilylated product 3a. This result encouraged us to
further examining the conditions. Notably, the replacement of the
methyl group with a cyclohexyl group (HATC2) resulted in a significant
increase and in the yield of the desired product to 74%. On the other
hand, the yield drastically decreased when the N-cyclohexyl substituent
was replaced with more sterically hindered tert-butyl (HATC3, 35%)
and 1-adamantyl groups (HATC4, 52%). These results indicate that the
cyclohexyl group provides the optimal steric and electronic environment
for functionalization of the Si-H bond of hydrosilanes. Further screening
with diaryl sulfonamide (HATCS), which was effective in the case of
activated C(sp’)-H bond functionalization,/*” yielded the desired
product only in 18%. Tuning of electronics and sterics of the HATC2
aryl ring with different electron-withdrawing and electron-donating
groups provided inferior results. For example, replacement of the p-
tolylsulfonyl  group  with  3,5-bistrifluoromethylphenylsulfonyl
(HATC6)  p-methoxyphenylsulfonyl  (HATC7), or  p-tert-
butylphenylsulfonyl (HATCS) yielded 23%, 35% and 37% of the
desired product respectively. Whereas only a trace amount of desired
product formation was observed using N-cyclohexyl-2,4,6-
triisopropylbenzenesulfonamide (HATC9) and  4-methyl-N-
phenylbenzenesulfonamide (HATC10). However, no hydrosilylated
product was observed in the absence of sulfonamide as a hydrogen atom

transfer catalyst.

2.4.3 Screening of photocatalysts

In our effort to develop an efficient hydrosilylation protocol using
sulfonamides as HAT catalyst, 4CzIPN proved to be effective during the
screening of HAT catalysts. To achieve a better yield, we further
screened different metal-based photocatalysts and organophotocatalysts
(Table 2.2). Ir(dF(CF3)ppy)2(dtbbpy)]PF¢ (entry 1) was able to provide
the desired product in only 10% yield, whereas using Ru(bpy);Cl>-6H,0O
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(entry 2), product formation was not observed. On the other hand,
organophotocatalysts such as Eosin-Y (entry 3) and Mes-Acr-Ph'BF4
(entry 4) were unable to provide the desired product. However, 4CzIPN
(entry 5) outperformed other photocatalysts, yielding 74% of desired
product with a 5 mol% photocatalyst loading. Furthermore, lowering the
loading of 4CzIPN to 3 mol% (entry 6) and 1 mol% (entry 7) results in
a slight decrease in yield. In the absence of a photocatalyst, product

formation was not observed.
Table 2.2 Screening of photocatalysts

PC (x mol%) 0]

o HATC2 (20 mol%) l\l/le_/—/<
+ — ] — p
KJ\OBn Bu=Si~H ‘Bu=Si OBn

K5PO,4 (20 mol%)
Acetone:H,O (20:1) Me

. n R e
Entry Photocatalyst mol% Yield? (%)

1. [Ir(dF(CF3)ppy),(dtbbpy)] PF¢ 5 10

2. Ru(bpy);Cl,.6H,O 5 n.r.

3. Eosin-Y 5 n.r.

4. Mes-Acr-Ph"BF, 5 n.r.

5. 4CzIPN 5 74

6. 4CzIPN 3 69

7. 4CzIPN 1 69

8. none - n.r.

“Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), Photocatalyst (x mol%),
HATC2 (0.04 mmol), K;PO, (0.04 mmol) and 2 mL of Acetone:H,O (20:1) were

irradiated under blue LEDs. “Isolated yield. n.r. = no reaction.

2.4.4 Screening of bases

The screening of base (Table 2.3) was started with 2.0 equivalents of
carbonate base K2COs, which establishes the compatibility of inorganic
bases with 40% yield of hydrosilylated product 3a (entry 1). Other
carbonate bases, such as Na;COs (entry 2) and Cs2COs (entry 3), show
inferior results. Furthermore, phosphate bases K3PO4 (entry 4) and
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KoHPO4 (entry 5) were tested, and to our surprise K3;POs-assisted
conditions yielded 65% hydrosilylated product.

Table 2.3 Screening of different bases

0 4CzIPN (5 mol%) O
Me  HATC2 (20 mol%) 1\,46_/—/<
+ t —Q = t <
| OBn Bu Sll H Base (x mol%) Bu S|1 OBn
Me Acetone:H,0 (20:1) Me
Ar, 1t 24 h e
la 2a Blue LEDs 3a, yield” (%)
Entry Base equivalent Yield® (%)

1. K,CO; 2 40

2. N3.2CO3 2 24

3. Cs,CO;4 2 42

4, K;PO, 2 65

5. K,HPO, 2 05

6.¢ Pr,EtN 2 n.r.

7. 2,6-Lutidine 2 n.r.

8. K;PO, 1 69

9. K;PO, 0.5 71
10. K;PO, 0.2 74

11. K,CO;4 0.2 45

12. none 0 Trace

“Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), 4CzIPN (0.01 mmol), HATC2
(0.04 mmol), base (x equiv.) and 2 mL of Acetone:H,O (20:1) were irradiated under
blue LEDs. “Isolated yield.“without water. n.r. = no reaction.

On the other hand, no reaction was observed while using organic bases
"ProEtN (entry 6) and 2,6-lutidine (entry 7). Since K3PO4 outperformed
the other tested bases, we sought to reduce the loading of K3PO4, and
with 1 equivalent of K3POs4, the yield of the hydrosilylated product
slightly increased (entry 8). Furthermore, lowering the loading of K3PO4
resulted in a slight increase in yield, and 20 mol% of K3POs is sufficient
to produce the desired hydrosilylated product in 74% yield (entry 10).
We also screened KoCO; with a 20 mol% loading, but it provided

inferior results (entry 11). The product formation was not observed in
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the absence of a base, which indicates the necessity of the base for the

reaction (entry 12).
2.4.5 Screening of solvents

After successfully establishing the screening of the HAT catalyst,
photocatalyst, and base, we move towards the screening of different

solvents (Table 2.4).
Table 2.4 Screening of solvents

0 4CZIPN (5 mol%) 0

. Me HATC2 (20 mol%) 1\,’16_/—/<
OB ‘Bu—Si- > MRy —Q:
| n Bu S|1 H K,PO, (20 mol%) Bu Sll OBn
Me Solvent Me
Ar, rt., 24 h . 1B
la 2a Blue LEDs 3a, yield” (%)
Entry Solvent Yield? (%)
1. CH;CN 23
2. DMSO 10
3. Acetone 35
4. DMF n.r.
3. PhCF, 12
6. DCM n.r.
7. CH;CN:H,0 (20:1) 69
8. Acetone:H,0 (20:1) 74

“Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), 4CzIPN (0.01 mmol),
HATC2 (0.04 mmol), K5;PO,4 (0.04 mmol) and 2 mL solvent were irradiated blue
LEDs. “Isolated yield. n.r. = not detected

Begin the screening with polar aprotic solvent acetonitrile (entry 1),
which gives 23% hydrosilylated product. The more polar and
amphiphilic solvent dimethylsulfoxide yielded only 10% of the desired
product (entry 2). Acetone was able to produce 35% of the desired
product (entry 3), while in the case of dimethylformamide, the desired
product formation was not observed (entry 4). Using a non-polar aprotic
trifluorotoluene as a solvent yielded 12% of hydrosilylated product
(entry 5). While using dichloromethane, product formation was not

observed (entry 6). The mixture of acetonitrile and water (20:1) shows
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a significant increase in yield, from 23% to 69% (entry 1 vs entry 7),
indicating that a small amount of water is crucial for the transformation,
likely facilitating the dissolution of the inorganic base and accelerating
the reaction. Using a mixture of acetone and water (20:1), the yield of
the desired product further increases to 74% (entry 8). Thus, a mixture
of acetone and water (20:1) serves as an ideal solvent system for the
hydrosilylation of activated alkenes using sulfonamide (HATC2) as a
HAT catalyst under visible light-assisted organophotocatalytic

conditions.
2.4.6 Scope of electron-deficient alkenes

After successfully establishing the optimal conditions using
sulfonamide (HATC2) as the HAT catalyst, we sought to screen the
scope of different activated alkenes (Scheme 2.14), using ‘BuMe,SiH
(2a) and PhMe>SiH (2b) as silane precursors. As with benzyl acrylate,
the reaction works with n-butyl acrylate 1b to afford the corresponding
product 3b in 64% yield. Furthermore, it was found that a-methylene-y-
butyrolactone 1c¢ was an effective acceptor and yielded the desired
product 3¢ in 84% yield. Methyl and benzyl maleate smoothly
underwent hydrosilylation with ‘BuMe>SiH (2a) to produce 3d and 3e
in 61% and 58% yield respectively. Cyclopent-2-en-1-one 1f, a cyclic
internal activated alkene, was successfully hydrosilylated to produce the
[S-silylated cyclopentanone 3f in 43% yield. The N,N-diphenyl
acrylamide, 1g, affords the desired product 3g in 67% yield. On the other
hand, acrylamides derived from pyrrolidinone (1h) and oxazolidinone
(1i) also reacted smoothly to give 73% (3h) and 40% (3i) of desired
product, respectively. Fortunately, f-silyl-a-amino acid ester derivatives
were also synthesized from N-phthaloyl (1j) and bis-N-Boc-protected
(1k) dehydroalanine ester, provided the corresponding hydrosilylated
product in 39% (3j) and 96% (3k) yield respectively. Scope of the
electron-deficient alkenes was also extended to diphenyl vinylphosphine
oxide (11) and phenyl vinyl sulfone (1m), which affords hydrosilylated
products in good to excellent yield (31-3n).
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4CzIPN (5 mol%),

1 EWG
EWG R HATC2 (20 mol%) - [
. 2.Q;— > \ 1
]/ + R 5.13 H K5PO, (20 mol%), SR
R Acetone:H,0 (20:1) '13\R2
Ar, 1t., 24 h R
1 2 Blue LEDs 3, yield” (%)
0 o CO,Me
Me
Me\ . N MC\ . CO Me
, /SK\)J\OR P : /Sl)\/ ’
Bu” | 0 Bu 1
Me R =Bn,3a, 74% (63%)° ~ Me Me
R = "Bu, 3b, 64% 3¢, 84% 3d, 61%
e, L Q
Me (0]
Me- COOBn s Moy ,\)L
t
Bu l\l/[e Me Bu
3e, 58% 3¢, 43% 3g, 7%
Mo, 0 O
Me\ /\)J\ Me\ /\)J\ JL Me, :y>7N
Ph/ Ph/ Bu—Si
Me/
3h, 73% 3i, 40% 3j,39%
o) 0 0
\7/
Me:Si/\HJ\OMe Me\ /\/P\Ph Me/\ /\/S
Ph” B Ph R'
Me NBoc, Me Me
R' = 'Bu, 3m, 64%
3k, 96% 31, 84% =Ph, 3n, 71%

“Reaction conditions: 1 (0.2 mmol), 2 (0.6 mmol), 4CzIPN (0.01 mmol), HATC2
(0.04 mmol), K5;PO, (0.04 mmol) and 2 mL of Acetone:H,O (20:1) were irradiated

under blue LEDs. isolated yield. “yield of 1.5 mmol reaction after 36 h.

Scheme 2.14 Scope of electron-deficient alkenes in hydrosilylation

Nevertheless, when diethyl vinylphosphonate was used as an electron-
deficient alkene, the intended product was not observed. The practicality
of the developed protocol was further established through a 1.5 mmol
scale reaction, which provided 63% yield of the hydrosilylated product

3a.

2.4.7 Scope of hydrosilanes

After successfully testing series of activated alkenes, we turned our

attention towards the scope of hydrosilanes (Scheme 2.15). For

screening of different hydrosilanes, benzyl acrylate (1a) was utilized as

an activated alkene. The desired product 30-s was obtained effectively
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via hydrosilylation of benzyl acrylate (1a) with both linear and branched
hydrosilanes, such as triethylsilane (2¢), tri-n-propyl silane (2d), tri-n-
butyl silane (2e), tri-iso-propylsilane (2f) and benzyl dimethyl silane
(2g) in good to excellent yield (64-88%).

4CzIPN (5 mol%)

(0) 1 1
R HATC2 (20 mol%) R CO,Bn
* R*-Si-H >~ R*-Si
OBn ! K;PO, (20 mol%) !
| R} Acetone:H,0 (20:1) R?
Ar, rt., 24 h .
la 2 B s b (o
Blue LEDs 3, yield” (%)
o) 0 0
Et np "Bu .
:Si/\)J\OBn r:Si/\)J\OBn u/Si/\)J\OBn
Et” | "Prl "Bu~ |
Et "Pr "Bu
30, 73% 3p, 75% 3q, 72%
0 0 0
iPr Me\ Me\
. :Si/\)J\OBn /Si/\)J\OBn /Si/\)J\OBn
Prot Bn™ | Ph™ 1
Pr Me Me
3r, 64% 3s, 88% 3t, 78%
0 o)

L.

Me < /\)J\ Me /\)J\ Me

I Sll OBn Sli OBn Sll OBn
Ph /©/Me O Me
‘Bu
3u, 75% 3v, 41% 3w, 45%

O o

TMS ‘/\)J\OB Me\Si/\)J\OB

_Si n n
TMS™ | I
™S Me
Me .
.Si

3x, 71% H 1\|/[ 3y, 73%
e

“Reaction conditions: 1a (0.2 mmol), 2 (0.6 mmol), 4CzIPN (0.01 mmol), HATC2
(0.04 mmol), K5PO, (0.04 mmol) and 2 mL of Acetone:H,O (20:1) were
irradiated under blue LEDs. ’isolated yield.

Scheme 2.15 Scope of hydrosilanes in hydrosilylation of activated

alkenes

It is worth to mention here that, where Fagnoni/*’/ observed both Si-H
and C-H bond functionalized products using Et3SiH (2¢) under TBADT-
mediated hydrosilylation of alkenes, however, we only observed the Si-
H bond functionalized product and the C-H functionalized product was
not detected. Furthermore, different aromatic hydrosilanes, such as

dimethylphenylsilane (2b) and diphenylmethylsilane (2h), underwent
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hydrosilylation smoothly to afford the desired products 3t (78%) and 3u
(75%) respectively. Arylsilane with fert-butyl substituent on the aryl
ring (2i) gives 3v in slightly lower yield. The dimethyl(naphthalen-1-
yl)silane (2j) affords the hydrosilylated product in 45% yield, whereas
(TMS)3SiH (2k) provided the corresponding product in 71% yield. In
addition, only mono-hydrosilylated product 3y was observed in 73%
yield on reaction with para-phenylenebis(dimethylsilane). The
anticipated bis-hydrosilylated product was not detected by the
subsequent reaction of 3y as silane with benzyl acrylate 1a under
standard reaction conditions. The Ph3SiH was found to be inefficient

under the developed reaction conditions.

2.4.8 Hydrogermylation of activated alkenes

The successful development of sulfonamide as a hydrogen atom transfer
catalyst for the hydrosilylation of activated alkenes inspired us to extend
the scope of this method to hydrogermylation of activated alkenes
(Scheme 2.16). Notably, condition that are ideal for hydrosilylation was
also found to be effective in the hydrogermylation of activated alkenes.
As representative germylating agents, "BuzGeH (4a) and Ph;GeH (4b)
were used to gain the scope of the activated alkenes. To our surprise,
treating benzyl acrylate la with tri-n-butyl germane 4a under the
conditions optimized for hydrosilylation provided the desired
hydrogermylation product 5a in 93% yield, validating the effectiveness
of this protocol for hydrogermylation of activated alkenes. Dimethyl
maleate and a-methylene-y-butyrolactone are effective acceptors in
hydrogermylation reactions with triphenyl germane (4b), yielding the
desired products Sb and Sc¢ in 94% and 90% yield respectively. Notably,
bis-N-Boc-protected dehydroalanine ester 1k was also a suitable
substrate for the hydrogermylation reaction that produced the interesting
[-germyl-o-amino acid derivative 5d in an 84% yield. Additionally,
other acrylate derivatives, like a-methyl acrylate 1n and phenyl acrylate
lo, were also effective reactants that produced hydrogermylation

product Se and 5f in good yield.
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4CzIPN (5 mol%) EWG

1
EWG i R HATC2 (20 mol%) [ 1
]/ + R G‘;H K5PO, (20 mol%) h GéR
R Acetone:H,0 (20:1) 1'{3\R2
Ar, tt,, 24 h -
1 4 Blue LEDs 5, yield” (%)
0 COOMe o 0

"Bu. Ph. COOM >

u,Ge/\)J\OBn /Ge)\/ ¢ ph-Ge

"By P | Ph 0
"Bu Ph
5a, 93% 5h, 94%¢ 5¢, 90%¢

0 0 0

Ph. Ph. Ph.

/Ge/\HJ\OMe /Ge/\HJ\OBn /Ge/\)J\OPh
P 1 Ph” Ph”
Ph  NBoc, Ph  Me Ph
5d, 84%¢ Se, 83%¢ 5£, 70%¢
Q§ 0] O (0] 0]

Ph. 0 Ph. Ph.

- S O S
Ph Ph Ph /
5g, 91%¢ 5h, 65%¢ 5i, 75%¢

0 0. 0

"Bu P— "Bu Y Ph CN
/\ e/\/ \ Ph /\ e/\/ \Ge/\/

"Bu) Ph "Bu) P
"Bu "Bu Ph
5§, 96% 5Kk, 60% 51, 85%¢

“Reaction conditions: 1 (0.2 mmol), 4 (0.6 mmol), 4CzIPN (0.01 mmol), HATC2
(0.04 mmol), K;PO, (0.04 mmol) and 2 mL of Acetone:H,O (20:1) were
irradiated under blue LEDs. isolated yield. using 0.4 mmol of Ph;GeH.

Scheme 2.16 Scope of hydrogermylation of activated alkenes

Further, the cyclopentenone gave the desired product 5g in 91% yield.
Other activated alkenes, such as N-acryloyl pyrrolidinone (1h) and N-
acryloyl oxazolidinone (1i), smoothly underwent hydrogermylation to
give Sh and 5i in good yield. Furthermore, screening the scope of
activated alkenes such as diphenyl vinylphosphine oxide 1,
phenylvinylsulfone 1m, and acrylonitrile 1p provided the desired
organogermanes 5j-51 in good to excellent yield (60-96%).

2.5 Mechanistic investigation

To gain mechanistic insight into the reaction, a series of control
experiments was performed, including radical inhibition experiments,

deuterium-labelling  studies, fluorescence = quenching, cyclic
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voltammetry measurement, quantum yield determination, and light on-

off experiment.

2.5.1 Radical inhibition studies

To identify the involvement of radical in the mechanism, the radical-
inhibiting experiment was performed using 3.0 equivalents of radical
scavenger TEMPO, under the standard reaction conditions with 1a and
2a for hydrosilylation reaction, 1d and 4b for hydrogermylation reaction
(Scheme 2.17). In both cases, the formation of the desired photoproduct
was fully suppressed. These results support the involvement of radical

in this reaction.

for hydrosilylation
0
0 Me 4CzIPN (5 mol%) o)
I HATC2 (20 mol%) Me
+ ‘Bu-Si-H + p I,
| OBn | ITI K3P04 (20 mOl%) Bu_Sll OBH
Me o Acetone:H,O (20:1) Me
(3 equiv.) Ar, 1t., 24 h
la 2a TEMPO Blue LEDs 3a, not observed
for hydrogermylation
0 0]
Ph 4CzIPN (5 mol%) Ph
OMe I HATC2 (20 mol%) I
| + Ph-Ge-H + > Ph-Ge OMe
OMe [l) b ITT K;PO, (20 mol%) Il’h OMe
e} Acetone:H,0 (20:1) 3
0 . Ar, 1t 24 h
(3 equiv.)
Blue LEDs
1d 4b TEMPO 5b, not observed

Scheme 2.17 Radical inhibition studies
2.5.2 Deuterium labelling experiment

The deuterium labelling studies were performed to identify the source
of the proton and keto-enol isomerization of the hydrosilylated product
(Scheme 2.18). To identify the source of proton, the reaction of 1a and
2a was performed under the standard conditions with D,O instead of
H>0 and found 65% deuterium incorporation, which indicates that H.O
could be a source of proton. On the other hand, replacement of acetone

with acetone-ds doesn’t provide any deuterium incorporation in the
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hydrosilylated product, revealing that acetone doesn’t act as a proton
donor.

When the photoproduct 3a was treated in standard reaction conditions
in the absence of 1a and 2a with D>O instead of H»O, no deuterium
incorporation in 3a was observed. This clearly suggests that the a-H of

photoproduct 3a is not involved in further keto-enol isomerization.

(0] Me 4CzIPN (5 moli’go) l\l/[e 65% of D
+ rgys 81 HATC2 Q0mol%) o .
| Me K5PO, (20 mol%) | CO,Bn
CH3COCH;:D,0 (V/V 20:1) N .
Ar, rt., 24 h, Blue LEDs 3a-d, 70% yield
0 4CzIPN (5 mol%) 0
M 0% of D
L Me HATC2 (20 mol%) | ’
OBn 'Bu-Si-H > By—Si
| Me K5PO, (20 mol%) v CO,Bn
CD;COCD;:H,0 (V/V 20:1) ¢
1a 2a Ar, 1t., 24 h, Blue LEDs 3a, 69% yield
Me H 4CzIPN (5 mol%) Me 100% of H
| o |
fBu—SiJ\ HATC2 (20 mol%)  rgy—s;i
| COan K.PO 0 | COan
e 3P0y (20 mol%) Me
CH;3COCH;:D,0 (V/V 20:1)
3a Ar, 1t., 24 h, Blue LEDs 3a, no H/D exchange
Scheme 2.18 Deuterium labelling studies
[
‘ J / J
Me 65% of D
Bu=si COB
Me s
l ‘ i LJLJ ll|
. ! : i

f1 (ppm)

Figure 2.1 '"H NMR of deuterium studies
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2.5.3 Stern-Volmer quenching

Stern-Volmer quenching studies were performed to identify the species
that quenches the excited state photocatalyst during the course of the
reaction. The quenching study was conducted between the photocatalyst
4CzIPN solution and other reaction components, including the activated
alkene 1a, hydrosilane 2a, hydrogermane 4b, and sulfonamide
(HATC2). This study revealed that only deprotonated sulfonamide
(potassium salt of HATC2) was the actual quencher of the excited
photocatalyst (4CzIPN") (Scheme 2.19); neither HATC2, benzyl
acrylate (1a) nor hydrosilane ‘BuMe;SiH (2a)/hydrogermane Ph;GeH

(4b) quenches the fluorescence of the excited organophotocatalyst.

Scheme 2.19 Representation for the generation of sulfamidyl radical

— PC
6

1.2x10 — PC +0.002 M HATC2

1 — PC +0.004 M HATC2

1.0x10° — PC+0.006 M HATC2

— PC +0.008 M HATC2

8.0x10°

6.0x10°

Intensity (A.U.)

4.0x10°

2.0x10°

0.0 HATC2

T T T T T T T T T T T
450 500 550 600 650 700
Wavelength (nm)

Figure 2.2 Fluorescence quenching of 4CzIPN vs HATC2
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Figure 2.3 Fluorescence quenching of 4CzIPN vs potassium salt of

HATC2
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Figure 2.4 Stern-Volmer plot for quenching of excited state 4CzIPN
with HATC2 and the potassium salt of HATC2

2.5.4 Quantum yield

To identify the involvement of the radical chain mechanism in the
reaction, we calculated the quantum yield by performing the standard
reaction for 3 hours, and observed quantum yield was 0.181, which ruled

out the possible involvement of a radical chain mechanism.
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4CZIPN (5 mol%)

Me H
@) e I;I/EH HATC2 (20 mol%) B Sled\
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la 2a Ar, rt., 3 h, Blue LEDs 3a, 17% yield

Quantum yield ¢=0.181

Scheme 2.20 Quantum yield calculation

2.5.5 Cyclic-voltammetry study

A cyclic voltammogram was recorded for the potassium salt of N-
cyclohexyl-4-methylbenzenesulfonamide, an oxidation peak was
observed at +0.86 V vs SCE, which is significantly less than the
oxidation potential of the excited state of 4CzIPN" (+1.35 V vs SCE)/"%
allowing the oxidation of deprotonated sulfonamide and generation of

sulfamidyl radical.

Current (A)

T
0.0 0.2 0.4 0.6 0.8
Potential (V)

Figure 2.5 Cyclic voltametric graph for potassium salt of N-cyclohexyl-
4-methylbenzenesulfonamide (HATC2)

2.5.6 Theoretical Studies

The N-H bond dissociation energies of different HATC, Si-H, Ge-H,
and C-H BDE of hydrosilanes and hydrogermanes, and the energy
barrier for the abstraction of hydrogen from hydrosilanes and

hydrogermanes by sulfamidyl radical were calculated. The calculations
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were carried out using Gaussian 16 software/%”/ and employing the M06-
2X functional, which is considered a more suitable functional for
computations involving organic and main group elements chemistry
using B3LYP functional./””? Here we have opted for two separate
methods; MO06-2X/6-31G(d,p) for silicon (Si), while M06-2X/6-
311G(d,p) for the germanium (Ge) containing compounds./”>"¥
Additionally, to verify the accuracy of the optimization we calculated
frequencies and discovered that all of the frequencies for geometry
optimizations were positive, while just one negative (imaginary)
frequency was detected for the transition states. The active Gibbs free
energy (AG?) and change in Gibbs free energy (AG) were also evaluated

using these frequency calculations. All energies are expressed in

BDE =95.7 BDE = 108.7 BDE = 107.4 BDE =84.5 BDE =82.4!
(All energies in kcal/mol)

Scheme 2.21 Bond dissociation energy of Si-H, C-H bond of

kcal/mol.

L H  Me Me 5
| Me  Me Me CH,  Me——Si-H Bu Ph
'Me Si=H I HAC | "Bu-Ge=H Ph-Ge=H
| I Me Si-H 2 Me | !
i+ Me  Me I | "Bu Ph
| Me  Me H !
: Si-H a-C-H B-C-H Ge-H Ge-H

hydrosilanes and Ge-H bond of corresponding hydrogermanes
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Table 2.5 Bond dissociation energy for the N-H bonds of the different

sulfonamides (Hydrogen atom transfer catalyst)

Q0 Q %% L
o
|
H
Me Me Me

HATC2 HATC3 HATC4
N-H BDE =109.2 N-H BDE =107.8 N-H, BDE = 105.7
& ., @
p HATCS Fs HATC6
N-H, BDE =97.7 N-H, BDE =104.9
i
O\\//O O\\// Pr
S< S\
N
/©/ H t /©/
eO Bu
HATC7 HATCS8 HATC9
N-H, BDE =103.8 N-H, BDE = 104.1 N-H, BDE =103.2

(All energies in kcal/mol)

T 1'\I/I'e' """"""""""""""""""""""" !
: Bu—Si---H----- [N] :
' Me E
T.S :
o Me |
E Bu=Si-H + [N] :
E Me / “\ :
: 0.0 \ o o 5
: 0.0 \ O Me r_ N7
: _R._SC " Bu—Si_ N7 Ar
! NI =" "N""ar VBuTRI :
| ' 0 Me H !

Scheme 2.22 Energy barriers for the hydrogen atom transfer process
between fert-butyldimethylsilane 2a and different electrophilic

sulfamidyl radicals
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Table 2.6 DFT calculated energy barriers for the hydrogen atom transfer
process of tert-butyldimethylsilane 2a with different sulfamidyl radicals

(Thermal free energy corrections are considered)

HATC | AG? (kcal/mol) | AG (kcal/mol)
HATC2 11.8 -9.3
HATC3 13.9 -6.9
HATC4 16.2 -6.4
HATCS 14.7 2.3
HATC6 14.4 -3.8
HATC7 16.2 -4.1
HATCS 14.3 -4.4
HATC9 14.8 33
] RO |
5 R-Ge-=-H---[N] !
! R !
5 ; TS. |
. R , i
: R-Ge-H + [N] 5
R :

Scheme 2.23 Energy barriers for the hydrogen atom transfer process
between hydrogermanes with HATC2-derived electrophilic sulfamidyl

radical (Thermal free energy corrections are considered)
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Table 2.7 DFT calculated energy barriers for the hydrogen atom transfer
process of hydrogermanes with HATC2-derived -electrophilic

sulfamidyl radical (Thermal free energy corrections are considered)

AG? (kcal/mol) | AG (kcal/mol)
Ph;GeH 12.8 -18.1
"BusGeH 11.1 -17.5
o Me> " 4CZIPN (5 mol%) . Me> y
e n e
HATC?2 (20 mol% 2
+  H=si—/ ( ), N\l
OBn K3PO, (20 mol%)
| M > Acetone:H,O (20:1) M >
¢ Ar, tt., 24 h e
Blue LEDs 30, 73% yield
only product obsereved
Me (0]
BnO )‘W
\[(\)\Siﬁ;Me BnO S@\Me
o
Me Me
not obserevd

o Me— Me . |
E H—Si—?---H---[N] :
: Me—' g |
| / \ I
; // \ ,
: Me / —\\ \\ :
1 _/_)\/. H \ 1
| A 3 :
; Me—-/ € -H-[NIY |
E /M H N\ :
1 // / A —————— \\\ :
, ! ’/ / T.S 'y A .
' N \ “\ |
E //// // Me \\ \‘\\\\ :
1 " // -—-H- - 7 \ \\ \\ :
i Me /;7 / Me/_ SLI H--[N] \ | \ E
i y /—sLi-H + [N] ,,////// Me \ ‘\\\ N Me— _ - '
M Me i ‘\\ VN ESI Y E
1 \ ‘\ v Me / —-H 1
1 0.0 \ \ I
I VN ——H .

Scheme 2.24 Chemoselective Si-H bond functionalization of Et3;SiH
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Table 2.8 DFT calculated energy barriers for the hydrogen atom transfer
process for triethylsilane with HATC2 derived electrophilic sulfamidyl

radical (Thermal free energy corrections are considered)

Bond | AG” (kcal/mol) | AG (kcal/mol)

Si-H 9.4 114
a-C-H 16.2 7.3
B-C-H 15.2 42

2.6 Possible mechanism

A possible mechanism is proposed (Scheme 2.25) based on the outcome
of control experiments, theoretical studies and previous reports./*# 7/

The catalytic cycle commences with the ground-state photocatalyst

4CzIPN being excited by visible light to form the [4CZIPN]" species.

This species has an oxidation potential [PC*/PC™ =+1.35V vs SCE in
CH3CN]/7% higher than that of deprotonated sulfonamide HATC2
[N*/N™ =+40.86 V vs SCE in CH3CN], which enables the generation of
an active electrophilic N-centered sulfamidyl radical I and reduced
photocatalyst 4CzIPN*™ via proton-coupled electron transfer (PCET)
from deprotonated sulfonamide HATC2. The N-centered sulfamidyl
radical I initiates a selective hydrogen atom transfer (HAT) process with
hydrosilane 2 or hydrogermane 4, yielding nucleophilic radical II and
regenerating HATC2. The addition of nucleophilic radical II to
activated alkenes 1a results in an electrophilic a-carbonyl radical III.
The reduction of III with a reduced photocatalyst [PC/PC™ =-1.21 V vs
SCE in CH3CN], followed by protonation, provided the desired product
3 or 5, and the photocatalyst is regenerated for the next photocatalytic
cycle. The radical chain process via abstraction of N-H of HATC2 by

enolate radical III is thermodynamically not favoured based on the

difference in bond dissociation energy of HATC2 (N-H bond = 109.2
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kcal mol!) and C-H bond « to the carbonyl carbon of photoproduct 3
(a-C-H = 85.2 kcal mol™!)./#%/ Additionally, the calculated quantum yield
of the standard reaction (¢ =0.181) and the light-on/off experiment also

ruled out the possibility of a radical chain mechanism.

Rl
\
R*-Q-H Base .
R3 “‘
Ox.-0 -
20or4 Cy< 87 \ 4

\ i
N pTol [4CzIPN]*/_/\
HATC2 /

[4CzIPN]
HAT HAT Catalysis PCET Photoredox Catalysis $=0.181

E (@) (0] %\ i R2 Il{l © E
: NS [4CzIPN] e Y '
: Cy~ >SS ~_____SET S/Q\/\COOBn:

N p-TOl ® R
s v
o e ]

R! R2 R!

. g . R!
R0 ———— 0~ RY
TN 37 "NTC00Bn >
o COOBn R A" C00Bn
I la enolate radical 3or5
Q=SiorGe 11

Scheme 2.25 Possible mechanism
2.7 Conclusion

In conclusion, we developed a simple sulfonamide as a hydrogen atom
transfer catalyst for the selective functionalization of Si-H/Ge-H bond
over C-H bonds of hydrosilanes/hydrogermanes and achieved the
hydrosilylation/hydrogermylation of activated alkenes under visible
light-mediated organophotocatalyzed conditions. As a source of
sulfamidyl radical, an easily synthesizable and inexpensive sulfonamide
was utilized. A series of sulfonamides were tested with different
sterically hindered groups on nitrogen and series of substituent of aryl
ring (both electron withdrawing and electron donating), which revealed
that the N-cyclohexyl-4-methylbenzenesulfonamide is the best
hydrogen atom transfer catalyst for hydrosilylation/hydrogermylation of
activated alkenes. Furthermore, optimized reaction conditions were

established by screening of photocatalysts, base, and solvents. The scope
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of activated alkenes was evaluated using a diverse range of substrates,
including acrylic esters, maleate esters, a-methylene-y-butyrolactone,
cyclopentenones, acrylamides, vinyl phosphine oxides, and vinyl
sulfones. All of these activated alkenes were well tolerated under the
reaction conditions and underwent smooth hydrosilylation and
hydrogermylation, affording the corresponding products in moderate to
good yields. Both alkyl as well as aryl hydrosilanes and hydrogermanes
were compatible under the optimized reaction conditions. Next, a series
of control experiments were conducted to gain mechanistic insight, such
as radical inhibition experiments, deuterium labelling studies, Stern-
Volmer quenching studies, and quantum yield calculation. Theoretical
studies were conducted to calculate transition energies associated with
the hydrogen atom transfer (HAT) process between fert-
butyldimethylsilane and different sulfamidyl radicals. On the basis of
performed control experiments and literature precedents, a possible

reaction mechanism was proposed.
2.8 Experimental section
2.8.1 Substrate synthesis

List of substrates

Q O 2 com CO,B 2
2 c 2 n
\)J\OBn \)J\O”Bu 0 R/COzMe R/CO2BH [é
1c
NESEENY @
1g 1h 1
0
9
\/
\‘)\OMG S LI NP \‘)\OBn \)J\ f
Ph
NBoc,
1k nn 1o 1p

Alkenes such as 1b, 1¢, 1d, 1f, 1m, 1p are commercially available and

used as received. Other alkenes (1a, 1e, 1g, 1h, 1i, 1j, 1k, 11, 1n, 10)
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were prepared according to literature reports, and their spectral data

were Compared.[ﬂ, 77-84]
2.8.2 List of hydrosilanes and hydrogermanes

Hydrosilane such as 2a, 2b, 2¢, 2d, 2e, 2f, 2h, 2k, 21 and germanium
hydride 4a, 4b are commercially available and used as received. Other
hydrosilanes such as 2g, 2i, 2j were prepared according to the literature

reports.[ 83-871

‘BuMe,SiH PhMe,SiH Et;SiH "PrySiH "Bu;SiH  PrySiH BnMe,SiH
2a 2b 2¢ 2d 2e 2f 2g

"Bu;GeH Ph;GeH Me
4a 4b

2.8.3 General procedure for the synthesis of HATC

Hydrogen atom transfer catalysts HATC1, HATC2, HATC3, HATC4,
HATCS, HATC7, and HATC10 were prepared according to literature

reports, and their spectral data were compared./5* 8593/

To a stirred solution of cyclohexylamine (10 mmol) and triethylamine
(12 mmol) in CH2Cl, (20 ml) at 0 °C, the appropriate sulfonyl chloride
(11 mmol) was added. The reaction mixture was then warmed to room
temperature, and the progress of the reaction was monitored by TLC.
Upon completion, the reaction mixture was diluted with water, and the
combined layers were extracted three times with DCM. The combined
organic extracts were washed with 1 M HCI, brine, and dried over
Na;SO4. The solvent was removed in vacuo to afford the crude
sulfonamide and was purified by column chromatography on silica gel

(mesh 100-200) using hexane/ethyl acetate gradient eluent.

N-cyclohexyl-4-methylbenzenesulfonamide (HATC2):/*”/ The title

compound was prepared from cyclohexylamine (1.14 mL, 10 mmol),
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triethylamine (1.66 mL, 12 mmol) and 4-methylbenzene sulfonyl
chloride (2.1 g, 11 mmol) according to general procedure to give the
desired product HATC2 (2.3 g) in 92% yield as white solid; 'TH NMR
(500 MHz, CDCl3) 6 7.76 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H),
439 (d,J =17.6 Hz, 1H), 3.18-3.07 (m, 1H), 2.42 (s, 3H), 1.79-1.71 (m,
2H), 1.66-1.60 (m, 2H), 1.54-1.47 (m, 1H), 1.27-1.05 (m, 5H). 13C
NMR (126 MHz, CDCl3) 6 143.2, 138.6, 129.7, 127.0, 52.7, 34.0, 25.2,
24.7,21.6.

N-cyclohexyl-3,5-bistrifluoromethylbenzenesulfonamide (HATC6):
The title compound was prepared from cyclohexylamine (1.14 mL, 10
mmol), triethylamine (1.66 mL, 12 mmol) and 3,5-
bistrifluoromethylbenzene sulfonyl chloride (3.4 g, 11 mmol) according
to general procedure to give the desired product HATC6 (3.37 g) in 90%
yield as white solid; TH NMR (500 MHz, CDCl3) 4 8.33 (d, J = 1.6 Hz,
2H), 8.06 (s, 1H), 4.71 (d, J = 7.9 Hz, 1H), 3.25 (m, 1H), 1.82-1.74 (m,
2H), 1.71-1.62 (m, 2H), 1.60-1.51 (m, 1H), 1.35 -1.07 (m, 5H); 13C
NMR (126 MHz, CDCl3) 6 144.7, 133.0 (q, J = 34.5 Hz), 1273 (d, J =
3.7 Hz), 126.1 (t,J = 3.6 Hz), 122.6 (q, J = 273.3 Hz), 53.4, 34.1, 25.1,
24.7; F NMR (471 MHz, CDCls) 6 -62.95; IR (neat): 3278, 2933,
2859, 1441, 1347, 1273, 1125, 1076 cm™.; HRMS (ESI-ve) m/z: [M-H]
Calcd for C14H14FsNO2S 374.0643, found 374.0679.

4-(tert-butyl)-N-cyclohexylbenzenesulfonamide (HATCS): ¥/ The
title compound was prepared from cyclohexylamine (1.14 mL, 10
mmol), triethylamine (1.66 mL, 12 mmol) and 4-tert-butylbenzene
sulfonyl chloride (2.6 g, 11 mmol) according to general procedure to
give the desired product HATCS (2.56 g) in 87% yield as white solid;
'"H NMR (500 MHz, CDCl3) § 7.82-7.76 (m, 2H), 7.53-7.47 (m, 2H),
433 (d,J=7.5Hz, 1H),3.16 (m, 1H), 1.83-1.74 (m, 2H), 1.68-1.58 (m,
2H), 1.56-1.47 (m, 1H), 1.34 (s, 9H), 1.30-1.06 (m, 5H); *C NMR (126
MHz, CDCl3) 6 156.3, 138.5, 126.9, 126.1, 52.7, 35.3, 34.2, 31.2, 25.3,
24.8. IR (neat): 3252, 2929, 2855, 1440, 1319, 1159, 1078 cm™".
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N-cyclohexyl-2,4,6-triisopropylbenzenesulfonamide (HATC9):/*/
The title compound was prepared from cyclohexylamine (1.14 mL, 10
mmol), triethylamine (1.66 mL, 12 mmol) and 2,4,6-
triisopropylbenzene sulfonyl chloride (3.3 g, 11 mmol) according to
general procedure to give the desired product HATC9 (2.88 g) in 79%
yield as white solid; TH NMR (500 MHz, CDCl3) & 7.14 (s, 2H), 4.22
(dd,J=8.1,4.4 Hz, 1H), 4.16 (hept, J = 6.9 Hz, 2H), 3.23 (m, 1H), 2.89
(hept, J = 6.9 Hz, 1H), 1.85-1.78 (m, 2H), 1.69-1.61 (m, 2H), 1.60-1.50
(m, 1H), 1.34-1.04 (m, 23H); 3C NMR (126 MHz, CDCls) & 152.6,
150.0, 134.0, 123.9, 52.5, 34.4, 34.2, 29.8, 25.3, 25.0 (2C), 23.7; IR
(neat): 3302, 2931, 2860, 1433, 1368, 1307, 1143, 1092 cm™'.

2.8.4 Synthesis of photocatalyst 4CzIPN

Sodium hydride (60% suspension in mineral oil, 0.936 g, 39 mmol) was
added slowly at 0 °C to a stirred solution of carbazole (3.0 g, 18 mmol)
in dry THF (60 mL) under nitrogen atmosphere. After the addition of
NaH, the reaction mixture was warmed to room temperature and stirred
for 30 minutes. Then, 2,4,5,6-tetrafluoroisophthalonitrile (1.2 g, 3
mmol) was added. After stirring at room temperature for 20 h, 2 mL of
water was added to the reaction mixture to quench the excess NaH. The
resulting mixture was extracted with 30 mL of DCM twice, and the
organic layer was then concentrated under reduced pressure. The crude
residue was purified by column chromatography on silica gel using
DCM:hexane mixture, and 4CzIPN was obtained as a bright yellow
solid. It was further purified by recrystallization from hexane:DCM
mixture to yield a bright yellow crystalline solid in 65% yield (1.53 g).
'H and '*C NMR spectra in CDCls are consistent with reported data./*?/
TH NMR (500 MHz, CDCl3) § 8.23 (d, J = 7.6 Hz, 2H), 7.76 -7.66 (m,
8H), 7.49 (ddd,J=7.9, 6.7, 1.4 Hz, 2H), 7.33 (d, J = 7.6 Hz, 2H), 7.25-
7.21 (m, 4H), 7.09 (m, 8H), 6.87-6.79 (m, 4H), 6.64 (td, J = 7.6, 1.2 Hz,
2H); 3C NMR (126 MHz, CDCls) & 145.3, 144.7, 140.1, 138.3, 137.1,
134.8, 127.1, 125.9, 125.1, 124.9, 124.7, 124.0, 122.5, 122.1, 121.5,
121.1, 120.5, 119.7, 116.4, 111.7, 110.0, 109.6, 109.5.
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2.8.5 Optimization of reaction conditions

All photochemical reactions were performed using Penn PhD
Photoreactor m2 composed of cooling block and LED plate connected
to AC/DC input 100 - 240 V AC, 50/60 Hz power supply with 450 nm
LED. For more details about the instrument:

https://www.pennphd.com/product/5

2.8.6 General procedure for screening of hydrogen atom transfer

catalyst

To an oven-dried 10 mL reaction tube equipped with a magnetic stir bar
were added benzyl acrylate 1a (0.2 mmol, 32.4 mg), ‘BuMe,SiH 2a (0.6
mmol, 0.1 mL), 5 mol% 4CzIPN (7.9 mg, 0.010 mmol), 20 mol% HATC
(0.04 mmol) and 20 mol% K3PO4 (8.5 mg, 0.04 mmol). The reaction
tube was sealed and placed under an argon atmosphere, then 2 mL of
20:1 (v/v) acetone:water was added via syringe. The reaction mixture
was then degassed via freeze-pump-thaw (three times) and refilled with
argon. The sealed reaction tube was then placed inside the Penn
photoreactor (Blue LEDs, A =450 nm) and irradiated for 24 hours. After
the reaction was completed, acetone was evaporated under reduced
pressure. The reaction mixture was diluted with water (5 mL) and
extracted with ethyl acetate (3 x 10 mL). The combined organic layer
was washed with brine (10 mL), dried over anhydrous sodium sulfate,
and the solvent was removed using a rotary evaporator under reduced
pressure. The crude product was then purified by column
chromatography on silica gel (mesh 230-400) using a gradient elution
with hexane/ethyl acetate (50:1 to 20:1) to yield the hydrosilylation
product 3a.

2.8.7 General procedure for the hydrosilylation of activated alkenes

To an oven-dried 10 mL reaction tube equipped with a magnetic stir bar
were added substrate 1 (0.2 mmol, 32.4 mg), hydrosilanes 2 (0.6 mmol,
0.1 mL), 5 mol% 4CzIPN (7.9 mg, 0.010 mmol), 20 mol% HATC2 (0.04
mmol) and 20 mol% K3PO4 (8.5 mg, 0.04 mmol). The reaction tube was
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sealed and placed under an argon atmosphere. Then, 2 mL of a 20:1 (v/v)
acetone:water mixture was added via syringe. The reaction mixture was
then degassed via freeze-pump-thaw (three times) and refilled with
argon. The sealed reaction tube was then placed inside the Penn
photoreactor (Blue LEDs, A =450 nm) and irradiated for 24 hours. After
completion of the reaction, acetone was evaporated under reduced
pressure. The reaction mixture was diluted with water (5 mL) and
extracted with ethyl acetate (3 x 10 mL). The combined organic layer
was washed with brine (10 mL), dried over anhydrous Na>SO4, and the
solvent was removed using a rotary evaporator under reduced pressure.
The crude product was then purified by column chromatography on
silica gel (mesh 230-400) using a gradient elution with hexane/ethyl
acetate (50:1 to 20:1), which provided the hydrosilylation product 3.

Benzyl 3-(tert-butyldimethylsilyl)propanoate (3a):/*Y (41 mg) in 74%
yield as colorless oil. '"H NMR (500 MHz, CDCl3) 8 7.40-7.30 (m, 5H),
5.12 (s, 2H), 2.37- 2.30 (m, 2H), 0.92-0.84 (m, 11H), -0.06 (s, 6H); 13C
NMR (126 MHz, CDCl3) 6 175.2,136.2, 128.7, 128.4, 128.3, 66.4,29 .4,
26.6,16.6, 7.7, -6.4. IR (neat): 2940, 2859, 1737, 1460, 1134 cm™".

Butyl 3-(tert-butyldimethylsilyl)propanoate (3b): (33.8 mg) in 64%
yield as colorless oil. "H NMR (500 MHz, CDCl3) 8 7.54-7.46 (m, 2H),
7.36 (m, 3H), 4.03 (t, J = 6.7 Hz, 2H), 2.30-2.23 (m, 2H), 1.62-1.53 (m,
3H), 1.41-1.30 (m, 2H), 1.12-1.05 (m, 2H), 0.92 (t,J = 7.4 Hz, 3H), 0.29
(s, 6H); 3C NMR (126 MHz, CDCl3) § 175.2, 138.4, 133.7, 129.2,
128.0, 64.5, 30.8, 29.0, 19.3, 13.9, 11.0, -3.2; IR (neat): 2953, 1734,
1424, 1243, 1201 cm!. GC-MS (EI) m/z: [M-CHs3] Caled for
C14H2102Si 249, found 249.

3-((dimethyl(phenyl)silyl)methyl)dihydrofuran-2(3H)-one 3c):
(39.3 mg) in 84% yield as colorless oil. 'TH NMR (500 MHz, CDCls) &
7.54-7.50 (m, 2H), 7.40-7.33 (m, 3H), 4.25 (td, J = 8.7, 2.3 Hz, 1H),
4.09-4.02 (m, 1H), 2.48-2.39 (m, 1H), 2.24-2.16 (m, 1H), 1.78-1.69 (m,
1H), 1.53 (dd, J = 15.0, 3.6 Hz, 1H), 0.85 (dd, J = 15.0, 11.2 Hz, 1H),
0.35 (d, J = 3.8 Hz, 6H); 3C NMR (126 MHz, CDCl3) & 180.9, 138.0,
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133.7, 129.5, 128.1, 66.3, 35.9, 31.1, 17.4, -2.4, -2.7; IR (neat): 2953,
2914, 1765, 1419, 1374 cm™. HRMS (APCI) m/z: [M+Na]" Calcd for
C13H1802SiNa 257.0968, found 257.0989.

Dimethyl 2-(tert-butyldimethylsilyl)succinate (3d):/*/ (17.7 mg) in
61% yield as colorless oil. 'TH NMR (500 MHz, CDCls) 6 3.66 (d, J =
6.3 Hz, 6H), 2.91 (dd, J = 17.4, 12.3 Hz, 1H), 2.58 (dd, J = 12.3, 3.0
Hz, 1H), 2.41 (dd, J = 17.4, 3.0 Hz, 1H), 0.92 (s, 9H), 0.07 (s, 3H), 0.01
(s, 3H); 3C NMR (126 MHz, CDCl3) 8 175.7, 173.7, 52.0, 51.4, 32.3,

30.1,26.7,17.7,-6.5, -6.6. IR (neat): 2934, 1739, 1724, 1248, 1143 cm”
1

Dibenzyl 2-(tert-butyldimethylsilyl)succinate (3e): (47.8 mg) in 58%
yield as colorless oil. 'TH NMR (500 MHz, CDCl3) 8 7.39-7.27 (m, 10H),
5.13-5.0 (m, 4H), 3.0 (dd, J = 17.4, 12.5 Hz, 1H), 2.65 (dd, J = 12.5, 3.0
Hz, 1H), 2.47 (dd, J = 17.4, 3.0 Hz, 1H), 0.90 (s, 9H), 0.05 (s, 3H), -
0.03 (s, 3H); 3C NMR (126 MHz, CDCl3) 6 175.0, 172.9, 136.2, 135.9,
128.7, 128.6, 128.5, 128.4, 128.4, 128.2, 66.8, 66.4, 32.7, 30.5, 26.7,
17.7, -6.4, -6.5; IR (neat): 2934, 2859, 1724, 1459, 1143 cm™'. HRMS
(APCI) m/z: [M+Na]" Caled for C24H3204SiNa 435.1962, found
435.2012.

3-(dimethyl(phenyl)silyl)cyclopentane-1-one (3f):°” (18.8 mg) in
43% yield as colorless oil. '"H NMR (500 MHz, CDCls) 8 7.53-7.46 (m,
2H), 7.42-7.32 (m, 3H), 2.32- 2.18 (m, 2H), 2.15-2.05 (m, 2H), 1.89 (dd,
J =182, 13.0 Hz, 1H), 1.74- 1.62 (m, 1H), 1.60-1.49 (m, 1H), 0.32 (d,
J = 1.4 Hz, 6H); 3C NMR (126 MHz, CDCls3) § 221.13, 137.1, 134.0,
129.9, 128.1, 40.3, 39.5, 25.1, 24.1, -4.7, -4.8; IR (neat): 2923, 1737,
1413, 1252, 1109 cm™.

3-(tert-butyldimethylsilyl)-V,N-diphenylpropanamide (3g): (45.4
mg) in 67% yield as colorless oil. 'TH NMR (500 MHz, CDCl3) & 7.45-
7.16 (br, m, 10H), 2.27-2.20 (m, 2H), 0.93-0.86 (m, 2H), 0.79 (s, 9H), -
0.21 (s, 6H); 3C NMR (126 MHz, CDCl3) 6 174.9, 143.2, 129.4 (br,
8C), 30.5,26.6, 16.6, 8.5, -6.5; IR (neat): 2929, 2856, 1673, 1592, 1255
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cm’'. HRMS (ESI) m/z: [M+Na]" Calcd for C21H29NOSiNa 362.1910,
found 362.1924.

1-(3-(dimethyl(phenyl)silyl)propanoyl)pyrrolidin-2-one (3h): (40.2
mg) in 73% yield as colorless oil. "H NMR (500 MHz, CDCl3) & 7.56-
7.48 (m, 2H), 7.39-7.31 (m, 3H), 3.78-3.72 (m, 2H), 2.90-2.84 (m, 2H),
2.56 (t,J = 8.1 Hz, 2H), 2.03-1.95 (m, 2H), 1.11-1.06 (m, 2H), 0.31 (s,
6H); 3C NMR (126 MHz, CDCl3) 6 175.8, 175.4, 138.7, 133.8, 129.1,
127.9, 45.7, 33.8, 31.6, 17.4, 10.3, -3.1; IR (neat): 2943, 1735, 1690,
1421, 1243 cm'; HRMS (ESI) m/z: [M+Na]® Calcd for
Ci15H21NO;SiNa 298.1233, found 298.1262.

3-(3-dimethyl(phenyl)silyl)propanoyl)oxazolidin-2-one (3i):/*¥/ (22.2
mg) in 40% yield as colorless oil. 'H NMR (500 MHz, CDCl3) & 7.56-
7.48 (m, 2H), 7.38-7.33 (m, 3H), 435 (dd, J = 8.6, 7.6 Hz, 2H), 3.93
(dd, J = 8.6, 7.6 Hz, 2H), 2.93-2.86 (m, 2H), 1.15-1.07 (m, 2H), 0.32 (s,
6H); 13C NMR (126 MHz, CDCls) & 174.9, 153.6, 138.4, 133.8, 129.2,
127.9, 62.1, 42.7, 30.0, 10.4, -3.1; IR (neat): 2920, 1777, 1697, 1377,
1255 cm™.

Methyl 3-(tert-butyldimethylsilyl)-2-(1,3-dioxoisoindolin-2-
yDpropanoate (3j): (27.1 mg) in 39% yield as colorless oil. 'H NMR
(500 MHz, CDCl3) 6 7.90-7.83 (m, 2H), 7.76-7.72 (m, 2H), 4.95 (dd, J
=11.4,4.7 Hz, 1H), 3.72 (s, 3H), 1.73-1.65 (m, 1H), 1.63-1.55 (m, 1H),
0.87 (s, 9H), 0.02 (s, 3H), -0.22 (s, 3H); 3C NMR (126 MHz, CDCl3) &
171.3,167.8,134.3, 132.0, 123.7, 53.0, 49.6, 26.5, 16.6, 12.7,-5.9, -6.4;
IR (neat): 2956, 1713, 1610, 1463, 1247 cm™.; HRMS (ESI) m/z:
[M+Na]" Calcd for Ci1sH2sNO4SiNa 370.1445, found 370.1432.

Methyl 2-(bis(tert-butoxycarbonyl)amino)-3-
(dimethyl(phenyl)silyl)propanoate (3k):°” (84 mg) in 96% yield as
colorless oil. '"H NMR (500 MHz, CDCls) & 7.53-7.47 (m, 2H), 7.35-
7.31 (m, 3H), 5.00 (dd, J = 9.8, 5.7 Hz, 1H), 3.67 (s, 3H), 1.69 (dd, J =
15.4, 5.7 Hz, 1H), 1.55-1.49 (m, 1H), 1.45 (s, 18H), 0.33 (s, 3H), 0.32
(s, 3H); 3C NMR (126 MHz, CDCl3) § 172.6, 152.2, 138.8, 133.7,
129.1, 127.9, 83.1, 55.7, 52.4, 28.2, 28.1, 17.6, -2.4, -2.5; IR (neat):
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2965, 1744, 1703, 1362, 1256 cm™'.; HRMS (ESI) m/z: [M+Na]" Calcd
for C22H35sNOeSiNa 460.2125; Found 460.2135.

(2-(tert-butyldimethylsilyl)ethyl)diphenylphosphine oxide (31): (57.8
mg) in 84% yield as colorless oil. 'TH NMR (500 MHz, CDCl3) & 7.77-
7.68 (m, 4H), 7.56-7.44 (m, 6H), 2.23-2.14 (m, 2H), 0.83 (s, 9H), 0.81-
0.73 (m, 2H), -0.04 (s, 6H); 3C NMR (126 MHz, CDCl3)  133.0 (d, J
= 96.7 Hz), 131.8 (d, J = 2.3 Hz), 131.0 (d, J = 9.1 Hz), 128.8 (d, J =
11.3 Hz), 26.6, 24.4 (d,.J = 69.3 Hz), 16.8, 2.9 (d, J = 6.6 Hz), -6.5: 3P
NMR (202 MHz, CDCl3) § 34.9; IR (neat): 2946, 2824, 1458, 1184,
1137 ecm’l; HRMS (ESI) m/z: [M+Na]" Calcd for C20H29OPSiNa
367.1617, found 367.1629.

tert-butyldimethyl(2-phenylsulfonyl)ethyl)silane (3m): (36.4 mg) in
64% yield as colorless oil. 'TH NMR (500 MHz, CDCl3) & 7.94-7.87 (m,
2H), 7.69-7.63 (m, 1H), 7.60-7.56 (m, 2H), 3.03-2.97 (m, 2H), 0.99-0.93
(m, 2H), 0.84 (s, 9H), -0.07 (s, 6H); 13C NMR (126 MHz, CDCls) &
139.0, 133.7, 129.4, 128.3, 53.2, 26.5, 16.7, 5.0, -6.3; IR (neat): 2938,
2857, 1457, 1303, 1254 cm’!.; HRMS (ESI) m/z: [M+Na]" Calcd for
C14H2402SSiNa 307.1158, found 307.1135.

Dimethyl(phenyl)(2-phenylsulfonyl)ethyl)silane (3n):/*® (43.2 mg)
in 71% yield as white solid. '"H NMR (500 MHz, CDCl3) & 7.90-7.84
(m, 2H), 7.68-7.62 (m, 1H), 7.58-7.53 (m, 2H), 7.42-7.31 (m, 5H), 3.00-
2.92 (m, 2H), 1.19-1.14 (m, 2H), 0.28 (s, 6H); *C NMR (126 MHz,
CDClz) 6 138.8, 136.7, 133.7, 133.6, 129.7, 129.4, 128.4, 128.2, 52.6,
8.6, -3.3; IR (neat): 2921, 1433, 1309, 1260, 1148 cm™'.

Benzyl 3-(triethylsilyl)propanoate (30): /*¥ (40.6 mg) in 73% yield as
colorless oil. "H NMR (500 MHz, CDCls) & 7.40-7.30 (m, 5H), 5.12 (s,
2H), 2.37-2.30 (m, 2H), 0.99-0.83 (m, 11H), 0.52 (g, J = 8.0 Hz, 6H):
I3C NMR (126 MHz, CDCl3) § 175.2, 136.3, 128.7, 128.4, 128.3, 66.4,
29.0,7.5, 6.7, 3.1; IR (neat): 2923, 1737, 1457, 1338, 1199 cm™'.

Benzyl 3-(tripropylsilyl)propanoate (3p):/**/ (48 mg) in 75% yield as
colorless oil. "H NMR (500 MHz, CDCls) & 7.38-7.30 (m, 5H), 5.11 (s,
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2H), 2.33-2.30 (m, 2H), 1.34-1.25 (m, 6H), 0.94 (t, J = 7.2 Hz, 9H),
0.89-0.86 (m, 2H), 0.53-0.49 (m, 6H); 3C NMR (126 MHz, CDCL3) &
175.0, 136.2, 128.5, 128.2 (2C), 66.2, 29.0, 18.6, 17.4, 15.0, 7.7; IR
(neat): 2926, 1737, 1455, 1201, 1134 cm".

Benzyl 3-(tributylsilyl)propanoate (3q):/*/ (52.2 mg) in 72% yield as
colorless oil. 'TH NMR (500 MHz, CDCls) 8 7.37-7.31 (m, SH), 5.1 (s,
2H), 2.34-2.06 (m, 2H), 1.33-1.23 (m, 12H), 0.90-0.86 (m, 11H), 0.51
(m, 6H): 3C NMR (126 MHz, CDCls) 8 175.1, 136.2, 128.5, 128.2,
128.1, 66.2, 29.0, 26.8, 26.0, 13.7, 11.9, 7.7; IR (neat): 2935, 1738,
1456, 1343, 1197 cm™.

Benzyl 3-(triisopropylsilyl)propanoate (3r):/*¥/ (41 mg) in 64% yield
as colorless oil. 'TH NMR (500 MHz, CDCls) & 7.38-7.30 (m, 5H), 5.12
(s, 2H), 2.40-2.37 (m, 2H), 1.03 (s, 21H), 0.98-0.94 (m, 2H); 13C NMR
(126 MHz, CDCl3) 8 175.0, 136.2, 128.5, 128.2, 128.1, 66.3,29.3, 18.7,
10.8, 4.3; IR (neat): 2934, 1738, 1459, 1202, 1139 cm™'.

Benzyl 3-(benzyldimethylsilyl)propanoate (3s): /*/ (54.9 mg) in 88%
yield as colorless oil. "H NMR (500 MHz, CDCl3) 8 7.39-7.31 (m, 5H),
7.23-7.17 (m, 2H), 7.09-7.04 (m, 1H), 7.00-6.97 (m, 2H), 5.11 (s, 2H),
2.32-2.27 (m, 2H), 2.09 (s, 2H), 0.90-0.87 (m, 2H), -0.02 (s, 6H): 13C
NMR (126 MHz, CDCl3) 6 174.9, 139.9, 136.2, 128.7, 128.4, 128.4,
128.4, 128.2, 124.2, 66.4, 28.9, 25.4, 10.0, -3.7; IR (neat): 2919, 1735,
1452, 1201, 1148 cm™.

Benzyl 3-(dimethyl(phenyl)silyl)propanoate (3t): */ (46.5 mg) in
78% yield as colorless oil. 'TH NMR (500 MHz, CDCl3) 6 7.51-7.49 (m,
2H), 7.36-7.33 (m, 8H), 5.07 (s, 2H), 2.33 (m, 2H), 1.12 (m, 2H), 0.29
(s, 6H); 3C NMR (126 MHz, CDCL3) 5 174.7, 138.1, 136.1, 133.6,
129.1, 128.6, 128.3,128.2, 127.9, 66.3, 28.9, 10.8, -3.3; IR (neat): 2915,
1734, 1423, 1199, 1119 cm™.

Benzyl 3-(methyl(diphenyl)silyl)propanoate (3u): **/ (54 mg) in 75%
yield as colorless oil. "TH NMR (500 MHz, CDCl3) § 7.53-7.48 (m, 4H),
7.41-7.29 (m, 11H), 5.05 (s, 2H), 2.41-2.36 (m, 2H), 1.46-1.41 (m, 2H),
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0.56 (s, 3H); 3C NMR (126 MHz, CDCl3) & 174.7, 136.2, 136.1, 134.6,
129.6, 128.7, 128.4, 128.3, 128.1, 66.5, 29.0, 9.4, -4.5; IR (neat): 2938,
1733, 1424, 1198, 1113 cm™.

Benzyl 3-((4-(tert-butyl)phenyl)dimethylsilyl)propanoate (3v): (29
mg) in 41% yield as colorless oil. "TH NMR (500 MHz, CDCl3) & 7.46-
7.29 (m, 10H), 5.07 (s, 2H), 2.38-2.30 (m, 2H), 1.32 (s, 9H), 1.13-1.08
(m, 2H), 0.27 (s, 6H); 3C NMR (126 MHz, CDCl3) & 174.9, 152.2,
136.2, 134.6, 133.6, 128.7, 128.4, 128.3, 125.0, 66.4, 34.8, 31.4, 29.1,
11.1, -3.1; IR (neat): 2945, 1735, 1458, 1192, 1199 cm™'.; HRMS (ESI)
m/z: [M+Na]" Calcd for C2,H3002SiNa 377.1907, found 377.1916.

Benzyl 3-(dimethyl(naphthalen-1-yl)silyl)propanoate (3w): (31.3
mg) in 45% yield as colorless oil. 'H NMR (500 MHz, CDCl3) 8 8.08-
8.03 (m, 1H), 7.89-7.84 (m, 2H), 7.68-7.64 (m, 1H), 7.52-7.42 (m, 3H),
7.37-7.28 (m, 5H), 5.04 (s, 2H), 2.37-2.31 (m, 2H), 1.38- 1.32 (m, 2H),
0.48 (s, 5H); 3C NMR (126 MHz, CDCl3) 6 174.8, 137.1, 136.1, 135.9,
133.9, 133.5, 130.2, 129.3, 128.7, 128.4, 128.3, 127.9, 126.0, 125.6,
125.2, 66.4, 29.2, 11.6, -1.6; IR (neat): 2935, 2869, 1732, 1453, 1248
cm’'; HRMS (ESI) m/z: [M+Na]" Calcd for C22H240,SiNa 371.1437,
found 371.1445.

Benzyl 3-(1,1,1,3,3,3-hexamethyl-2-(trimethylsilyl)trisilan-2-
yl)propanoate (3x):/*’ (58.2 mg) in 71% vyield as colorless oil. 'H
NMR (500 MHz, CDCl3) & 7.37-7.31 (m, 5H), 5.11 (s, 2H), 2.39-2.36
(m, 2H), 1.14-1.11 (m, 2H), 0.17 (s, 27H); 3C NMR (126 MHz, CDCl3)
0 174.5, 136.1, 128.5, 128.2 (2C), 66.3, 33.2, 2.8, 1.0; IR (neat): 2924,
1737, 1248, 1199, 1131 cm™.

Benzyl 3-((4-(dimethylsilyl)phenyl)dimethylsilyl)propanoate (3y):
[#8] (52.1 mg) in 73% yield as colorless oil. 'TH NMR (500 MHz, CDCls)
57.53 (d,J = 7.8 Hz, 2H), 7.49 (d, J = 7.8 Hz, 2H), 7.38-7.30 (m, SH),
5.07 (s, 2H), 4.46-4.38 (m, 1H), 2.36-2.31 (m, 2H), 1.14-1.09 (m, 2H),
0.34 (d, J = 3.8 Hz, 6H), 0.28 (s, 6H); 13C NMR (126 MHz, CDCl3) 5
174.8,139.3, 138.6, 136.8, 133.5, 133.1, 128.7, 128.4, 128.3, 66.4, 29.0,
10.9, -3.3, -3.7; IR (neat): 3047, 2955, 2117, 1736, 1378 cm.
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2.8.8 Scale-up reaction for hydrosilylation of activated alkenes

To an oven-dried 50 mL RB flask equipped with a magnetic stir bar were
added alkene 1a (223 mg, 1.5 mmol), ‘BuMe,SiH 2a (0.75 mL, 4.5
mmol), 5 mol% photocatalyst 4CzIPN (59.3 mg, 0.075 mmol), 20 mol%
HATC2 (75.8 mg, 0.3 mmol), and 20 mol% K3PO4 (63.7 mg, 0.3 mmol).
The reaction tube was sealed and placed under an argon atmosphere,
then 15 ml of 20:1 (v/v) acetone:water was added via syringe, the
reaction mixture was then degassed via freeze pump thaw (x 3 times)
and refilled with argon. The sealed reaction tube was then placed inside
the Penn photoreactor (Blue LEDs, A = 450 nm) and irradiated for 36
hours. After the completion of the reaction, acetone was evaporated
under reduced pressure. The reaction mixture was diluted with water (20
mL) and extracted with ethyl acetate (three times, S0 mL each). The
combined organic layer was washed with brine (25 mL) and dried over
anhydrous Na>SOg, and the solvent was removed on a rotary evaporator
under reduced pressure. The crude product was purified by column
chromatography on silica gel (mesh 230-400) using hexane/ethyl acetate
(50:1 to 5:1) as gradient eluent, giving the hydrosilylated product 3a as
colourless oil in 63% yield (263.2 mg).

2.9.9 General procedure for the hydrogermylation of activated

alkenes

To an oven-dried 10 mL reaction tube equipped with a magnetic stir bar
were added alkene 1 (0.2 mmol, 1 equiv.), hydrogermane 4a (0.6 mmol,
3 equiv.) or 4b (0.4 mmol, 2 equiv.), 5 mol% photocatalyst 4CzIPN (7.9
mg, 0.010 mmol), 20 mol% HATC2 (10.1 mg, 0.04 mmol) and 20 mol%
K3POs4 (8.5 mg, 0.04 mmol). The reaction tube was sealed and placed
under an argon atmosphere. Then, 2 mL of a 20:1 (v/v) acetone:water
mixture was added via syringe. The reaction mixture was then degassed
via freeze-pump-thaw (three times) and refilled with argon. The sealed
reaction tube was then placed inside the Penn photoreactor (Blue LEDs,
A = 450 nm) and irradiated for 24 hours. After completion of the

reaction, the acetone was evaporated under reduced pressure. The

96



reaction mixture was diluted with water (5 mL) and extracted with ethyl
acetate (3 x 10 mL). The combined organic layer was washed with brine
(10 mL), dried over anhydrous Na>SOs, and the solvent was removed
using a rotary evaporator under reduced pressure. The crude product was
purified by column chromatography on silica gel (mesh 230-400) using
hexane/ethyl acetate (50:1 to 5:1) gradient eluent to give the
hydrogermylated product 5.

Benzyl 3-(tributylgermyl)propanoate (5a): (75.9 mg) in 93% yield as
colorless oil. "H NMR (500 MHz, CDCls) & 7.40-7.30 (m, 5H), 5.12 (s,
2H), 2.41-2.34 (m, 2H), 1.32-1.23 (m, 12H), 1.06-0.99 (m, 2H), 0.92-
0.84 (m, 9H), 0.76-0.66 (m, 6H); 13C NMR (126 MHz, CDCl3) § 175.2,
136.3, 128.7, 128.4, 128.3, 66.4, 30.3, 27.5, 26.7, 13.9, 12.4, 7.8; IR
(neat): 2952, 2860, 1737, 1455, 1338 cm™'; HRMS (ESI) m/z: [M-
C4Ho]" Caled for Ci13H200.Ge 351.1377, found 351.1385.

Dimethyl 2-(triphenylgermyl)succinate (Sb): (84.6 mg) in 94% yield
as white solid. "TH NMR (500 MHz, CDCl3) & 7.58-7.48 (m, 6H), 7.46-
7.34 (m, 9H), 3.60 (s, 3H), 3.47 (dd, J = 11.9, 3.5 Hz, 1H), 3.30 (s, 3H),
3.02 (dd, J = 17.5, 11.9 Hz, 1H), 2.50 (dd, J = 17.5, 3.5 Hz, 1H); 13C
NMR (126 MHz, CDCIs) 6 175.0, 173.4, 135.4, 134.2, 129.7, 128.5,
52.0, 51.4,32.9, 31.7; IR (neat): 2954, 1742, 1717, 1428, cm™'; HRMS
(ESI) m/z: [M+Na]" Caled for C24H2404GeNa 473.0778, found
473.0783.

3-((triphenylgermyl)methyl)dihydrofuran-2(3H)-one (5c¢): (72.7
mg) in 90% yield as colorless oil. '"H NMR (500 MHz, CDCl3) & 7.56-
7.48 (m, 6H), 7.45-7.34 (m, 9H), 4.19 (td, J = 8.8, 2.4 Hz, 1H), 4.02-
3.94 (m, 1H), 2.68-2.59 (m, 1H), 2.32 (dd, J = 14.2, 3.1 Hz, 1H), 2.04-
1.96 (m, 1H), 1.78-1.67 (m, 1H), 1.57-1.50 (m, 1H); *C NMR (126
MHz, CDCl3) 6 180.5, 136.1, 135.0, 129.4, 128.6, 66.2,36.7,31.2, 15.2;
IR (neat): 2926, 2860, 1766, 1419, 1374 cm™; HRMS (ESI) m/z:
[M+Na]" Calcd for C23H2,0.GeNa 427.0723, found 427.0741.

Methyl 2-(bis(zert-butoxycarbonyl)amino)-3-
(triphenylgermyl)propanoate (5d): (102 mg) in 84% yield as colorless
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oil. 'TH NMR (500 MHz, CDCls) & 7.54-7.46 (m, 6H), 7.40-7.31 (m,
9H), 5.12 (t, J = 7.5 Hz, 1H), 3.51 (s, 3H), 2.55 (dd, J = 14.2, 7.8 Hz,
1H), 2.05 (dd, J = 14.1, 7.8 Hz, 1H), 1.39 (s, 8H); 1*C NMR (126 MHz,
CDCLs) 8 171.8,151.9, 136.9, 135.1, 129.0, 128.3, 83.1, 56.4, 52.3, 28.0,
16.0; IR (neat): 2979, 1741, 1703, 1435, 1363 cm™'; HRMS (APCI) m/z:
[M+Na]" Caled for C3H39GeNOgNa 630.1881, found 630.1846.

Benzyl 2-methyl-3-(triphenylgermyl)propanoate (5e): (80 mg) in
83% yield as colorless oil. "H NMR (500 MHz, CDCl3) § 7.55-7.45 (m,
6H), 7.42-7.27 (m, 12H), 7.23-7.17 (m, 2H), 4.87 (d, J = 12.3 Hz, 1H),
4.64 (d,J =12.3 Hz, 1H), 2.79 (m, 1H), 2.07 (dd, J = 14.0, 7.9 Hz, 1H),
1.69 (dd, J = 14.0, 6.9 Hz, 1H), 1.21 (d, J = 6.9 Hz, 1H); 13C NMR (126
MHz, CDCl3) 6 176.9, 136.7, 136.1, 135.1, 129.1, 128.6, 128.4, 128.2,
128.2, 66.2, 36.5, 21.0, 18.8; IR (neat): 3056, 2927, 1729, 1437, 1258
cm’'; HRMS (ESI) m/z: [M+Na]" Calcd for C29H250.GeNa 505.1193,
found 505.1209.

Phenyl 3-(triphenylgermyl)propanoate (5f): (63.6 mg) in 70% yield
as colorless oil. 'H NMR (500 MHz, CDCl3) 8 7.57-7.49 (m, 6H), 7.44-
7.37 (m, 9H), 7.36-7.30 (m, 2H), 7.24-7.17 (m, 1H), 6.97-6.62 (m, 2H),
2.80-2.70 (m, 2H), 1.99-1.92 (m, 2H); 3C NMR (126 MHz, CDCls)
173.1, 150.9, 136.1, 135.1, 129.5, 129.3, 128.5, 125.8, 121.6, 30.3, 8.9;
IR (neat): 3057, 2920, 1753, 1484, 1344 cm™'; HRMS (ESI) m/z:
[M+Na]* Calcd for C27H240,GeNa 477.0880, found 477.0891.

3-(triphenylgermyl)cyclopentan-1-one (5g): (80 mg) in 83% yield as
colorless oil. '"H NMR (500 MHz, CDCls) § 7.53-7.46 (m, 6H), 7.45-
7.34 (m, 9H), 2.61-2.52 (m, 1H), 2.52-2.34 (m, 2H), 2.26-2.09 (m, 3H),
2.00-1.88 (m, 1H); ¥*C NMR (126 MHz, CDCls) & 220.1, 135.4, 135.3,
129.4, 128.6, 41.5, 39.0, 26.6, 23.9; IR (neat): 3055, 2921, 1729, 1477,
1393 cm’'; HRMS (APCI) m/z: [M+H]* Caled for Ca3H23GeO
389.0955, found 389.0964.

1-(3-(triphenylgermyl)propanoyl)pyrrolidin-2-one (Sh): (57 mg) in
64% yield as colorless oil. 'TH NMR (500 MHz, CDCl3) 6 7.57-7.49 (m,
6H), 7.37 (m, 9H), 3.63 (t, J = 7.1 Hz, 2H), 3.15-3.08 (m, 2H), 2.49 (t,
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J = 8.2 Hz, 2H), 1.97- 1.90 (m, 2H), 1.90-1.84 (m, 2H); 3C NMR (126
MHz, CDCl3) & 175.8, 175.1, 136.6, 135.2, 129.1, 128.3, 45.6, 33.7,
32.7, 17.3, 8.2; IR (neat): 3049, 1732, 1694, 1407, 1365 cm™'; HRMS
(ESI) m/z: [M+K]" Caled for CsHsNO.GeK 484.0728, found
484.0734.

3-(3-(triphenylgermyl)propanoyl)oxazolidin-2-one (5i): (35.8 mg) in
40% yield as colorless oil. '"H NMR (500 MHz, CDCl3) 8 7.56-7.48 (m,
6H), 7.42-7.33 (m, 9H), 4.30-4.23 (m, 2H), 3.81-3.75 (m, 2H), 3.18-3.11
(m, 2H), 1.91-1.84 (m, 2H); '3C NMR (126 MHz, CDCl3) & 174.2,
153.4,136.4,135.1, 129.1, 128.4, 62.1, 42.5, 31.1, 8.3; IR (neat): 3056,
1776, 1695, 1427, 1376 cm’'; HRMS (ESI) m/z: [M+Na]* Calcd for
C24H23NO2GeNa 470.0781, found 470.0794.

Diphenyl(2-(tributylgermyl)ethyl)phosphine oxide (5j): (91 mg) in
96% yield as colorless oil. "TH NMR (500 MHz, CDCl3) 6 7.77-7.69 (m,
4H), 7.55-7.43 (m, 6H), 2.26-2.17 (m, 2H), 1.35-1.20 (m, 12H), 0.94-
0.81 (m, 11H), 0.75-0.68 (m, 6H); *C NMR (126 MHz, CDCIls3) &
133.10 (d, J = 96.1 Hz), 131.74 (d, J = 2.7 Hz), 131.06 (d, J = 8.9 Hz),
128.74 (d, J = 11.2 Hz), 27.45, 26.67, 25.28 (d, J = 68.0 Hz), 13.87,
12.27,2.93 (d, J = 7.4 Hz); 3'P NMR (202 MHz, CDCl3) 6 34.2; IR
(neat): 2917, 2857, 1448, 1177, 1114 cm™'; HRMS (ESI) m/z: [M+Na]"
Calcd for C26H41OPGeNa 497.1999, found 497.2003.

Tributyl(2-phenylsulfonyl)ethyl)germane (5k): (49.7 mg) in 60%
yield as colorless oil. 'TH NMR (500 MHz, CDCl3) § 7.93-7.88 (m, 2H),
7.70-7.62 (m, 1H), 7.60-7.53 (m, 2H), 3.08-3.01 (m, 2H), 1.27-1.18 (m,
12H), 1.06-0.98 (m, 2H), 0.85 (t, J = 6.9 Hz, 9H), 0.73-0.66 (m, 6H);
13C NMR (126 MHz, CDCl3) § 138.8, 133.7, 129.3, 128.4, 54.0, 27.3,
26.5, 13.8, 12.4, 4.9; IR (neat): 2956, 2869, 1454, 1308, 1247 cm';
HRMS (ESI) m/z: [M+Na]" Calcd for C20H3602SGeNa 437.1540, found
437.1552.

3-(triphenylgermyl)propanenitrile (51): (61 mg) in 85% yield as white
solid. '"H NMR (500 MHz, CDCl3) § 7.51-7.37 (m, 15H), 2.49-2.38 (m,
2H), 1.94-1.82 (m, 2H); 1¥C NMR (126 MHz, CDCls) & 134.9, 129.7,
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128.7, 121.0, 13.5, 10.3; IR (neat): 3058, 2920, 2244, 1480, 1310 cm’';
HRMS (ESI) m/z: [M+Na]" Calcd for C21H19NGeNa 382.0621, found
382.0632.

2.8.10 Stern-Volmer quenching

A 1.25x10* M stock solution was prepared by dissolving 1.47 mg
photocatalyst 4CzIPN in 15 mL of spectroscopic-grade acetonitrile and
degassed with argon. The quenching experiment was performed by
taking an appropriate volume of 4CzIPN from the stock solution, along
with different concentrations of the quencher. The Emission intensity

was observed at 556 nm with an excitation wavelength of 360 nm.
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Figure 2.6 Fluorescence quenching and Stern-Volmer plot of 4CzIPN
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Figure 2.7 Fluorescence quenching and Stern-Volmer plot of 4CzIPN
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Figure 2.8 Fluorescence quenching and Stern-Volmer plot of 4CzIPN

vs 4a

2.8.11 Determination of quantum yield/** "/

Sample preparation: A potassium ferrioxalate solution (0.15 M) was

prepared by dissolving 2.21 g of potassium ferrioxalate trihydrate in 30
mL H>SO4 (0.05 M). A buffer solution was prepared by dissolving 50
mg of phenanthroline and 11.25 g sodium acetate in 50 mL H2SO4 (0.5
M). Both solutions were stored in dark and wrapped with aluminium
foil. A 10 mL reaction tube was covered with black electrical tape and
wrapped in aluminium foil, except for a small window at the bottom for
irradiation. Then, the reaction tube was charged with 5 mL of
ferrioxalate solution and irradiated for 10 seconds. This solution was
treated with 0.875 mL buffered phenanthroline solution. After
irradiation, the reaction tube was covered completely with aluminium
foil and stirred for 1 hour in a dark condition, allowing the ferrous ion
to coordinate with phenanthroline completely. The absorbance of the
resulting solutions was measured using a PerkinElmer Lambda 750
spectrometer at 510 nm. A non-irradiated solution was also prepared,

and absorbance was measured at 510 nm.
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The conversion of ferrioxalate was calculated as:

Mol Fe2t= /X244
Ixe
_ 0.005875 L x (1.71615 — 1.04142)

1cm X 11100 L mol~tcm™? = 3.57120608 x 10~7 mol

Where V is the total volume (0.005875 L) of the solution after the
addition of phenanthroline solution, AA is the difference in absorbance
between irradiated and non-irradiated solutions at 510 nm, 1 is the path

length (1.0 cm) and ¢ is the molar absorptivity at 510 nm.

The photo-flux was calculated as:

molFe?t

Photon flux = Yy

3.51720608 x 1077

= = -8 1 . -1
1.01 x 10 x 0.9968 3.49356165 x 107° einstein sec

Where ¢ is the quantum yield for the ferrioxalate actinometer (1.01 for
0.15 M solution), ¢ is the time, 10 seconds and f'is the fraction of light

absorbed by the ferrioxalate actinometer solution at A = 450 nm.

Absorbance at A = 436 nm by ferrioxalate actinometer is A = 2.4762.
So, the fraction of light absorbed (f) by the ferrioxalate actinometer at

436 nm is as:
f=1- 1074 = 1 — 10724762 = 0.9968

Quantum vield calculation for standard reaction:

The parent reaction was performed in a 10 mL reaction tube under
optimal conditions at a 0.2 mmol scale for 3 hours. The 'H NMR yield
was then calculated to be 17%, using triphenylmethane as the internal

standard.

_ mol product
C fluxxtxf

~ 0.2 x 0.17
" 349356165 x 10-% x 10800 x 0.496464609
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Where ¢ is the quantum yield of the reaction, t is the reaction time
(10800 seconds) and f'is the fraction of light absorbed by photocatalyst
solution (7.5%10°° M) at A = 450nm.

Determination of fraction of light absorbed by photocatalyst at A = 450
nm: A 7.5 x 10> M solution was prepared by mixing 1.18 mg of
4CzIPN in 20 mL of spectroscopic-grade acetonitrile. From this
solution, 3 mL was taken, and the UV-Visible spectra was recorded.
The absorbance of the photocatalyst solution measured at 450 nm was

0.29797.

The fraction of light absorbed (f) by this solution was calculated as

below, where A is absorbance at 450 nm.

f=1-10"4=1-107929797 = 0.496464609

Data Info - [Book1].. X
[Book11Sheet1[3511

029797

Absorbance (A.U.)
n
1

3(|)0 I 4(I)0 I 5(I)0 I G(I)O I 7(I)0 I B(IJO
Wavelength (nm)
Figure 2.9 Absorbance of photocatalyst solution (7.5x107> M)

105



Data Info - [Book1]... X
4 [Book11Sheet1[3511

1.40539

Absorbance (A.U.)

: , :
400 500 600 700 800
Wavelength (nm)

Figure 2.10 Fraction of light absorbed by ferrioxalate solution
without light irradiation and without adding 1,10 Phenanthroline

solution
2.8.12 Cyclic voltammetry study

Cyclic voltammetry was measured using a C-H instrument model
CHI1103C with a three-electrode cell (beaker-type cell) at room
temperature. The experiment was performed in CH3CN (15 mL,
degassed and spectroscopic grade solvent) with TBAPFs (0.1 M) using
a glassy carbon working electrode, a Pt-wire counter electrode, and an
Ag/AgCl (0.1 M KCl aqueous solution) reference electrode at a scan rate
of 0.1 V/s.

To a solution of sulfonamide HATC2 (0.005 M) in acetonitrile, no
oxidation peak was shown even the voltage rise up to 2.0 V. These
results indicate that HATC2 cannot be oxidized by the excited 4CzIPN
(E1,"®4 [4CzIPN"/[4CzIPN]*~ = +1.35 V vs saturated calomel electrode
in MeCN).

Preparation of Potassium Salt of N-cyclohexyl-4-
methylbenzenesulfonamide:/”7 To a solution of (HATC2) N-
cyclohexyl-4-methylbenzenesulfonamide (98.8mg, 0.39 mmol) in
CH3CN (4 mL) was added potassium tert-butoxide (43.76mg, 0.39
mmol). The mixture was stirred for 3 hours at room temperature then

the solvent was removed by rotary evaporation. After the salt was dried
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under high vacuum (10 mbar pressure) for 3 hours and obtained salt was
white solid, which was used quickly in CV measurement. 15 mL of
CH;CN containing 0.1 M TBAPF (582 mg) and appropriate potassium
sulfonamide salt was added and stirred for 10 minutes with N> gas
purging in a beaker-type cell and then CV was recorded. The oxidation
peak was noticed at +0.83 V vs Ag/Ag” (0.1 M KCl aq.) [+0.86 V vs.
SCE]

2.4x107 1
2.1x107 1

1.8x107 1

1.2x107 1

Current (A)

9.0x10° -

T
0.0 0.2 0.4 0.6 0.8
Potential (V)

Figure 2.5 Cyclic voltametric graph for Potassium Salt of N-cyclohexyl-

4-methylbenzenesulfonamide

2.8.13 Light on-off experiment

To an oven-dried 20 mL reaction tube equipped with a magnetic stir bar
were added benzyl acrylate 1a (1 mmol, 1 equiv.), ‘BuMe:SiH 2a (3
mmol, 3 equiv.), 5 mol% photocatalyst 4CzIPN (39.4 mg, 0.050 mmol),
20 mol% HATC-2 (50.6 mg, 0.2 mmol) and 20 mol% K3PO4 (42.4 mg,
0.2 mmol). Triphenylmethane (48.8 mg, 0.2 mmol) was added as an
internal standard for 'TH-NMR yield calculation. The reaction tube was
sealed and placed under argon atmosphere, then 10 ml of 20:1 (v/v)
acetone: water was added via syringe, the reaction mixture was degassed
via freeze pump thaw (x 3 times) and refilled with argon. The sealed
reaction tube was then placed inside the Penn photoreactor (Blue LEDs,

A = 450 nm) and irradiated under alternating light-dark conditions
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(light:dark, 3:3 hours) for up to 24 hours. After completing each 3 hours
of light or dark conditions, 1 mL of the solution from the parent reaction
was taken via syringes by applying an argon balloon, and the yield was
analyzed using triphenylmethane as an internal standard. The result in
the figure below shows the essential role of light, as the reaction
proceeded in the presence of light and stopped in the dark condition.
From these experiments, we concluded that a continuous supply of light
is necessary for this reaction, confirming that the reaction does not

proceed through a chain propagation mechanism.

Table 2.9 Light On-Off experiment

Entry Time (Hours) Light source Yield (%)
1. 3 ON 17
2. 6 OFF 17
3. 9 ON 23
4. 12 OFF 23
5. 15 ON 28
6. 18 OFF 28
7. 21 ON 34
8. 24 OFF 34
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Figure 2.11 Light On-Off experiment
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Chapter 3

Organophotocatalytic Regioselective Silylation/Germylation and
Cascade Cyclization of N-Alkenyl a-CF3 Acrylamides: Access to

Densely Functionalized 4-Pyrrolin-2-ones

3.1 Introduction

In the previous chapter, we described the development of sulfonamide
as an efficient hydrogen atom transfer catalyst for the selective
functionalization of the Si-H/Ge-H bond of hydrosilanes and
hydrogermanes and successfully employed it in the hydrosilylation and
hydrogermylation via silyl/germyl radical addition to activated alkenes.
Building on these findings, we sought to extend the “sulfamidyl radical-
assisted Si-H and Ge-H bond functionalization of hydrosilanes and
hydrogermanes via hydrogen atom transfer (HAT)” strategy to radical
cascade cyclization reactions. The radical cascade cyclization reactions
avoid multistep synthesis and deliver complex target molecules in an
efficient and economical manner./”¥/ Also, these reactions arguably
constitutes the most valuable tool in syntheses of numerous natural
products,’>¥ carbocyclic and heterocyclic compounds./*”/ We
anticipated to synthesize a heterocyclic system via radical cascade
cyclization that contains silyl and germyl functionalities, because
integrating silyl and germyl functionalities with heterocycles may
provide the final molecule with the benefit of their combined inherent
properties. Heterocyclic compounds, being the most significant organic
compounds often found in molecules pertinent to medicinal
chemistry./” Among them, nitrogen-containing heterocycles are of great
interest, as they are found in several natural products, such as vitamins,
antibodies, and hormones, as well as synthetic derivatives of natural
products with an N-containing backbone./””?/ This perspective
emphasizes the crucial function of nitrogen heterocycles as versatile and
adjustable structural elements that are largely present among FDA-
approved pharmaceuticals. /%' An analysis of a small dataset from

January 2013 to December 2023 shows that almost 82% of U.S. FDA-
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approved small molecule drugs contain at least one nitrogen
heterocycle.//%!?/ As a result, the development of novel methodologies
for the construction of small heterocyclic molecules is of great interest

in modern organic synthesis and is being actively explored.

CO,Me
OMe ~——

/ ~0 ph—//_ N§<N
H S ?

MeOZC N

! Ar=4-OHPh
| Sagassumlactam Cyanogramide Diaporthalasin |
i X H o
i f/ H
| S
: N" 70
: K/Ar :
i Ar=4-OHPh Ar = p-OH-Ph 5
' Violacein Denigrin D Cespituulactam K '

Figure 3.1 Representative examples of bioactive molecules containing

the 4-pyrrolin-2-one scaffold

4-Pyrrolin-2-ones are emblematic of nitrogen-containing heterocycles,
as they are widely found in bioactive natural products and medicines,
such as denigrin D, cyanogramide, sagassumlactam, and violacein.//*/%/
Inevitably, a molecule containing both silyl group and a pyrrolin-2-one
unit might profit from its combined inherent properties, which would
provide an ideal design to study its therapeutic applications.
Furthermore, the introduction of the CF3 group to this molecule would
further enhance its properties through increased permeability and

metabolic stability.//7¥/

3.2 Literature reports for the synthesis of 4-pyrrolin-2-one scaffold

Initial strategies for constructing 4-pyrrolin-2-one scaffolds rely heavily
on transition metal catalysts such as Ru,’?*?¥/ Ir,/?¥ Pd,/*/ Rh,/?? and

Cu/?”?’I complexes (Scheme 3.1). However, these methods have serious
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disadvantages, including the use of noble transition metal salts, high

reaction temperature, and other challenging reaction conditions.

(a) a,f-Unsaturated imines to unsaturated j~lactams

R? 1 o
e X Rux(CO .-R
‘, j|/\N’Bu v o u3(CO)yp p t
' Toluene " N-‘Bu
<~ R] o . =~
180 °C R?
20-60 h
= alkyl/aryl, R? = H/alkyl 10 examples, 51-96% yields

(b) 4-Pyrr011n—2-ones scaffold synthesis from alkene-amide substrate

(6]
N FG [Ir(COE),CD], =
Norbornene, toluene N FG
/ H 150°C, 13 h o
(COE = cycloocetene)
FG = H/OTBS/CO,Bn 3 examples, 46-63% yields
(c¢) Cu-catalyzed 4-pyrrolin-2-ones scaffold synthesis from alkynes and o-

bromodifluoroacetamides

F O F
H
)S( N Phenanthrohne
+ Br
I \© K,CO5, CH;CN < >
Me

110 °C,2-4 h

R2
R! = aryl, R? = H/alkyl 73 examples, 24-92% yields

(d) 4-Pyrrolin-2-ones via Rh(I)-catalyzed denitrogenative transannulation of
1H-1,2,3-triazoles with diazo esters

Rl N 2 /RI
‘N-N 2 R
N N . ORS Rhy(OAc),/ Rhy(esp)y | N o
RY S R“JK[( 110 °C or 150 °C .
R3 lo) Toluene, 1-2 h R i OR?

R! =alkyl, R?= aryl, R? = H/aryl

21 les, 29-81% yield
R*= CF5/CO,Alkyl, R’ = OMe/OEt examples o yields

Scheme 3.1 Selected examples for the construction of 4-pyrrolin-2-one

using transition metal catalysts

Recent studies have demonstrated that the 3-aza-1,5-dienes serve as
suitable substrates for efficiently constructing functionalized 4-pyrrolin-
2-ones via regioselective radical addition followed by cascade
cyclization. Using sulfonyl chloride as a radical precursor under thermal
conditions, Wang and coworkers in 2021 demonstrated the copper-
catalyzed regioselective sulfonylation-cyclization of 3-aza-1,5-dienes to
produce 3-sulfonyl-1,3-dihydropyrrol-2-ones. The method was well
tolerated for a wide range of substituents, yielding moderate to good

yields (Scheme 3.2a).°” Soon after, the Chen and Wu group
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collectively developed a transition metal-free synthesis of sulfonylated
pyrrolidinones via a regioselective radical-relay sulfonylation/cascade
cyclization protocol (Scheme 3.2b).”*’-3? Subsequently, Wu and co-
workers developed copper-catalyzed cascade reaction of cyclobutanone
oxime ester-derived radicals with 1,5-dienes for the synthesis of 1,5-

dihydro-2H-pyrrol-2-ones under thermal conditions (Scheme 3.2¢)./>¥/

(a) Copper-catalyzed regioselective sulfonylation-cyclization of 3-aza-1,5-dienes
SO,R

R2 CuBr (20 mol%) RY

Na,COj5 (2 equiv.)

2\ + RSO,CI -
N THEF, 90 °C, N,
R3

R! 12h

R = aryl/alkyl, , R! = H/Et, R? = aryl

29 examples, 43-85% yields
R? = CO-alkyl, R* = alkyl/aryl

(b) Metal-free synthesis of sulfonylated pyrrolidinones

_ . SOzAr
,’ AerBF4 CsF (1.5 equiv.) Rl Me
THEF, 90 °C .-
Rl > %y /
¢\)\ )‘V 2h . | O
R>  Me DBASO T R2 I\{
R3
= H/alkyl, R* = aryl 28 examples, 46-95% yields
R3 = CO-alkyl
(c) Copper-catalyzed cascade reaction of a cyclobutanone oxime ester
OBZ
R? , R* R> RS
CuCl (25 mol%) Rl CN
Na,CO; (2 iv.
A )g% Cor@nay "N
1,4-Dioxane, Ar
1 5 > 2 N
R 90°C,12h N s

= H/aryl/alkyl, R?= aryl, R = CO-alkyl/alkyl

29examples, 36-94% yields
R*= H/alkyl/aryl, R = aryl, R = H/Me

Scheme 3.2 Radical addition/cascade cyclization of 3-aza-1,5-dienes

under thermal conditions

Furthermore, the Liang group explored the photochemical regioselective
addition/cyclization of alkyl radicals,’*¥ cyanoalkyl radicals’*” and
perfluoroalkyl radicals’®¥ with 3-aza-1,5-dienes (Scheme 3.3). The
electro-photochemical methods for alkenylpolyfluoroalkylative,
selenylative, alkylative and thiocyanative cascade cyclization of 3-aza-
1,5-dienes were developed by Sun and coworkers (Scheme 3.4a-c¢).>”
3] Similarly, the Liang group developed an electrochemical protocol to

construct 4-pyrrolin-2-one (Scheme 3.4d-e)./*-#!/
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(i) Photoinduced regioselective alkylation/cyclization of 3-aza-1,5-dienes

R* _EWG
R? O . Ir(ppy); (1 mol%) Me
g\ )k’/ + )R\ Na,COj3 (1.5 equiv.) R!
Z "N
Lp3 B~ “pwg CHsCN.rt, Ar 2h | o
RTR* Me Blue LEDs N
R3

R! = alkyl, R? = aryl, R = alkyl/aryl
R*=Me
(i1) Photoinduced regioselectivity cyanoalkylation/cyclization of 3-aza-1,5-dienes

0 N/OCOAr Rl Me Yo
. | Ir(ppy); (0.5 mol%) | o
B\ & CH;CN, rt., Ar, 12 h ,
Y

33examples, 34-77% yields

Rl R} R Blue LEDs

R! = alkyl/aryl, R? = alkyl/aryl, R? = alkyl/aryl

4 45examples, 17-81% yields
R"=H/Me, Ar = 4-CF;Ph

(ii1) Photoinduced regioselective perfluoroalkylation/cyclization of 3-aza-1,5-dienes

R4
RZ O Ir(ppy); (0.5 mol%) R! R;
K5PO, (1.0 equiv.)
+ RX 3”4 .
%\NJ\V/ ! CH,CN, 1t., Ar, 2 h | N 0
R!' R3 R4 Blue LEDs R? "

R! = H/alkyl/aryl, R? = aryl, R? = alkyl/aryl

30 examples, 44-85% yields
R*=H/Me, X =Br, I

Scheme 3.3 Photochemical regioselective addition/cyclization of 3-aza-

1,5-dienes
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(a) Electrochemical or photoelectrochemical alkenylpolyfluoroalkylation
of 3-aza-1,5-dienes

4
R2 0O () Ccloth [Pt(-),2mA g R R,
Cs,CO5 (50 mol%)
+ RSO,Na -
%\NJ\I/ 502 Acetone, rt., Ar, 7-8 h | N 0
R' R} R* With/without Blue LEDs ~ R? s

R' = H/alkyl/aryl, R? = aryl
R? = alkyl/aryl, R*= H/Me

(b) Self or acridinium-catalyzed photoelectrochemical thiocyanation
of 3-aza-1,5-dienes

47 examples, 34-90% yields

Me

2 1 - 5
R Q S Condition A or B Rj\)g S-R
+ KS-R >
%\N)ky/ (+) C cloth | Pt (-), 1.5 mA ) | N 0

R' R® Me Buy,NOAc (1.0 equiv.) R

5_ b3
RT=CN. HFIP, 1t Ar, 10-11 h R
R!=alkyl, R2=aryl 1 Ms 55 examples, 40-88% yields
R3 = alkyl/aryl Condition A Condition B

Mes-Acr*ClO, (0.5 mol%), Blue LEDs 365 nm UV LEDs

(c) Selenocyclization of 3-aza-1,5-dienes: energy transfer, direct photolysis
or N-hydroxyphthalimide

RZ O R! SeR®
X\ + RSSe.SeR’ conditions A, B or C
7N e (+) GF | Pt (-), 2 mA | o
R!' R} R* R

Bu,NBF, (1.0 equiv.) >N X
DCE/HFIP, rt., Ar, 5-6 h R
R'=R3 = alkyl/aryl, R?> = aryl, R* = H/Me 46 examples, 19-91% yields
conditions A conditions B conditions C
4CzIPN (2 mol%), white LEDs 395 nm LEDs NHPI (5 mol%)

(d) Electrochemical induced dehydrogenative cyclization of 3-aza-1,5-dienes
and 1,3-dicarbonyl compounds

4
RZ 0O (+) C cloth [ SS (-), 2 mA g1 R H/F
N EWG! Bu,NOAc (1.5 equiv.) EWG?
AN FH— CH,CN 1t., A, 8 h 0
Rl R} R EWG? rZ N
R3
R! = alkyl, R? = R® = alkyl/aryl, R* = H/Me 48 examples, 32-92% yields

(e) Electrochemical sulfonylation/cyclization of 3-aza-1,5-dienes
(+) Ccloth | SS (-), 1 mA
BuyNOACc (50 mol%) SO,R

RSONa 5 OH/H,0, 1t., Air, 16 h Me
RZ O . R=p-Me-Ph R!

= — || o)
g\ N (+) C cloth | Pt (=), 7.5 mA N

RU R Me . \
1 R = alkyl/aryl C | 1t., Ar, 4-
R' =H/alkyl/aryl 49 examples, 33-86% yields

R? = aryl, R? = H/alkyl/aryl

Scheme 3.4 Photo-electrochemical and electrochemical radical

addition/cascade cyclization of 3-aza-1,5-dienes
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3.3 Objective

Although a number of methods have been developed to synthesize 4-
pyrrolin-2-one derivatives from 3-aza-1,5-dienes through radical
addition followed by cascade cyclization but they are limited with the
type of radicals utilized. In this context, the development of an efficient
protocol employing other radical species for the synthesis of densely
functionalized 4-pyrrolin-2-one scaffolds is highly desirable. As part of
our continued interest in the development of photocatalyzed
organosilicon and organogermanium compounds from hydrosilane and
hydrogermanes through N-centered sulfamidyl radical-assisted
hydrogen atom transfer process’*”#/ we were fascinated by the
prospect of investigating hydrosilanes/hydrogermanes as radical
surrogates to introduce silyl/germyl functionalities onto the 4-pyrrolin-

2-one scaffolds.

3.4 3-Aza-1,5-dienes in radical addition-cascade cyclization

Rl
<D  + \
RY N R g
I Il{3 RZ D 0]

) radical addition N
radical o '
’ ) and cyclization R3
species 3-aza-1,5-dienes I
radical intermediate
+e
PC
i SET i
eq. |
oxidative
quenching
R! R* =~Q
/g\{ 4-pyrrolin-2-ones
@
27 —
R3
II reductive
radical intermediate quenching
eq. 11 ---X%-» 4-pyrrolin-2-ones
PC PC

Scheme 3.5 Tentative mechanism for the synthesis of 4-pyrrolin-2-ones

from 3-aza-1,5-dienes via radical/cascade cyclization
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Based on the literature reports, we evaluate the tentative mechanism for
the synthesis of the 4-pyrolin-2-one scaffold from 3-aza-1,5-dienes. The
regioselective addition of a radical to 3-aza-1,5-diene, followed by
radical cascade cyclization, as illustrated in Scheme 3.5, yields the
radical intermediate I1, which would undergoes oxidation via SET with
oxidized photocatalyst (Scheme 3.5 eq. I) to give cationic intermediate
I11, followed by deprotonation of intermediate III could give rise to 4-
pyrrolin-2-ones. Therefore, the oxidized photocatalyst is crucial for the
generation of cation intermediate II1.

In our previous study/*%/, the sulfamidyl radical facilitates, hydrogen-
atom-transfer process and it was generated from the corresponding
sulfonamide via a reductive quenching pathway with the generation of
reduced photocatalyst (Scheme 3.6, eq I). Since the cationic
intermediate III cannot be generated by the reduced photocatalyst
(Scheme 3.5, eq II), the previously developed protocol is not suitable
for accomplishing the proposed transformation. Consequently, this
limitation necessitated the development of an alternative strategy for the

generation of the sulfamidyl radical.

Reductive quenching pathway

R\ PC PC
N-H PCET,
TS/ + \/ €q I
Base "‘ @
Base—H
Q=H
Alternative Method Ts. _R| Q=Si/Ge 0/
Development — N E—— —Q
. . . HAT N\
Oxidative quenching pathway <

sulfamidyl radical

R
N-LG W eq. 1l
s’ ‘/‘\

LG = Leaving group LG

Scheme 3.6 Development of an alternative approach for the generation

of N-sulfamidyl radical

In this context, we hypothesized to replace the N-H hydrogen of the

sulfonamide with a leaving group, and that would enable the resulting
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precursor to generate a sulfamidyl radical upon single-electron reduction
by the excited photocatalyst, while simultaneously generating the
oxidized photocatalyst via an oxidative quenching pathway (Scheme 3.6
eq. II).

In our search for an appropriate precursor to be used as an hydrogen
atom transfer catalyst/reagent, we realized that N-aminopyridinium salt
proved to be suitable for providing the necessary sulfamidyl radical
through an oxidative quenching pathway (Scheme 3.7). This process
enables the concurrent generation of sulfamidyl radical and oxidized
photocatalyst with the extrusion of the leaving group. In 2015, Studer
and coworkers amidated arenes and heteroarenes using N-
aminopyridinium salt under photoredox catalysis./*/ Other groups have
also utilized this salt in the amidation of enones,/*/ C-H acylation,/*?/

alkene difunctionalization,’*”-*¥ and amination of z-nucleophiles./*/

Me
“+o
XN PC PC Q=H
| @ SET Ts. Me| Q=Si/Ge 0/
Me~ "N~ Me P N E—— —Q
D= & i HAT N
N. oy
Me” "Ts BFy4 i i
N-aminopvridinium Sulfamidyl radical
S‘gt 2,4,6-Collidine

Scheme 3.7 N-Aminopyridinium salt as hydrogen atom transfer reagent
3.5 Present work

3.5.1 Selection of model reaction

To evaluate our strategy, we chose N-benzyl-N-(1-phenylprop-1-en-1-
yl)-2-(trifluoromethyl)acrylamide 1a as a model starting material and
‘BuMe;SiH 2a as a silyl precursor under the photocatalytic oxidative
quenching condition. The addition of the CF3 group a to the acryloyl
olefin in 3-aza-1,5-diene increases its reactivity and serves as a handle

to alter the regioselectivity during the radical addition (Scheme 3.8).
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Ph O PC (mol%) Me F3C Me

t Me : HATR (equiv.) /K\Si’\_tBu
ZON + Bu—/Sl'H C4> Me
| onditions Ph O
Me N

Me Bn CF; Blue LEDs ]_I:,
la 2a n 3a

Scheme 3.8 Selected model reaction for screening of reaction

optimization
3.5.2 Optimization of reaction conditions

The optimization of reaction conditions is described in Table 3.1.
Started our investigation with fac-Ir(ppy); as photocatalyst, N-
aminopyridinium salts as hydrogen atom transfer reagent (HATR) and
acetonitrile as solvent, under 455 nm blue LEDs irradiation for 1 hour
(entry 1), which provides the desired product 3a in 32% yield, along
with 5-hydroxy-pyrrolidin-one derivative 3a'. We anticipated that the
formation of the hydroxy derivative could arised from the moisture
present in the reaction mixture. On performing the reaction with 4A
molecular sieves, to our surprise yield of the desired product increased
to 42% (entry 2). Further screening of other Ir-photocatalysts, such as
fac-Ir(dFppy)s gives 53% yield (entry 3), while in the case of
[Ir(dF(CF3)ppy)2(dtbbpy)]PFs the desired product formation was not
observed (entry 4). However, [Ir(ppy)2(dtbbpy)]PFs provides the highest
yield among the Ir-photocatalysts screened (entry 5). With other
commonly used Ru-photocatalyst such as Ru(bpy);Cl:6H>0, only a
trace amount of the desired product was observed (entry 7). Among the
organic photocatalysts screened, 4CzIPN was initially evaluated which
afforded inferior results (entry 8). In contrast, 3DPAFIPN delivered the
silylated 4-pyrrolin-2-one product in only 25% yield. Notably,
4DPAIPN exhibited a significant increase in product formation and
provided 59% yield of silylated 4-pyrrolin-2-one, comparable to that
obtained with the Ir-based photocatalyst (entry 10 vs. entry 5). To avoid
using precious transition metal catalysts and make the protocol
environmentally benign, the organic photocatalyst 4DPAIPN was
selected for further screenings. Lowering the loading of 4DPAIPN from
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5 mol% to 3 mol% exhibits a slight increase in the yield of silylated 4-

pyrrolin-2-ones (entry 11).
Table 3.1 Optimization of reaction conditions

CF,

Ph O Me PC (x mol%) Me
| HATR (1.5 iv. it
a N CF3 + tBu_Si_H ( eqUIV) msl BuM62
| | CHCN(O.1M) Ph 0

Me Bn M MS 4A, Ar, rt., 1 h IT]
Blue LEDs Bn
1a 2a 3a, Yield (%)”
Entry  PC (mol%) 4AMS Yield (%)”

1.© fac-Ir(ppy)s (1) - 32

2. Sac-Ir(ppy); (1) 50 mg 42

3. Sfac-Ir(dFppy); (1) 50 mg 53

4. [Ir(dF(CF3)ppy),(dtbbpy)]PF¢ (1) 50 mg n.d.

5. [Ir(ppy),(dtbbpy)]PF (1) 50 mg 59

6. [Ir(dtbppy),(dtbbpy)]PF¢ (1) 50 mg 8

7. Ru(bpy);Cl,.6H,0O (5) 50 mg trace

8. 4CzIPN (5) 50 mg 10

9. 3DPAFIPN (5) 50 mg 25

10. 4DPAIPN (5) 50 mg 59

11. 4DPAIPN (3) 50 mg 64
122 4DPAIPN (3) 100 mg 69
13.¢ 4DPAIPN (3) 100 mg 74
14.¢ 4DPAIPN (1) 100 mg 78
15.¢ Without Photocatalyst 100 mg n.r.
16.¢7  4DPAIPN (1) 100 mg n.r.

“Reaction Conditions: 1a (0.2 mmol), 2a (0.6 mmol), HATR (0.3 mmol), PC (x
mol%), dry CH;CN (2 mL), molecular sieves 4A, under blue LEDs irradiation.
bisolated yield. “moisture trapped derivative 3a' detected. Ydry CH;CN (1 mL). édry
PhCF; (1 mL). /without light. n.d. = not detected. n.r. = no reaction.

Me NPh,
N\\ //N Me CF3
N .
| HOKSltBuMeZ
@_
Me” ONT TMe Ph,N NPh, PN 0
N. NPh
Me” "Ts BF, 2 Bn
HATR 4DPAIPN 3a'
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Meanwhile, increasing the concentration along with the amount of
molecular sieves leads to a 69% yield of the desired product (entry 12).
Then change in the solvent from acetonitrile to «,«,a-trifluorotoluene
(entry 13) along with lowering in loading of photocatalyst, provides the
optimum yield for silylated 4-pyrrolin-2-one 3a (78%) (entry 14). No
reaction observed either in the absence of photocatalyst or in the absence
of light (entries 15-16). Additionally, the screening of other solvents like
acetone, dichloroethane, dimethylsulfoxide, and toluene provided lower

yield of silylated 4-pyrrolin-2-one 3a.

3.5.3 Substrate scope for silylation of 3-aza-1,5-dienes

After establishing the optimal reaction conditions, we proceeded to
investigate the substrate scope of 3-aza-1,5-dienes 1 (Scheme 3.9).
Screening of different substituents such as ethyl (1b), propyl (1¢), and
phenyl (1d) groups at the 2-position of the enamide gave the desired
products 3b-3d (70—85%) in good to excellent yields. However, without
any substituent at the f-position of enamide, the yield of product 3e was
slightly reduced. The screening of N-substituents on the dienes reveals
compatibility with both aryl and alkyl groups. Phenyl (1f), n-propyl
(1g), and cyclohexyl (1h) substituents provided product 3f-3h in
moderate to good yield (35-82%). N-unsubstituted 3-aza-1,5-diene 1i
failed to give the desired product. In the case of substrate containing
meta-substituents like fluoro (1j) and chloro (1k) on the aryl ring a to
the enamide gave desired product 3j-3k in 67% and 61% yield
respectively. When substitution at the para-position of the aryl ring a to
the enamide are electron-donating like methyl (11) and methoxy (1m)
provided the corresponding product 31 and 3m in excellent yields of
84% and 81% respectively. Similarly, with electron-withdrawing groups
such as fluoro (1n), chloro (10), and trifluoromethyl (1p), provided
desired products 3n-3p in good to excellent yields. Furthermore, under
the optimized reaction conditions, the substrate with an alcohol group
protected as an acetate (1q), a flexible synthetic handle was well

tolerated and provided the desired product 3q in a 58% yield.
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Me
2 o Me 4DPAIPN (1 mol%), Rl R’ Si:'tBu
’ . HATR (1.5 equiv.
RL_/\ R' +By—Si-H ( auy,) -
N : PhCF3, MS 4A | o
) Me I\{
R

rt., Ar, 1 h R2
Blue LEDs
1 2a 3, Yield (%)?
F;C Si F;C Si F,;C Si
Me R! H
| (0) | ) | 1)
pn” N pn” N 3b, R! = Et, 70% ph” N
Bn Bn R

. e 3¢, R ="Pr, 71% 3e, R = Bn, 59%
3a, 78% (78%) 3d,R!=Ph,85%  3f R=Ph,35%

. . F,C Si
F.C Si F,C Si 3
Me : Pr . Me
| © | © R3 | N °
pr” N pr” N B
R H
_n 0 . 3 _ 0
3g, R ="Pr, 82% 3ind. 3j,R°=F, 67%

3h, R = cyclohexyl, 64% 3k, R3=CL 61%

F5C Si 31, R? = Me, 84%

Me 3m, R? = OMe, 81%
| O  3n,R3=F, 75%
N 30, R3 = Cl, 72%
3 Bn 3p, R® = CF,, 68%
R 3_ 0
3q, R® = CH,OAc, 58% 31, 55%
H ~si Me ,~Si
Me Me
| 0 | 0
pn” N ph” N
Bn Bn
35, n.d. 3t, 29%

“Reaction Condition: 1 (0.2 mmol), 2a (0.6 mmol), HATR (0.3 mmol), 4DPAIPN
(1 mol%), dry PhCF5 (1 mL), dry molecular sieves 4A (100 mg), under blue LEDs
irradiation. ’isolated yield. °yield for 2 mmol scale reaction for 3 h. n.d. = not
detected.

Scheme 3.9 Scope of 3-aza-1,5-dienes in synthesis of silylated 4-

pyrrolin-2-ones

Gratifyingly, 2-thienyl ring a to the enamide provides the desired
product 3r in 58% yield under optimized reaction conditions. The
reactivity of the diene is greatly impacted when the a-CF3; group is

replaced with H (1s) or methyl (1t). When it is H, no desired product
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formation was detected, while with methyl the desired product 3t was

obtained in 29% yield.
3.5.4 Scope of hydrosilanes

Then, we move towards investigating the scope of hydrosilanes under

optimized reaction conditions (Scheme 3.10).

Rl
Me 0 Rl 4DPAIPN (1 mol%) FsC Si-R?
| . HATR (1.5 equiv.)  Me R3
CF; + R2-Si-H
Ph” N ! PhCF;, MS 44 | 0
Bn R Ar,1t, 1 h Ph I\{
Blue LEDs Bn
1a 2 3, Yield (%)°
F5C SiEt, F5C Si"Buy F5C Si'Pry
Me € Me
| 0 | 0 | 0
p” N pn” N pi” N p” N
Bn Bn Bn Bn
3u, 77% 3v, 75% 3w, 83% 3x, 61%
Me Me
F;C ,~Si-Bn F;C ,~Si—Ph
Me Me Me Me
| 0 o)
Ph I\{ Ph \
Bn Bn
3z, 64% 3aa, 77%
/tBu /Ph
F;C ,~Si—Ph F;C ,~Si—Ph
Me \Ph Me \Ph
| 0 | 0
pn” N pn” N pn” N
Bn Bn Bn
3ab, 63% 3ac, 51% 3ad, 58%
M
[TMS F5C Me\s" ) F5C Si’}il;,h
FiC —Si-TMS e > ' Me e ° ‘
Me TMS Si~ .
| | 0 \ | 0
(0] Me N
oy N pn” N pn” N
Bn Bn bn
3ae, 96% 3af, 43% 3ag, 46%

“Reaction Conditions: 1a (0.2 mmol), 2 (0.6 mmol), HATR (0.3 mmol), 4DPAIPN
(1 mol%), dry PhCF; (1 mL), dry molecular sieves 4A (100 mg), under blue LEDs
irradiation. ®isolated yield.

Scheme 3.10 Scope of hydrosilanes with 1a as 3-aza-1,5-diene
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The screening began with different alkylsilanes, such as triethylsilane
(2b),  tri-n-propylsilane  (2¢), tri-n-butylsilane  (2d), and
triisopropylsilane (2e), which furnished the desired products 3u-3x in
good to excellent yields (61-83%). The tribenzylsilane (2f) and
dimethylbenzylsilane (2g) yielded the desired products 3y-3z in 44%
and 64% respectively. Subsequently, aryl silanes were investigated and
found to be compatible under the optimized reaction conditions.
Dimethylphenylsilane ~ (2h), methyldiphenylsilane  (2i), tert-
butyldiphenylsilane (2j), and triphenylsilane (2k) smoothly underwent
cyclization to afford the desired products 3aa-3ad in moderate to good
yields (51-77%). The supersilane tris(trimethylsilyl)silane afforded the
desired product 3ae in excellent yield (96%). In addition, the para-
phenylenebis(dimethylsilane) (2m) as a silicon source, produced only
the monosilylated product 3af in 43% yield. Surprisingly,
diphenylsilane (2nm) was also compatible under optimized reaction

conditions to give desired product 3ag in 46% yield.

3.5.5 Synthesis of germylated 4-pyrrolin-2-ones

Motivated by these results, we expanded our protocol to synthesize
germylated 4-pyrrolin-2-ones (Scheme 3.11). To evaluate the scope of
3-aza-1,5-dienes, hydrogermane Ph3GeH (4a) was used as a source of
germylating agent. Only 1.5 equivalents of Ph3GeH were sufficient with
1a as diene, to provide germylated 3-(trifluoromethyl)-1,3-dihydro-2H-
pyrrol-2-one (5a) in 98% yield under the optimized reaction conditions.
The dienes with methyl and halogen substituents (F, CI, Br) on the aryl
ring o to enamide underwent smooth cyclization and delivered the
corresponding products 5b-5e in moderate to good yields (60-88%). The
diene (1d) bearing phenyl groups at both the a- and S-positions of
enamide afforded product 5f in 92% yield. Also, triethyl (4b) and
tributyl (4¢) hydrogermanes were tolerated under the reaction conditions
and provided the corresponding products Sg and 5h in excellent yields

(89% and 88%). Notably, the thiophene-substituted enamide (1r) proved
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to be compatible with the reaction conditions and delivering germylated

5-(thiophen-2-yl)-4-pyrrolin-2-one (5i) in 76% yield.

R3
R2 O R 4DPAIPN (1 mol%) R G%_Rs
Rllﬂ/\ R 4 R3-Gle-H HATR (1.5 equiv.) R R3
N " PhCF;, MS 4A |
R R Arrt, 1h
Blue LEDs

1a 4

)F\i)gGer F;C GePhy
Me

Bn 5b,R*=Me, 86%
5¢, R*=F, 88%
5d, R*=Br, 60%

Sa, 98%

F3;C /=GePh, F3C GeEt; GeBus  p.c —GePh,

Ph Me
0 | 0 0 0
ph” N " N
Bn Bn
51, 92% 5g, 89%° Sh, 88%° 5i, 76%

“Reaction Conditions: 1a (0.2 mmol), 4 (0.3 mmol), HATR (0.3 mmol), 4DPAIPN
(1 mol%), dry PhCF5 (1 mL), dry molecular sieves 4A (100 mg), under blue LEDs
irradiation. %isolated yield. “using 2 equiv. of 4.

Scheme 3.11 Scope for germylation in synthesis of germylated 4-

pyrrolin-2-ones

3.5.6 Late-stage functionalization of natural products and drug

molecules tethered 3-aza-1,5-dienes

The mild characteristics and robustness of this method was further
demonstrated by testing substrates tethered to complex molecules
derived from natural products and drugs (Scheme 3.12). The natural
product (+)-a-tocopherol tethered diene smoothly cyclized with fert-
butyldimethylsilane (2a) under optimized conditions, provided 3ah in
37% yield. Additionally, (S)-ibuprofen, oxaprozin, isoxepac,
gemfibrozil, and (S)-naproxen were easily attached to the dienes via a
straightforward coupling reaction. These dienes subsequently
underwent cascade cyclization under optimized conditions to produce

the desired products 3ai-3am in moderate to good yields (40-65%).
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Notably, the germyl derivative of 4-pyrrolin-2-one with (S)-naproxen
tethered 5j was also synthesized in good yield (63%).

X

(¢} R
XR
4DPAIPN (1 mol%),
| HATR (1.5 equiv.)
0 TRQTH T E MS 4A
R3 N 3 h Bn~ ", ~Me
Me ., = CF; T, rt., CF,
ITI Blue LEDs R3
Bn Q=Si, Ge Y Q-R?
1 2a or 4a 3 or 5, Yield (%)° R
R = natural product or drug
Me
Me
Me = Me Me
Me B
Me
from (+)-a-tocopherol Me
3ah, Q = Si'‘BuMe,, 37% Me O
from (S)-Ibuprofen
Q 3ai, Q = Si'BuMe,, 65%
N 0
—
Ph
oY
0]
Ph
from Oxaprozin o
3aj, Q = Si‘BuMe,, 40% from Isoxepac

3ak, Q = Si'BuMe,, 52%

Me Me Me
MeO

from (S)-Naproxen from Gemfibrozil M
3am Q — SilBuMez 46% 321, Q = SitBuMez, 45%
5j, Q = GePh;, 63%

Me
e

“Reaction Conditions: 1 (0.2 mmol), 2a (0.6 mmol) or 4a (0.3 mmol), HATR (0.3
mmol), 4DPAIPN (1 mol%), dry PhCF5 (1 mL), dry molecular sieves 4A (100 mg),

under blue LEDs irradiation. ?isolated yield.

Scheme 3.12 Late-stage functionalization of natural product and drug

tethered with 3-aza-1,5-dienes

3.5.7 Large-scale synthesis of silylated 4-pyrrolin-2-one

The practicality of the developed protocol was further demonstrated by
2 mmol scale reaction of diene 1a, which provided silylated 4-pyrrolin-

2-one 3a in 78% yield (Scheme 3.13).
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Me 0 Me  4DPAIPN (1 mol%) v F3C_/=Si-Me
| ; I HATR (1.5 equiv.) € ‘Bu
CF; + Bu—Si-H |
Ph” N N PhCF;, MS 4A 0
Bn ¢ Ar,rt.,3h Ph I\{
Blue LEDs Bn
1a, (2 mmol) 2a 3a, 78% (717 mg)

Scheme 3.13 Scale-up of silylated 4-pyrrolin-2-one 3a

3.6 Mechanistic investigations

To gain insight into the reaction mechanism, radical trapping
experiments, fluorescence quenching studies, and quantum yield

calculation were performed.

3.6.1 Radical inhibition and trapping experiments

The involvement of radical species in the reaction mechanism was
determined by performing the reaction with radical scavengers, such as
TEMPO and 1,1-diphenylethylene using diene 1a and hydrosilane (2h

)/hydrogermane (4a) under standard reaction conditions (Scheme 3.14

(i-ii)).

SiPhMe,
Standard F;C
conditions Me
CF; +Ph Sl H + TEMPO ———> | o
(3 equiv.)
pn” N
Bn
la 2h 3aa, not observed
(ii) GePh,
F;C
Me o Ph Stamf’a.rd Me
| \ conditions
CF; + Ph-Ge-H + TEMPO ——— | 0
Ph N / .
| Ph (3 equiv.) Ph I\{
Bn Bn
la 4a 5a, not observed
(iii) Si‘BuMe,
M CF
¢ 3 Me Stana(qrd TsMeN
| . \ L conditions Me
+ Bu—Si-H ———> + |
Ph N (0] / (0]
! Me N Ph” “Ph
Bn Ph Ph Ph \
(3 equiv.) Bn
la 2a quiv. 3a, trace 6, 85%

Scheme 3.14 Radical inhibition and trapping experiments
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In all these conditions, the formation of photoproducts (3aa/5a) was
completely suppressed, while an 85% yield of sulfamidyl radical-
trapped product 6 was observed with 1,1-diphenylethylene (Scheme
3.14 (iii)). These findings provide compelling evidence that a sulfamidyl

radical intermediate was involved in this cascade reaction.

3.6.2 Stern-Volmer quenching studies

To identify the species that quenches the excited state photocatalyst
during the reaction, Stern-Volmer quenching studies have been
performed. The quenching study was conducted between the
photocatalyst 4DPAIPN and other reaction components, including the
diene 1a, hydrosilane 2a, hydrogermane 4a, and N-aminopyridinium
salt (HATR). Stern-Volmer studies demonstrated that 4DPAIPN
fluorescence emission was quenched only by N-aminopyridinium salts
(Figure 3.2) and not by 3-aza-1,5-diene (1a) or hydrosilanes
(2a)/hydrogermanes (4a).

7x10° - —PC (0.1 mM)
] —— PC (0.1 mM) + HATR (2.5 mM)
—— PC (0.1 mM) + HATR (5.0 mM)
( )
( )
( )

(
(
6x10° — PC (0.1 mM) + HATR (10.0 mM)
] — PC (0.1 mM) + HATR (12.5 mM)
5x10° — PC (0.1 mM) + HATR (15.0 mM)
<10°
4x10°

3x10°

Intensity (A.U.)

2x10°

1x10° 4

T T T T T T T T T T T
450 500 550 600 650 700
Wavelength (nm)

165



1.5 A

y =42.143x + 0.9656
R?=0.9915

I

0.5 1

0

0 0.0025 0.005 0.0075 0.01 0.0125 0.015 0.0175
Quencher Concentration (M)

Figure 3.2 Fluorescence quenching and Stern-Volmer plot of 4DPAIPN

vs N-aminopyridinium salt

3.6.3 Quantum yield calculation

The quantum yield of the standard reaction was calculated to determine
the involvement of a radical chain pathway in the product formation.
The calculated quantum yield (¢ = 25.23) suggests the possible

involvement of a radical chain process in the reaction (Scheme 3.15).

Me

Me 1o Me Standard e 36 /S Bu
CF, + Bu-Si-H conditions | Me
Ph N | 10 minute 0
| Me N
Bn
1

Quantum yield Ph \
Bn

a 2a $=125.23 3a, 72% yield

Scheme 3.15 Quantum yield calculation of standard reaction
3.7 Possible mechanism

A possible reaction mechanism is proposed based on mechanistic
investigations and literature reports (Scheme 3.16)./%*/ Upon

irradiation with light, the photocatalyst 4DPAIPN gets excited, and the
excited photocatalyst 4DPAIPN” undergoes SET with N-
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aminopyridinium salt to generate N-centered sulfamidyl radical I and
oxidized photocatalyst 4DPAIPN** with the extrusion of 2,4,6-collidine.
The sulfamidyl radical I, activate the Si-H/Ge-H bond of
hydrosilanes/hydrogermanes through hydrogen atom transfer (HAT) to
produce silyl/germy radical II. Following the regioselective addition
and cascade cyclization of silyl/germyl radical II to 3-aza-1,5-diene 1a
leads to the formation of transient a-amino radical III. The transient a-
amino radical III gets oxidized via SET by the oxidized photocatalyst
ADPAIPN** with the regeneration of the photocatalyst and formation of
a cationic species IV. The involvement of cationic species IV was
further confirmed by the formation of 5-hydroxy-pyrrolidin-one
derivative 3a' on performing the reaction in the absence of 4A molecular

sieves.
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Scheme 3.16 Possible mechanism
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The cationic species IV gets deprotonated with the assistance of 2,4,6-
collidine to give the desired silylated/germylated 4-pyrrolin-2-one
derivative 3/5. The observed high quantum yield suggests the
involvement of a radical chain pathway in the reaction. The a-amino
radical IIT could undergo SET with N-aminopyridinium salt and leads
to the formation of cationic species I'V along with N-centered sulfamidyl
radical I. Thus, the N-centered sulfamidyl radical I can be generated
without the involvement of the photocatalytic cycle. The subsequent
HAT process between sulfamidyl radical I and hydrosilanes or
hydrogermanes can provide silyl or germyl radical, followed by radical
addition and cascade cyclization with 3-aza-1,5-diene, leads to the

formation of the desired product 3/5.

3.8 Conclusion

In conclusion, we developed a complementary protocol for the
generation of N-centered sulfamidyl radical by employing N-
aminopyridinium salts as hydrogen atom transfer reagent for Si-H/Ge-
H bond functionalization via an oxidative quenching pathway under
visible-light irradiation. This strategy was successfully applied to the
synthesis of silylated and germylated 4-pyrrolin-2-ones from 3-aza-1,5-
dienes through regioselective radical addition and cascade cyclization of
silyl and germyl radicals derived from hydrosilanes and hydrogermanes.
The developed protocol is operationally simple, exhibits mild reaction
conditions. The scope of dienes was thoroughly investigated by
introducing different substituents on alkenes, aryl rings « to enamide,
and substitutions at nitrogen of 3-aza-1,5-dienes. The scope of
hydrosilanes demonstrated the tolerance of both alkyl and aryl
hydrosilanes. The developed protocol was successfully applied to the
synthesis of germylated 4-pyrrolin-2-ones. In addition, natural product
and drug molecules tethered dienes were also employed in the synthesis
of silylated/germylated 4-pyrrolin-2-ones. Moreover, the proposed

mechanism for the synthesis of silyl/germyl 4-pyrrolin-2-ones
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derivatives is supported by the results of the controlled experiments and

photophysical studies.
3.9 Experimental section

3.9.1 Synthesis of N-aminopyridinium salt

The N-aminopyridinium salt (HATR) was prepared according to the
reported procedure./*” To an oven-dried round-bottom flask, dry THF
(11 mL) was taken, and cooled on an ice bath. 1.66 mL of
methylhydrazine and 4.4 mL of EtsN were added sequentially to the
above solution. Stir the mixture for 15 minutes at the same temperature.
Separately, a solution of tosyl chloride (4 g) in THF (10 mL) was
prepared and added slowly to the above solution. Stir for an additional
15 minutes, then transfer to room temperature. After the reaction was
completed, the organic layer was separated using diethyl ether and
washed with water. The combined organic layer was dried over NaxSOq4
and filtered into a round-bottom flask. Seal the round-bottom flask with
a stopper and keep it in the fridge. White crystals of N4-
dimethylbenzenesulfonohydrazide were then separated from the
mother liquor, washed with diethyl ether, and dried under high vacuum

to yield 2.5 g of N,4-dimethylbenzenesulfonohydrazide.

1.5 g of N,4-dimethylbenzenesulfonohydrazide was taken in an oven-
dried round-bottom flask and dissolved in EtOH (25 mL). While stirring,
2,4,6-trimethylpyrylium tetrafluoroborate (1.2 g) was added portion-
wise at room temperature, and the mixture was stirred overnight. After
the reaction was completed, 20 mL of diethyl ether was added, and the
mixture was kept in the fridge for crystallisation, yielding 1.2 g of 1-((N,
N-dimethylphenyl)sulfonamido)-2,4,6-trimethylpyridin-1-ium
tetrafluoroborate as a white solid.

'TH NMR (500 MHz, CDCl3) 4 7.75 — 7.70 (m, 2H), 7.52 (s, 2H), 7.47 —
7.43 (m, 2H), 3.59 (s, 3H), 2.58 (s, 3H), 2.57 (s, 6H), 2.50 (s, 3H). 13C
NMR (126 MHz, CDCI3) 6 161.8, 158.8, 146.8, 134.3, 130.9, 129.2,
127.7,37.9,22.2,21.9, 20.1.
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3.9.2 Synthesis of 4DPAIPN

The organophotocatalyst 4DPAIPN was prepared according to the
reported procedure.”’” To an oven-dried RB flask, diphenylamine (6
equiv.) was added and diluted with 20 mL of DMF. While stirring
under an argon atmosphere, NaH (10 equiv., 60% suspension in
mineral oil) was added portion-wise, and the reaction was transferred
to an oil bath for heating at 60 °C for 1 h. The reaction was cooled to
40 °C, and 2,4,5,6-tetrafluoroisophthalonitrile (1 equiv., 400 mg) was
added. The mixture was stirred overnight at the same temperature.
After completion of the reaction, it was quenched by the addition of
water and separated using dichloromethane as the organic solvent. The
organic layer was then further washed with brine. The crude mixture
was purified by column chromatography (DCM/hexane) and then by
recrystallization (DCM/Hexane). Yellow crystals; yield: 38% (600
mg). 'H NMR (500 MHz, CDCl3) 8 7.30 — 7.23 (m, 4H), 7.12 — 7.05
(m, 12H), 7.05 — 6.99 (m, 2H), 6.94 — 6.84 (m, 8H), 6.73 — 6.66 (m,
10H), 6.56 (d, J = 8.0 Hz, 4H). 3C NMR (126 MHz, CDCl3) & 154.3,
151.8, 145.6, 144.8, 143.2, 140.4, 129.5, 128.7, 127.7, 124.3, 124.0,
123.0, 122.7,122.7,121.2, 113.2, 113.1.

3.9.3 Synthesis of starting material

List of starting materials
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Different imines were synthesized according to the literature with slight
modification in the procedure.*” A mixture of primary amine (1 equiv.),
ketone (1 equiv.), 10 mol% TsOH-H,O and 4A molecular sieves
(powder and heat gun dried with vacuum, 1gm/mmol) in toluene (1
mL/mmol) was taken in an oven-dried pressure tube and stirred at 120
°C for 24 h in an oil bath. After the reaction was completed, the mixture
was cooled to room temperature and filtered through filter paper, then
washed with toluene. The evaporation of the filtrate provides crude
imine (confirmed with '"H-NMR). The residue of the crude imine was
re-dissolved in DCM (5 mL/mmol), cooled on an ice bath, and then Et;N
(2.0 equiv.) was added. Freshly prepared 2-(trifluoromethyl)acryloyl
chloride was added dropwise at 0 °C for 10 minutes. Stir the reaction

mixture overnight at room temperature. Quench the reaction mixture

172



with a saturated solution of NaHCO3 and then separate the organic layer
using DCM. Dry the organic layer over NaSOg, filter and the desired
product is purified by column chromatography using EtOAc and hexane

as eluent.

N-benzyl-N-(1-phenylprop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide (1a): 5.0 mmol scale, (700 mg, 40%, over
two steps). White solid. ML.P.: 60-62 °C. 'H NMR (500 MHz, CDCls) &
7.43 —7.39 (m, 2H), 7.38 — 7.33 (m, 1H), 7.31 — 7.24 (m, 5H), 7.22 —
7.18 (m, 2H), 5.91 (s, 1H), 5.80 (s, 1H), 5.48 — 5.37 (m, 1H), 4.66 (s,
2H), 1.74 (d, J = 7.4 Hz, 3H). 3C NMR (126 MHz, CDCIl3)  164.6,
138.8, 136.8, 135.7 (q, J = 31.6 Hz), 134.5, 129.0, 128.9, 128.8, 128.7,
128.5, 127.6,126.9, 122.5 (q,J=5.2 Hz), 121.8 (q, J = 273.6 Hz), 50.3,
14.7. ¥F NMR (471 MHz, CDCIls) & -63.81. IR (neat): 3066, 2938,
1659, 1628, 1396, 1165, 1119 cm™'. HRMS (ESI+ve) m/z: [M+Na]*
calcd for C20H1sFsNONa; 368.1233, found 368.1236.

N-benzyl-N-(1-phenylbut-1-en-1-yl)-2-(trifluoromethyl)acrylamide
(1b): 5.0 mmol scale, (468 mg, 26%, over two steps). White solid. M.P.:
67-69 °C. "TH NMR (500 MHz, CDCl3) 8 7.45 — 7.34 (m, 3H), 7.31 —
7.23 (m, 5H), 7.21 —7.17 (m, 2H), 5.91 (s, 1H), 5.82 (s, 1H), 5.31 - 5.24
(m, 1H), 4.65 (s, 2H), 2.21 — 2.12 (m, 2H), 0.87 (t, J= 7.5 Hz, 3H). 13C
NMR (126 MHz, CDCls) & 164.6, 137.5, 136.7, 135.5 (q, J=31.5 Hz),
134.7, 134.3,129.1, 128.9, 128.8, 128.7, 128.5, 127.6, 122.5 (q, J=5.4
Hz), 121.8 (q, J = 275.5 Hz), 50.1, 22.2, 13.5. ’F NMR (471 MHz,
CDCI3) 6 -63.88. IR (neat): 3061, 2956, 2872, 1657, 1626, 1369, 1338,
1163 cm™'. HRMS (ESI+ve) m/z: [M+Na]" calcd for C21H20F3NONa;
382.1389, found 382.1406.

N-benzyl-N-(1-phenylpent-1-en-1-yl)-2-

(trifluoromethyl)acrylamide (1¢): 5.0 mmol scale, (561 mg, 30%, over
two steps). White solid. ML.P.: 53-55 °C. 'H NMR (500 MHz, CDCls) &
7.44 —7.33 (m, 3H), 7.32 — 7.23 (m, 5H), 7.22 — 7.17 (m, 2H), 5.91 (s,
1H), 5.82 (s, 1H), 5.36 — 5.24 (m, 1H), 4.65 (s, 2H), 2.12 (q, /= 7.6 Hz,
2H), 1.32 — 1.22 (m, 2H), 0.80 (t, /= 7.4 Hz, 3H). '*C NMR (126 MHz,
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CDCl3) o 164.6, 137.8, 136.7, 135.5 (q, J = 31.4 Hz), 134.8, 132.8,
129.1, 128.9, 128.8, 128.7, 128.5, 127.6, 122.6 (q, /= 5.4 Hz), 121.8 (q,
J=274.8 Hz), 50.2, 30.9, 22.5, 13.8. ’F NMR (471 MHz, CDCl3) § -
63.93. IR (neat): 3036, 2960, 2878, 1662, 1627, 1398, 1183, 1134 cm™'.
HRMS (ESI+ve) m/z: [M+Na]" caled for C22H22F3NONa; 396.1545,
found 396.1543.

N-benzyl-N-(1,2-diphenylvinyl)-2-(trifluoromethyl)acrylamide
(1d): 5.0 mmol scale, (815 mg, 37%, over two steps). Pale-yellow solid.
M.P.: 104-106 °C. "TH NMR (500 MHz, CDCl3) 8 7.37 — 7.23 (m, 8H),
7.23 —7.19 (m, 2H), 7.16 — 7.09 (m, 3H), 6.94 — 6.89 (m, 2H), 6.17 (s,
1H), 6.00 (s, 1H), 5.99 (s, 1H), 4.69 (s, 2H). 3C NMR (126 MHz,
CDCl3) 6 164.6, 138.7, 136.4, 135.8 (q, J = 31.7 Hz), 135.3, 134.2,
130.2, 129.9, 129.3, 129.2, 129.1, 128.9, 128.5, 128.4, 127.8, 127.7,
123.2(q,J=5.3 Hz), 121.7 (q,J=275.1 Hz), 50.0. F NMR (471 MHz,
CDCIs) 6 -63.93. IR (neat): 3031, 2925, 2855, 1685, 1662, 1407, 1250,
1145 cm™'. HRMS (ESI+ve) m/z: [M+Na]" calcd for C2sH20F3NONa;
430.1389, found 430.1388.

N-benzyl-N-(1-phenylvinyl)-2-(trifluoromethyl)acrylamide (1e): 5.0
mmol scale, (564 mg, 34%, over two steps). White solid. M.P.: 40-42
°C. 'TH NMR (500 MHz, CDCl3) § 7.44 —7.35 (m, 5H), 7.32 — 7.22 (m,
5H), 5.83 (s, 1H), 5.76 (s, 1H), 5.53 (s, 1H), 4.85 (s, 1H), 4.78 (s, 2H).
13C NMR (126 MHz, CDCls) & 164.5, 145.8, 136.5, 135.3, 134.7 (q, J
=31.7 Hz), 129.4, 129.2, 129.1, 128.5, 127.8, 126.1, 122.8 (q, J = 5.3
Hz), 121.7 (q,J=273.9 Hz), 114.7, 50.5. 'F NMR (471 MHz, CDCl3)
0 -64.22. IR (neat): 3071, 3036, 2932, 1661, 1626, 1393, 1277, 1166
cm!. HRMS (ESI+ve) m/z: [M+Na]" caled for Ci9HisFsNONa;
354.1076, found 354.1071.

N-phenyl-N-(1-phenylvinyl)-2-(trifluoromethyl)acrylamide (1f): 5.0
mmol scale, (760 mg, 42%, over two steps). White solid. M.P.: 66-68
°C. 'H NMR (500 MHz, CDCl3) § 7.54 — 7.48 (m, 2H), 7.38 — 7.28 (m,
7H), 7.25 — 7.18 (m, 1H), 5.98 (s, 1H), 5.87 (s, 1H), 5.75 (s, 1H), 5.25
(s, 1H).BC NMR (126 MHz, CDCl3) 6 164.3, 147.8, 146.5, 136.0, 135.4
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(d,J=31.3 Hz), 129.3, 129.1, 128.9, 128.6, 127.1, 126.1, 121.6 (d, J =
274.1 Hz), 114.4. ’F NMR (471 MHz, CDCls) 6 -64.18. IR (neat):
3115, 3096, 3027, 1664, 1632, 1593, 1367, 1294, 1157 cm™'. HRMS
(ESI+ve) m/z: [M+Na]" caled for CisHi4sF3sNONa; 340.0920, found
340.0920.

N-(1-phenylprop-1-en-1-yl)-N-propyl-2-
(trifluoromethyl)acrylamide (1g): 5.0 mmol scale, (506 mg, 34%, over
two steps). Yellow oil . "TH NMR (500 MHz, CDCl3) § 7.44 — 7.37 (m,
2H), 7.37—-17.30 (m, 3H), 5.86 (s, 1H), 5.73 (s, 1H), 5.70 — 5.61 (m, 1H),
3.38 (s, 2H), 1.85 (d, /= 7.4 Hz, 3H), 1.60 — 1.52 (m, 2H), 0.85 (t, J =
7.4 Hz, 3H). 13C NMR (126 MHz, CDCl3) § 164.4, 139.3, 136.0 (q, J=
31.6 Hz), 134.5,128.9, 128.7,128.6, 125.9, 121.9 (q,J=5.4 Hz), 121.80
(q, J=273.9 Hz), 48.2, 20.6, 14.7, 11.2. ’F NMR (471 MHz, CDCl;3)
5 -63.83. IR (neat): 2967, 2876, 1659, 1630, 1398, 1333, 1169 cm™'.
HRMS (ESI+ve) m/z: [M+Na]" calcd for CisHisF3NONa; 320.1233,
found 320.1233.

N-cyclohexyl-N-(1-phenylprop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide (1h): 5.0 mmol scale, (254 mg, 15%,
over two steps). White solid. M.P.: 75-77 °C. '"TH NMR (500 MHz,
CDCl3) & 7.41 — 7.29 (m, 5H), 5.84 — 5.64 (m, 3H), 4.04 (s, 1H), 1.89
(d, J=17.3 Hz, 3H), 1.82 — 1.64 (m, 4H), 1.57 — 1.51 (m, 1H), 1.49 —
1.32 (m, 2H), 1.29 — 1.17 (m, 2H), 1.03 — 0.91 (m, 1H). '3C NMR (126
MHz, CDCl3) 8 164.5,138.2,136.7 (q,J=31.5Hz), 136.3 129.1, 128.3,
127.9, 1259, 121.9 (q, J=273.3 Hz), 121.0 (q, /= 5.4 Hz), 58.0, 30.7,
26.1,25.4,15.0. "F NMR (471 MHz, CDCls) 6 -63.42. IR (neat): 2940,
2859, 1655, 1628, 1398, 1369, 1290, 1165 cm™. HRMS (ESI+ve) m/z:
[M+Na]" calcd for Ci19H22F3NONa; 360.1546, found 360.1569.
N-benzyl-N-(1-(3-fluorophenyl)prop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide (1j): 5.0 mmol scale, (330 mg, 18%, over
two steps). White solid. ML.P.: 56-58 °C.'H NMR (500 MHz, CDCls) &
7.42 —7.34 (m, 1H), 7.34 — 7.26 (m, 3H), 7.22 — 7.18 (m, 2H), 7.09 —
7.00 (m, 3H), 6.96 —6.90 (m, 1H), 5.93 (s, 1H), 5.78 (s, 1H), 5.54 —5.42
(m, 1H), 4.67 (s, 2H), 1.75 (d, J = 7.4 Hz, 3H). '3C NMR (126 MHz,

175



CDCl3) 6 164.6, 162.98 (d, J =247.0 Hz), 137.9, 137.0 (d, /= 7.4 Hz),
136.6, 135.8 (q,J=31.7 Hz), 130.3 (d, /= 8.4 Hz), 129.0, 128.6, 128.1,
127.8,124.7 (d, J=3.0 Hz), 122.9 (q, J = 5.3 Hz), 121.7 (q, J = 274.3
Hz), 115.9 (d,J=22.3 Hz), 115.7 (d, J=21.1 Hz), 50.6, 14.7.’F NMR
(471 MHz, CDCl3) 6 -63.80,-111.99. IR (neat): 3034, 2982, 2856, 1657,
1630, 1395, 1270, 1165 cm™'. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C20H17F4NONa; 386.1138, found 386.1142.
N-benzyl-N-(1-(3-chlorophenyl)prop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide (1k): 5.0 mmol scale, (685 mg, 36%,
over two steps). White solid. M.P.: 88-90 °C. 'H NMR (500 MHz,
CDCl3) 6 7.29—-7.17 (m, 5H), 7.15 - 7.09 (m, 3H), 7.07 - 7.01 (m, 1H),
5.86 (s, 1H), 5.69 (s, 1H), 5.43 (s, OH), 4.59 (s, 2H), 1.66 (d, J= 7.4 Hz,
3H). 3C NMR (126 MHz, CDCl3) 3 164.6, 138.0, 137.9, 136.5, 135.8
(q,/=31.9 Hz), 134.5, 133.0, 130.3, 129.0, 128.9, 128.6, 127.7, 127.5,
126.9, 122.9 (q, J = 5.4 Hz), 121.7 (q, J = 274.7 Hz), 50.4, 14.7. F
NMR (471 MHz, CDCI3) 6 -63.79. IR (neat): 3036, 2960, 2878, 1662,
1627, 1398, 1336, 1183 cm™'. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C20H17CIF3NONa; 402.0843, found 402.0835.
N-benzyl-N-(1-(p-tolyl)prop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide (11): 5.0 mmol scale, (760 mg, 42%, over
two steps). White solid. M.P.: 62-64 °C.'H NMR (500 MHz, CDCls) &
7.24—-7.16 (m,4H), 7.15—-7.07 (m, 5H), 5.82 (s, 1H), 5.72 (s, 1H), 5.32
—5.24 (m, 1H), 4.56 (s, 2H), 2.31 (s, 3H), 1.65 (d, J = 7.4 Hz, 3H). 13C
NMR (126 MHz, CDCI3) 6 164.6, 138.7, 138.7, 136.8, 135.7 (q, J =
31.5 Hz), 131.5, 129.5, 129.0, 128.9, 128.5, 127.5, 126.4, 122.3 (q, J =
5.2 Hz), 121.8 (q, J = 274.7 Hz), 50.0, 21.3, 14.7. ’F NMR (471 MHz,
CDCI) 6 -63.79. IR (neat): 3031, 2925, 1659, 1627, 1400, 1274, 1158
cm’!. HRMS (ESI+ve) m/z: [M+Na]" caled for CziH20F3;NONa;
382.1389, found 382.1381.
N-benzyl-N-(1-(4-methoxyphenyl)prop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide (Im): 5.0 mmol scale, (720 mg, 38%,
over two steps). Yellowish oil. '"H NMR (500 MHz, CDCl3) & 7.32 —
7.22 (m, 3H), 7.21 — 7.16 (m, 4H), 6.95 — 6.90 (m, 2H), 5.90 (s, 1H),
5.79 (s, 1H), 5.37 - 5.27 (m, 1H), 4.64 (s, 2H), 3.85 (s, 3H), 1.71 (d, J =
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7.4 Hz, 3H). 3C NMR (126 MHz, CDCl3) § 164.6, 159.7, 138.4, 136.8,
135.8 (q, J =31.6 Hz), 130.3, 129.0, 128.5, 127.6, 126.7, 125.5, 122.3
(q,J=5.3Hz) 121.3 (q,J=274.3 Hz), 114.1, 55.4,50.1, 14.6. ’F NMR
(471 MHz, CDCIls) 6 -63.77. IR (neat): 3034, 2937, 1656, 1625, 1510,
1399, 1251, 1147 cm’'. HRMS (ESI+ve) m/z: [M+Na]" caled for
C21H20F3NO2Na; 398.1338, found 398.1329.
N-benzyl-N-(1-(4-fluorophenyl)prop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide (In): 5.0 mmol scale, (804 mg, 44%,
over two steps). White solid. M.P.: 60-62 °C. '"H NMR (500 MHz,
CDCl3) 6 7.31 -7.24 (m, 3H), 7.23 — 7.15 (m, 4H), 7.11 — 7.05 (m, 2H),
5.93 (s, 1H), 5.77 (s, 1H), 5.44 (s, 1H), 4.66 (s, 2H), 1.71 (d, /= 7.5 Hz,
3H). 13C NMR (126 MHz, CDCls) 8 164.6, 162.6 (d, J = 249.3 Hz),
138.0, 136.6, 135.9 (q, J = 31.7 Hz), 130.6 (2C), 128.9, 128.6, 127.7,
126.7,122.8 (q, J= 5.5 Hz), 121.7 (q, /=271.2 Hz), 115.8 (d, /= 21.6
Hz), 50.5, 14.6. ’F NMR (471 MHz, CDCls) & -63.78, -112.01. IR
(neat): 3034, 2937, 1656, 1625, 1510, 1399, 1251, 1147 cm!. HRMS
(ESI+ve) m/z: [M+Na]" caled for CaoHi7FsNONa; 386.1138, found
386.1122.

N-benzyl-N-(1-(4-chlorophenyl)prop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide (10): 5.0 mmol scale, (838 mg, 44%, over
two steps). Yellowish oil. 'TH NMR (500 MHz, CDCl3) & 7.29 (d, J =
8.2 Hz, 2H), 7.24—-7.17 (m, 3H), 7.13 — 7.06 (m, 4H), 5.85 (s, 1H), 5.69
(s, 1H), 5.39 (s, 1H), 4.58 (s, 2H), 1.64 (d, J = 7.4 Hz, 3H). 3C NMR
(126 MHz, CDCl3) 6 164.6, 137.9, 136.5, 135.8 (q, J=32.1 Hz), 134.5,
133.0, 130.3, 129.0, 128.9, 128.6, 127.7, 127.5, 122.9 (q, J = 5.3 Hz),
121.7 (q, J = 274.2 Hz), 50.4, 14.7. F NMR (471 MHz, CDCl3) & -
63.76. IR (neat): 3033, 2981, 1660, 1630, 1492, 1394, 1170, 1137 cm™".
HRMS (ESI+ve) m/z: [M+Na]" calcd for C20Hi7CIF3NONa; 402.0843,
found 402.0842.

N-benzyl-2-(trifluoromethyl)-N-(1-(4-
(trifluoromethyl)phenyl)prop-1-en-lyl)acrylamide (1p): 5.0 mmol
scale, (517 mg, 25%, over two steps). Yellowish oil. 'TH NMR (500
MHz, CDCl3) 6 7.65 — 7.58 (m, 2H), 7.34 — 7.21 (m, 6H), 7.19 — 7.12
(m, 2H), 5.92 (s, 1H), 5.75 (s, 1H), 5.55 (s, 1H), 4.65 (s, 2H), 1.73 (d, J
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= 7.5 Hz, 3H). 3C NMR (126 MHz, CDCl3) & 164.6, 138.3, 137.8,
136.4,135.8 (q,J=31.5Hz), 130.6 (q,J=32.6 Hz), 129.3, 129.0, 128.9,
128.6, 127.8, 126.1 (274.17 Hz), 125.7 (q, J=3.7 Hz), 123.2 (q, J=5.2
Hz), 121.6 (q, J = 274.3 Hz), 50.7, 14.7. Y’F NMR (471 MHz, CDCls)
0 -62.77, -63.80. IR (neat): 3039, 2923, 1662, 1631, 1399, 1322, 1166,
1147 cm™'. HRMS (ESI+ve) m/z: [M+Na]" calcd for C21H17FgNONa;
436.1107, found 436.1105.
4-(1-(N-benzyl-2-(trifluoromethyl)acrylamido)prop-1-en-1-
yl)benzyl acetate (1q): 5.0 mmol scale, (419 mg, 20%, over two steps).
Clear oil. '"H NMR (500 MHz, CDCl3) & 7.42 — 7.37 (m, 2H), 7.30 —
7.23 (m, 5H), 7.21 —7.16 (m, 2H), 5.91 (s, 1H), 5.79 (s, 1H), 5.49 — 5.38
(m, 1H), 5.14 (s, 2H), 4.64 (s, 2H), 2.14 (s, 3H), 1.73 (d, /= 7.4 Hz, 3H).
I3C NMR (126 MHz, CDCl3) 8 170.9, 164.6, 136.6, 134.4,129.2, 129.0,
128.5 (20C), 128.2, 127.6, 127.5, 122.6 (q, J = 5.3 Hz), 121.8 (q, J =
274.8 Hz), 65.8, 50.2, 46.5, 29.8, 21.1, 14.7. F NMR (471 MHz,
CDCl) 6 -63.78. IR (neat): 3033, 2940, 2861, 1738, 1660, 1630, 1396,
1225, 1169 cm!. HRMS (ESI+ve) m/z: [M+Na]" caled for
C23H22F3NO3Na; 440.1444, found 440.1436.
N-benzyl-N-(1-(thiophen-2-yl)prop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide (1r): 5.0 mmol scale, (510 mg, 29%, over
two steps). White solid. M..P.: 53-55 °C. 'H NMR (500 MHz, CDCls) &
7.43 —7.38 (m, 1H), 7.32 —7.21 (m, 5H), 7.12 — 7.06 (m, 2H), 5.82 (s,
1H), 5.81 (s, 1H), 5.33 — 5.25 (m, 1H), 4.74 (s, 2H), 1.82 (d, /= 7.5 Hz,
3H). 3C NMR (126 MHz, CDCls) § 164.5, 138.3, 136.6, 135.3 (q, J =
31.7 Hz), 133.1, 129.3, 128.5, 128.3, 127.8, 127.7, 127.3, 126.8, 121.8
(q,J=5.3Hz), 121.8 (q,J=275.1 Hz), 50.3, 14.6.’F NMR (471 MHz,
CDCIs) 6 -63.85. IR (neat): 3102, 3055, 2929, 1657, 1629, 1399, 1339,
1162 cm™'. HRMS (ESI+ve) m/z: [M+Na]" calcd for C1sHi6F3NOSNa;
374.0797, found 374.0805.
N-benzyl-N-(1-phenylprop-1-en-1-yl)acrylamide (1s): 5.0 mmol
scale, (652 mg, 47%, over two steps). Pale yellow oil. '"H NMR (500
MHz, CDCl3) 6 7.42 — 7.32 (m, 3H), 7.29 — 7.18 (m, 7H), 6.73 — 6.64
(m, 1H), 6.53 — 6.45 (m, 1H), 5.67 (dd, /= 10.1, 2.1 Hz, 1H), 5.37 (q, J
= 7.3 Hz, 1H), 4.49 (s, 2H), 1.76 (d, J = 7.3 Hz, 3H). 3C NMR (126
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MHz, CDCL3) § 166.4, 138.0, 137.5, 134.8, 129.1, 128.9, 128.7 (2C),
128.3, 128.0, 127.8, 127.2, 49.1, 14.5. IR (neat): 3029, 2929, 2858,
1650, 1406, 1372, 1249 cm™'. HRMS (ESI+ve) m/z: [M+H]" calcd for
C19oH20NO; 278.1539, found 278.1548.

N-benzyl-N-(1-(4-bromophenyl)prop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide (1u): 5.0 mmol scale, (1190 mg, 56%,
over two steps). Clear oil. 'TH NMR (500 MHz, CDCls) § 7.45 (d, J =
8.1 Hz, 2H), 7.24 — 7.17 (m, 3H), 7.13 — 7.08 (m, 2H), 7.02 (d, J = 8.1
Hz, 2H), 5.85 (s, 1H), 5.69 (s, 1H), 5.40 (s, 1H), 4.58 (s, 2H), 1.64 (d, J
= 7.4 Hz, 3H). 3C NMR (126 MHz, CDCls) & 164.6, 137.9, 136.5,
135.8 (q, J=31.6 Hz), 133.5, 132.0, 130.5, 128.9, 128.6, 127.8, 127.7,
122.7, 122.9 (q, J = 5.3 Hz), 121.7 (q, J = 274.2 Hz), 50.4, 14.7. °F
NMR (471 MHz, CDCl3) 6 -63.75. IR (neat): 3032, 2981, 1660, 1630,
1487, 1393, 1169, 1120 cm™'. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C20H17BrF3NONa; 446.0338, found 446.0333.
N-benzyl-N-(1-(4-((((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-
trimethyltridecyl)chroman-6-yl)oxy)methyl)phenyl)prop-1-en-1-
yD)-2-(trifluoromethyl)acrylamide (1v): 2.5 mmol scale, (573 mg,
27%, over two steps (BSMR)). Clear oil. "H NMR (500 MHz, CDCl3)
0 7.58—7.52 (m, 2H), 7.34 — 7.26 (m, 5H), 7.23 — 7.18 (m, 2H), 5.92 (s,
1H), 5.82 (s, 1H), 5.47 — 5.35 (m, 1H), 4.73 (s, 2H), 4.66 (s, 2H), 2.65 —
2.56 (m, 2H), 2.24 (s, 3H), 2.18 (s, 3H), 2.12 (s, 3H), 1.89 — 1.72 (m,
5H), 1.55 — 1.02 (m, 24H), 0.90 — 0.82 (m, 12H). *C NMR (126 MHz,
CDCl) 6 164.7, 148.2, 148.1, 138.7, 138.5, 136.7, 135.8 (q, J = 30.8
Hz), 133.9, 129.1, 129.0, 128.5, 128.0, 127.9, 127.6, 127.3, 126.0,
123.2,122.4 (q, J=5.1 Hz), 121.9 (q, /= 274.6 Hz), 117.8, 75.0, 74.2,
40.2,39.5,37.6 (2C), 37.5,37.4,32.9,32.8,31.4, 28.1, 24.9, 24.6, 24.0,
22.8,22.7,21.1,20.8,19.9, 19.8, 14.7, 13.0, 12.1, 11.9. ’F NMR (471
MHz, CDCI3) 6 -63.76. IR (neat): 2924, 2966, 1663, 1662, 1454, 1377,
1170 cm™'. HRMS (ESI+ve) m/z: [M+Na]" caled for CsoHesF3NO3Na;
810.5043, found 810.5040.
4-(1-(N-benzyl-2-(trifluoromethyl)acrylamido)prop-1-en-1-
yl)benzyl (S)-2-(4-isobutylphenyl)propanoate (1w): 2.8 mmol scale,
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(585 mg, 37%, over two steps (BSMR)). Clear oil. "H NMR (500 MHz,
CDCl3) 6 7.33 — 7.18 (m, 11H), 7.16 — 7.11 (m, 2H), 5.93 (s, 1H), 5.79
(s, 1H), 5.50 — 5.38 (m, 1H), 5.17 (s, 2H), 4.66 (s, 2H), 3.81 (q, J=7.2
Hz, 1H), 2.48 (d, /= 6.9 Hz, 2H), 1.88 (hept, /= 6.8 Hz, 1H), 1.75 (d, J
= 7.3 Hz, 3H), 1.56 (d, J = 7.2 Hz, 3H), 0.93 (d, J = 6.6 Hz, 6H). 13C
NMR (126 MHz, CDCI3) & 174.5, 164.6, 140.7, 138.3, 137.6, 136.7,
136.6, 135.7 (q, J = 31.7 Hz), 134.1, 129.4, 129.0, 128.9, 128.5, 127.9,
127.6, 127.3, 122.5 (q, J = 5.4 Hz), 121.7 (q, J = 274.1 Hz), 65.7, 50.2,
45.2,45.1,30.3,22.4,18.5,14.7. "F NMR (471 MHz, CDCls) 6 -63.77.
IR (neat): 2954,2925, 1736, 1661, 1631, 1409, 1333, 1140 cm™'. HRMS
(ESI+ve) m/z: [M+Na]" calcd for C3sHssF3NO3Na; 586.2539, found
586.2555.
4-(1-(N-benzyl-2-(trifluoromethyl)acrylamido)prop-1-en-1-
ylbenzyl 3-(4,5-diphenyloxazol-2-yl)propanoate (1x): 2.5 mmol
scale, (749 mg, 46%, over two steps (BSMR)). Glue Type. '"H NMR
(500 MHz, CDCl3) 6 7.68 — 7.63 (m, 2H), 7.62 — 7.56 (m, 2H), 7.41 —
7.26 (m, 11H), 7.20 (m, 4H), 5.91 (s, 1H), 5.76 (s, 1H), 5.43 (m, 1H),
5.24 (s, 2H), 4.63 (s, 2H), 3.26 (t, J= 7.3 Hz, 2H), 3.04 (t, /= 7.3 Hz,
2H), 1.72 (d, J = 7.3 Hz, 3H). '3C NMR (126 MHz, CDCls) 6 171.9,
164.5, 161.7, 145.5, 138.2, 136.6, 136.4, 135.6 (q, J = 31.5 Hz), 135.1,
134.2, 132.4, 129.1, 128.9 (3C), 128.7, 128.6 (2C), 128.5, 128.2 (2C),
127.9, 127.6, 127.4, 126.5, 122.5 (q, J = 5.5 Hz), 121.7 (q, J = 274.9
Hz), 65.9, 50.1, 31.1, 23.5, 14.6. '’F NMR (471 MHz, CDCl3) 6 -63.78.
IR (neat): 3039, 2923, 1662, 1631, 1399, 1322, 1166, 1147 cm™'. HRMS
(ESI+ve) m/z: [M+Na]" caled for C3oH33F3N204Na; 673.2285, found
673.2285.
4-(1-(N-benzyl-2-(trifluoromethyl)acrylamido)prop-1-en-1-
yDbenzyl  2-(11-o0x0-6,11-dihydrodibenzo|b,e]oxepin-2-yl)acetate
(1y): 1.5 mmol scale, (273 mg, 29%, over two steps (BSMR)). Clear oil.
'TH NMR (500 MHz, CDCl3) & 8.05 (s, 1H), 7.78 (d, J = 7.7 Hz, 1H),
7.46 (t,J=7.5 Hz, 1H), 7.40 — 7.31 (m, 2H), 7.29 — 7.24 (m, 3H), 7.24
—7.12 (m, 5H), 7.11 — 7.06 (m, 2H), 6.94 (d, J = 8.4 Hz, 1H), 5.80 (s,
1H), 5.68 (s, 1H), 5.37 — 5.29 (m, 1H), 5.08 (s, 2H), 5.07 (s, 2H), 4.54
(s, 2H), 3.62 (s, 2H), 1.63 (d, J = 7.4 Hz, 3H). 3C NMR (126 MHz,
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CDCl3) 6 190.9, 171.2, 164.6, 160.6, 140.4, 138.3, 136.6, 136.4, 136.3,
135.8, 135.6, 135.5, 134.4, 132.9, 132.6, 129.5, 129.3, 129.1, 128.9,
128.5, 128.4, 127.9, 127.6 (2C), 127.4, 125.2, 122.6 (q, J = 5.3 Hz),
121.7 (q, J = 274.49 Hz), 121.2, 73.7, 66.2, 40.2, 14.7. ’F NMR (471
MHz, CDCI3) 8 -63.75. IR (neat): 2953, 2928, 1716, 1649, 1600, 1375,
1284, 1138 cm'. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C37H30F3NOsNa; 648.1968, found 648.1959.

4-(1-(N-benzyl-2-(trifluoromethyl)acrylamido)prop-1-en-1-
yl)benzyl 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate (1z): 1.6
mmol scale, (360 mg, 37%, over two steps (BSMR)). Clear oil. 'H NMR
(500 MHz, CDCl3) 6 7.37 (d, J= 8.1 Hz, 2H), 7.29 — 7.26 (m, 2H), 7.24
(d, J=8.2 Hz, 2H), 7.21 — 7.16 (m, 2H), 6.99 (d, J = 7.4 Hz, 1H), 6.66
(d, J=7.4 Hz, 1H), 6.59 (s, 1H), 5.89 (s, 1H), 5.79 — 5.74 (m, 1H), 5.49
—5.38 (m, 1H), 5.14 (s, 2H), 4.64 (s, 2H), 3.94 — 3.88 (m, 2H), 2.29 (s,
3H), 2.15 (s, 3H), 1.82 — 1.73 (m, 4H), 1.73 (s, 2H), 1.72 (s, 2H), 1.27
(s, 6H). BC NMR (126 MHz, CDCl3) 8 177.6, 164.6, 157.0, 138.4,
136.9, 136.7, 136.6, 135.7 (q, J = 32.0 Hz), 134.2, 130.4, 130.2, 129.1,
129.0, 128.5, 128.0, 127.6, 127.3, 125.8, 123.6, 122.6 (q, J = 5.4 Hz),
121.8 (q, J=274.2 Hz), 120.8, 112.0, 67.9, 65.6, 50.3, 42.3, 37.2, 25.3
(20),21.5,15.8, 14.7. ’F NMR (471 MHz, CDCl3) 6 -63.79. IR (neat):
2965, 2923, 1728, 1661, 1631, 1394, 1263, 1170, 1122 cm™'. HRMS
(ESI+ve) m/z: [M+Na]" calcd for C3sH4oF3NOsNa; 630.2802, found
630.2795.
4-(1-(N-benzyl-2-(trifluoromethyl)acrylamido)prop-1-en-1-
yh)benzyl (S)-2-(6-methoxynaphthalen-2-yl)propanoate (laa): 1.8
mmol scale, (286 mg, 27%, over two steps (BSMR)). Yellowish oil. 'H
NMR (500 MHz, CDCl3) 6 7.72 — 7.65 (m, 3H), 7.43 — 7.39 (m, 1H),
7.30—-7.21 (m, 6H), 7.18 —7.10 (m, 5H), 5.87 (s, 1H), 5.72 (s, 1H), 5.44
—5.37 (m, 1H), 5.14 (s, 2H), 4.60 (s, 2H), 3.96 — 3.92 (m, 1H), 3.91 (s,
3H), 1.69 (d, J = 7.4 Hz, 3H), 1.62 (d, J= 7.1 Hz, 3H). *C NMR (126
MHz, CDCls) 6 174.5, 164.6, 157.7, 138.2, 136.6, 136.5, 135.4, 135.6
(q, J=31.4 Hz), 134.1, 133.8, 129.3, 129.0, 128.9 (2C), 128.5, 128.1,
127.6, 127.3, 127.2, 126.3, 126.1, 122.6 (q, J = 5.3 Hz), 121.7 (q, J =
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274.3 Hz), 119.1, 105.6, 65.8, 55.3, 45.5, 18.5, 14.6. ’F NMR (471
MHz, CDCI3) 6 -63.78. IR (neat): 2937, 2844, 1733, 1660, 1394, 1263,
1170 cm™'. HRMS (ESI+ve) m/z: [M+Na]" caled for C3sH32F3NO4Na;
610.2175, found 610.2158.

N-(1-phenylpent-1-en-1-yl)-2-(trifluoromethyl)acrylamide (1i):

The 1-phenylpentan-1-imine/” was synthesized as per available
literature report. A round-bottom flask was charged with benzonitrile
(2.0 equiv., 10 mmol) and THF (10 mL). The mixture was cooled to —78
°C, and "BuL.i (1.0 equiv., 5 mmol (3.12 mL of "BuLi solution of 1.6 M
in Hexane) was added dropwise. After addition, the resulting mixture
was stirred for 2 h at -40 °C. The mixture was cooled to =78 °C and
quenched with anhydrous MeOH (1.0 equiv., 5 mmol, 0.2 mL). The
cooling bath was removed, and the reaction mixture was allowed to
warm to r.t. for 1 hour. The resultant slurry was filtered through a 2 cm
pad of Celite, and the filtrate was concentrated using a rotary evaporator
and then dried under high vacuum. The resultant imine was then
redissolved in anhydrous dichloromethane (10 mL) and cooled to 0 °C
on an ice bath under an argon atmosphere. The freshly prepared 2-
(trifluoromethyl)acryloyl chloride (1.2 equiv., 6 mmol) was separately
dissolved in 5 mL dichloromethane and added dropwise to imine
solution at 0 °C over 10 minutes. The reaction mixture was then
transferred to room temperature and stirred overnight. After completion,
the reaction was quenched with the addition of water. The organic layer
was separated using dichloromethane, dried over sodium sulphate, and
concentrated using a rotary evaporator. Purified by column
chromatography using 230-400 mesh size silica gel and 5-10% EA/H.
The obtained product was a white solid (128 mg, 9% yield). White solid.
"H NMR (500 MHz, CDCl3) 8 7.41 —7.36 (m, 2H), 7.36 — 7.31 (m, 2H),
7.31-7.27 (m, 1H), 7.07 (s, 1H), 6.68 (s, 1H), 6.34 (s, 1H), 5.93 (t,J =
7.2 Hz, 1H), 2.15 (q, J = 7.3 Hz, 2H), 1.57 — 1.48 (m, 2H), 0.97 (t, J =
7.4 Hz, 3H). 3C NMR (126 MHz, CDCl3) § 159.0, 137.4, 133.7 (q, J =
30.9 Hz), 132.7,130.7 (q, J = 5.5 Hz), 128.6, 128.1, 127.5, 125.5, 122.5
(q, J = 272.9 Hz) 30.4, 22.2, 14.0. F NMR (471 MHz, CDCl3) § -
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63.46. IR (neat): 3289, 2956, 2924, 2854, 1739, 1669, 1522, 1348 cm™'.
HRMS (ESI+ve) m/z: [M+Na]" caled CisHi6F3NONa 306.1076, found
306.1078.

3.9.4 List of hydrosilanes and hydrogermanes
All hydrosilanes and hydrogermanes were commercially available and

used as received.

‘BuMe,SiH Et;SiH "Pr;SiH "Bu;SiH ‘Pr;SiH Bn;SiH BnMe,SiH PhMe,SiH

2a 2b 2¢ 2d 2 2f g 2h
SiHM62
Ph,MeSiH ‘BuPh,SiH Ph,SiH (TMS);SiH /©/ Ph,SiH,
2i 2j k21 Me,HSi 2m 2n
Ph;GeH Et;GeH "Bu;GeH
4a 4b 4c

3.9.5 Blue LEDs source and temperature control

The visible light irradiation was performed using high power blue LEDs
(make: Original Opulant America, power = 3 W, Amax = 455 nm,
luminous flux/radiant flux = 687 mW at 700 mA) fitted in an aluminium
block. The block contains 6 holes to hold vials and is fitted with water
inlet-outlet nozzles. The vials are placed in holes on the block and
irradiated from bottom at a distance of approximately 2 cm. The reaction

temperature can be maintained by circulating water through the

aluminium block through inlet-outlet nozzles.
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3.9.6 Procedure for optimization of reaction conditions

To an oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar
were added N-benzyl-N-(1-phenylprop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide 1a (0.2 mmol, 69.1 mg), ‘BuMe,SiH 2a
(0.6 mmol, 0.1 mL), 1 mol% 4DPAIPN (1.6 mg, 0.002 mmol), 1.5
equivalent of hydrogen atom transfer reagent (HATR) (0.3 mmol, 117.7
mg) and 100 mg 4A molecular sieves (powder and heat gun dried). The
reaction tube was sealed and placed under an argon atmosphere, then 1
mL a,0,0-trifluorotoluene (dried over 4A granules molecular sieves)
was added via syringe, the reaction mixture was then degassed via freeze
pump thaw (x 3 times) and refilled with argon. The sealed reaction tube
was then placed inside the aluminium block, fitted with blue LEDs (A =
455 nm), and irradiated for 1 hour. After the reaction was completed,
the mixture was filtered using dichloromethane and then evaporated
under reduced pressure. The crude product was then purified by flash
column chromatography on silica gel (mesh 100-200) using a gradient
elution with hexane/ethyl acetate (50:1 to 30:1), which yielded the

silylation product 3a.

3.9.7 General procedure for the silylation of 3-aza-1,5-dienes

To an oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar
were added 3-aza-1,5-dienes 1 (0.2 mmol), hydrosilane 2 (0.6 mmol, 3
equiv.), 1 mol% 4DPAIPN (1.6 mg, 0.002 mmol), 1.5 equivalent of
hydrogen atom transfer reagent (HATR) (0.3 mmol, 117.7 mg) and 100
mg 4A molecular sieves (powder and heat gun dried). The reaction tube
was sealed and placed under an argon atmosphere, then 1 mL a,0,0-
trifluorotoluene (dried over 4A granules molecular sieves) was added
via syringe, the reaction mixture was then degassed via freeze pump
thaw (x 3 times) and refilled with argon. The sealed reaction tube was
then placed inside the aluminium block fitted with blue LEDs (A = 455
nm) and irradiated for 1 hour. After the reaction was completed, the
mixture was filtered using dichloromethane and then evaporated under

reduced pressure. The crude product was then purified by flash column
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chromatography on silica gel (mesh 100-200) using a gradient elution

with hexane/ethyl acetate (50:1 to 5:1) to yield the silylation product 3.

3.9.8 Characterization data of 3a-3am and 3a'

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-4-methyl-5-phenyl-3-
(trifluoromethyl)-1,3-dihydro-2 H-pyrrol-2-one (3a): 0.2 mmol scale,
( 71.7 mg, 78%). White solid. Column chromatography: 1-3% EA/H.
M.P.: 100-102 °C. '"TH NMR (500 MHz, CDCl3) 8 7.41 — 7.32 (m, 3H),
7.16 —7.10 (m, 3H), 7.09 — 7.03 (m, 2H), 6.87 — 6.81 (m, 2H), 4.97 (d,
J =153 Hz, 1H), 4.13 (d, J = 15.3 Hz, 1H), 1.67 (s, 3H), 1.60 (d, J =
14.3 Hz, 1H), 1.29 (d, J= 14.3 Hz, 1H), 0.90 (s, 9H), 0.00 (s, 3H), -0.05
(s, 3H). 13C NMR (126 MHz, CDCls) & 174.2, 141.3, 136.7, 129.6,
129.5,129.2, 128.6, 128.3, 127.7, 127.3, 126.7 (q, J = 283.2 Hz), 112.8,
57.0(q,J=25.6 Hz), 44.6,26.2,16.7,11.4,10.7, -4.87, -5.68. ’F NMR
(471 MHz, CDCls) & -73.6. IR (neat): 2930, 2858, 1709, 1377, 1241,
1162 cm™’. HRMS (ESI+ve) m/z: [M+H]" caled for Ca6H33F3NOS;;
460.2278, found 460.2284.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-4-ethyl-5-phenyl-3-
(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3b): 0.2 mmol scale,
(66.4 mg, 70%). White solid. Column chromatography: 1-3% EA/H.
M.P.: 84-86 °C. '"H NMR (500 MHz, CDCls) & 7.43 — 7.36 (m, 1H),
7.35-7.29 (m, 2H), 7.19 — 7.13 (m, 3H), 7.11 — 7.03 (m, 2H), 6.87 —
6.82 (m, 2H), 4.91 (d, /= 15.3 Hz, 1H), 4.01 (d, J=15.3 Hz, 1H), 2.19
—2.08 (m, 1H), 2.01 — 1.92 (m, 1H), 1.64 — 1.58 (m, 1H), 1.32 — 1.26
(m, 1H), 0.92 — 0.82 (m, 12H), -0.03 (s, 6H). 3C NMR (126 MHz,
CDCl3) 6 173.9, 142.2, 136.8, 130.0, 129.6, 129.3, 128.6, 128.3, 127.6,
127.3,125.8 (q, J =284.3 Hz), 118.4, 57.0 (q, J = 25.8 Hz), 44.5, 26.3,
18.5,16.7,14.3,11.9,-4.7, -5.7. F NMR (471 MHz, CDCl;3) § -73.18.
IR (neat): 2926, 2856, 1708, 1355, 1152 cm™'. HRMS (ESI+ve) m/z:
[M+Na]" calcd for C27H34F3NOSiNa; 496.2254, found 496.2254.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-5-phenyl-4-propyl-3-
(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3c¢): 0.2 mmol scale,
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(69.3 mg, 71%). White solid. Column chromatography: 1-3% EA/H.
M.P.: 72-74 °C. '"H NMR (500 MHz, CDCl3) & 7.42 — 7.35 (m, 1H),
7.36 —7.29 (m, 2H), 7.19 — 7.12 (m, 3H), 7.08 — 7.02 (m, 2H), 6.88 —
6.82 (m, 2H), 4.90 (d, /= 15.3 Hz, 1H), 4.01 (d, J= 15.3 Hz, 1H), 2.09
—1.99 (m, 1H), 1.90 — 1.81 (m, 1H), 1.64 — 1.58 (m, 1H), 1.45 — 1.34
(m, 1H), 1.33 — 1.26 (m, 1H), 1.1-1.06 (m, 1H), 0.90 (s, 9H), 0.70 (t, J
=7.4 Hz, 3H), -0.01 (s, 3H), -0.03 (s, 3H). ¥C NMR (126 MHz, CDCl;3)
0 173.9, 142.3, 136.8, 130.0, 129.5, 129.3, 128.6, 128.3, 127.6, 127.3,
125.8 (q, J = 286.4 Hz), 117.3, 57.0 (q, J = 25.7 Hz), 44.5, 27.8, 26.3,
23.0,16.7,14.6,11.9, -4.7, -5.7. Y’F NMR (471 MHz, CDCl3) 6 -73.16.
IR (neat): 2959, 2859, 1710, 1377, 1157 cm™'. HRMS (ESI+ve) m/z:
[M+Na]" calcd for C2sH3sF3NOSiNa; 510.2410, found 510.2405.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-4,5-diphenyl-3-
(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3d): 0.2 mmol scale,
(88.7 mg, 85%). Viscous gum. Column chromatography: 1-3% EA/H.
"HNMR (500 MHz, CDCl3) § 7.33 — 7.27 (m, 1H), 7.25 - 7.19 (m, 5H),
7.14 - 7.07 (m, 5H), 7.05 — 7.01 (m, 2H), 7.01 — 6.97 (m, 2H), 4.92 (d,
J=15.5Hz, 1H), 4.31 (d,J=15.5 Hz, 1H), 1.73 — 1.65 (m, 1H), 1.64 —
1.57 (m, 1H), 0.93 (s, 9H), 0.09 (s, 3H), 0.02 (s, 3H). 3C NMR (126
MHz, CDCl3) 6 173.9, 144.1, 136.7, 133.1, 130.5, 129.9, 129.8, 129.3,
128.6 (20), 127.9, 127.6, 127.5, 127.1, 125.4 (q, J = 285.8 Hz), 117.3,
58.4 (q,J=25.2 Hz), 45.1, 26.3, 17.1, 12.3, -4.4, -5.0. 'F NMR (471
MHz, CDCIl3) & -72.53. IR (neat): 2953, 2857, 1720, 1369, 1230, 1158
cm’!. HRMS (ESI+ve) m/z: [M+Na]" calecd for C31H34F3NOSiNa;
544.2253, found 544.2263.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-5-phenyl-3-

(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3e): 0.2 mmol scale,
(52.6 mg, 59%). Clear oil. Column chromatography: 1-3% EA/H. 'H
NMR (500 MHz, CDCl3) 6 7.42 — 7.37 (m, 1H), 7.36 — 7.32 (m, 2H),
7.23 —7.16 (m, 5H), 6.99 — 6.94 (m, 2H), 5.26 (s, 1H), 4.96 (d, J=15.6
Hz, 1H), 4.32 (d, J=15.6 Hz, 1H), 1.55 (d, /= 14.3 Hz, 1H), 1.29 (d, J
= 14.3 Hz, 1H), 0.88 (s, 9H), 0.03 (s, 3H), -0.07 (s, 3H). 3C NMR (126
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MHz, CDCIl3) 6 175.5, 148.1, 136.7, 130.5, 129.7, 128.7, 128.5, 128.2,
127.4, 127.3, 125.49 (q, J = 282.8 Hz), 105.6, 55.91 (q, J = 26.8 Hz),
44.9,26.3,16.6, 13.7, -4.0, -5.8. ’F NMR (471 MHz, CDCl;3) § -74.18.
IR (neat): 2927, 2856, 1721, 1345, 1247, 1158 cm™!. HRMS (ESI+ve)
m/z: [M+Na]" calcd for C2sH30F3NOSiNa; 468.1940, found 468.1956.

3-((tert-butyldimethylsilyl)methyl)-1,5-diphenyl-3-
(trifluoromethyl)-1,3-dihydro-2 H-pyrrol-2-one (3f): 0.2 mmol scale,
(30.2 mg, 35%). Viscous oil. Column chromatography: 1-3% EA/H. TH
NMR (500 MHz, CDCl3) 6 7.33 — 7.26 (m, 3H), 7.26 — 7.21 (m, 3H),
7.14 —7.09 (m, 2H), 7.03 (d, J= 7.3 Hz, 2H), 5.46 (s, 1H), 1.63 (d, /=
14.4 Hz, 1H), 1.33 (d, J = 14.4 Hz, 1H), 0.89 (s, 9H), 0.06 (s, 3H), 0.01
(s, 3H). BC NMR (126 MHz, CDCl3) & 174.2, 147.7, 134.9, 130.3,
129.4, 128.9, 128.5, 127.7, 127.4, 126.8, 125.4 (q, J=283.1 Hz), 106.2,
56.2 (q,J=26.9 Hz), 16.6, 13.7,-3.9, -5.5. ’F NMR (471 MHz, CDCl5)
8 -74.65. IR (neat): 2957, 2927, 1729, 1364, 1158 cm'. HRMS
(ESI+ve) m/z: [M+Na]" caled for C24HasF3sNOSiNa; 454.1784, found
454.1775.

3-((tert-butyldimethylsilyl)methyl)-4-methyl-S-phenyl-1-propyl-3-
(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3g): 0.2 mmol scale,
(67.5 mg, 82%). Clear oil. Column chromatography: 1-3% EA/H. 'H
NMR (500 MHz, CDCl3) 6 7.53 — 7.43 (m, 3H), 7.31-7.26 (m, 2H), 3.61
—3.51 (m, 1H), 3.13 — 3.04 (m, 1H), 1.68 (s, 3H), 1.62 — 1.56 (m, 1H),
1.41 — 1.28 (m, 2H), 1.27 — 1.21 (m, 1H), 0.90 (s, 9H), 0.70 (t, J= 7.5
Hz, 3H), 0.00 (s, 3H), -0.05 (s, 3H). 3C NMR (126 MHz, CDCl3) &
174.1, 141.4, 129.9, 129.3 (2C), 128.8, 126.7 (q, J = 285.5 Hz), 112.5,
56.9(q,J=25.5Hz),42.6,26.2,21.8,16.7,11.2,11.04, 10.8, -4.9, -5.7.
YF NMR (471 MHz, CDCl3) & -73.97. IR (neat): 2930, 2860, 1717,
1347, 1158 cm'. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C22H32F3NOSiNa; 434.2097, found 434.2099.

3-((tert-butyldimethylsilyl)methyl)-1-cyclohexyl-4-methyl-5-
phenyl-3-(trifluoromethyl)-1,3-dihydro-2 H-pyrrol-2-one (3h): 0.2
mmol scale, (57.9 mg, 64%). White Solid. Column chromatography: 1-
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3% EA/H. M.P.: 128-130 °C. 'TH NMR (500 MHz, CDCl3) 8 7.51 — 7.41
(m, 3H), 7.30-7.15 (br, 2H), 3.20 — 3.10 (m, 1H), 2.27 — 2.15 (m, 1H),
2.11 -1.99 (m, 1H), 1.76 — 1.63 (m, 3H), 1.60 (s, 3H), 1.59 — 1.54 (m,
1H), 1.54—1.45 (m, 2H), 1.18 (d, /= 14.4 Hz, 1H), 1.14 - 0.93 (m, 3H),
0.88 (s, 9H), 0.05 (s, 3H), -0.06 (s, 3H). 3C NMR (126 MHz, CDCl3) &
174.2, 142.6, 130.6, 130.4, 129.2, 128.9, 128.4, 125.7 (q, J = 285.3 Hz),
112.1,57.2 (q,J=25.2 Hz), 55.0, 29.9, 29.0, 26.2 (2C), 25.9, 25.1, 16.7,
11.0, 10.7,-4.9, -5.1. ’F NMR (471 MHz, CDCls)  -74.50. IR (neat):
2930, 2858, 1710, 1337, 1150 cm™'. HRMS (ESI+ve) m/z: [M+Na]*
calcd for C2sH36F3NOSiNa; 474.2410, found 474.2400.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-5-(3-fluorophenyl)-4-
methyl-3-(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3j): 0.2
mmol scale, (64 mg, 67%). White solid. Column chromatography: 1-3%
EA/H. ML.P.: 102-104 °C. 'H NMR (500 MHz, CDCl3) § 7.35 — 7.29 (m,
1H), 7.19-7.11 (m, 3H), 7.11 — 7.04 (m, 1H), 6.87 — 6.82 (m, 3H), 6.73
(d,/=9.2Hz, 1H), 5.01 (d, J=15.3 Hz, 1H), 4.10 (d, /= 15.3 Hz, 1H),
1.66 (s, 3H), 1.60 (d, /=143 Hz, 1H), 1.31 — 1.24 (m, 1H), 0.89 (s, 9H),
-0.01 (s, 3H), -0.06 (s, 3H). '3C NMR (126 MHz, CDCl3) § 174.0, 162.6
(d, J=248.1 Hz), 140.0, 136.5, 131.6 (d, /= 7.9 Hz), 130.3 (d, /= 8.4
Hz), 128.4, 127.6, 127.4, 125.6 (q, J = 284.6 Hz), 125.3, 116.6 (d, J =
22.1Hz),116.3 (d,J=20.9 Hz), 113.6, 57.1 (q, J=25.6 Hz), 44.7, 26.2,
16.7, 11.4, 10.7, -4.8, -5.6. ’F NMR (471 MHz, CDCl3) § -73.58, -
111.81 (m). IR (neat): 2926, 2856, 1710, 1358, 1158 cm’!. HRMS
(ESI+ve) m/z: [M+Na]" caled for Ca6H31F4NOSiNa; 500.2003, found
500.2017.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-5-(3-chlorophenyl)-4-

methyl-3-(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3k): 0.2
mmol scale, (60.3 mg, 61%). Clear oil. Column chromatography: 1-3%
EA/H. '"H NMR (500 MHz, CDCl3) 4 7.39 — 7.33 (m, 1H), 7.31 — 7.24
(m, 1H), 7.19 - 7.12 (m, 3H), 6.98 — 6.91 (m, 2H), 6.84 (dd, J=6.5,2.8
Hz, 2H), 5.01 (d, J = 15.4 Hz, 1H), 4.08 (d, /= 15.4 Hz, 1H), 1.66 (s,
3H), 1.64 — 1.57 (m, 1H), 1.28 (d, J = 14.4 Hz, 1H), 0.90 (s, 9H), 0.00
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(s, 3H), -0.05 (s, 3H). BC NMR (126 MHz, CDCl3) 8 174.0 (2C), 140.0,
136.5, 134.6, 131.3, 129.9, 129.6, 129.5, 128.4, 127.6, 125.6 (q, J =
285.9 Hz), 127.5, 113.7, 57.1 (q, J = 25.6 Hz), 44.7, 26.2, 16.7, 11.4,
10.7, -4.8, -5.6. ’F NMR (471 MHz, CDCl3) 6 -73.56. IR (neat): 2927,
2857, 1709, 1382, 1162 cm™. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C26H31F3CINOSiNa; 516.1707, found 516.1711.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-4-methyl-5-(p-tolyl)-3-
(trifluoromethyl)-1,3-dihydro-2 H-pyrrol-2-one (31): 0.2 mmol scale,
(79.5 mg, 84%). White solid. Column chromatography: 1-3% EA/H.
M.P.: 105-107 °C. "TH NMR (500 MHz, CDCl3)  7.18 — 7.12 (m, 5H),
6.98 — 6.93 (m, 2H), 6.90 — 6.85 (m, 2H), 4.93 (d, /= 15.3 Hz, 1H), 4.14
(d, J = 15.3 Hz, 1H), 2.38 (s, 3H), 1.65 (s, 3H), 1.58 (d, J = 13.8 Hz,
1H), 1.27 (d, J=13.8 Hz, 1H), 0.89 (s, 9H), -0.02 (s, 3H), -0.06 (s, 3H).
I3C NMR (126 MHz, CDCl3) 8 174.2, 141.4,139.2, 136.9, 129.4, 129.3,
128.3,127.6,127.2, 126.6, 125.7 (q, J = 284.84 Hz), 112.6, 57.0 (q, J =
25.5 Hz), 44.5, 26.2, 21.4, 16.7, 11.4, 10.7, -4.9, -5.7. F NMR (471
MHz, CDCIs) 6 -73.60. IR (neat): 2928, 2858, 1712, 1510, 1356, 1150
cm’!. HRMS (ESI+ve) m/z: [M+Na]" calecd for Cz7H34F3NOSiNa;
496.2253, found 496.2253.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-5-(4-methoxyphenyl)-
4-methyl-3 (trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3m):
0.2 mmol scale, (79.4 mg, 81%). White solid. Column chromatography:
1-3% EA/H. ML.P.: 106-108 °C. '"H NMR (500 MHz, CDCl3) & 7.18 —
7.12 (m, 3H), 7.01 — 6.96 (m, 2H), 6.91 — 6.83 (m, 4H),4.94 (d,/=15.3
Hz, 1H), 4.12 (d, J=15.3 Hz, 1H), 3.83 (s, 3H), 1.65 (s, 3H), 1.58 (d, J
=14.3 Hz, 1H), 1.27 (d, J = 14.3 Hz, 1H), 0.89 (s, 9H), -0.02 (s, 3H), -
0.06 (s, 3H). '3*C NMR (126 MHz, CDCl3) 6 174.1, 160.1, 141.0, 136.8,
130.7,128.2,127.5,127.1,125.6 (q, J=285.46 Hz), 121.6, 113.9, 112.5,
56.9 (q, J = 25.6 Hz), 55.3, 44.4, 26.1, 16.6, 11.3, 10.6, -5.0, -5.8. IF
NMR (471 MHz, CDCls) 6 -73.59. IR (neat): 2928, 2857, 1712, 1368,
1248, 1157 cm'. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C27H34F3NO;SiNa; 512.2203, found 512.2200.
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1-benzyl-3-((tert-butyldimethylsilyl)methyl)-5-(4-fluorophenyl)-4-
methyl-3-(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3n): 0.2
mmol scale, (71.5 mg, 75%). White solid. Column chromatography: 1-
3% EA/H. MLP.: 77-79 °C. '"H NMR (500 MHz, CDCls) § 7.17 — 7.12
(m, 3H), 7.05 - 6.98 (m, 4H), 6.87 — 6.81 (m, 2H), 4.99 (d, /= 15.3 Hz,
1H), 4.07 (d, J=15.3 Hz, 1H), 1.64 (s, 3H), 1.60 (d, J = 14.2 Hz, 1H),
1.27 (d, J= 14.2 Hz, 1H), 0.89 (s, 9H), -0.01 (s, 3H), -0.06 (s, 3H). 13C
NMR (126 MHz, CDCl3) 6 174.1, 163.1 (d, J = 249.8 Hz), 140.3, 136.6,
131.4 (d, J = 8.3 Hz), 128.4, 127.5, 127.4, 125.6 (q, J = 284.03 Hz),
125.6 (d, J= 3.5 Hz), 115.8 (d, J = 21.7 Hz), 113.3, 57.0 (q, J = 25.7
Hz), 44.6,26.2,16.7,11.4,10.6, -4.8,-5.6. ’F NMR (471 MHz, CDCl;3)
§-73.59,-111.15. IR (neat): 2924, 2859, 1709, 1358, 1252 cm!. HRMS
(ESI+ve) m/z: [M+Na]" caled for C2sH31F4sNOSiNa; 500.2000, found
500.1990.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-5-(4-chlorophenyl)-4-
methyl-3-(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (30): 0.2
mmol scale, (71.2 mg, 72%). White solid. Column chromatography: 1-
3% EA/H. MLP.: 84-86 °C. "TH NMR (500 MHz, CDCl3) 6 7.31 (d, J =
8.0 Hz, 2H), 7.19 — 7.12 (m, 3H), 6.97 (d, J = 8.0 Hz, 2H), 6.88 — 6.82
(m, 2H), 4.99 (d, J = 15.4 Hz, 1H), 4.07 (d, J = 15.4 Hz, 1H), 1.64 (s,
3H), 1.59 (d,J=14.3 Hz, 1H), 1.27 (d, J = 14.3 Hz, 1H), 0.89 (s, 9H), -
0.01 (s, 3H), -0.07 (s, 3H). 13C NMR (126 MHz, CDCl3) § 174.1 (2C),
140.2, 136.5, 135.4, 130.8, 128.9, 128.4, 128.0, 127.5, 127.4, 125.6 (q,
J=287.68 Hz), 113.5,57.1 (q,J=25.6 Hz), 44.6, 26.2, 16.7, 11.4, 10.6,
-4.8,-5.6. ’F NMR (471 MHz, CDCl3) 8 -73.56. IR (neat): 2928, 2858,
1716, 1361, 1151 cm™. HRMS (ESI+ve) m/z: [M+Na]" caled for
C26H31CIF3NOSiNa; 516.1707, found 516.1699.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-4-methyl-3-
(trifluoromethyl)-5-(4-(trifluoromethyl)phenyl)-1,3-dihydro-2 H-
pyrrol-2-one (3p): 0.2 mmol scale, (71.8 mg, 68%). White solid.
Column chromatography: 1-3% EA/H. M.P.: 83-85 °C. 'H NMR (500
MHz, CDCl3) & 7.59 (d, J = 7.9 Hz, 2H), 7.18 — 7.09 (m, 5H), 6.83 —
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6.78 (m, 2H), 5.04 (d, J = 15.4 Hz, 1H), 4.06 (d, J= 15.4 Hz, 1H), 1.66
(s, 3H), 1.65-1.58 (m, 1H), 1.32-1.26 (m, 1H), 0.90 (s, 9H), 0.01 (s, 3H),
-0.06 (s, 3H). BC NMR (126 MHz, CDCl3) § 174.0, 140.0, 136.3, 133 .4,
131.3 (q, J = 32.7 Hz), 129.9, 128.5, 127.9 (d, J = 230.75 Hz), 127.5,
125.60 (d, J=3.7 Hz), 125.60 (q, J = 286.1 Hz), 123.8 (q,.J = 275.5 Hz),
114.1,57.2 (q, J=25.7 Hz), 44.7, 26.2, 16.7, 11.4, 10.6, -4.8, -5.5. I°F
NMR (471 MHz, CDCls) & -62.89, -73.53. IR (neat): 2931, 2860, 1709,
1374, 1160 cm!. HRMS (ESI+ve) m/z: [M+Na]" caled for
C27H31F¢NOSiNa; 550.1971, found 550.1971.

4-(1-benzyl-4-((tert-butyldimethylsilyl)methyl)-3-methyl-5-oxo0-4-

(trifluoromethyl)-4,5-dihydro-1H-pyrrol-2-yl)benzyl acetate (3q):
0.2 mmol scale, (70.1 mg, 58%). Clear oil. Column chromatography: 5-
10% EA/H. '"H NMR (500 MHz, CDCl3) 8 7.35 — 7.30 (m, 2H), 7.20 —
7.10 (m, 3H), 7.09 — 7.04 (m, 2H), 6.87 — 6.82 (m, 2H), 5.12 (s, 2H),
4.96 (d, J=15.3 Hz, 1H), 4.11 (d, J=15.3 Hz, 1H), 2.14 (s, 3H), 1.66
(s, 3H), 1.59 (d, J = 14.3 Hz, 1H), 1.28 (d, J = 14.3 Hz, 1H), 0.89 (s,
9H), -0.01 (s, 3H), -0.06 (s, 3H). 3C NMR (126 MHz, CDCls) § 174.1,
170.8, 140.8, 137.2, 136.6, 129.7, 129.4, 128.3, 128.2, 127.5, 127.3,
125.6 (q, J = 286.4 Hz), 113.1, 65.7, 57.0 (q, J = 25.6 Hz), 44.6, 26.2,
21.0,16.7,11.4,10.7, -4.8, -5.7. ’F NMR (471 MHz, CDCl3) & -73.56.
IR (neat): 2930, 2859, 1730, 1717, 1374, 1160 cm™'. HRMS (ESI+ve)
m/z: [M+Na]" caled for C2oH36F3NO3SiNa; 554.2308, found 554.2311.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-4-methyl-5-(thiophen-

2-yl)-3-(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one  (3r): 0.2
mmol scale, (54.1 mg, 58%). White solid. Column chromatography: 1-
3% EA/H. M.P.: 104-106 °C. 'H NMR (500 MHz, CDCl3) 8 7.43 —7.39
(m, 1H), 7.21 — 7.14 (m, 3H), 7.05 — 6.99 (m, 1H), 6.97 — 6.91 (m, 2H),
6.81-6.77 (m, 1H), 5.03 (d, J=15.5 Hz, 1H), 4.24 (d, /= 15.5 Hz, 1H),
1.76 (s, 3H), 1.59 (d, J = 14.3 Hz, 1H), 1.28 (d, J = 14.3 Hz, 1H), 0.88
(s, 9H), -0.04 (s, 3H), -0.05 (s, 3H). 13C NMR (126 MHz, CDCls) &
173.6, 136.8, 134.7, 129.9, 129.0, 128.4, 128.0, 127.3 (2C), 125.5 (q, J
=285.76 Hz), 116.7, 57.2 (q, J = 25.7 Hz), 44.5, 26.2, 16.7, 11.7, 11.2,
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-4.9,-5.7. F NMR (471 MHz, CDCl;3) & -73.34. IR (neat): 2929, 2858,
1708, 1362, 1159 cm'. HRMS (ESI+ve) m/z: [M+Na]" caled for
C24H30F3NOSSiNa; 488.1661, found 488.1667.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-3,4-dimethyl-5-phenyl-
1,3-dihydro-2H-pyrrol-2-one (3t): 0.2 mmol scale, (23.6 mg, 29%).
Clear oil. Column chromatography: 1-3% EA/H. 'TH NMR (500 MHz,
CDCl3) 6 7.38 —7.28 (m, 3H), 7.17 — 7.09 (m, 3H), 7.09 — 7.03 (m, 2H),
6.90—-6.83 (m, 2H), 4.88 (d,J=15.2 Hz, 1H), 4.20 (d, /= 15.2 Hz, 1H),
1.61 (s, 3H), 1.33 (s, 3H), 1.26 (d, J = 14.6 Hz, 1H), 0.94 (d, J = 14.6
Hz, 1H), 0.85 (s, 9H), -0.05 (s, 3H), -0.11 (s, 3H). 3C NMR (126 MHz,
CDCI) 6 183.0, 138.0, 135.4, 130.8, 129.8, 128.5, 128.4, 128.2, 127.8,
127.0,121.3,49.4,44.2,27.6,26.4,19.3, 16.7, 9.4, -4.9, -5.5. IR (neat):
2953, 2880, 1703, 1367, 1340, 1247, 1137 cm’. HRMS (ESI+ve) m/z:
[M+H]" caled for C26H36NOSI; 406.2561, found 406.2558.

1-benzyl-4-methyl-5-phenyl-3-((triethylsilyl)methyl)-3-
(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3u): 0.2 mmol scale,
(70.8 mg, 77%). Clear oil. Column chromatography: 1-3% EA/H. H
NMR (500 MHz, CDCls3) 6 7.42 — 7.31 (m, 3H), 7.17 — 7.09 (m, 3H),
7.08 —7.01 (m, 2H), 6.87 — 6.80 (m, 2H), 4.94 (d, J=15.5 Hz, 1H), 4.13
(d, J=15.5Hz, 1H), 1.66 (s, 3H), 1.61 — 1.55 (m, 1H), 1.29 (d, J=14.9
Hz, 1H), 0.98 — 0.91 (m, 9H), 0.54 (m, 6H). *C NMR (126 MHz,
CDCl) 6 174.3, 141.1, 136.7, 129.6, 129.5, 129.2, 128.6, 128.3, 127.7,
127.2,125.7 (q, J =285.1 Hz), 113.1, 57.0 (q, J = 25.5 Hz), 44.6, 11.6,
10.6, 7.4, 3.9. F NMR (471 MHz, CDCl3) 6 -73.52. IR (neat): 2953,
2877, 1718, 1372, 1236, 1158 cm™'. HRMS (ESI+ve) m/z: [M+Na]"
caled for Co6H32F3NOSiNa; 482.2097, found 482.2094.

1-benzyl-4-methyl-5-phenyl-3-(trifluoromethyl)-3-

((tripropylsilyl)methyl)-1,3-dihydro-2H-pyrrol-2-one  (3v): 0.2
mmol scale, ( 75.2 mg, 75%). Clear oil. Column chromatography: 1-3%
EA/H. '"H NMR (500 MHz, CDCl3) 8 7.42 — 7.29 (m, 3H), 7.16 — 7.09
(m, 3H), 7.08 — 7.03 (m, 2H), 6.86 — 6.81 (m, 2H), 4.95 (d, J=15.2 Hz,
1H), 4.11 (d,J=15.2 Hz, 1H), 1.65 (s, 3H), 1.60 — 1.56 (m, 1H), 1.42 —
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1.26 (m, 7H), 0.94 (t, J = 7.2 Hz, 9H), 0.59 — 0.41 (m, 6H). 3C NMR
(126 MHz, CDCl3) & 174.3, 141.0, 136.8, 129.7, 129.5, 129.2, 128.5,
128.3, 127.6, 127.2, 125.7 (q J = 284.68 Hz), 113.0, 57.1 (q, J = 25.4
Hz), 44.5,18.7,17.4,15.8, 12.3, 10.6. 'F NMR (471 MHz, CDCl3) § -
73.56. IR (neat): 2954, 2868, 1718, 1372, 1222, 1158 cm™!. HRMS
(ESI+ve) m/z: [M+Na]" calcd for C29oH3sF3NOSiNa; 524.2566, found
524.2566.

1-benzyl-4-methyl-5-phenyl-3-((tributylsilyl)methyl)-3-
(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3w): 0.2 mmol
scale, ( 88 mg, 83%). Clear oil. Column chromatography: 1-3% EA/H.
TH NMR (500 MHz, CDCl3) 8 7.41 —7.30 (m, 3H), 7.16 — 7.09 (m, 3H),
7.07-7.01 (m, 2H), 6.86 — 6.80 (m, 2H), 4.98 (d, J=15.2 Hz, 1H), 4.08
(d, J=15.2 Hz, 1H), 1.65 (s, 3H), 1.61 — 1.56 (m, 1H), 1.36 — 1.19 (m,
13H), 0.93 — 0.83 (m, 9H), 0.60 — 0.45 (m, 6H). 3C NMR (126 MHz,
CDCl3) 6 174.3, 141.0, 136.8, 129.6, 129.5, 129.2, 128.5, 128.3, 127.6,
127.2,125.7 (q, J = 284.5 Hz), 113.0, 57.1 (q, J = 25.6 Hz), 44.5, 27.0,
26.9,26.0,13.8,12.7,12.4,10.6. YF NMR (471 MHz, CDCl3) 8 -73.50.
IR (neat): 2923, 2871, 1719, 1373, 1225, 1162 cm™'. HRMS (ESI+ve)
m/z: [M+Na]" caled for C3,Hs4F3NOSiNa; 566.3036, found 566.3029.

1-benzyl-4-methyl-5-phenyl-3-(trifluoromethyl)-3-
((triisopropylsilyl)methyl)-1,3-dihydro-2H-pyrrol-2-one (3x): 0.2
mmol scale, (61.3 mg, 61%). Clear oil. Column chromatography: 1-3%
EA/H. "H NMR (500 MHz, CDCls) § 7.41 — 7.30 (m, 3H), 7.16 — 7.10
(m, 3H), 7.07 - 7.02 (m, 2H), 6.87 — 6.82 (m, 2H), 4.93 (d, /= 15.2 Hz,
1H), 4.12 (d, /= 15.2 Hz, 1H), 1.72 (s, 3H), 1.67 (d, J = 14.9 Hz, 1H),
1.28 (d, J= 14.9 Hz, 1H), 1.12 — 1.05 (m, 21H). 3C NMR (126 MHz,
CDCl3) 6 174.4, 141.5, 136.8, 129.7, 129.6, 129.2, 128.6, 128.3, 127.7,
127.2,127.1,125.9 (q,J=284.9 Hz), 112.9, 57.3 (q, /= 24.8 Hz), 44.7,
19.0 (20), 11.8, 10.8, 8.9. F NMR (471 MHz, CDCl3) 6 -73.68. IR
(neat): 2943, 2867, 1718, 1371, 1211, 1158 cm™'. HRMS (ESI+ve) m/z:
[M+Na]" calcd for C29H33sF3NOSiNa; 524.2566, found 524.2577.
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1-benzyl-4-methyl-5-phenyl-3-((tribenzylsilyl)methyl)-3-
(trifluoromethyl)-1,3-dihydro-2 H-pyrrol-2-one (3y): 0.2 mmol scale,
(56.9 mg, 44%). White solid. Column chromatography: 1-3% EA/H.
M.P.: 70-72 °C. '"H NMR (500 MHz, CDCls) § 7.41 — 7.36 (m, 1H),
7.36 —7.31 (m, 2H), 7.23 (t, /= 7.5 Hz, 6H), 7.18 — 7.14 (m, 3H), 7.14
—7.09 (m, 3H), 7.05 (d, J=7.3 Hz, 2H), 6.99 (d, /= 7.5 Hz, 6H), 6.93
—6.89 (m,2H), 4.94 (d,J=15.2 Hz, 1H),4.33 (d,/J=15.2 Hz, 1H), 2.09
(s, 6H), 1.63 — 1.58 (m, 1H), 1.32 (s, 3H), 1.07 (d, J= 14.9 Hz, 1H). 13C
NMR (126 MHz, CDCl3) ¢ 174.5, 141.4, 138.4, 136.6, 129.4 (2C),
129.3,129.0, 128.7, 128.5, 128.5, 127.9, 127.5, 125.4 (q, J = 285.8 Hz),
124.7, 113.0, 57.0 (q, J = 25.6 Hz), 44.8, 21.2, 9.7, 8.9. F NMR (471
MHz, CDCl3) & -73.77. IR (neat): 2918, 2899, 2247, 1706, 1667, 1207
cm’!. HRMS (ESI+ve) m/z: [M+Na]" caled for CaH3sF3NOSiNa;
668.2566, found 668.2565.

1-benzyl-3-((benzyldimethylsilyl)methyl)-4-methyl-5-phenyl-3-
(trifluoromethyl)-1,3-dihydro-2 H-pyrrol-2-one (3z): 0.2 mmol scale,
( 63.2 mg, 64%). Yellowish oil. Column chromatography: 1-3% EA/H.
'TH NMR (500 MHz, CDCl3) 8 7.42 —7.32 (m, 3H), 7.26 — 7.19 (m, 2H),
7.16 —7.04 (m, 6H), 6.99 (d, J=7.4 Hz, 2H), 6.87 — 6.81 (m, 2H), 4.98
(d, J=15.3 Hz, 1H), 4.15 (d, J=15.3 Hz, 1H), 2.10 (dd, J=21.5, 13.6
Hz, 2H), 1.70 — 1.61 (m, 4H, (1H, CH> & 3H,CH3)), 1.34 (d, J = 14.3
Hz, 1H), 0.00 (s, 3H), -0.05 (s, 3H). 3C NMR (126 MHz, CDCl3) &
174.2 (2C), 141.3, 139.2, 136.6, 129.5, 129.4, 129.3, 128.9, 128.6,
128.4, 128.3 (2C), 127.6, 127.3, 125.5 (q, J = 285.1 Hz) 124.4, 112.9,
57.0 (q, J = 25.9 Hz), 44.6, 26.1, 15.1, 10.6, -2.5, -2.7. 'F NMR (471
MHz, CDCIls) 6 -73.54. IR (neat): 3057, 2924, 1715, 1513, 1372, 1160
cm’!. HRMS (ESI+ve) m/z: [M+Na]" calcd for Ca9H30F3NOSiNa;
516.1941, found 516.1934.

1-benzyl-3-((dimethyl(phenyl)silyl)methyl)-4-methyl-5-phenyl-3-

(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3aa): 0.2 mmol
scale, ( 71.7 mg, 77%). Clear oil. Column chromatography: 1-3% EA/H.
TH NMR (500 MHz, CDCl3) 8 7.56 — 7.48 (m, 2H), 7.40 — 7.28 (m, 6H),
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7.16 —7.08 (m, 3H), 6.99 (d, J= 7.3 Hz, 2H), 6.83 — 6.76 (m, 2H), 4.79
(d, J=15.4 Hz, 1H), 3.89 (d, J = 15.4 Hz, 1H), 1.85 (d, J = 14.5 Hz,
1H), 1.54 (d, J = 14.5 Hz, 1H), 1.48 (s, 3H), 0.34 (s, 3H), 0.32 (s, 3H).
BCNMR (126 MHz, CDCl3) § 173.9, 141.3,137.7, 136.8, 133.8, 129.5,
129.5, 129.4, 129.1, 128.5, 128.3, 127.8, 127.5, 127.2, 125.6 (q, J =
284.5 Hz), 112.6, 57.0 (q, J = 25.9 Hz), 44.4, 16.2, 10.5, -1.8, -2.1. I°F
NMR (471 MHz, CDCI3) 6 -73.54. IR (neat): 2955, 2925, 1715, 1373,
1160, 1112 cm!. HRMS (ESI+ve) m/z: [M+Na]" caled for
C28H28F3NOSiNa; 502.1784, found 502.1782.

1-benzyl-4-methyl-3-((methyldiphenylsilyl)methyl)-5-phenyl-3-
(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3ab): 0.2 mmol
scale, (68.3 mg, 63%). Yellowish oil. column Chromatography: 1-3%
EA/H. TH NMR (500 MHz, CDCl3) 8 7.64 — 7.55 (m, 2H), 7.54 — 7.49
(m, 2H), 7.43 — 7.23 (m, 9H), 7.12 — 7.05 (m, 3H), 6.89 — 6.84 (m, 2H),
6.77-6.71 (m, 2H), 4.61 (d,J=15.5 Hz, 1H), 3.68 (d, /= 15.5 Hz, 1H),
2.22 (d, J=14.5 Hz, 1H), 1.85 (d, J = 14.5 Hz, 1H), 1.37 (s, 3H), 0.60
(s, 3H). BC NMR (126 MHz, CDCls) 8 173.5, 141.4, 136.6, 136.2,
135.3, 134.7, 134.4, 129.6, 129.5, 129.3, 129.2, 129.0, 128.2, 128.1,
127.8, 127.7,127.2, 127.0, 125.5 (q, J = 283.5 Hz), 112.2, 56.8 (q, J =
25.7 Hz), 44.1, 14.6, 10.4, -3.8. ’F NMR (471 MHz, CDCls) § -73.46.
IR (neat): 3068, 2924, 1715,1428, 1239, 1152 cm’'. HRMS (ESI+ve)
m/z: [M+Na]" calcd for C33H30F3NOSiNa; 564.1941, found 564.1927.

1-benzyl-3-((tert-butyldiphenylsilyl)methyl)-4-methyl-5-phenyl-3-

(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3ac): 0.2 mmol
scale, ( 59.6 mg, 51%). Yellowish oil. Column chromatography: 1-3%
EA/H. "TH NMR (500 MHz, CDCI3) 6 7.74 (d, J= 7.1 Hz, 2H), 7.65 (d,
J=17.1 Hz, 2H), 7.48 — 7.32 (m, 4H), 7.31 — 7.20 (m, 3H), 7.19 - 7.11
(m, 2H), 7.11 = 7.01 (m, 3H), 6.65 (d, J="7.1 Hz, 2H), 6.52 (d,J=17.3
Hz, 2H), 4.45 (d, J=15.6 Hz, 1H), 3.34 (d, J=15.6 Hz, 1H), 2.27 (d, J
=14.9 Hz, 1H), 1.92 (d, J= 14.9 Hz, 1H), 1.27 (s, 3H), 1.02 (s, 9H). 13C
NMR (126 MHz, CDCl3) 6 173.9, 141.6, 137.3, 137.1, 136.7, 134.9,
133.6, 132.2, 129.6, 129.6, 129.5, 129.2, 128.8, 128.2, 127.9, 127.5,
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127.3,127.2,126.9,125.8 (q, J=286.0 Hz), 111.8,57.3 (q, /= 24.9 Hz),
44.3,27.7, 18.7, 10.6, 8.9. ’F NMR (471 MHz, CDCls) 6 -73.69. IR
(neat): 3058, 2929, 1714, 1373, 1243, 1158 cm’!. HRMS (ESI+ve) m/z:
[M+Na]" calcd for C36H3sF3NOSiNa; 606.2409, found 606.2409.

1-benzyl-4-methyl-5-phenyl-3-(trifluoromethyl)-3-
((triphenylsilyl)methyl)-1,3-dihydro-2H-pyrrol-2-one (3ad): 0.2
mmol scale, ( 70.1 mg, 58%). White solid. Column chromatography: 1-
3% EA/H. M.P.: 107-109 °C. 'TH NMR (500 MHz, CDCl3) 8 7.64 —7.57
(m, 6H), 7.42 —7.37 (m, 3H), 7.36 — 7.28 (m, 6H), 7.27 — 7.20 (m, 3H),
7.11 = 7.01 (m, 3H), 6.77 — 6.70 (m, 2H), 6.68 — 6.60 (m, 2H), 4.36 (d,
J=15.7Hz, 1H), 3.41 (d, J=15.7 Hz, 1H), 2.58 (d, /= 14.8 Hz, 1H),
2.16 (d, J= 14.8 Hz, 1H), 1.33 (s, 3H). 3C NMR (126 MHz, CDCl3) §
173.6, 141.8, 136.9, 136.2, 133.8, 129.8, 129.5, 129.3, 129.0, 128.3,
128.2,127.9,127.2,127.0, 126.9, 125.7 (q, J = 285.3 Hz), 124.6, 112.1,
57.5,57.3,57.2 (q,J=25.3 Hz), 57.1, 56.9, 44.2, 13.2, 10.9. YF NMR
(471 MHz, CDCIl3) 6 -73.59. IR (neat): 2924, 2859, 1709, 1428, 1371,
1158 cm!. HRMS (ESI+ve) m/z: [M+Na]* caled for C3sH32F3NOSiNa;
626.2097, found 626.2108.

1-benzyl-3-((1,1,1,3,3,3-hexamethyl-2-(trimethylsilyl)trisilan-2-
yl)methyl)-4-methyl-5-phenyl-3-(trifluoromethyl)-1,3-dihydro-2 H-
pyrrol-2-one (3ae): 0.2 mmol scale, ( 113.7 mg, 96%). Clear oil.
Column chromatography: 1-3% EA/H. "TH NMR (500 MHz, CDCl;3) &
7.40 —7.27 (m, 3H), 7.16 — 7.02 (m, 5H), 6.86 — 6.73 (m, 2H), 5.06 (d,
J=153 Hz, 1H), 4.07 (d, J=15.3 Hz, 1H), 1.85 (d, /= 14.6 Hz, 1H),
1.70 (s, 3H), 1.42 (d, J = 14.6 Hz, 1H). '3C NMR (126 MHz, CDCls) &
174.0, 141.6, 136.8, 129.9, 129.5, 129.1, 128.4, 128.2, 127.5, 127.2,
125.7(q,J=283.3 Hz), 112.9,58.4 (q,J=24.1 Hz), 44.7,10.7, 8.5, 1.7.
F NMR (471 MHz, CDCIl3) & -72.38. IR (neat): 2948, 2893, 1718,
1372, 1177 cm’'. HRMS (ESI+ve) m/z: [M-SiMes]" calcd for
C26H35F3NOSi3; 518.1973, found 518.1975.

1-benzyl-3-(((4-(dimethylsilyl)phenyl)dimethylsilyl)methyl)-4-
methyl-5-phenyl-3-(trifluoromethyl)-1,3-dihydro-2 H-pyrrol-2-one
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(3af): 0.2 mmol scale, (46.2 mg, 43%). Clear oil. Column
chromatography: 1-3% EA/H. "TH NMR (500 MHz, CDCl3) § 7.57 — 7.47
(m, 4H), 7.40 — 7.29 (m, 3H), 7.16 — 7.08 (m, 3H), 6.97 (d, /= 7.4 Hz,
2H), 6.83 — 6.75 (m, 2H), 4.76 (d, J=15.5 Hz, 1H), 4.46 —4.38 (m, 1H),
3.87(d,J=15.5Hz, 1H), 1.85 (d,J=14.5 Hz, 1H), 1.58 — 1.47 (m, 4H),
0.38 — 0.28 (m, 12H). 3C NMR (126 MHz, CDCl3) & 173.8, 141.3,
138.9, 138.7, 136.7, 133.4, 133.2, 129.5, 129.4, 129.2, 128.5, 128.3,
127.4, 127.2, 125.6 (q, J = 285.6), 112.6, 57.0 (q, J = 25.7 Hz), 44.4,
16.1, 10.6, -1.9, -2.1, -3.7. ’F NMR (471 MHz, CDCls) § -73.54. IR
(neat): 2957, 2954, 1717, 1379, 1240, 1158 cm™!. HRMS (ESI+ve) m/z:
[M+Na]" caled for C30H34F3NOSi;Na; 560.2023, found 560.2017.

1-benzyl-3-((diphenylsilyl)methyl)-4-methyl-5-phenyl-3-
(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (3ag): 0.2 mmol
scale, (49.5 mg, 46%). Viscous oil. Column chromatography: 1-3%
EA/H. TH NMR (500 MHz, CDCl3) 8 7.67 — 7.61 (m, 2H), 7.53 (d, J =
7.1 Hz, 2H), 7.46 — 7.38 (m, 4H), 7.37 — 7.32 (m, 3H), 7.32 — 7.27 (m,
2H), 7.16 — 7.08 (m, 3H), 6.89 (d, /= 7.4 Hz, 2H), 6.82 — 6.76 (m, 2H),
4.82—-4.76 (m, 1H),4.47 (d,J=15.6 Hz, 1H), 3.74 (d, J=15.6 Hz, 1H),
2.24 (dd, J=14.6,4.4 Hz, 1H), 1.90 (dd, J = 14.6, 4.4 Hz, 1H), 1.55 (s,
3H). 3C NMR (126 MHz, CDCl3) 6 173.5, 142.0, 136.9, 135.6, 135.0,
133.4, 132.3, 130.2, 130.1, 129.7, 129.3, 129.1, 128.3 (2C), 128.2,
128.1, 127.5, 127.1, 125.5 (d, J = 284.1 Hz), 111.8, 56.8 (q, J = 26.2
Hz), 44.1,13.3, 10.5. ’F NMR (471 MHz, CDCls) 6 -73.15. IR (neat):
2925, 2854, 1710, 1427, 1189, 1152 cm'. HRMS (ESI+ve) m/z:
[M+Na]" caled for C32H2sF3sNOSiNa; 550.1784, found 550.1779.

1-benzyl-3-((zert-butyldimethylsilyl)methyl)-4-methyl-5-(4-((((R)-
2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-
yDoxy)methyl)phenyl)-3-(trifluoromethyl)-1,3-dihydro-2 H-pyrrol-
2-one (3ah): 0.2 mmol scale, (33.4 mg, 37%). Clear oil. Column
chromatography: 1-3% EA/H. "TH NMR (500 MHz, CDCl3) & 7.50 —
7.44 (m, 2H), 7.18 = 7.13 (m, 3H), 7.13 — 7.08 (m, 2H), 6.92 — 6.87 (m,
2H), 4.96 (d, J=15.4 Hz, 1H), 4.72 (s, 2H), 4.16 (d, J = 15.4 Hz, 1H),
2.63 -2.56 (m, 2H), 2.21 (s, 3H), 2.18 — 2.14 (m, 3H), 2.11 (s, 3H), 1.88
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—1.73 (m, 2H), 1.68 (s, 3H), 1.63 — 1.00 (m, 26H), 0.92 — 0.80 (m, 21H),
-0.01 (s, 3H), -0.05 (s, 3H). BC NMR (126 MHz, CDCl3) 6 174.2, 148.2,
148.0, 141.1, 139.3, 136.8, 129.6, 128.9, 128.4, 127.9, 127.8, 127.6,
127.3,125.9, 125.7 (q, J = 285.9 Hz), 123.2, 117.8, 113.0, 75.0, 74.2,
57.0 (g, J =25.7 Hz), 44.6, 40.1, 39.5, 37.6 (2C), 37.5, 37.4, 32.9, 32.8,
31.4,29.8,28.1,26.3,24.9,24.5, 24.0,22.8,22.7,21.1,20.8, 19.9, 19.8,
16.7, 13.0, 12.1, 11.9, 11.4, 10.7, -4.8, -5.6. ’"F NMR (471 MHz,
CDCls) & -73.55. IR (neat): 2951, 2857, 1721, 1456, 1368, 1162 cm™'.
HRMS (ESI+ve) m/z: [M+Na]" calcd for CssHs2F3sNO3SiNa; 924.5908,
found 924.5906.

4-(1-benzyl-4-((tert-butyldimethylsilyl)methyl)-3-methyl-5-oxo0-4-
(trifluoromethyl)-4,5-dihydro-1H-pyrrol-2-yl)benzyl (25)-2-(4-
isobutylphenyl)propanoate (3ai): 0.2 mmol scale, (88.2 mg, 65%).
Clear oil. Column chromatography: 5-10% EA/H. 'H NMR (500 MHz,
CDCl3) 6 7.23-7.19 (m, 2H), 7.18 — 7.06 (m, 7H), 6.99 — 6.94 (m, 2H),
6.83 - 6.78 (m, 2H), 5.17 - 5.07 (m, 2H), 4.94 (d, J=15.3 Hz, 1H), 4.07
(d, J=15.3 Hz, 1H), 3.78 (q, /= 7.2 Hz, 1H), 2.44 (d, /= 7.2 Hz, 2H),
1.89 — 1.79 (m, 1H), 1.64 (s, 3H), 1.61 — 1.57 (m, 1H), 1.53 (d, J=7.2
Hz, 3H), 1.30 — 1.25 (m, 1H), 0.92 — 0.87 (m, 15H), -0.02 (s, 3H), -0.07
(s, 3H). BC NMR (126 MHz, CDCl3) 8 174.5, 174.1, 140.9, 140.8,
137.6, 137.5,137.4,136.6, 129.5 (2C), 129.2, 128.3, 127.6 (3C), 127.3,
127.3, 125.6 (q, J =286.2 Hz), 113.0, 65.6, 57.0 (q, J = 25.5 Hz), 45.2,
45.2,45.1,44.6,30.3,26.2,22.4,18.5,18.4,16.7,11.4, 10.7, -4.8, -5.6.
F NMR (471 MHz, CDCl3) & -73.59. IR (neat): 2928, 2860, 1719,
1668, 1464, 1373, 1160 cm™. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C40Hs0F3NO3SiNa [M+Na]" : 700.3404, found 700.3399.

4-(1-benzyl-4-((tert-butyldimethylsilyl)methyl)-3-methyl-5-ox0-4-

(trifluoromethyl)-4,5-dihydro-1H-pyrrol-2-yl)benzyl 3-(4,5-
diphenyloxazol-2-yl)propanoate (3aj): 0 .2 mmol scale, (61.3 mg,
40%). Clear oil. Column chromatography: 10-20% EA/H. 'TH NMR
(500 MHz, CDCl3) 6 7.65 — 7.60 (m, 2H), 7.58 — 7.53 (m, 2H), 7.38 —
7.27 (m, 8H), 7.15 - 7.10 (m, 3H), 7.01 — 6.95 (m, 2H), 6.86 — 6.79 (m,
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2H), 5.20 (s, 2H), 4.93 (d, J = 15.4 Hz, 1H), 4.06 (d, J = 15.4 Hz, 1H),
3.23 (t,J=17.4 Hz, 2H), 3.02 (t, J = 7.4 Hz, 2H), 1.65 — 1.56 (m, 4H),
1.30 — 1.26 (m, 1H), 0.89 (s, 9H), -0.02 (s, 3H), -0.08 (s, 3H). *C NMR
(126 MHz, CDCI3) ¢ 176.1, 174.1, 172.5 (2C), 171.9, 161.7, 145.6,
140.8, 137.0, 136.6, 135.2, 133.8, 133.4, 132.5, 129.7, 129.5, 129.4,
129.0, 129.0, 128.8, 128.7, 128.6, 128.3 (2C), 128.2, 127.9 (2C), 127.6,
127.3,126.5,125.6 (q,J=285.0 Hz), 113.1, 65.9, 57.0 (q, J=25.6 Hz),
44.6,31.2,26.2,23.6,16.7,11.4,10.7, -4.8, -5.6. ’F NMR (471 MHz,
CDCI3) 6 -73.56. IR (neat): 2926, 2858, 1715, 1672, 1374, 1206, 1157
cm’!. HRMS (ESI+ve) m/z: [M+Na]" caled for CasHa7F3N204SiNa;
787.3149, found 787.3149.

4-(1-benzyl-4-((tert-butyldimethylsilyl)methyl)-3-methyl-5-ox0-4-
(trifluoromethyl)-4,5-dihydro-1H-pyrrol-2-yl)benzyl 2-(11-oxo-
6,11-dihydrodibenzo[b,e]oxepin-2-yl)acetate (3ak): 0 .2 mmol scale,
(77 mg, 52%). Viscous gum. Column chromatography: 10-20% EA/H.
'TH NMR (500 MHz, CDCl3)  8.17 (s, 1H), 7.92 — 7.87 (m, 1H), 7.62 —
7.55 (m, 1H), 7.53 — 7.42 (m, 2H), 7.41 — 7.36 (m, 1H), 7.34 — 7.28 (m,
2H), 7.17 -7.08 (m, 3H), 7.08 — 7.03 (m, 3H), 6.85 — 6.80 (m, 2H), 5.19
(s, 2H), 5.18 (s, 2H), 4.96 (d, J = 15.3 Hz, 1H), 4.11 (d, J = 15.3 Hz,
1H), 3.74 (s, 2H), 1.66 (s, 3H), 1.64 — 1.60 (m, 1H), 1.32 - 1.25 (m, 1H),
0.90 (s, 9H), 0.00 (s, 3H), -0.05 (s, 3H). 13C NMR (126 MHz, CDCls) &
190.8, 174.1, 171.2, 160.6, 140.8, 140.4, 137.0, 136.6, 136.4, 135.6,
132.9, 132.6, 129.7, 129.5 (2C), 129.40 128.3, 128.1, 127.9, 127.6,
127.3, 125.6 (q, J = 285.0 Hz), 125.3, 121.2, 113.1, 73.7, 66.1, 57.0 (q,
J=25.4Hz),44.6,40.3,26.2,16.7,11.4,10.7, -4.8,-5.6. Y’F NMR (471
MHz, CDCI3) 9 -73.57. IR (neat): 3065, 2953, 2857, 1716, 1649, 1375,
1284, 1138 cm’'. HRMS (ESI+ve) m/z: [M+Na]" caled for
C43H44F3NOsSiNa; 762.2833, found 762.2817.

4-(1-benzyl-4-((tert-butyldimethylsilyl)methyl)-3-methyl-5-oxo0-4-

(trifluoromethyl)-4,5-dihydro-1H-pyrrol-2-yl)benzyl 5-(2,5-
dimethylphenoxy)-2,2-dimethylpentanoate (3al): 0.2 mmol scale, (65
mg, 45%). Clear oil. Column chromatography: 5-10% EA/H. 'TH NMR
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(500 MHz, CDCl3) 6 7.31 (d, J= 7.8 Hz, 2H), 7.16 — 7.09 (m, 3H), 7.04
(d, J=7.8 Hz, 2H), 7.02 — 6.97 (m, 1H), 6.86 — 6.80 (m, 2H), 6.69 —
6.63 (m, 1H), 6.59 (s, 1H), 5.13 (s, 2H), 4.96 (d, J = 15.3 Hz, 1H), 4.09
(d,J=15.3 Hz, 1H), 3.94 —3.87 (m, 2H), 2.30 (s, 3H), 2.15 (s, 3H), 1.82
—1.71 (m, 4H), 1.65 (s, 3H), 1.63 — 1.56 (m, 1H), 1.31 — 1.24 (m, 7H),
0.89 (s, 9H), -0.01 (s, 3H), -0.06 (s, 3H). 3C NMR (126 MHz, CDCl3)
o 177.5, 174.1, 157.0, 140.8, 137.6, 136.6 (2C), 130.4, 129.6, 129.3,
128.3, 127.8, 127.6, 127.3, 125.6 (q, J = 284.5 Hz), 123.6, 120.9, 113.1,
112.0,67.9,65.6,57.0 (q,J=25.6 Hz),44.6,42.3,37.2,26.2,25.3,25.2,
21.5,16.7,15.8,11.4,10.7, -4.8, -5.6. ’F NMR (471 MHz, CDCl3) & -
73.57. IR (neat): 2926, 2859, 1720, 1373, 1264, 1160 cm™!. HRMS
(ESI+ve) m/z: [M+Na]" calcd for C42Hs4F3NO4SiNa; 744.3666, found
744.3669.

4-(1-benzyl-4-((tert-butyldimethylsilyl)methyl)-3-methyl-5-oxo0-4-
(trifluoromethyl)-4,5-dihydro-1H-pyrrol-2-yl)benzyl (25)-2-(6-
methoxynaphthalen-2-yl)propanoate (3am): 0.2 mmol scale, (64.6
mg, 46%). Viscous gum. Column chromatography: 5-10% EA/H. 'H
NMR (500 MHz, CDCl3) 6 7.71 — 7.65 (m, 3H), 7.43 — 7.37 (m, 1H),
7.20 —7.05 (m, 7H), 6.98 — 6.92 (m, 2H), 6.80 — 6.75 (m, 2H), 5.13 (s,
2H), 4.92 (d, J = 15.4 Hz, 1H), 4.04 (d, /= 15.4 Hz, 1H), 3.98 — 3.89
(m, 4H), 1.64 — 1.57 (m, 7H), 1.29 — 1.25 (m, 1H), 0.89 (s, 9H), -0.03
(s, 3H), -0.08 (s, 3H). 13C NMR (126 MHz, CDCl3) 8 174.4, 174.1,
157.8, 140.8, 137.2, 136.6, 135.4, 135.4, 133.8, 129.5, 129.3, 129.2,
129.0, 128.3, 127.8 (2C), 127.6 (2C), 127.2, 126.3, 126.1, 125.6 (q, J =
283.3 Hz), 119.2, 113.0, 105.6, 65.8, 57.0 (q, J = 25.6 Hz), 55.3, 45.5
(20), 44.5,26.2, 18.6, 18.5, 16.7, 11.4, 10.6, -4.9, -5.7. ’'F NMR (471
MHz, CDCl3) & -73.59. IR (neat): 2928, 2859, 1709, 1373, 1219, 1159
cm’!. HRMS (ESI+ve) m/z: [M+Na]" calcd for Cs1HcF3NO4SiNa;
724.3040, found 724.3039.

1-benzyl-3-((tert-butyldimethylsilyl)methyl)-5-hydroxy-4-methyl-5-
phenyl-3-(trifluoromethyl)pyrrolidin-2-one (3a'): 0.2 mmol scale,
(55.4 mg, 58 %). Viscous oil. Column chromatography: 1-5% EA/H. '"H
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NMR (500 MHz, CDCIl3) ¢ 7.45 — 7.35 (m, 3H), 7.32 — 7.26 (m, 2H),
7.26—7.17 (m, 3H), 7.00 — 6.94 (m, 2H), 4.95 (d, /= 14.7 Hz, 1H), 3.83
(d, J=14.6 Hz, 1H), 2.67 (q, J=7.0 Hz, 1H), 1.95 (d, /= 1.2 Hz, 1H),
1.30(d,J=15.4 Hz, 1H), 1.10 (d, J=15.4 Hz, 1H), 0.94 (d, /= 7.0 Hz,
3H), 0.87 (s, 9H), 0.21 (s, 3H), 0.15 (s, 3H). '3C NMR (126 MHz,
CDCl3) 6 172.6, 140.4, 137.0, 129.0 (2C), 128.9, 128.8, 128.2, 126.5,
124.8 (q, J = 282.6 Hz), 92.6, 53.43 (q, J = 24.9 Hz), 47.7, 43.9, 26.5,
17.3,12.6,7.52, -4.73 (2C), -4.80 (2C). °F NMR (471 MHz, CDCl3) &
-71.90. IR (neat): 3419, 2953, 2856, 1682, 1408, 1359, 1215, 1175 cm™
I, HRMS (ESI+ve) m/z: [M+Na]" caled for CysH34F3NO,SiNa;
500.2203, found 500.2185.

3.9.9 General procedure for the germylation of 3-aza-1,5-dienes

To an oven-dried 10 mL Schlenk tube equipped with a magnetic stir
bar were added 3-aza-1,5-dienes 1 (0.2 mmol), hydrogermane 4 (0.3
mmol, 1.5 equiv. for 4a, or 0.4 mmol, 2 equiv. for 4b/4c), 1 mol%
4DPAIPN (1.6 mg, 0.002 mmol), 1.5 equivalent of hydrogen atom
transfer reagent (HATR) (0.3 mmol, 117.7 mg) and 100 mg 4A
molecular sieves (powder and heat gun dried). The reaction tube was
sealed and placed under an argon atmosphere, then 1 mL a,0,a-
trifluorotoluene (dried over 4A granules molecular sieves) was added
via syringe, the reaction mixture was then degassed via freeze pump
thaw (x 3 times) and refilled with argon. The sealed reaction tube was
then placed inside the aluminium block fitted with blue LEDs (A =455
nm) and irradiated for 1 hour. After the reaction was completed, the
mixture was filtered using dichloromethane and then evaporated under
reduced pressure. The crude product was then purified by flash column
chromatography on silica gel (mesh 100-200) using a gradient elution
with hexane/ethyl acetate (50:1 to 5:1), which yielded the germylation
product 5.

3.9.10 Characterization data of 5a-5aj and 6
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1-benzyl-4-methyl-5-phenyl-3-(trifluoromethyl)-3-
((triphenylgermyl)methyl)-1,3-dihydro-2H-pyrrol-2-one (5a): 0.2
mmol scale, (127.1 mg, 98%). White Solid. Column Chromatography:
1-5% EA/H. MLP.: 120-122 °C. '"H NMR (500 MHz, CDCl3) § 7.57 —
7.50 (m, 6H), 7.40 — 7.18 (m, 12H), 7.09 — 6.99 (m, 3H), 6.70 — 6.62 (m,
4H), 4.39 (d, J=15.6 Hz, 1H), 3.31 (d, /= 15.6 Hz, 1H), 2.61 (d, J =
13.7 Hz, 1H), 2.23 (d, J = 13.7 Hz, 1H), 1.43 (s, 3H). 13C NMR (126
MHz, CDCI3) 6 173.6, 141.9, 136.9, 136.0, 135.3, 129.5, 129.2 (2C),
129.0, 128.3,128.2, 128.1, 127.2, 127.0, 125.7 (q, J = 285.6 Hz), 112.0,
57.5(q,J=25.3 Hz), 44.1, 13.8, 10.8. ’F NMR (471 MHz, CDCl3) § -
73.2. IR (neat): 2922, 2858, 1704, 1432, 1377, 1152 cm’'. HRMS
(ESI+ve) m/z: [M+Na]" calcd for C3sH3.FsNOGeNa; 672.1539, found
672.1541.

1-benzyl-4-methyl-5-(p-tolyl)-3-(trifluoromethyl)-3-
((triphenylgermyl)methyl)-1,3-dihydro-2 H-pyrrol-2-one (Sb): 0.2
mmol scale, (114 mg, 86%). White solid. Column chromatography: 1-
5% EA/H. M.P.: 141-143 °C. 'TH NMR (500 MHz, CDCl3) § 7.57 - 7.51
(m, 6H), 7.42 —7.31 (m, 9H), 7.12 - 7.01 (m, 5H), 6.72 — 6.67 (m, 2H),
6.58 (d,J=7.7Hz, 2H), 4.32 (d, J=15.7 Hz, 1H), 3.33 (d, J=15.7 Hz,
1H), 2.60 (d, J=13.8 Hz, 1H), 2.34 (s, 3H), 2.23 (d, /= 13.8 Hz, 1H),
1.44 (s, 3H). 3C NMR (126 MHz, CDCl3) 6 173.6, 142.0, 138.9, 137.0,
136.0,135.3,129.4,129.2,128.8, 128.2 (2C), 127.1,126.9, 126.1, 125.7
(q, J = 286.2 Hz), 111.6, 57.4 (q, J = 25.2 Hz), 44.0, 21.4, 13.8, 10.8.
F NMR (471 MHz, CDCl3) & -73.23. IR (neat): 2924, 2859, 1718,
1430, 1351, 1160 cm™'. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C39H34F3NOGeNa; 686.1696, found 686.1697.

1-benzyl-5-(4-fluorophenyl)-4-methyl-3-(trifluoromethyl)-3-

((triphenylgermyl)methyl)-1,3-dihydro-2H-pyrrol-2-one (5c): 0.2
mmol scale, (117.3 mg, 88%). White solid. Column chromatography: 1-
5% EA/H. M.P.: 152-154 °C. "TH NMR (500 MHz, CDCl3) 6 7.56 — 7.51
(m, 6H), 7.43 — 7.32 (m, 9H), 7.13 — 7.03 (m, 3H), 6.90 (t, J = 8.6 Hz,
2H), 6.69 — 6.63 (m, 2H), 6.63 — 6.57 (m, 2H), 4.45 (d, J=15.7 Hz, 1H),
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3.25 (d, J = 15.7 Hz, 1H), 2.61 (d, J= 13.8 Hz, 1H), 2.23 (d, J = 13.8
Hz, 1H), 1.42 (s, 3H). 1*C NMR (126 MHz, CDCl3) § 173.5, 162.9 (d,
J=249.7 Hz), 140.9, 136.7, 136.0, 135.2, 131.5 (d, J = 8.3 Hz), 129.3,
128.3 (2C), 127.1 (2C), 125.6 (q, J = 286.38 Hz), 125.1 (d, J = 3.5 Hz),
115.3 (d, J=21.7 Hz), 112.4, 57.5 (q, J= 25.3 Hz), 44.1, 13.7, 10.8. 1°F
NMR (471 MHz, CDCls) & -73.23, -111.44. IR (neat): 2945, 2862,
1706, 1433, 1221, 1153 cm™'. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C1sH31FaNOGeNa; 690.1445, found 690.1445.

1-benzyl-5-(4-bromophenyl)-4-methyl-3-(trifluoromethyl)-3-
((triphenylgermyl)methyl)-1,3-dihydro-2 H-pyrrol-2-one (5d): 0.2
mmol scale, (87.3 mg, 60%). White solid. Column chromatography: 1-
5% EA/H. M.P.: 152-154 °C. 'TH NMR (500 MHz, CDCl3) § 7.56 — 7.49
(m, 6H), 7.41 — 7.31 (m, 9H), 7.18 (d, /= 8.1 Hz, 1H), 7.13 — 7.03 (m,
3H), 6.67 (d, J= 7.1 Hz, 2H), 6.55 (d, /= 8.1 Hz, 1H), 6.48 (d, J= 8.1
Hz, 1H), 4.44 (d, /= 15.8 Hz, 1H), 3.25 (d, /= 15.8 Hz, 1H), 2.61 (d, J
=13.9 Hz, 1H), 2.23 (d, J= 13.9 Hz, 1H), 1.43 (s, 3H). 13C NMR (126
MHz, CDCIl3) 6 173.5, 140.9, 136.6, 136.0, 135.2, 131.4, 131.1, 130.9,
129.3,128.4,128.3,127.2,127.1, 125.6 (q, J = 285.4 Hz), 123.3, 112.6,
57.6 (q,J=25.3 Hz), 44.2, 13.6, 10.8. '”F NMR (471 MHz, CDCl3) & -
73.22. IR (neat): 2922, 2865, 2360, 1709, 1430, 1158, 1056 cm™.
HRMS (ESI+ve) m/z: [M+Na]® caled for CssH3iBrFsNOGeNa;
750.0645, found 750.0634.

1-benzyl-5-(3-chlorophenyl)-4-methyl-3-(trifluoromethyl)-3-

((triphenylgermyl)methyl)-1,3-dihydro-2H-pyrrol-2-one (5e): 0.2
mmol scale, (105.2 mg, 77%). White solid. Column chromatography: 1-
5% EA/H. M.P.: 136-138 °C. 'TH NMR (500 MHz, CDCl3) § 7.56 — 7.51
(m, 6H), 7.41 —7.32 (m, 9H), 7.21 — 7.16 (m, 2H), 7.13 — 7.04 (m, 3H),
6.70 — 6.65 (m, 2H), 6.57 — 6.53 (m, 2H), 4.44 (d, J=15.7 Hz, 1H), 3.25
(d, J=15.7 Hz, 1H), 2.61 (d, J = 13.8 Hz, 1H), 2.23 (d, J = 13.9 Hz,
1H), 1.43 (s, 3H). 13C NMR (126 MHz, CDCl3) 8 173.5, 140.8, 136.7,
136.0, 135.2, 135.1, 130.9, 129.3, 128.4, 128.3 (2C), 127.6, 127.2,
127.1, 125.6 (q, J = 286.4 Hz), 112.6, 57.6 (q, J = 25.3 Hz), 44.2, 13.6,
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10.8. YF NMR (471 MHz, CDCls) & -73.22. IR (neat): 2922, 2858,
1709, 1430, 1377, 1162 cm’. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C3sH31CIF3NOGeNa; 706.1150, found 706.1146.

1-benzyl-4,5-diphenyl-3-(trifluoromethyl)-3-
((triphenylgermyl)methyl)-1,3-dihydro-2H-pyrrol-2-one (5f): 0.2
mmol scale, (130.7 mg, 92%). White solid. Column chromatography: 1-
5% EA/H. M.P.: 189-191 °C. 'H NMR (500 MHz, CDCl3) § 7.67 — 7.59
(m, 6H), 7.43 —7.33 (m, 9H), 7.26 — 7.13 (m, 4H), 7.14 — 7.07 (m, 1H),
7.08 — 7.01 (m, 2H), 7.02 — 6.95 (m, 2H), 6.93 — 6.87 (m, 4H), 6.71 —
6.65 (m, 2H), 4.15 (d, J=15.9 Hz, 1H), 3.11 (d, J=15.9 Hz, 1H), 2.62
(d, J=14.0 Hz, 1H), 2.39 (d, J = 14.0 Hz, 1H). 3C NMR (126 MHz,
CDCl3) 6 174.3, 145.2, 137.1, 136.1, 135.6, 132.9, 130.9, 129.8, 129.3,
128.9 (2C), 128.6, 128.3, 128.1, 127.9, 127.3, 127.1, 126.6, 125.3 (q, J
= 286.5 Hz), 116.1, 59.3 (q, J = 24.7 Hz), 44.5, 13.0. ’F NMR (471
MHz, CDCl3) § -72.67. IR (neat): 2925, 2862, 1712, 1426, 1374, 1156
cm’!. HRMS (ESI+ve) m/z: [M+Na]" calcd for Cs3H34F3NOGeNa;
734.1696, found 734.1691.

1-benzyl-4-methyl-5-phenyl-3-((triethylgermyl)methyl)-3-

(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (5g): 0.2 mmol scale,
(89.8 mg, 89%). Clear oil. Column chromatography: 1-5% EA/H. 'H
NMR (500 MHz, CDCls) 6 7.40 — 7.31 (m, 3H), 7.15 — 7.10 (m, 3H),
7.07 —7.02 (m, 2H), 6.85 — 6.80 (m, 2H), 4.97 (d, J=15.3 Hz, 1H), 4.11
(d, J=15.3 Hz, 1H), 1.69 (d, J = 13.5 Hz, 1H), 1.66 (s, 3H), 1.40 (d, J
=13.5 Hz, 1H), 1.02 (t,J = 7.9 Hz, 9H), 0.82 — 0.69 (m, 6H). 3C NMR
(126 MHz, CDCI3) & 174.4, 141.0, 136.7, 129.6, 129.5, 129.2, 128.6,
128.3, 127.6, 127.2, 125.7 (q, J = 284.8 Hz), 113.1, 57.5 (q, J = 25.5
Hz), 44.5, 11.6, 10.5, 8.9, 4.7. ’F NMR (471 MHz, CDCl3) & -73.16.
IR (neat): 2949, 2872, 1717, 1428, 1372, 1160 cm™'. HRMS (ESI+ve)
m/z: [M+Na]" caled for C26H32FsNOGeNa; 528.1539, found 528.1539.

1-benzyl-4-methyl-5-phenyl-3-((tributylgermyl)methyl)-3-
(trifluoromethyl)-1,3-dihydro-2H-pyrrol-2-one (5h): 0.2 mmol scale,
(88.6 mg, 88%). Clear oil. Column chromatography: 1-5% EA/H. 'H
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NMR (500 MHz, CDCIl3) ¢ 7.39 — 7.30 (m, 3H), 7.15 — 7.09 (m, 3H),
7.07—7.02 (m, 2H), 6.85 — 6.80 (m, 2H), 4.98 (d, /= 15.3 Hz, 1H), 4.08
(d, J=15.3 Hz, 1H), 1.69 (d, J = 13.5 Hz, 1H), 1.65 (s, 3H), 1.39 (d, J
=13.5 Hz, 1H), 1.36 — 1.27 (m, 12H), 0.92 — 0.85 (m, 9H), 0.79 — 0.67
(m, 6H). 13C NMR (126 MHz, CDCl3) & 174.3, 141.0, 136.8, 129.6,
129.5,129.2,128.5, 128.3, 127.6, 127.2, 125.8 (q, J = 284.7 Hz), 113.1,
57.6 (q, J = 25.5 Hz), 44.5, 27.3, 26.7, 13.8, 13.2, 12.4, 10.5. F
NMR(471 MHz, CDCl3) 6 -73.16. IR (neat): 2923, 2870, 1719, 1430,
1372, 1161 cm’'. HRMS (ESI+ve) m/z: [M+Na]" caled for
C32HaaF3NOGeNa; 612.2478 found 612.2475.

1-benzyl-4-methyl-5-(thiophen-2-yl)-3-(trifluoromethyl)-3-
((triphenylgermyl)methyl)-1,3-dihydro-2H-pyrrol-2-one (5i): 0.2
mmol scale, (99.5 mg, 76%). White solid. Column chromatography: 1-
5% EA/H. M.P.: 162-164 °C. 'TH NMR (500 MHz, CDCl3) 8 7.57 — 7.52
(m, 6H), 7.42 —7.31 (m, 10H), 7.12 - 7.06 (m, 3H), 6.95 — 6.90 (m, 1H),
6.77—-6.70 (m, 2H), 6.56 — 6.51 (m, 1H), 4.33 (d,J=15.9 Hz, 1H), 3.36
(d, J=15.9 Hz, 1H), 2.57 (d, J = 13.8 Hz, 1H), 2.23 (d, J = 13.8 Hz,
1H), 1.54 (s, 3H). 13C NMR (126 MHz, CDCl3) 8 172.9, 136.9, 135.8,
135.5, 135.3, 130.0, 129.3, 128.8, 128.3 (2C), 127.8, 127.0, 126.9,
126.8, 125.5 (q, J =285.7 Hz), 115.3, 57.7 (q, J = 25.4 Hz), 43.8, 13.8,
11.3. PF NMR (471 MHz, CDCIs) & -73.09. IR (neat): 2923, 2857,
1712, 1430, 1216, 1156 cm™. HRMS (ESI+ve) m/z: [M+Na]" calcd for
C36H30F3NOSGeNa; 678.1104 found 678.1086.

4-(1-benzyl-4-((tert-butyldimethylsilyl)methyl)-3-methyl-5-oxo0-4-

(trifluoromethyl)-4,5-dihydro-1H-pyrrol-2-yl)benzyl (25)-2-(6-
methoxynaphthalen-2-yl)propanoate (5j): 0.2 mmol scale, (112.3 mg,
63%).Viscous gum. Column chromatography: 5-10% EA/H. 'TH NMR
(500 MHz, CDCl3) 6 7.73 — 7.66 (m, 3H), 7.54 — 7.49 (m, 6H), 7.44 —
7.37 (m, 1H), 7.40 — 7.29 (m, 9H), 7.17 — 7.08 (m, 2H), 7.08 — 6.97 (m,
5H), 6.63 — 6.57 (m, 2H), 6.59 — 6.53 (m, 2H), 5.14 — 5.05 (m, 2H), 4.36
(d, J=15.7 Hz, 1H), 3.94 (q, /= 7.3 Hz, 1H), 3.90 (d, /= 3.4 Hz, 3H),
3.24 (dd, J=15.7, 4.2 Hz, 1H), 2.59 (d, J=13.8 Hz, 1H), 2.22 (d, J =
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13.8 Hz, 1H), 1.62 (d, J = 7.3 Hz, 3H), 1.40 (s, 3H). 3C NMR (126
MHz, CDCls) 6 174.4, 173.5, 157.8, 141.4, 137.0, 136.7, 136.0, 135.5
(2C), 135.3, 133.8, 129.6, 129.3, 129.3, 129.0, 128.8, 128.3, 128.2,
127.3 (2C), 127.2, 127.0, 126.3, 126.1 (2C), 125.6 (q, J = 285.6 Hz),
119.2, 112.2, 105.7, 65.8, 57.54 (q, J = 25.3 Hz), 55.4, 45.6 (2C), 44.0,
18.66 (2C), 13.79, 10.85. ’F NMR (471 MHz, CDCl3) & -73.21. IR
(neat): 2934, 2859, 1715, 1606, 1485, 1376, 1265 cm’'. HRMS
(ESI+ve) m/z: [M+Na]" calcd for Cs3HasF3NOsGeNa; 914.2482 found
914.2469.

N-(2,2-diphenylvinyl)-N,4-dimethylbenzenesulfonamide (6):/%%
White solid (92.9 mg, 85% yield); 15-20% EA/H. TH NMR (500 MHz,
CDCl3) 6 7.71 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 7.9 Hz, 2H), 7.28-7.16
(m, 6H), 7.13-7.08 (m, 2H), 6.87-6.82 (m, 3H), 2.56 (s, 3H), 2.48 (s,
3H); 3C NMR (126 MHz, CDCI3) § 144.0, 141.3, 138.4, 134.9, 132.6,
130.3, 130.0, 128.3,128.3, 128.0, 127.8, 127.6, 127.4, 126.0, 36.6, 21.8;
IR (neat): 2921, 2362, 1612, 1345, 2257 cm™.

3.9.11 Procedure for scale-up silylation of 3-aza-1,5-dienes

To an oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar
were added N-benzyl-N-(1-phenylprop-1-en-1-yl)-2-
(trifluoromethyl)acrylamide 1a (2 mmol, 690.7 mg), ‘BuMe,SiH 2a (6
mmol, 1 mL), 1 mol% 4DPAIPN (15.9 mg, 0.02 mmol), 1.5 equivalent
of hydrogen atom transfer reagent (HATR) (3 mmol, 1.1767 g)and 1 g
4A molecular sieves (powder and heat gun dried). The reaction tube was
sealed and placed under an argon atmosphere. Then, 10 mL of a,a,0-
trifluorotoluene (dried over 4 A granules of molecular sieves) was added
via syringe. The reaction mixture was then degassed via freeze-pump-
thaw (three times) and refilled with argon. The sealed reaction tube was
then placed inside the aluminium block, fitted with blue LEDs (A = 455
nm), and irradiated for 3 hours. After the reaction was completed, the
mixture was filtered using dichloromethane and then evaporated under
reduced pressure. The crude product was then purified by flash column

chromatography on silica gel (mesh 100-200) using a gradient elution
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with hexane/ethyl acetate (50:1 to 30:1), which gave the silylation
product 3a as a white solid in 78% yield (717.3 mg).

3.9.12 Stern-Volmer fluorescence quenching experiments

A 2.0x10* M stock solution was prepared by dissolving 2.4 mg
4DPAIPN photocatalyst in 15 mL of spectroscopic grade acetonitrile.
The quenching experiment was performed by taking an appropriate
volume of 4DPAIPN photocatalyst from the stock solution, along with
different concentrations of the quencher. The Emission intensity was

observed at 536 nm with an excitation wavelength of 360 nm.

1.0x10° 4 PC (0.1 mM)
PC (0.1 mM) + 1a (2.5 mM)
PC (0.1 mM) + 1a (5 mM)

8.0x10° PC (0.1 mM) + 1a (7.5 mM)
PC (0.1 mM) + 1a (10 mM)

_
D 6.0x10°
<
N
2
= 5 ]
Z  4.0x10
2
=i
S
2.0x10°
0.0
T T T T T T T T T T T
450 500 550 600 650 700

Wavelength (nm)
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Figure 3.3 Fluorescence quenching and Stern-Volmer plot of 4DPAIPN

vs 1a
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Figure 3.5 Fluorescence quenching and Stern-Volmer plot of 4DPAIPN

vs 4a

3.9.13 Determination of quantum yield/**>/

Sample preparation: Following previously reported procedures. A

potassium ferrioxalate solution (0.15 M) was prepared by dissolving
2.21 g of potassium ferrioxalate trihydrate in 30 mL H>SO4 (0.05 M). A
buffer solution was prepared by dissolving 50 mg of phenanthroline and
11.25 g sodium acetate in 50 mL H2SO4 (0.5 M). Both solutions were
stored in the dark and wrapped with aluminium foil.

A 10 mL reaction tube was covered with black electric tape and wrapped
with aluminium foil except for a small window at the bottom for
irradiation. Then the reaction tube was charged with 5 mL ferrioxalate
solution and irradiated for 10 seconds. This solution was treated with
0.875 mL buffered phenanthroline solution. After irradiation, the
reaction tube was completely covered with aluminium foil and kept on
stirring for 1 hour in dark conditions so that the ferrous ion could
completely coordinate with phenanthroline. The absorbance of resulting
solutions was measured on HORIBA FLUOROMAX PLUS_ C modal
at 510 nm. A non-irradiated solution was also prepared, and absorbance

was measured at 510 nm.
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The conversion of ferrioxalate was calculated as:

VXAA _ 0.005875 L><(2.14-5301—1.960492) _
Ixe 1¢cmx11100 L mol~tcm~1 o

Mol Fe*" = 9.59101694 x

1078 mol

Where V' is the total volume (0.005875 L) of the solution after the
addition of phenanthroline solution, AA is the difference in absorbance
between irradiated and non-irradiated solutions at 510 nm, / is the path

length (1.0 cm) and ¢ is the molar absorptivity at 510 nm.

The photo-flux was calculated as:

IFe?* 9.59101694x1078
Photon flux = 2—— = =9.50955596 X
DXEXS 1.01%10%0.9985

10~° einstein sec™!

Where ¢ is the quantum yield for the ferrioxalate actinometer (1.01 for
0.15 M solution), t is the time, 10 seconds and f'is the fraction of light
absorbed by the ferrioxalate actinometer solution at A = 450 nm.

Absorbance at A =436 nm by ferrioxalate actinometer is A = 2.847874.

So, the fraction of light absorbed (f) by the ferrioxalate actinometer at

436 nm 1is as:
f=1-10"4 = 1 —107284787% = 09985

The gquantum vield was calculated as:

The parent reaction was performed in a 10 mL reaction tube with the
standard reaction condition at 0.2 mmol scale for 10 minutes, which

gave 72% yield of 3a.

mol product _ 0.2x0.72x 1073

= = = 25.23
fluxxtx f  9.50955596 x 10~ x 600 x 1

Where ¢ is the quantum yield of the reaction, t is the reaction time (600

seconds).

211



3.10 Selected NMR spectra
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Figure 3.10.1 '"H NMR of N-aminopyridinium salt (HATR) in [CDCls,
500 MHz]
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Figure 3.10.2 '3C NMR of N-aminopyridinium salt (HATR) in [CDCls,
126 MHz]
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Figure 3.10.34 '°F NMR spectra of 3ab [CDCl3, 471 MHz]
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Chapter 4

Organophotocatalytic Regioselective Silylation/Germylation and
Cascade Cyclization of 1,7-Dienes: Access to Silylated/Germylated

Benzazepine Derivatives

4.1 Introduction

Benzazepine, a notable class of seven-membered heterocycles and it is
a privileged structural motif in numerous natural bioactive molecules
which exhibits different medicinal properties (e.g., benazepril,
varenicline, and fenoldopam).//¥/ The selected examples (Figure 4.1) of
benzazepines demonstrate distinctive bioactive and pharmacological
characteristics, including antitumor, anticancer, and enzyme inhibitory
effects, among others.>/?/ Consequently, the effective synthesis of
benzazepine scaffolds has garnered significant interest from organic

chemists and pharmacologists./”>//

____________________________________________________________________

HO,C

Anticancer agent Antitumor agent BK channel opening activity
EtO,C

|\
O PH
J o

HO,C
Benazepril ACE inhibitor

Figure 4.1 Representative examples of bioactive molecules containing

a benzazepine scaffold

Owing to the distinct physicochemical characteristics of the silyl and
germyl functionalities,/’%?% the integration of these functionalities into
heterocycles, such as the benzazepine scaffold, could offer the

advantage of their combined inherent properties to the final compound,
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which would provide an ideal design for investigating its

pharmacological activity.
4.2 Literature reports on construction of benzazepine scaffolds

The benzazepine scaffold can be constructed using several strategies,
including rearrangements,/”*?”/ transition metal-mediated coupling
reactions,’??43% ring-closing metathesis,’*’*¥/ radical additions,***"/
and others./””*) Among these methods, benzazepines are most
effectively synthesized via radical cascade reaction because of its
efficiency and practicality. In 2015 Shi’s group disclosed an efficient
approach for the synthesis of trifluoromethyl-containing polycyclic
benzazepine  derivatives  from  acrylamides  tethered  to
alkylidenecyclopropanes using copper or iron salts as catalysts under

thermal conditions (Scheme 4.1a)./5%

(a) Copper or iron-catalyzed trifluoromethylation of acrylamide-tethered
alkylidenecyclopropanes

Cu or Fe salt
Togni-CF;
—_—

Solvent
60-80 °C R
6-12 h L0
when R = OMe
R! =H, alkyl/aryl, R?> = alkyl/Ts 27 examples, 34-85% yields
(b) NHC-catalyzed benzazepine synthesis ~ _______________
WA )
NHC (20 mol%) FG ipr

Cs,CO0; (1.5 equiv.)

— : S N
R PhCI, Ar Mei> oo
Q N Me 80°C,48h Mo . ©

ClO4 pr

Me FG | 0
FG¢" B R _NHC catalyst
R = Ts/Ms/alkyl 30 examples, 30-93% yields

Scheme 4.1 Metal and NHC-catalyzed benzazepine synthesis under

thermal conditions
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(a) Decarboxylative alkyl radical addition cascade for synthesis of benzazepines

1 0 Ar
R 0 Ir(ppy),(dtbbpy)PF¢ 2
N . Pyridine, H,0 = R
| T R0 > FG
CH3CN, rt.
Ar , .
R Overnight
FG A
Blue LEDs R!
R! = alkyl, R* = alkyl R'=NPhth 24 examples, 31-83% yields

(b) Acrylamide-tethered alkylidenecyclopropanes to polycyclic benzazepines

(¢}
R% Rl Jfac-Ir(ppy); (2 mol%)
N RCO,H (4 equiv.)

PhI(OAc), (2 equiv.)

FG DMEF, 1t., 24 h
Blue LEDs
R = alkyl, R! = alkyl/aryl, R? = alkyl 24 examples, 67-92% yields

(c) a-Brominated amide-tethered alkylidenecyclopropanes to benzazepines
o R!

VA JK(Rl
| N 4CzIPN (2 mol%)
Br EtN (4 ¢ | N-R?
3 quiv.)
Blue LEDs

= H/alkyl, R* = alkyl 25 examples, 30-74% yields
(d) Deaminative radical cascade alkylation of 1,7-dienes

Ir(ppy),(dtbbpy)PF4
| 2,6-Lutidine (1.2 equiv.) — R
JE@ @/ . DMA,50°C, 48 h

Blue LEDs FG N
R BF4 Rll (@]
= alkyl/aryl, R = alkyl 22 examples, 20-77% yields
(e) Regioselective cascade radical cyclization of a-bromocarbonyls
O Ar
R} R! fac-Ir(ppy); (2 mol%)
N R2 2,6-Lutidine (1.5 equivg ==\ R!
Br DCM, Ar, rt., 24 h )
Ar R
FG Blue LEDs FG N
RSO

= H/F/alkyl/aryl, R? = F/alkyl/aryl

R3 = Ts/Ms/alkyl/aryl 31 examples, 34-90% yields

Scheme 4.2 Photocatalytic method for the synthesis of benzazepine

scaffold

Recently, the Zang/#/ and Wang/*¥ group developed metal-free, N-
heterocyclic carbene-catalyzed synthesis of benzazepines and
polycyclic benzazepines under thermal conditions using a-bromo

arylamide-tethered styrene and alkylidenecyclopropanes as starting
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material (scheme 4.1b). Among the photochemical methods, the Xiao
group disclosed an Ir-catalyzed decarboxylative radical cascade reaction
between a redox-active ester and acrylamide-tethered styrene (Scheme
4.2a).%7 Soon after, Shi's group developed tetracyclic benzazepine
derivatives via decarboxylative tandem carbocyclization of acrylamide-
tethered alkylidenecyclopropanes with PhI(OAc), and other aliphatic
acids (Scheme 4.2b)./**/ In 2022, the same group reported the
organophotocatalyzed halogen atom-transfer radical cascade cyclization
of oa-brominated amide-tethered alkylidenecyclopropanes (Scheme
4.2¢)./*7] The Katritzky salt-derived alkyl radical addition to 1,7-dienes
were also reported to provide benzazepine derivatives (Scheme
4.2d)./*3 Recently, the Zhou group reported access to benzazepine
derivatives via regioselective radical cascade cyclization of a-
bromocarbonyls, under visible light photoredox catalytic condition

(Scheme 4.2¢)./*/

4.3 Synthesis of silylated benzazepine

O R!
RZ
R2 R R RS CuCl (10 mol%) RS
N \ . — ”
| N Ré_/Si_H TBPB (3 equiv.) R4 S\I\R6
R! R7 ‘BuOH, N, N R R’
4
R (8 equiv)  50°C,12h e

R = H/Me, R! = Me/aryl
R? = H/Me, R? = Ts/alkyl

selected examples
Ph Ph Ph

34 examples, 30-83% yields

Et_ Bt Et_ Bt Et_ Bt
=\ (Si*Et =\ (Si~pt ~\  (Si~Et
N Me N Cl N
0 0 0
78% 63% 59%
Ph Et_ Bt Ph Me_Me Ph Me_Me
=\ (Si~Et =\ (Si*Bn =\ (Si~pn
Y Y Y
Et Ts/ Ts
58% 53% 53%

Scheme 4.3 Transition metal-catalyzed radical cascade silylation of 1,7-

dienes
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The synthesis of silylated benzazepine was reported by Sun and
coworkers via copper-catalyzed protocol using 1,7-diene as a starting
material and a stoichiometric amount of tert-butyl peroxybenzoate
(TBPB) as oxidant, to generate the silyl radical from hydrosilanes under
thermal conditions. The triarylhydrosilanes and dihydrosilanes were not
compatible in this reaction conditions, and high loading of hydrosilanes

was required (Scheme 4.3).°%

4.4 Objective

A survey of the literature revealed that, although the aforementioned
strategies have been successfully employed for the synthesis of
benzazepine scaffolds bearing diverse functionalities, only a single
protocol has been reported for the synthesis of silyl benzazepines.’”
These reported methods have several shortcomings in the synthesis of
benzazepine, as they rely on metal catalysts or salts and often require
specific ligands. Moreover, the synthesis of silylated benzazepines
typically necessitates high loading of both hydrosilanes and oxidants,
which reduces the overall efficiency and practicality of the process.
Since the available reports suffer from these drawbacks, exploration of
mild, efficient, and metal-free silylation protocol is highly desirable for
the synthesis of silylated benzazepine derivatives. As a part of our
ongoing interest in the development of photoinduced silylation/
germylation protocols through in situ generated sulfamidyl radical./*/~%/
We anticipated the generation of silyl/germyl radical from
hydrosilanes/hydrogermanes as radical surrogate via hydrogen atom
transfer and the chemoselective addition of silyl/germyl radical to 1,7-
dienes followed by cascade cyclization could leads to the formation of

silylated/germylated benzazepines.
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4.5 Present work

4.5.1 Selection of model reaction

To evaluate our hypothesis, N-(2-(1-phenylvinyl)phenyl)-N-
tosylacrylamide 1a was selected as a model starting material and Et3SiH

2a as a silyl source under photochemical condition (Scheme 4.4).

Ph Ph Et_ Bt
Et Photocatalyst (mol%) — \S{—Et
Et—Sli-H HATR (equiv.)
N-Ts * llSt Clonditions N
Blue LEDs
ON w ©
la 2a 3a

Scheme 4.4 Representative model reaction

4.5.2 Reaction optimization

The optimization of reaction conditions is described in Table 4.1.
Started our investigation with fac-Ir(ppy); as photocatalyst, N-
aminopyridinium salts as hydrogen atom transfer reagents (HATR), and
acetonitrile as solvent under blue LEDs irradiation for 30 minutes (entry
1) afforded the desired product 3a in 45% yield. To further evaluate the
reaction conditions, we tested a series of Iridium-based photocatalysts.
A slight increase in the yield was observed upon using
[Ir(ppy)2(dtbbpy)]PFs (entry 2). The iridium photocatalyst bearing
additional fert-butyl substituents resulted in a significant increase in
product formation, affording the desired product in 63% yield (entry 3).
In contrast, using [Ir(dF(CF3)ppy)2(dtbbpy)]PFs a drastic decrease in
yield of 3a was observed (entry 4). In pursuit of a metal-free protocol
for the synthesis of silylated benzazepines, we turned our attention
towards screening of organophotocatalysts such as 4CzIPN, 4DPAIPN,
3DPAFIPN, and Eosin-Y. Employing 4CzIPN as an
organophotocatalyst afforded inferior results with 36% yield of silylated
benzazepine (entry 5). Surprisingly, 4DPAIPN with a 3 mol% loading
exhibits an excellent increment in the formation of silylated

benzazepine, resulted in 72% yield of the desired product (entry 6). The
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screening of 3DPAFIPN and Eosin-Y shows inferior results (entries 7
and 8). Furthermore, reduction in loading of organophotocatalyst
4DPAIPN from 3 mol% to 1 mol% doesn’t affect the reaction efficiency
(entry 9). Next, we sought to reduce the equivalents of hydrosilane and
HAT reagent and this resulted in a drastic decrease in product formation

(entry 10).

Table 4.1 Optimization table

Ph Ph .

! Me :

PC (x mol%) =\  SiEty !

ot EtSiH HATR (2.0 equiv.) : | @\

s 3 1 —

h Anr 05 h N Me™ "N Me,

\/go Blue LEDs o © Me’N*T]SBF“

la 2a 3a, yieldb .. HAIR___

Entry Photocatalyst (x mol%) Solvent Yield (%)
1 fac-Ir(ppy); (1) CH;CN 45
2 (Ir(ppy),(dtbbpy)]PF¢ (1) CH,;CN 48
3 [Ir(dtbppy),(dtbbpy)]PF¢ (1) CH;CN 63
4 [Ir(dF(CF3)ppy),(dtbbpy)]PFe (1) CH;CN 12
5 4CzIPN (3) CH;CN 36
6 4DPAIPN (3) CH;CN 72
7 3DPAFIPN (3) CH,;CN 46
8¢ Eosin-Y (5) CH;CN trace

9 4DPAIPN (1) CH;CN 72
10 4DPAIPN (1) CH;CN 48
11 4DPAIPN (1) PhCF, 28
12 4DPAIPN (1) DCE 40
13 4DPAIPN (1) Acetone 55
14 4DPAIPN (1) DMSO 59
15¢ 4DPAIPN (1) CH;CN 64
16/ 4DPAIPN (1) CH;CN 64
17 none CH;CN n.r.
182 4DPAIPN (1) CH;CN nr.
19" 4DPAIPN (1) CH;CN nr.

“Reaction conditions: 1a (0.1 mmol), 2a (0.5 mmol), PC (x mol%), HATR (0.2
mmol) and acetonitrile (1 mL) were irradiated under blue LEDs for 0.5 h.
bisolated yield. €525 nm kessil was used. “using 3.0 equiv. of 2a and 1.5 equvi.
HATR. “solvent conc. 0.05 M. /solvent conc. 0.2 M. &without HATR. "without
light. n.r = no reaction. PC = photocatalyst.

After identifying the ideal photocatalyst and establishing the appropriate

equivalents of the hydrosilane and HAT reagent, we turned our attention
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to solvent screening. The systematic screening of different solvents such
as a-o-o-trifluorotoluene, dichloroethane, acetone, and
dimethylsulfoxide revealed acetonitrile as the most suitable solvent for
this transformation (entries 11-14). To further improve the yield of the
silylated benzazepine, variations in reaction concentration were tried,
however inferior outcomes were observed on both decreasing (entry 15)
and increasing (entry 16) the reaction concentration. Control
experiments established that the photocatalyst, HAT reagent, and light
irradiation were all essential for this radical cascade cyclization, as no
product formation was observed in the absence of any of these

components (entries 17-19).

4.5.3 Scope of 1,7-dienes in the synthesis of silylated benzazepines

After establishing the optimal reaction conditions, the scope of 1,7-
dienes 1 was systematically investigated, as shown in Scheme 4.5.
Starting with the effect of substituents on the benzene ring tethered to
the alkene. The methyl (1b) and chloro (1c¢) substituents at the para-
position afforded the desired products 3b and 3¢ in 51% and 60% yield
respectively. Additionally, chloro (1d) substituent at the meta-position
also provided corresponding silylated benzazepine 3d in 64% yield.
Similarly, methyl group (1e) at ortho-position gives 3e in good yield
(72%). Meanwhile, dichloro-substituents (1f) at ortho and para-
positions afforded the desired product 3f in a slightly lower yield (47%).
In case of substrate with strong electron-withdrawing cyano-substituent
(1g) at the para-position, undergoes smooth radical cascade cyclization
and provided 3g in 63% yield. The substrate with a 2-thienyl ring (1h)
attached to the alkene was found to be compatible. However, it was
more reactive towards the addition of the silyl radical and provided the
desired silylated benzazepine product 3h with 25% yield. Employing
the 1,1-phenylmethyl alkene (1i) tethered to acrylamide as a substrate,
the desired product 3i was not detected. Next, we turned our attention to

examine the influence of substituents on the benzene ring of aryl amines.
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Introduction of a methyl substituent (1j) at the ortho-position led to a

significant decrease in yield, affording 3j in 37% yield.

R* g 4DPAIPN (1 mol%)

| HATR (2.0 equiv.)

R _R! + Et~Si~H (2.0 equiv.)
| CH,CN (1.0 mL)

R3

NN

R

N

Et Ar, 1t., 0.5 h

O Blue LEDs
R2 1 2a

Si) = SiEty 3a, R*=Ph, 72%
3b, R3 = p-Me-Ph, 51%

R3
3¢, R? = p-CI-Ph, 60%
- 3d, R = m-CI-Ph, 64%
Si ’ m > 6470 = :
3e, R = 0-Me-Ph, 72% Si
T}\I (0] 3f, R} = o,p-C1-Ph, 47% N
i 3g, R? = p-CN-Ph, 63% O 3n25%
Me Ph Ph
— = —
2l Si Si
NN N R N
Y Med © o O
3i, n.d. 3j,37% 3k, R =Me, 63%

31, R =CO,Me, 57%
3m, R =Me, 72% Me Ph

Ph
3n, R = OMe, 63%
R S B ;
Si 30,R=F, 70% Si
3p,R=CL 71%
N 3q,R=CN, 45%
/ O
Ts
Ph Me
—
Si
S
Ts

—J
I
3r, R=NO,, 17% Ts 3s, 78%

Ph Ph
— —
Si Si
Me
N O }\] (0]
Ts/ Me

3t,27% 3u, 42% 3v, 40%
“Reaction conditions: 1 (0.1 mmol), 2a (0.5 mmol), HATR (0.2 mmol), 4DPAIPN
(1 mol%), and dry acetonitrile (1.0 mL) were irradiated under blue LEDs.

bisolated yield. n.d. = not detected.

Scheme 4.5 Scope of 1,7-dienes in the synthesis of silylated

benzazepines

In contrast, substrates bearing methyl (1k) or electron-withdrawing ester
(11) substituents at the meta-position relative to the N-Ts group exhibited
no significant impact on reactivity and afforded desired products 3k and

31 in 63% and 57% yield respectively. Whereas, for substitution at the
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para-position both electron-donating groups (Me, OMe) and electron-
withdrawing groups (F, CI, CN) was well tolerated under the optimized
reaction conditions and afforded corresponding products 3m-3q in good
yield (45-72%). In contrast, a para-nitro substituent (1r) exhibited low
reactivity, delivered the silylated benzazepine 3r in 17% yield. One of
the reason for the lower reactivity of substrate 1r could be
destabilization towards the formation of carbocation by the nitro
substituent. The methyl substitution (1s) at the ortho-position of the
alkene in arylamine ring provided the desired product 3s in excellent
yield (78%). Notably, the insertion of a methyl group (1t) at the terminal
position of the tethered alkene lowers its reactivity to give product 3t in
27% yield. The reduced reactivity of this substrate may have resulted
from the steric effects induced by the addition of a terminal methyl
group. Similarly, the a-methacryloyl-derived substrate (1u) was also
compatible and afforded the photoproduct 3u in 42% yield. This method
is also compatible with N-methyl-substituted 1,7-dienes (1v) and
provided the desired product 3v in 40% yield.

4.5.4 Scope of hydrosilanes in the synthesis of silylated benzazepines

We next investigated the scope of different hydrosilanes with 1,7-dienes
1a under the standard reaction conditions (Scheme 4.6). A variety of
trialkylhydrosilanes underwent the cyclization efficiently and smoothly.
The linear tri-n-propylsilane (2b) and branched triisopropylsilane (2c)
provide the desired products 3w and 3x in 63% and 43% yield
respectively. Other alkyl silanes, such as benzyldimethylsilane (2d) and
tert-butyldimethylsilane (2e), provided the silylated benzazepine 3y and
3z in good to excellent yields (64-77%). Additionally, aryl silanes
bearing one or two alkyl substituents (2f-2h) were well tolerated under
the optimized reaction conditions and afforded the corresponding
products 3aa-3ac in good to moderate yield (39-63%). Notably, both
triphenyl (2i) and diphenylhydrosilane (2j) proved compatible under the
optimized conditions, afforded the silylated benzazepine derivatives

3ad and 3ae in 44% and 46% yield respectively. The super silane #ris-
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(trimethylsilyl)silane (2k) yielded the desired product 3af in excellent
yield (91%). In addition, para-phenylenebis(dimethylsilane) (2I)

undergoes cyclization to give only the monosilylated product 3ag in

70% yield.

P

h Ph
Rl 4DPAIPN (1 mol%) R!
i HATR (2.0 equiv.) — ]
_Ts + RZ*4Si-H quiv),_ Sll—Rz
N " CH4CN (1.0 mL) R
P R Ar, 1t 0.5 h NN
@) Blue LEDs Ts
1a 2 3, yield”
Ph Ph Ph
— — —
Si Si Si
N 5 N 5 N
Ts/ Ts/ Ts/ 0

3w, Si"Prs, 63%
3x, Si'Pry, 43%

3y, SiBnMe,, 77%
3z, Si'BuMe,, 64%
3aa, SiPhMe,, 63%

3ab, SiPh,Me, 61%
3ac, SiPhyBu, 39%
3ad, SiPhs, 44%

Ph Ph 3ae, SiPh,H, 46%
—J —= Me
Si Si
Me/
o I o : Sae
Ts Ts P Me
H

3af, Si(TMS);, 91%

3ag, 70%

“Reaction conditions: 1a (0.1 mmol), 2 (0.5 mmol), HATR (0.2 mmol), 4DPAIPN
(1 mol%), and dry acetonitrile (1.0 mL) were irradiated under blue LEDs. isolated
yield.

Scheme 4.6 Scope of hydrosilanes in the synthesis of silylated

benzazepine
4.5.5 Substrate scope for the germylation of 1,7-dienes

Motivated by these findings, we extended this strategy to synthesize
germylated benzazepines. The optimized reaction conditions for the
synthesis of silylated benzazepine were well-suited for the synthesis of
germylated benzazepine, even with the lesser equivalent of
hydrogermanes (Scheme 4.7). As the hydrogermane source, both alkyl
hydrogermane (Et:GeH, 4a; "BusGeH, 4b) and aryl hydrogermane

(PhsGeH, 4c¢) were well tolerated under the optimized reaction

259



conditions. Started the screening of 1,7 dienes in the synthesis of
germylated benzazepines, and the basic substrate la provided the
desired product 5a in 84%. The screening of substituents on the benzene
ring tethered to the alkene, provided a series of germylated benzazepine
derivatives Sb-5d with a range of substituents, such as p-Me, p-CN, and
m-Cl on aryl rings in good to excellent yields (57-77%) under the

optimized reaction conditions.

R3
o R* s 4DPAIPN (1 mol%)
R Rl + R Ie-H HATR (2.0 equiv.) -
N~ v CH;CN (1.0 mL),
R Ar,1t,0.5h R NN
¢} Blue LEDs R!
R2 1 4 5, yield®
R3 3 Me Ph
E 5a, R = Ph, 84% Et
— t 3_ . _ 0 — U
Ghape 5P R’=p-Me-Ph,77% Ge-Et
! 5¢, R? = p-CN-Ph, 57% !
Et ’ ’ Et
NN 5d, R® = m-Cl-Ph, 63% N
T Ts
5e, 96%
Ph Ph
MeO — Pt Cl — Pt
Gle-Et G\e-Et
N Et N Et
n © s ©
5f, 78% 5g, 86%
Ph Ph Ph
= /nBu — /Ph — /Ph
(}le_nBu (}le—Ph (}le_Ph
N nBu N Ph N H
i ! !
Ts O Ts O Ts O
5h, 65% 5i, 83%°¢ 5§, 30%

“Reaction conditions: 1 (0.1 mmol), 4 (0.3 mmol), HATR (0.2 mmol), 4DPAIPN
(1 mol%), and dry acetonitrile (1.0 mL) were irradiated under blue LEDs. bisolated
yield. “using 4 equiv. of Ph;GeH.

Scheme 4.7 Scope in the synthesis of the germylated benzazepines

Next, we turned our attention to examine the influence of substituents
on the benzene ring of aryl amines in the synthesis of germylated
benzazepines. The methyl group at the ortho-position of the alkene in

arylamine ring delivered the desired product Se in excellent yield (96%).
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Both methoxy- and chloro- substituents at the para-position also
tolerated under the reaction conditions and provided 5f and 5g in 78%
and 86% yield respectively. Screening of alkyl and aryl hydrogermanes
afforded the desired products 5h-5i in moderate to excellent yields (65-
83%). To our surprise, diphenyldihydrogermane (PhoGeHa, 4d) was also
found to be compatible under the standard reaction conditions and

afforded the germylated benzazepine 5j in 30% yield.

4.5.6 Late-stage functionalization of natural products and drug

molecules tethered to 1,7-dienes

O;iR, 0%

O Et 4DPAIPN (1 mol%)
I HATR (2.0 equiv.)
+ Et=Q-H >
) CH;CN (1.0 mL)
O Et Ar, 1t., 0.5 h
N/Ts Blue LEDs
Q =Si, Ge
o =
1 2a or 4a
Me

Me
M CN
NN
from (+)-a-tocopherol ’ \ o
3ah, SiEty, 52% S \\<M€
51, GeEty, 33% from febuxostat 0
3ai, SiEt;, 58% Me
5k, GeEt;, 76%
“Reaction conditions: 1 (0.1 mmol), 2a (0.5 mmol) or 4a (0.3 mmol), HATR (0.2
mmol), 4DPAIPN (1 mol%), and dry acetonitrile (1.0 mL) were irradiated under

blue LEDs. ’isolated yield.

Scheme 4.8 Late-stage functionalization of natural product and drug

tethered 1,7-dienes

The mildness and robustness of the protocol were further demonstrated
using substrates tethered to natural product and drug-derived molecules
(Scheme 4.8). Natural product (+)-a-tocopherol-tethered dienes (1w)
underwent smooth cyclization with triethylsilane (2a) and

triethylgermane (4a) under the optimized conditions, afforded the
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corresponding silylated and germylated benzazepines 3ah and 5l in 52%
and 33% yield respectively. Likewise, a drug molecule febuxostat-
tethered substrate (1x) successfully cyclized with hydrosilane (2a) and
hydrogermane (4a) to deliver the desired products 3ai and Sk in 58%
and 76% yield respectively.

4.5.7 Scale-up synthesis of silylated benzazepine

The practicality of the developed protocol was further demonstrated by
a 2 mmol scale reaction of 1,7-diene 1a, which provided silylated

benzazepine 3a in 61% yield (Scheme 4.9).

Ph Ph
4DPAIPN (1 mol%) Et
HATR (2.0 equiv.)

[ ’
+ LQia Si—Et
T P e eN (Lo m), \
Et Ar, 1t 0.5 h N Et
ON Blue LEDs Ts/ 0
la (2 mmol) 2a 3a, 61% (632 mg)

Scheme 4.9 Scale-up synthesis of silylated benzazepine

4.6 Mechanistic investigation

To gain insight into the reaction mechanism, radical trapping
experiments, kinetic isotope effect (KIE) study, carbocation trapping,
fluorescence quenching experiments, and quantum yield calculation

were performed.

4.6.1 Radical inhibition experiments

The involvement of radical species in the reaction was evaluated using
the radical scavenger TEMPO in reaction of 1a with hydrosilane or
hydrogermane (2a/4a) under standard reaction conditions. In both cases,
the formation of corresponding products 3a and Sa was completely
suppressed (Scheme 4.10), providing strong evidence for the

involvement of radical intermediates in the reaction.
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Ph Ph

Stanard — Et
conditions -
s + Et= 51 H+ e Si—Et
-~
j\/ Et N Et
/ (0]
¢} = TEMPO Ts
1a 2a (2 equiv.) 3a, 0%
Ph
Stanard Et
conditions — h
s + Et- Ge H+ s Qg Et
b
/ (0]
= TEMPO Ts
4a (2 equiv.) 5a, 0%

Scheme 4.10 Radical inhibition experiment with TEMPO

4.6.2 Kinetic isotope effect (KIE) study

The kinetic isotope effect (KIE) study was conducted to assess the
involvement of C-H bond cleavage in the rate-determining step. A low
KIE value (kwkp = 1.12) was obtained from parallel photoreaction,
indicating the cleavage of the C-H bond is unlikely to be part of the rate-
determining step (Scheme 4.11 and Figure 4.2).

Ph
Ph Ts H
— Et
; Sll Et
N Et
/ (0]
Et  4DPAIPN (1 mol%) Ts 5,
+ + Et—SI H HATR (2.0 equiv.) +
Ph T Ar, 1t., 0.5h D
Et
Blue LEDs — "
Sli—Et
klkp = 1.12 NN Et
Ts
3a-d

Scheme 4.11 Kinetic isotope effect study by parallel photoreaction
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Figure 4.2 'H NMR for kinetic isotope effect study

4.6.3 Trapping of carbocation intermediate

A carbocation-trapping experiment was carried out to confirm the
formation of cationic intermediate in the reaction pathway leading to the
product formation. When the standard reaction was performed in the
presence of 10 equiv. of water, the desired product 3a was obtained in
65% yield, along with the formation of water trapped
hydroxybenzazepine derivative (3a'), which was detected by HRMS
analysis (Scheme 4.12).

Ph 4DPAIPN (1 mol%) Ph
HATR (2.0 equiv.) — Et
I H,0 (10 equiv.) b
+ LQia > Si—Et
s ECSIPH - —cHeN (o mL) \
Et Ar,rt.,0.5h N Et
ON Blue LEDs v O
1a 2a 3a, 65%
Ph OH
HRMS (ESI +ve) m/z: Et
[M+Na]" Caled C5,H;7,NO,SSiNa 558.2110; S/i—Et
found 558.2108. |
N Et
30 1 ©

Scheme 4.12 Carbocation trapping experiment
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4.6.4 Stern-Volmer quenching studies

To identify the active species responsible for the quenching of the
excited-state photocatalyst, fluorescence quenching studies were
conducted. The studies were performed between the photocatalyst
4DPAIPN solution and other reaction components, including the 1,7-
diene 1a, triethylsilane 2a, triethylgermane 4a, and N-aminopyridinium
salt (HATR). Stern-Volmer studies revealed that the excited-state
photocatalyst 4DPAIPN” was quenched exclusively by the hydrogen
atom transfer reagent N-aminopyridinium salt (Figure 4.3), no
fluorescence quenching was observed between photocatalyst and 1,7-

diene 1a, or hydrosilane 2a, or hydrogermane 4a.

1.6x10°

= PC (0.1 mmol)

====PC (0.1 mM) + HATR (0.005 M

PC (0.1 mM) + HATR (0.010 M

PC (0.1 mM) + HATR (0.015 M

1.2x10°

= PC(0.1 mM) + HATR (0.020 M

8.0x10° 4

Intensity (A.U.)

4.0x10°

0.0

T T T T T T T T T T 1
450 500 550 600 650 700
Wavelength (nm)
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Figure 4.3 Fluorescence quenching and Stern-Volmer plot of 4DPAIPN

vs N-aminopyridinium salt

4.6.5 Quantum yield calculation

The quantum yield for the standard reaction was calculated to determine
the involvement of a radical chain pathway in the reaction. The
calculated quantum yield (¢ = 1.59) suggests the possible involvement

of a short-chain radical process in the reaction (Scheme 4.13).

Ph Ph

Et Standard — /Et

n Et—SIi—H conditions SitEt

N/TS I 10 minutes !

Et N Et

ON Quantum yield T/s 0
=1.59

1a 2a 4 3a, 56%

Scheme 4.13 Quantum yield calculation of standard reaction

4.7 Possible mechanism

A possible reaction mechanism is proposed based on the mechanistic

investigations and literature reports (Scheme 4.14)./°2-7/
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Scheme 4.14 Possible mechanism

Upon visible-light irradiation, the photocatalyst 4DPAIPN gets excited,
and the excited-state photocatalyst 4DPAIPN’ undergoes single-
electron transfer with the N-aminopyridinium salt (HATR) to form the
oxidized photocatalyst 4DPAIPN** and generate the N-centered
sulfamidyl radical I, followed by extrusion of 2,4,6-collidine. The
resulting sulfamidyl radical I, activates Si-H/Ge-H bond of hydrosilanes
(2) or hydrogermanes (4) via hydrogen atom transfer to generate the
corresponding silyl or germyl radical II. Addition of the silyl or germyl
radical II to the 1,7-diene 1a, followed by cascade cyclization affords a
benzylic radical IIT which is subsequently oxidized by 4DPAIPN** via
single-electron transfer to generate the benzylic cation IV with

concomitant regeneration of 4DPAIPN. The cationic species IV gets
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deprotonated with the assistance of 2,4,6-collidine to give the desired
silylated/germylated benzazepine derivatives 3 or 5. The possibility of
radical chain involvement in the reaction, could arise through SET from
radical intermediate III with the HATR and generate the cationic
intermediate IV with the formation of sulfamidyl radical I. This
sulfamidyl radical can further functionalize the Si-H or Ge-H bond of
hydrosilanes or hydrogermanes and lead to the formation of desired

benzazepine derivatives.

4.8 Further transformation of silylated benzazepine

Further synthetic transformations of the silylated benzazepine 3a were
also explored. When silylated benzazepine 3a was treated with Mg and
trimethylsilyl chloride,® a detosylated product 6a was obtained in 92%
yield (Scheme 4.15a-I). Upon treatment of 6a with Lawesson’s
reagent,’””/ thioamide derivative 6b was obtained in 51% yield (Scheme
4.15a-II). Furthermore, the bromination of 3a using NBS led to the
formation of 7 in 87% yield (Scheme 4.15b).

(a) Synthesis of thioamide derivative of silylated benzaepine 3a

@ Ph Ph
— SlEt3 Mg, TMSCI — SlEt3
DMF, 0°C, 11 h
N N

!
TS/ o H o
3a 6a, 92%
an Ph Ph
— SiEG | awesson reagent — SiEty
N Toluene, 100 °C N
12h
! ]
H O H S
6a 6b, 51%

Ph Ph Br
— SiEts NBS — SiEty
—_—
CH;CN, rt., 36 h
S %
Ts Ts
3a 7, 87%
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Scheme 4.15 Further transformation of silylated benzazepine 3a

4.9 Conclusion

In conclusion, we have developed an efficient method to synthesize
silylated/germylated benzazepine derivatives under metal-free,
environmentally benign reaction conditions, using an N-
aminopyridinium salt as a hydrogen atom transfer reagent along with
hydrosilanes and hydrogermanes as silicon and germanium surrogates
in a shorter reaction time. The generality of the method was tested by
screening a variety of substituents on the arene ring tethered to alkene,
substituents on the alkene and nitrogen, as well as the benzene ring of
aryl amine. Different alkyl, aryl and diphenyldihydrosilane were found
to be compatible under the reaction conditions. The developed protocol
was extended to the synthesis of germylated benzazepine, and both alkyl
and aryl hydrogermanes were found to be well tolerated under the
reaction conditions. The robustness and practical utility of the protocol
were established by the smooth radical addition and cyclization of
natural product/drug molecule tethered 1,7-dienes late-stage
functionalization, and performing the reaction on a scale 20 times that
of the optimized reaction condition. The silylated benzazepine was
further transformed into synthetically valuable derivatives. Moreover,
the proposed mechanism for the synthesis of silylated and germylated
benzazepines was well supported by the results of the control

experiments and photophysical studies.

4.10 Experimental section

4.10.1 General procedure for the synthesis of starting materials
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Ph Ph Me Ph Ph

" @ @ s
T T Ts Ts
N/ S N/ S N/ N/

All starting materials were synthesized according to literature reports./*”/
The derivatives of N-tosylated phenyl vinyl aniline were dissolved in
DCM (3 mL/mmol), cooled on an ice bath, and then Et;N (2.0 equiv.)
was added. Freshly prepared acryloyl chloride (1.2 eq.) was added
dropwise over 10 minutes at 0 °C. The reaction mixture was stirred
overnight at room temperature. The reaction mixture was then quenched
with a saturated solution of NaHCOs;, and the organic layer was
separated by DCM. The combined organic layer was dried over Na;SOs,
filtered, and the desired product was purified by column
chromatography using a mixture of ethyl acetate and hexane as the

eluent.
Characterization data for selected substrates

N-(2-(1-phenylvinyl)phenyl)-N-tosylacrylamide (1a):/” Column
chromatography 10-15% EA/H; white solid; reaction scale 3 mmol,
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Yield: 64% (827 mg). 'TH NMR (500 MHz, CDCls) § 7.88 (d, J = 8.1
Hz, 2H), 7.56 — 7.50 (m, 1H), 7.50 — 7.40 (m, 2H), 7.30 — 7.20 (m, 7H),
7.20 - 7.14 (m, 1H), 6.11 (dd, J = 16.7, 1.6 Hz, 1H), 5.73 (s, 1H), 5.61
(dd,J=16.7, 10.3 Hz, 1H), 5.38 (s, 1H), 5.32 (dd, J= 10.3, 1.6 Hz, 1H),
2.42 (s, 3H). 13C NMR (126 MHz, CDCl3) § 164.6, 146.1, 144.8, 143.6,
140.6, 136.7, 134.3, 132.2, 130.7 (2C), 130.2, 129.7, 129.2, 129.0,
128.3, 127.9, 127.8, 127.6, 118.9, 21.8.

N-(2-(1-(4-chlorophenyl)vinyl)phenyl)-V-tosylacrylamide (1c):
Column chromatography 10-15% EA/H; Yellow oil; reaction scale 1
mmol, Yield: 52% (228 mg). "H NMR (500 MHz, CDCl3) 8 7.91 (d, J
=8.4 Hz, 2H), 7.60 — 7.53 (m, 1H), 7.52 — 7.45 (m, 2H), 7.34 — 7.28 (m,
3H), 7.26 (s, 3H), 7.22 — 7.16 (m, 1H), 6.21 (dd, J=16.7, 1.6 Hz, 1H),
5.76 (s, 1H), 5.69 (dd, J=16.7, 10.3 Hz, 1H), 5.47 — 5.40 (m, 2H), 2.46
(s, 3H). BC NMR (126 MHz, CDCl3) 8 164.4, 145.0, 145.0, 143.1,
139.1, 136.6, 134.4, 133.9, 132.1, 131.2, 130.7, 130.3, 129.6, 129.3,
129.2, 128.5, 127.6, 119.4, 21.8. IR (neat): 2923, 1687, 1616, 1595,
1488, 1444, 1392, 1360, 1243 cm™'. HRMS (ESI +ve) m/z: [M+Na]*
Calcd for C24H20CINO3SNa 460.0750; found 460.0740.

N-(2-(1-(3-chlorophenyl)vinyl)phenyl)-/V-tosylacrylamide (1d):
Column chromatography 10-15% EA/H; White solid; reaction scale 1
mmol, Yield: 58% (254 mg). M.P.: 153-155 °C. 'TH NMR (500 MHz,
CDCl3) 6 7.89 (d, J = 8.4 Hz, 2H), 7.59 — 7.52 (m, 1H), 7.50 — 7.43 (m,
2H), 7.29 (d, J=8.1 Hz, 2H), 7.26 — 7.14 (m, 4H), 7.12 — 7.08 (m, 1H),
6.12(dd,J=16.7,1.6 Hz, 1H), 5.75 (s, 1H), 5.64 (dd, J=16.7, 10.3 Hz,
1H), 5.45 (s, 1H), 5.41 (dd, J=10.3, 1.6 Hz, 1H), 2.43 (s, 3H). *C NMR
(126 MHz, CDCl3) 6 164.3, 145.1, 145.0, 143.0, 142.4, 136.5, 134.4,
134.0, 132.2, 130.9, 130.7, 130.4, 129.8, 129.7, 129.3 (2C), 127.9,
127.8, 127.5, 126.2, 120.2, 21.8. IR (neat): 2924, 1687, 1617, 1595,
1487, 1400, 1367, 1241 cm™'. HRMS (ESI +ve) m/z: [M+H]" Calcd for
C24H21CINOsS 438.0931; found 438.0927.

N-(2-(1-(2,4-dichlorophenyl)vinyl)phenyl)-/V-tosylacrylamide (1f):
Column chromatography 10-15% EA/H; White solid; reaction scale 1
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mmol, Yield: 67% (317 mg). M.P.: 136-138 °C. 'TH NMR (500 MHz,
CDCI3) 6 7.91 (d, J= 8.5 Hz, 2H), 7.68 (dd, J= 7.7, 1.6 Hz, 1H), 7.60 —
7.50 (m, 2H), 7.42 — 7.35 (m, 1H), 7.32 (d, J= 8.1 Hz, 2H), 7.28 — 7.22
(m, 1H), 7.17 (d, J = 2.1 Hz, 1H), 6.89 (dd, J = 7.8, 1.3 Hz, 1H), 6.05
(dd,J=16.7, 1.6 Hz, 1H), 5.71 (d,J= 1.1 Hz, 1H), 5.61 (d, /= 1.2 Hz,
1H), 5.47 (dd, J = 16.7, 10.3 Hz, 1H), 5.28 (dd, J = 10.3, 1.6 Hz, 1H),
2.44 (s, 3H). 3C NMR (126 MHz, CDCl3) 6 164.2, 145.1, 145.0, 143.0,
138.2, 136.3, 134.5, 134.0, 133.8, 133.7 (2C), 130.9, 130.3, 129.8,
129.8, 129.4, 129.2 (2C), 127.5, 126.9, 124.6, 21.8. IR (neat): 2923,
1693, 1618, 1549, 1483, 1399, 1303 cm™'. HRMS (ESI +ve) m/z:
[M+H]" Caled for C24H20C1aNO3S 472.0541; found 472.0525.

N-(2-(1-(4-cyanophenyl)vinyl)phenyl)-N-tosylacrylamide (1g):
Column chromatography 20-25% EA/H; White solid; reaction scale 1
mmol, Yield: 62% (266 mg). M.P.: 154-156 °C. 'TH NMR (500 MHz,
CDCl3) 6 7.86 (d, J = 8.4 Hz, 2H), 7.56 — 7.52 (m, 2H), 7.51 — 7.39 (m,
5H), 7.32 - 7.27 (m, 2H), 7.15 — 7.10 (m, 1H), 6.17 (dd, J = 16.7, 1.5
Hz, 1H), 5.84 (s, 1H), 5.66 (dd, J = 16.7, 10.3 Hz, 1H), 5.53 (s, 1H),
5.42 (dd, J = 10.3, 1.5 Hz, 1H), 2.43 (s, 3H). ¥*C NMR (126 MHz,
CDCl3) 6 164.2, 145.2, 145.1, 144.9, 142.5, 136.4, 134.5, 132.2, 132.0,
131.6, 130.6, 130.5, 129.6, 129.5, 129.4, 128.5, 127.4, 121.7, 111.5,
21.8. IR (neat): 2923, 2277, 1690, 1602, 1492, 1465, 1366, 1164 cm™.
HRMS (ESI+ve) m/z: [M+H]" Calcd for C2sH21N203S 429.1273; found
429.1266.

N-(2-(1-(thiophen-2-yl)vinyl)phenyl)-V-tosylacrylamide (1h):
Column chromatography 10-15% EA/H; White solid; reaction scale 1
mmol, Yield: 55% (225 mg). M.P.: 125-127 °C.'"H NMR (500 MHz,
CDCl3) 6 7.85 (d, J = 8.4 Hz, 2H), 7.56 — 7.50 (m, 2H), 7.50 — 7.45 (m,
1H), 7.32 - 7.28 (m, 1H), 7.26 — 7.23 (m, 2H), 7.22 — 7.18 (m, 1H), 6.90
(dd, J=5.1, 3.6 Hz, 1H), 6.75 (dd, J = 3.6, 1.2 Hz, 1H), 6.28 (dd, J =
16.7, 1.6 Hz, 1H), 5.82 (dd, J = 16.7, 10.3 Hz, 1H), 5.74 (s, 1H), 5.49
(dd, J=10.3, 1.6 Hz, 1H), 5.17 (s, 1H), 2.41 (s, 3H). 3C NMR (126
MHz, CDCl3) 6 164.7, 144.8, 144.4, 142.2, 138.9, 136.5, 134.1, 131.9,
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131.4, 131.0, 130.1, 129.7, 129.3, 129.2, 127.8, 127.5, 127.4, 125.4,
116.8,21.8. IR (neat): 2927, 1690, 1595, 1489, 1397, 1361, 1300, 1242,
1230 cm!. HRMS (ESI +ve) m/z: [M+H]" Calcd for C22H20NO3S2
410.0885; found 410.0875.

N-(2-(prop-1-en-2-yl)phenyl)-N-tosylacrylamide  (1li): Column
chromatography 10-15% EA/H; White solid; reaction scale 1 mmol,
Yield: 59% (202 mg). M.P.: 93-95 °C.'H NMR (500 MHz, CDCls) &
8.00 (d, J=8.4 Hz, 2H), 7.51 — 7.44 (m, 1H), 7.45 — 7.39 (m, 1H), 7.38
—7.31 (m, 3H), 7.07 (dd, J = 7.9, 1.3 Hz, 1H), 6.41 (dd, J = 16.8, 1.6
Hz, 1H), 5.87 (dd, J = 16.8, 10.3 Hz, 1H), 5.60 (dd, J = 10.3, 1.6 Hz,
1H), 5.33 -5.28 (m, 1H), 5.06 — 5.02 (m, 1H), 2.45 (s, 3H), 2.13 (s, 3H).
I3C NMR (126 MHz, CDCl3) 6 164.8, 145.1, 145.0, 142.1, 136.4, 133.1,
131.7, 130.3 (2C), 129.7, 129.4, 129.3, 128.4, 128.2, 118.0, 24.0, 21.8.
IR (neat): 2925, 1691, 1613, 1594, 1489, 1399, 1360, 1163 cm™'. HRMS
(ESI +ve) m/z: [M+Na]" Caled for CioHi19NO3SNa 364.0983; found
364.0972.

N-(2-methyl-6-(1-phenylvinyl)phenyl)-N-tosylacrylamide 1j):
Column chromatography 5-10% EA/H; White solid; reaction scale 1
mmol, Yield: 27% (113 mg). M.P.: 133-35 °C. 'TH NMR (500 MHz,
CDCl3) 6 7.96 (d, J= 8.4 Hz, 2H), 7.40 (t, /= 7.5 Hz, 1H), 7.35 - 7.30
(m, 1H), 7.26 —7.23 (m, 1H), 7.23 - 7.18 (m, 5H), 7.17 — 7.12 (m, 2H),
6.19 (dd, J=16.7, 1.7 Hz, 1H), 5.61 — 5.54 (m, 1H), 5.54 (s, 1H), 5.35
(dd, J=10.3, 1.7 Hz, 1H), 5.27 — 5.23 (m, 1H), 2.41 (s, 3H), 2.24 (s,
3H). 3C NMR (126 MHz, CDCl3) 6 164.7, 146.4, 144.9, 143.3, 140.7,
139.4, 136.4, 133.5, 131.2, 130.9, 130.5, 129.8, 129.8, 128.8, 128.2,
127.9,127.7,127.1,118.521.7,19.2. IR (neat): 2922, 1686, 1618, 1596,
1399, 1360, 1299, 1234, 1165 cm™'. HRMS (ESI +ve) m/z: [M+Na]*
Calcd for C25sH23NO3SNa 440.1296; found 440.1306.

methyl  4-(1-phenylvinyl)-3-(/V-tosylacrylamido)benzoate  (11):
Column chromatography 15-20% EA/H; White solid; reaction scale 1
mmol, Yield: 49% (227 mg). MLP.: 149-151 °C. 'TH NMR (500 MHz,
CDCl3) 6 8.18 (dd, J= 8.0, 1.7 Hz, 1H), 7.88 (d, J = 8.4 Hz, 2H), 7.83
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(d,J=1.7 Hz, 1H), 7.56 (d, J = 7.9 Hz, 1H), 7.32 — 7.26 (m, 2H), 7.28
—7.22 (m, 5H), 6.12 (dd, J = 16.7, 1.5 Hz, 1H), 5.78 (s, 1H), 5.60 (dd, J
=16.7,10.3 Hz, 1H), 5.44 (s, 1H), 5.35 (dd, /= 10.3, 1.5 Hz, 1H), 3.95
(s, 3H), 2.43 (s, 3H). 3C NMR (126 MHz, CDCl3) & 165.7, 164.2,
148.2, 145.5, 145.1, 140.0, 136.4, 134.8, 132.3, 131.8, 131.3, 131.0,
129.7, 129.4, 128.4, 128.2, 127.8, 127.3, 119.7, 52.6, 21.8. IR (neat):
2927, 1724, 1690, 1598, 1441, 1399, 1361, 1245, 1165 cm™!. HRMS
(ESI +ve) m/z: [M+H]" Calecd for CrsH24NOsS 462.1375; found
462.1376.

N-(4-cyano-2-(1-phenylvinyl)phenyl)-N-tosylacrylamide (1q):
Column chromatography 15-20% EA/H; White solid; reaction scale 1
mmol, Yield: 62% (266 mg). MLP.: 134-136 °C. 'H NMR (500 MHz,
CDCl3) 6 7.83 (d, J=8.2 Hz, 2H), 7.78 (d, /= 1.9 Hz, 1H), 7.72 (dd, J
=8.1,2.0 Hz, 1H), 7.32 - 7.19 (m, 8H), 6.14 (d, /= 16.7 Hz, 1H), 5.79
(s, 1H), 5.62 (dd, J = 16.7, 10.3 Hz, 1H), 5.45 — 5.36 (m, 2H), 2.43 (s,
3H). 3C NMR (126 MHz, CDCl3) 6 163.9, 145.5, 145.1, 144.6, 139.5,
138.6, 136.1, 135.6, 132.3, 131.9, 131.8, 129.6, 129.5, 128.6, 128.4,
127.8, 127.0, 120.5, 117.6, 114.3, 21.8. IR (neat): 2929, 2232, 1692,
1484, 1619, 1596, 1399, 1371, 1167 cm’'. HRMS (ESI +ve) m/z:
[M+Na]" Caled for C25sH20N>203SNa 451.1092; found 451.1110.

N-(3-methyl-2-(1-phenylvinyl)phenyl)-/V-tosylacrylamide (1s):
Column chromatography 5-10% EA/H; White solid; reaction scale 1
mmol, Yield: 31% (130 mg). M.P.: 163-165 °C. (Rotamers observed)
TH NMR (500 MHz, CDCl3) 6 7.97 (d, J= 8.0 Hz, 1.42 H), 7.63 (d, J=
8.0 Hz, 0.66 H), 7.49 (d, J= 7.7 Hz, 0.75 H), 7.43 — 7.37 (m, 1.35 H),
7.37-17.27 (m, 3.56 H), 7.21 — 7.15 (m, 3.06 H), 7.11 (d, J = 7.9 Hz,
0.86 H), 6.96 (d,J=7.8 Hz, 0.73 H), 6.42 (d, J=16.7 Hz, 0.35 H), 5.98
(s, 0.75 H), 5.96 — 5.85 (m, 0.68 H), 5.77 (d, J=16.7 Hz, 0.72 H), 5.63
(d, J=10.3 Hz, 0.35 H), 5.56 (s, 0.72 H), 5.21 (dd, J = 16.7, 10.3 Hz,
0.71 H), 4.99 (s, 0.34 H), 4.95 (d,/J=10.3 Hz, 0.71 H), 2.52 (s, 2.05 H),
2.43 (s, 2.04 H), 2.36 (s, 0.95 H), 2.16 (s, 0.95 H). '3C NMR (126 MHz,
CDCI3) 6 165.18, 164.29, 144.77, 143.86, 143.65, 143.49, 141.83,
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139.84,139.07, 138.39, 137.06, 136.69, 134.91, 134.63, 132.22, 131.60,
129.70, 129.47,129.31, 129.03, 128.68, 128.43, 128.40, 127.75, 127.39,
127.22, 126.84, 120.79, 115.82, 77.41, 77.36, 77.16, 76.91, 21.80,
20.70. IR (neat): 2924, 1687, 1621, 1491, 1444, 1360, 1300, 1196 cm™.
HRMS (ESI +ve) m/z: [M+Na]" Calcd for C2sH23NO3SNa 440.1296;
found 440.1292.

N-(2-(1-phenylprop-1-en-1-yl)phenyl)-/NV-tosylacrylamide (10):
Column chromatography 10-15% EA/H; White solid; reaction scale 1
mmol, Yield: 43% (180 mg). M.P.: 171-173 °C. 'H NMR (500 MHz,
CDCl3) 6 7.99 - 7.91 (m, 2H), 7.63 — 7.54 (m, 2H), 7.48 — 7.41 (m, 1H),
7.31(d,J=17.9 Hz, 2H), 7.10 (q, J = 8.3, 7.4 Hz, 6H), 6.12 (q, J = 6.9
Hz, 1H), 5.75 (d, J=16.6 Hz, 1H), 5.18 — 5.03 (m, 1H), 4.99 — 4.89 (m,
1H), 2.43 (s, 3H), 1.86 — 1.79 (m, 3H). 3C NMR (126 MHz, CDCl3) &
164.2, 144.7, 142.4, 142.0, 139.4, 137.1, 135.3, 132.6, 130.7, 130.4,
130.1, 129.6, 129.3,129.2, 128.8, 128.1, 128.0, 126.8, 126.6, 21.8, 16.1.
IR (neat): 2924, 1686, 1618, 1596, 1399, 1360, 1234, 1135 cm™'. HRMS
(ESI +ve) m/z: [M+Na]" Calcd for C2sH3NO3SNa 440.1296; found
440.1288.

N-2-(1-(4-(((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-
trimethyltridecyl)chroman-6-yl)oxy)methyl)phenyl)vinyl)phenyl)-
N-tosylacrylamide (1w): Column chromatography 10-15% EA/H;
Clear thick oil; reaction scale 1 mmol, Yield: 39% (331 mg). '"H NMR
(500 MHz, CDCl3) 6 7.92 — 7.87 (m, 2H), 7.55 — 7.51 (m, 1H), 7.49 —
7.46 (m, 1H), 7.46 —7.42 (m, 1H), 7.41 — 7.38 (m, 2H), 7.35 — 7.30 (m,
2H), 7.29 — 7.26 (m, 2H), 7.22 — 7.17 (m, 1H), 6.16 (dd, J=16.7, 1.6
Hz, 1H), 5.76 (s, 1H), 5.66 (dd, J = 16.7, 10.3 Hz, 1H), 5.39 (s, 1H),
5.37 (dd, J=10.3, 1.6 Hz, 1H), 4.65 (q, J = 11.5 Hz, 2H), 2.58 (t, J =
6.8 Hz, 2H), 2.42 (s, 3H), 2.20 (s, 3H), 2.15 (s, 3H), 2.10 (s, 3H), 1.87 —
1.72 (m, 2H), 1.57 - 1.23 (m, 15H), 1.25 - 1.00 (m, 9H), 0.89 — 0.82 (m,
12H). 13C NMR (126 MHz, CDCl3) 5 164.6, 148.2, 148.0, 145.8, 144.8,
143.5, 140.2, 137.9, 136.6, 134.3, 132.2, 131.0, 130.7, 130.2, 129.7,
129.2,129.0, 128.0, 127.6, 127.5,126.0, 123.0, 118.8, 117.7, 74.9, 74 4,

276



40.1,39.5,37.6,37.6,37.5,37.4,32.9,32.8,31.4,28.1, 24.9, 24.5, 24.0,
22.8, 22.7, 21.8, 21.1, 20.8, 19.9, 19.8, 12.9, 12.1, 11.9. IR (neat):
2948.2865, 1695, 1456, 1399, 1365, 1304, 1256, 1164, 1080 cm™.
HRMS (ESI +ve) m/z: [M+Na]" Calcd for Cs4H71NOsSNa 868.4951;
found 868.4991.

4-(1-(2-(N-tosylacrylamido)phenyl)vinyl)benzyl 2-(3-cyano-4-
isobutoxyphenyl)-4-methylthiazole-5-carboxylate (1x): Column
chromatography 25-30% EA/H; White solid; reaction scale 1 mmol,
Yield: 54% (395 mg). M.P.: 106-108 °C. 'H NMR (500 MHz, CDCl3)
0 8.16 (d, /= 2.3 Hz, 1H), 8.08 (dd, J = 8.8, 2.4 Hz, 1H), 7.88 (d, J =
8.4 Hz, 2H), 7.57 — 7.50 (m, 1H), 7.49 — 7.41 (m, 2H), 7.36 — 7.29 (m,
4H), 7.30 — 7.24 (m, 2H), 7.18 — 7.13 (m, 1H), 7.00 (d, J= 8.8 Hz, 1H),
6.10(dd,J=16.7,1.6 Hz, 1H), 5.76 (s, 1H), 5.62 (dd, J=16.7, 10.3 Hz,
1H), 5.41 (s, 1H), 5.32 (dd, J=10.3, 1.6 Hz, 1H), 5.28 (d, / = 2.4 Hz,
2H), 3.89 (d, J = 6.4 Hz, 2H), 2.76 (s, 3H), 2.41 (s, 3H), 2.26 — 2.14 (m,
1H), 1.09 (d, J = 6.7 Hz, 6H). '3C NMR (126 MHz, CDCls) § 167.6,
164.5, 162.6, 161.8, 161.6, 145.6, 144.9, 143.4, 140.9, 136.6, 135.2,
134.4, 132.7, 132.2, 132.1, 130.9, 130.6, 130.3, 129.6, 129.3, 129.1,
128.2,128.2,127.6,125.9,121.5,119.4,115.4,112.7,103.1, 75.8, 66.7,
28.2,21.8, 19.1, 17.6. IR (neat): 2962, 2927, 2228, 1693, 1604, 1507,
1432, 1398, 1256, 1164 cm™'. HRMS (ESI +ve) m/z: [M+Na]" Calcd for
C41H31N306S2Na 754.2021; found 754.2042.

4.10.2 List of hydrosilanes and hydrogermanes
All hydrosilanes and hydrogermanes were commercially available and

used as received.

Et;SiH "Pr;SiH  'Pr;SiH BnMe,SiH ‘BuMe,SiH PhMe,SiH  Ph,MeSiH

2a 2b 2¢ 2d 2e 2f 2g
SiHMe,
‘BuPh,SiH Ph;SiH  Ph,SiH, (TMS);SiH /©/
2h 2i 2j 2k Me,HSi 21
Et;GeH "Bu;GeH  Ph;GeH Ph,GeH,
4a 4b 4c 4d
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4.10.3 Light source
All the photoreactions were performed using a blue LEDs Kessil® PR-
160 lamp (A =456 nm) lamp with a fan kit for maintaining the ambient

temperature.
4.10.4 General procedure for silylation of 1,7-dienes

To an oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar
1,7-diene 1 (0.1 mmol), hydrosilane 2 (0.5 mmol, 5 equiv.), 1 mol%
4DPAIPN (0.8 mg, 0.001 mmol), and 2.0 equivalents of hydrogen atom
transfer reagent (HATR) (0.2 mmol, 78.5 mg) were added. The reaction
tube was sealed and placed under an argon atmosphere, then 1 mL
acetonitrile was added via syringe. The reaction mixture was then
degassed via freeze-pump-thaw (three times) and refilled with argon.
The sealed reaction tube was then placed in blue LEDs Kessil® PR-160
lamp (A =456 nm) and irradiated for 30 minutes. After the reaction was
completed, the mixture was transferred to a round-bottom flask and
evaporated under reduced pressure. The crude product was then purified
by column chromatography on silica gel (mesh 100-200) using a
gradient eluent hexane/ethyl acetate (50:1 to 5:1), which provided the

silylated benzazepines 3.
Characterization data of 3a-3ai

5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3a): Column chromatography 3-5% EA/H;
White solid; Yield: 72% (37.3 mg); M.P.: 125-126 °C. "TH NMR (500
MHz, CDCl3) 6 7.72 — 7.66 (m, 3H), 7.50 — 7.45 (m, 1H), 7.42 — 7.36
(m, 4H), 7.36 — 7.32 (m, 1H), 7.28 — 7.25 (m, 2H), 7.03 (d, /= 8.1 Hz,
2H), 5.58 (d, J = 6.1 Hz, 1H), 2.85 — 2.78 (m, 1H), 2.28 (s, 3H), 1.14
(dd, J=15.1,4.1 Hz, 1H), 0.97 (dd, J=15.1, 10.5 Hz, 1H), 0.84 (t, J =
7.9 Hz, 9H), 0.45 (q, J = 7.9 Hz, 6H). 13C NMR (126 MHz, CDCI3) &
172.9, 144.7, 140.4, 139.2, 136.0, 135.3, 134.8, 130.2, 129.7, 129.5,
129.1, 128.8, 128.7, 128.3, 128.3, 128.2, 128.1, 42.3, 21.7, 11.0, 7.3,
3.7. IR (neat): 2923, 2870, 1709, 1596, 1445, 1358, 1172 cm’".
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5-(p-tolyl)-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3b): Column chromatography 3-5% EA/H;
White solid; Yield: 51% (27.5 mg); M.P.:166-168 °C."H NMR (400
MHz, CDCls) & 7.73 (d, J = 8.0 Hz, 3H), 7.56 — 7.47 (m, 1H), 7.44 —
7.36 (m, 1H), 7.35—-7.21 (m, 5H), 7.08 (d, /= 8.0 Hz, 2H), 5.58 (d, J =
6.2 Hz, 1H), 2.89 — 2.79 (m, 1H), 2.45 (s, 3H), 2.33 (s, 3H), 1.18 (dd, J
=15.1,4.2 Hz, 1H), 1.01 (dd, J=15.1, 10.4 Hz, 1H), 0.89 (t,J= 7.9 Hz,
9H), 0.49 (q, J = 7.9 Hz, 6H). 13C NMR (101 MHz, CDCls) § 172.9,
144.7, 140.3, 138.2, 136.4, 136.0, 135.4, 134.7, 129.7, 129.4, 129.4,
129.1, 128.8, 128.2, 128.0, 42.2, 21.7, 21.3, 11.0, 7.3, 3.7. IR (neat):
2957,2873, 1715, 1596, 1447, 1355, 1237, 1173 cm™'.

5-(4-chlorophenyl)-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-

2H-benzo[b]azepin-2-one (3¢): Column chromatography 5-10%
EA/H; White solid; Yield: 60% (33.2 mg); M.P.: 144-146 °C. 'TH NMR
(500 MHz, CDCl3) 6 7.65 — 7.58 (m, 3H), 7.45 — 7.38 (m, 1H), 7.33 —
7.26 (m, 3H), 7.21 — 7.16 (m, 2H), 7.15 (dd, J= 7.9, 1.6 Hz, 1H), 7.02
—6.96 (m, 2H), 5.50 (d, J = 6.3 Hz, 1H), 2.76 — 2.68 (m, 1H), 2.23 (s,
3H), 1.07 (dd, J = 15.1, 4.3 Hz, 1H), 0.88 (dd, J = 15.1, 10.2 Hz, 1H),
0.76 (t,J = 7.9 Hz, 9H), 0.36 (q, J= 7.9 Hz, 6H). 1*C NMR (126 MHz,
CDCls) 6 172.7, 144.9, 139.3, 137.7, 136.0, 134.9, 134.8, 134.3, 130.7,
129.5,129.5, 129.4, 129.1, 129.0, 128.8, 128.5, 128.2,42.4, 21.7, 11.0,

7.3,3.7. IR (neat): 2951, 2873, 1711, 1596, 1486, 1359, 1237, 1172 cm™
1

5-(3-chlorophenyl)-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-

2H-benzo[b]azepin-2-one (3d): Column chromatography 5-10%
EA/H; White solid; Yield: 64% (35.4 mg); M.P.: 135-137 °C. '"H NMR
(500 MHz, CDCl3) 6 7.73 — 7.66 (m, 3H), 7.53 — 7.46 (m, 1H), 7.41 —
7.37 (m, 1H), 7.36 — 7.30 (m, 2H), 7.30 — 7.27 (m, 1H), 7.25 - 7.18 (m,
2H), 7.08 (d, J = 8.1 Hz, 2H), 5.59 (d, /= 6.1 Hz, 1H), 2.84 — 2.76 (m,
1H), 2.30 (s, 3H), 1.16 (dd, J = 15.1, 4.4 Hz, 1H), 0.97 (dd, J = 15.1,
10.1 Hz, 1H), 0.84 (t, J = 8.0 Hz, 9H), 0.44 (q, J = 7.9 Hz, 6H). 13C
NMR (126 MHz, CDCI3) 8 172.5, 144.9, 141.0, 139.2, 135.8, 134.8,
134.7, 134.6, 131.5, 130.0, 129.6, 129.5, 129.1, 128.8, 128.6, 128.4,
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128.3, 128.2, 126.4, 42.4, 21.7, 11.1, 7.3, 3.7. IR (neat): 2949, 2873,
1714, 1593, 1444, 1353, 1281, 1155 cm™'. HRMS (ESI +ve) m/z:
[M+Na]" Calcd for C30H34CINO3SSiNa 574.1615; found 574.1620.

5-(o-tolyl)-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo|b]lazepin-2-one (3e): Column chromatography 3-5% EA/H;
White solid; Yield: 72% (38.3 mg); M.P.: 102-104 °C. TH NMR (500
MHz, CDCls) & 8.04 (d, J = 8.4 Hz, 2H), 7.68 — 7.62 (m, 1H), 7.45 —
7.39 (m, 1H), 7.34 — 7.31 (m, 2H), 7.31 — 7.18 (m, 5H), 7.05 (dd, J =
7.9, 1.6 Hz, 1H), 5.60 (d, J = 5.7 Hz, 1H), 2.85 —2.77 (m, 1H), 2.43 (s,
3H), 2.11 (s, 3H), 1.18 (dd, J = 15.1, 4.4 Hz, 1H), 1.01 (dd, J = 15.1,
10.2 Hz, 1H), 0.84 (t, J = 7.9 Hz, 9H), 0.45 (q, J = 7.9 Hz, 6H). 13C
NMR (126 MHz, CDCI3) & 174.3, 145.0, 141.4, 139.2, 136.8, 136.8,
136.6, 133.7, 133.0, 130.7, 130.4, 129.4, 129.3, 128.4, 128.3, 128.0,
127.9, 126.0, 42.1, 21.8, 21.0, 11.0, 7.4, 3.8. IR (neat): 29571 2874,
1717, 1597, 1482, 1361, 1238, 1132 cm’".

5-(2,4-dichlorophenyl)-1-tosyl-3-((triethylsilyl)methyl)-1,3-
dihydro-2H-benzo|b]azepin-2-one (3f): Column chromatography 3-
5% EA/H; Clear oil; Yield: 47% (27.5 mg). 'THNMR (500 MHz, CDCl5)
0 8.02 -7.96 (m, 2H), 7.72 — 7.67 (m, 1H), 7.49 — 7.42 (m, 2H), 7.34 —
7.26 (m, 4H), 7.23 (d, /= 8.2 Hz, 1H), 7.06 — 7.01 (m, 1H), 5.65 (d, J =
5.8 Hz, 1H), 2.85 — 2.77 (m, 1H), 2.41 (s, 3H), 1.18 (dd, J = 15.2, 4.3
Hz, 1H), 0.96 (dd, J=15.2, 10.2 Hz, 1H), 0.83 (t, /= 7.9 Hz, 9H), 0.44
(q,J=7.9 Hz, 6H). 3C NMR (126 MHz, CDCl3) 6 173.7, 144.9, 138.1,
136.8, 136.6, 135.2, 134.9, 134.8, 134.4, 133.8, 132.6, 130.2, 129.3
(2C), 128.6, 128.2, 128.0, 127.9, 127.4, 42.2, 21.8, 11.0, 7.3, 3.7. IR
(neat): 2952, 2873, 1717, 1597, 1468, 1357, 1234, 1165 cm'. HRMS
(ESI +ve) m/z: [M+Na]" Calcd for C3oH33ClaNO3SSiNa 608.1225;
found 608.1229.

4-(2-0x0-1-tosyl-3-((triethylsilyl)methyl)-2,3-dihydro-1H-

benzo|b]azepin-5-yl)benzonitrile (3g): Column chromatography 15-
20% EA/H; White solid; Yield: 63% (34.8 mg); M.P.: 153-155 °C. 'H
NMR (500 MHz, CDCl3) ¢ 7.72 — 7.67 (m, 5H), 7.54 — 7.49 (m, 1H),
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7.46 — 7.42 (m, 2H), 7.42 — 7.37 (m, 1H), 7.20 — 7.16 (m, 1H), 7.08 (d,
J=8.1 Hz, 2H), 5.72 (d, J = 6.2 Hz, 1H), 2.87 — 2.79 (m, 1H), 2.32 (s,
3H), 1.17 (dd, J = 15.1, 4.4 Hz, 1H), 0.98 (dd, J = 15.1, 10.1 Hz, 1H),
0.84 (t, J = 7.9 Hz, 9H), 0.44 (q, J = 7.9 Hz, 6H). 3C NMR (126 MHz,
CDCl3) 6 172.4, 145.1, 143.6, 139.0, 135.9, 134.9, 134.2, 133.2, 132.6,
129.6,129.3,129.2,128.9, 128.8, 128.7, 128.4, 118.6, 112.0,42.7, 21.7,
11.0, 7.3, 3.7. IR (neat): 2954, 2924, 2128, 1713, 1596, 1442, 1352,
1247, 1174 cm™. HRMS (ESI +ve) m/z: [M+Na]" Calcd for
C31H34N203SSiNa: 563.1957; found 563.1960.

5-(thiophen-2-yl)-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3h): Column chromatography 3-5% EA/H;
White solid; Yield: 25% (13.1 mg); M.P.: 167-169 °C. "TH NMR (500
MHz, CDCI3) 6 7.71 — 7.66 (m, 1H), 7.62 (d, J = 8.3 Hz, 2H), 7.57 (dd,
J=1728,1.6 Hz, 1H), 7.51 (td, J=7.7, 1.7 Hz, 1H), 7.46 — 7.39 (m, 1H),
7.31 - 7.28 (m, 1H), 7.09 — 7.04 (m, 1H), 7.05 - 7.01 (m, 1H), 6.99 (d,
J=28.1Hz, 2H), 5.57 (d, J= 6.4 Hz, 1H), 2.83 — 2.75 (m, 1H), 2.29 (s,
3H), 1.08 (dd, J = 15.1, 4.2 Hz, 1H), 0.95 (dd, J = 15.1, 10.5 Hz, 1H),
0.82 (t,J=7.9 Hz, 9H), 0.42 (q, J= 7.9 Hz, 6H). 1*C NMR (126 MHz,
CDCl3) 6 172.4, 144.8, 142.6, 135.7, 134.5, 134.3, 133.7, 129.9, 129.5,
129.1, 129.0, 128.8, 128.7, 128.3, 127.7, 126.8, 125.7, 42.2, 21.7, 10.8,
7.3, 3.7. IR (neat): 2948, 2872, 1978, 1718, 1595, 1445, 1356, 1157,
1087 cm!. HRMS (ESI +ve) m/z: [M+Na]® Caled for
C28H33NO3S2S1Na 546.1569, found 546.1576.

9-methyl-S-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3j): Column chromatography 3-5% EA/H;
White solid; Yield: 37% (19.7 mg); M.P.: 134-136 °C. "TH NMR (500
MHz, CDCls) & 7.63 (d, J = 8.1 Hz, 2H), 7.43 — 7.36 (m, 6H), 7.30 —
7.26 (m, 1H), 7.15-7.09 (m, 1H), 6.85 (d, J= 8.1 Hz, 2H), 5.46 (d, J =
6.1 Hz, 1H), 2.86 — 2.78 (m, 1H), 2.70 (s, 3H), 2.22 (s, 3H), 1.14 (dd, J
=15.0, 5.2 Hz, 1H), 0.91 — 0.86 (m, 1H), 0.83 (t, /= 8.0 Hz, 9H), 0.44
(q,J=7.9 Hz, 6H). '3C NMR (126 MHz, CDCl3) § 172.9, 144.7, 140.8,
139.1, 139.0, 136.0, 135.4, 135.0, 131.2, 129.5, 129.3, 128.7, 128.6,
128.3, 128.1, 128.0, 127.5, 42.4, 21.6, 20.6, 11.0, 7.4, 3.7. IR (neat):
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2950, 2872, 1702, 1594, 1454, 1359, 1165, 1131 cm™'. HRMS (ESI +ve)
m/z: [M+Na]" Calcd for C31H37NO3SSiNa 554.2161; found 554.2165.

8-methyl-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo|b]lazepin-2-one (3k): Column chromatography 3-5% EA/H;
White solid; Yield: 63% (33.5 mg); M.P.: 140-142 °C. '"H NMR (500
MHz, CDCls) & 7.67 (d, J = 8.3 Hz, 2H), 7.52 — 7.48 (m, 1H), 7.41 —
7.36 (m, 3H), 7.35 - 7.31 (m, 2H), 7.20 - 7.11 (m, 2H), 7.01 (d, J= 8.1
Hz,2H), 5.51 (d,J=6.1 Hz, 1H),2.86 —2.78 (m, 1H), 2.48 (s, 3H), 2.27
(s,3H), 1.12 (dd, J=15.1,4.0 Hz, 1H), 0.96 (dd, J = 15.2, 10.6 Hz, 1H),
0.85 (t,J=7.9 Hz, 9H), 0.45 (q, J= 7.9 Hz, 6H). 1*C NMR (126 MHz,
CDClL) 6 172.9, 144.6, 140.4, 139.3, 138.5, 136.0, 134.6, 132.4, 129.8,
129.4, 129.5, 129.2, 129.0, 128.8, 128.7, 128.2, 42.3, 21.6, 21.4, 11.0,

7.4,3.7. IR (neat): 2949, 2872, 1713, 1614, 1455, 1358, 1170, 1141 cm”
1

methyl 2-ox0-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-2,3-
dihydro-1H-benzo[b]azepine-8-carboxylate 3I): Column
chromatography 5-10% EA/H; White solid; Yield: 57% (32.9 mg);
M.P.: 179-181 °C. 'TH NMR (500 MHz, CDCl3) & 8.36 (d, J = 1.7 Hz,
1H), 8.01 (dd, J=8.2, 1.7 Hz, 1H), 7.72 (d, J= 8.4 Hz, 2H), 7.44 — 7.38
(m, 3H), 7.34 (d, J= 8.2 Hz, 1H), 7.32 — 7.28 (m, 2H), 7.07 (d, J = 8.1
Hz,2H), 5.67 (d,J=6.1 Hz, 1H), 3.98 (s, 3H), 2.80 — 2.73 (m, 1H), 2.30
(s,3H), 1.15(dd, J=15.1,4.2 Hz, 1H), 0.99 (dd, J=15.1, 10.4 Hz, 1H),
0.84 (t,J=7.9 Hz, 9H), 0.45 (q, J= 7.9 Hz, 6H). '3C NMR (126 MHz,
CDCl3) 6 172.4, 165.9, 145.0, 140.0, 139.4, 138.7, 135.8, 134.8, 131.8,
130.6,130.1, 129.9,129.2, 128.9, 128.9, 128.8, 128.6, 128.2, 52.6,42.4,
21.7,11.1,7.3,3.7. IR (neat): 2955, 287, 1716, 1595, 1433, 1353, 1254,
1176 cm™'. HRMS (ESI +ve) m/z: [M+Na]" Calcd for C3:H37NOsSSiNa
598.2059; found 598.2061.

7-methyl-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3m): Column chromatography 3-5% EA/H;
White solid; Yield: 72% (38.3 mg); M.P.: 112-114 °C. 'TH NMR (500
MHz, CDCl3) 6 7.68 (d, /= 8.0 Hz, 2H), 7.57 (d, J= 8.2 Hz, 1H), 7.42
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—7.36 (m, 3H), 7.35 — 7.32 (m, 2H), 7.30 — 7.26 (m, 1H), 7.05 — 7.00
(m, 3H), 5.53 (d, /= 6.1 Hz, 1H), 2.86 — 2.79 (m, 1H), 2.35 (s, 3H), 2.27
(s, 3H), 1.14 (dd, J= 15.1, 4.2 Hz, 1H), 0.95 (dd,J=15.1, 10.4 Hz, 1H),
0.85 (t, J = 7.9 Hz, 9H), 0.45 (q, J = 7.9 Hz, 6H). *C NMR (126 MHz,
CDCl3) 6 172.9, 144.6, 140.4, 139.4, 138.2, 136.0, 135.0, 132.4, 130.2,
129.9, 129.3, 129.2, 129.0, 128.8, 128.7, 128.3, 128.2, 42.3, 21.7, 21.3,
11.0, 7.4, 3.7. IR (neat): 2923, 2870, 1707, 1596, 1445, 1356, 1233,
1171 em™.

7-methoxy-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-
2H-benzo[b]azepin-2-one (3n): Column chromatography 5-10%
EA/H; White solid; Yield: 63% (34.6 mg); M.P.: 135-137 °C. 'TH NMR
(500 MHz, CDCls) 6 7.67 (d, J = 8.4 Hz, 2H), 7.61 (d, /= 8.9 Hz, 1H),
7.42 —7.33 (m, 5H), 7.04 — 6.99 (m, 3H), 6.72 (d, /= 3.0 Hz, 1H), 5.54
(d, J=6.1 Hz, 1H), 3.77 (s, 3H), 2.91 — 2.83 (m, 1H), 2.27 (s, 3H), 1.14
(dd, J=15.1,4.1 Hz, 1H), 0.96 (dd, J=15.1, 10.4 Hz, 1H), 0.86 (t, J =
7.9 Hz, 9H), 0.46 (q, J = 7.9 Hz, 6H). 3C NMR (126 MHz, CDCl3) &
172.92, 158.8, 144.6, 140.4, 139.1, 136.4, 135.9, 130.7, 130.4, 129.0,
128.8, 128.7, 128.3, 128.2, 128.0, 114.3, 114.2, 55.7, 42.3, 21.7, 11.0,
7.4, 3.7. IR (neat): 2951, 2874, 1978, 1709, 1597, 1465, 1355, 1225,
1172 em™.

7-fluoro-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (30): Column chromatography 3-5% EA/H;
White solid; Yield: 70% (37.5 mg); M.P.: 162-164 °C. '"H NMR (500
MHz, CDCl3) 6 7.70 — 7.66 (m, 3H), 7.43 — 7.37 (m, 3H), 7.34 — 7.29
(m, 2H), 7.22 - 7.16 (m, 1H), 7.04 (d, J= 8.0 Hz, 2H), 6.95 (dd, J=9.2,
2.9 Hz, 1H), 5.60 (d, J= 6.1 Hz, 1H), 2.84 — 2.77 (m, 1H), 2.28 (s, 3H),
1.15(dd,J=15.1,4.2 Hz, 1H), 0.97 (dd, J=15.1, 10.3 Hz, 1H), 0.86 (t,
J=17.9 Hz, 9H), 0.46 (q, J= 7.9 Hz, 6H). ’F NMR (471 MHz, CDCl5)
8 (-111.86) to (-111.95) (m). 3C NMR (126 MHz, CDCl3) 8 172.6,
161.4 (d, J=250.0 Hz), 144.9, 139.8 (2C), 138.6, 137.3 (d, /= 8.3 Hz),
135.7,131.4 (d, J=8.8 Hz), 131.1, 130.9 (d, J = 3.1 Hz), 129.1, 128.9,
128.8, 128.6, 128.1, 115.9 (dd, J=23.1, 13.2 Hz), 42.4, 21.7, 11.0, 7.4,
3.7. IR (neat): 2922, 2853, 1706, 1577, 1487, 1355, 1264, 1197 cm™.
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7-chloro-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3p): Column chromatography 3-5% EA/H;
White solid; Yield: 71% (39.3 mg); MLP.: 146-148 °C. "TH NMR (400
MHz, CDCl3) ¢ 7.68 (d, J= 8.1 Hz, 2H), 7.64 (d, J = 8.6 Hz, 1H), 7.47
—7.38 (m, 4H), 7.33 — 7.28 (m, 2H), 7.25 - 7.22 (m, 1H), 7.04 (d, J =
8.1 Hz, 2H), 5.60 (d, /= 6.1 Hz, 1H), 2.83 — 2.74 (m, 1H), 2.29 (s, 3H),
1.16 (dd,J=15.1,4.3 Hz, 1H), 0.97 (dd, /= 15.2, 10.2 Hz, 1H), 0.86 (t,
J=17.9 Hz, 9H), 0.46 (q, J= 7.9 Hz, 6H). 13*C NMR (126 MHz, CDCl3)
0 172.4, 145.0, 139.6, 138.6, 136.7, 135.6, 134.0, 133.2, 131.3, 130.8,
129.3, 129.2, 128.9, 128.8, 128.6, 128.5, 128.2, 42.4, 21.7, 11.1, 7.4,
3.7. IR (neat): 2949, 2883, 1708, 1596, 1481, 1356, 1276, 1172 cm.

2-o0x0-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-2,3-dihydro-1H-
benzo|b]azepine-7-carbonitrile (3q): Column chromatography 10-
15% EA/H; White solid; Yield: 45% (24.5 mg); M.P.: 163-165 °C. 'H
NMR (500 MHz, CDCls) 6 7.83 (d, J = 8.4 Hz, 1H), 7.74 (dd, J = 8.4,
2.0 Hz, 1H), 7.68 (d, J = 8.1 Hz, 2H), 7.60 — 7.56 (m, 1H), 7.46 — 7.41
(m, 3H), 7.29 — 7.26 (m, 2H), 7.08 (d, J = 8.1 Hz, 2H), 5.68 (d, /= 6.2
Hz, 1H), 2.72 — 2.64 (m, 1H), 2.30 (s, 3H), 1.17 (dd, J = 15.1, 4.3 Hz,
1H), 0.99 (dd, J=15.1, 10.2 Hz, 1H), 0.86 (t, J= 7.9 Hz, 9H), 0.46 (q,
J =17.9 Hz, 6H). 3C NMR (126 MHz, CDCl3) & 171.9, 145.4, 139.1,
138.2, 138.0, 136.4, 135.4, 133.9, 132.1, 131.0, 130.5, 129.3, 129.1,
129.0, 128.9, 128.2, 117.8, 112.1, 42.5, 21.7, 11.1, 7.4, 3.7. IR (neat):
2951, 2874, 1978, 1709, 1597, 1491, 1355, 1225, 1172 cm!. HRMS
(ESI +ve) m/z: [M+Na]" Calcd for C31H34N203SSiNa 565.1957; found
565.1970.

7-nitro-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-

benzo|b]azepin-2-one (3r): Column chromatography 10-15% EA/H;
White solid; Yield: 17% (9.6 mg); M.P.: 194-196 °C. 'H NMR (500
MHz, CDCL) 6 8.31 (dd, J=8.9, 2.7 Hz, 1H), 8.14 (d, /= 2.6 Hz, 1H),
7.89 (d, J=8.9 Hz, 1H), 7.69 (d, J = 8.3 Hz, 2H), 7.48 — 7.40 (m, 3H),
7.32 —7.27 (m, 2H), 7.08 (d, J = 8.1 Hz, 2H), 5.71 (d, /= 6.2 Hz, 1H),
2.73 —2.65 (m, 1H), 2.31 (s, 3H), 1.18 (dd, J = 15.1, 4.2 Hz, 1H), 1.00
(dd, J=15.1,10.2 Hz, 1H), 0.86 (t, /= 7.9 Hz, 9H), 0.46 (q, /= 7.9 Hz,
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6H). 13C NMR (126 MHz, CDCl3) § 171.8, 146.7, 145.5, 139.4, 139.4,
138.1, 136.4, 135.3, 132.3, 130.6, 129.3, 129.2, 129.1, 128.9, 128.1,
125.0, 122.7, 42.6, 21.7, 11.1, 7.4, 3.7. IR (neat): 2950, 2873, 1714,
1596, 1456, 1342, 1277, 1171 cm’.

6-methyl-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3s): Column chromatography 3-5% EA/H;
White solid; Yield: 78% (41.5 mg); M.P.: 148-150 °C. '"H NMR (500
MHz, CDCl3) ¢ 7.67 (d, J = 8.4 Hz, 2H), 7.54 (d, J= 8.0 Hz, 1H), 7.42
—7.30 (m, 4H), 7.29 — 7.21 (m, 3H), 6.95 (d, /= 8.2 Hz, 2H), 5.68 (d, J
=6.9 Hz, 1H), 2.92 — 2.84 (m, 1H), 2.27 (s, 3H), 1.89 (s, 3H), 1.06 (dd,
J=15.1,3.6 Hz, 1H), 0.95 (dd, J=15.1, 11.1 Hz, 1H), 0.84 (t, /=7.9
Hz, 9H), 0.45 (q,J=7.9 Hz, 6H). 13C NMR (126 MHz, CDCl3) § 173.8,
144.6, 140.0, 139.7, 137.8, 135.9, 135.5, 133.8, 132.4, 131.2, 129.0,
128.9, 128.1, 127.9, 126.7, 126.5, 42.6, 21.7, 21.6, 10.6, 7.3, 3.8. IR
(neat): 2951, 2879, 1713, 1596, 1458, 1356, 1270, 1171 cm!. HRMS
(ESI +ve) m/z: [M+Na]" Calcd for C31H37NO3SSiNa 554.2161; found
554.2142.

4-methyl-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3t): Column chromatography 3-5% EA/H;
White solid; Yield: 27% (14.4 mg); M.P.: 131-132 °C. TH NMR (500
MHz, CDCl3) 6 7.79 (d, J = 8.4 Hz, 2H), 7.66 (d, J= 8.0 Hz, 1H), 7.43
—7.35 (m, 3H), 7.37 — 7.30 (m, 1H), 7.30 — 7.23 (m, 1H), 7.19 - 7.11
(m, 4H), 7.01 (dd, J= 7.8, 1.6 Hz, 1H), 3.03 (dd, J = 8.6, 5.8 Hz, 1H),
2.33 (s, 3H), 1.55 (s, 3H), 1.20 (dd, J = 14.8, 8.6 Hz, 1H), 0.83 — 0.77
(m, 10H), 0.39 (q, J = 7.9 Hz, 6H). 13C NMR (126 MHz, CDCl3) &
170.88, 144.60, 140.18, 137.28, 136.27, 136.18, 135.43, 134.64, 130.82,
130.41, 129.08, 128.67, 128.58, 128.37, 127.89, 127.57, 45.14, 21.71,
16.82, 8.54, 7.37, 3.61. IR (neat): 2949, 2872, 1708, 1594, 1440, 1355,
1237, 1158 cm!. HRMS (ESI +ve) m/z: [M+Na]® Caled for
C31H37NO3SSiNa 554.2161; found 554.2151.

3-methyl-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo|b]azepin-2-one (3u): Column chromatography 3-5% EA/H;
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White solid; Yield: 42% (22.4 mg); M.P.: 129-131 °C. '"TH NMR (500
MHz, CDCl) 6 7.75 (d, J = 8.2 Hz, 2H), 7.66 — 7.61 (m, 1H), 7.48 —
7.42 (m, 1H), 7.42 —7.33 (m, 5H), 7.32 - 7.27 (m, 1H), 7.20 — 7.14 (m,
1H), 7.11 (d, J = 8.1 Hz, 2H), 5.74 (s, 1H), 2.32 (s, 3H), 1.35 (s, 3H),
0.71 (t, J=7.9 Hz, 9H), 0.58 — 0.52 (m, 1H), 0.48 — 0.43 (m, 1H), 0.42
— 0.32 (m, 6H). 13C NMR (126 MHz, CDCl3) & 175.9, 144.5, 140.8,
140.2, 136.6, 135.7, 135.1, 134.8, 129.9, 129.1, 128.9, 128.8, 128.7,
128.4, 128.3, 128.1, 127.7, 47.0, 27.6, 21.7, 15.9, 7.4, 4.6. IR (neat):
2951, 2872, 1707, 1577, 1421, 1356, 1198, 1170 cm™'.

1-methyl-5-phenyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3v): Column chromatography 3-5% EA/H;
Clear oil; Yield: 40% (15.2 mg). 'TH NMR (500 MHz, CDCl3) 8 7.42 —
7.28 (m, 6H), 7.25 - 7.23 (m, 1H), 7.22 - 7.19 (m, 1H), 7.14 — 7.09 (m,
1H), 5.84 (d, J = 6.3 Hz, 1H), 3.44 (s, 3H), 2.64 — 2.56 (m, 1H), 1.33
(dd, J=15.0,4.8 Hz, 1H), 1.18 (dd, /= 15.0, 10.0 Hz, 1H), 0.91 (t,J =
7.9 Hz, 9H), 0.53 (q, J = 7.9 Hz, 6H). 3C NMR (126 MHz, CDCl3) &
173.9, 142.9, 140.6, 139.2, 133.2, 133.2, 130.1, 128.7, 128.6, 128.4,
127.7, 124.2, 122.5, 40.1, 36.9, 11.8, 7.5, 3.9. IR (neat): 2927, 2869,
1665, 1598, 1445, 1362, 1237, 1113 cm™'.

S-phenyl-1-tosyl-3-((tripropylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3w): Column chromatography 3-5% EA/H;
White solid; Yield: 63% (35.3 mg); M.P.: 135-137 °C. "TH NMR (500
MHz, CDCl3) 6 7.72 — 7.66 (m, 3H), 7.52 — 7.45 (m, 1H), 7.43 — 7.32
(m, 6H), 7.29 — 7.26 (m, 1H), 7.03 (d, J = 8.1 Hz, 2H), 5.58 (d, /= 6.2
Hz, 1H), 2.84 — 2.76 (m, 1H), 2.28 (s, 3H), 1.25 — 1.15 (m, 6H), 1.13
(dd, J=15.1,4.0 Hz, 1H), 0.96 (dd, J=15.1, 10.5 Hz, 1H), 0.86 (t, J =
7.2 Hz, 9H), 0.47 — 0.39 (m, 6H). 3C NMR (126 MHz, CDCl3) § 172.8,
144.6, 140.2, 139.1, 135.9, 135.2, 134.7, 130.1, 129.6, 129.3, 128.9,
128.7, 128.6, 128.2, 128.1, 128.1, 127.9, 42.3, 21.5, 18.5, 17.3, 15.6,
11.8. IR (neat): 2956, 2862, 1717, 1597, 1446, 1356, 1232, 1172 cm™'.
HRMS (ESI +ve) m/z: [M+H]" Calcd for C33H42NO3SSi 560.2654;
found 560.2632.
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5-phenyl-1-tosyl-3-((triisopropylsilyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3x): Column chromatography 3-5% EA/H;
White solid; Yield: 43% (24.1 mg); M.P.: 143-145 °C . "TH NMR (500
MHz, CDCl3) 6 7.71 — 7.66 (m, 3H), 7.50 — 7.45 (m, 1H), 7.42 — 7.31
(m, 6H), 7.26 — 7.23 (m, 1H), 7.02 (d, /= 8.1 Hz, 2H), 5.64 (d, J=6.3
Hz, 1H), 2.95 — 2.88 (m, 1H), 2.28 (s, 3H), 1.31 (dd, J = 15.4, 3.6 Hz,
1H), 0.99 (dd, J = 15.4, 10.1 Hz, 1H), 0.96 — 0.86 (m, 21H). 13C NMR
(126 MHz, CDCls) 6 172.9, 144.8, 140.4, 139.1, 135.9, 135.2, 134.9,
130.5, 129.6, 129.4, 129.1, 128.8, 128.7, 128.3, 128.3, 128.2, 128.1,
423, 21.7, 18.7, 18.7, 11.1, 8.4. IR (neat): 2922, 2857, 1712, 1597,
1447, 1360, 1173, 1139 cm™.

3-((benzyldimethylsilyl)methyl)-5-phenyl-1-tosyl-1,3-dihydro-2 H-
benzo|b]azepin-2-one (3y): Column chromatography 5-10% EA/H;
White solid; Yield: 77% (42.5 mg); M.P.: 120-122 °C. 'H NMR (500
MHz, CDCls) & 7.67 (d, J = 8.1 Hz, 3H), 7.51 — 7.46 (m, 1H), 7.42 —
7.35 (m, 4H), 7.33 — 7.29 (m, 2H), 7.26 — 7.22 (m, 1H), 7.08 (t, /= 7.4
Hz, 2H), 7.02 (d, J = 8.1 Hz, 2H), 6.97 (t, J = 7.4 Hz, 1H), 6.89 — 6.84
(m, 2H), 5.52 (d, J=6.2 Hz, 1H), 2.71 —2.64 (m, 1H), 2.28 (s, 3H), 2.02
(s, 2H), 1.17 (dd, J=15.1, 5.0 Hz, 1H), 0.97 (dd, J = 15.1, 9.7 Hz, 1H),
-0.03 (s, 3H), -0.07 (s, 3H). BC NMR (126 MHz, CDCl3) 6 172.5, 144.7,
140.4, 139.5, 139.2, 135.9, 135.2, 134.7, 129.9, 129.8, 129.5, 129.1,
128.8, 128.7, 128.3, 128.3, 128.2, 128.1, 128.0, 124.3, 42.2, 26.0, 21.7,
14.3, -2.3, -2.6. IR (neat): 2956, 2923, 1716, 1598, 1492, 1355, 1253,
1166 cm™.

3-((tert-butyldimethylsilyl)methyl)-5-phenyl-1-tosyl-1,3-dihydro-

2H-benzo|b]azepin-2-one (3z): Column chromatography 3-5% EA/H;
White solid; Yield: 64% (33.2 mg); M.P.: 111-113 °C. "TH NMR (500
MHz, CDCl3) 6 7.73 — 7.66 (m, 3H), 7.51 — 7.45 (m, 1H), 7.42 — 7.33
(m, 6H), 7.28 — 7.26 (m, 1H), 7.03 (d, J = 8.1 Hz, 2H), 5.58 (d, /= 6.2
Hz, 1H), 2.84 — 2.77 (m, 1H), 2.28 (s, 3H), 1.18 (dd, J = 15.1, 4.2 Hz,
1H), 0.95 (dd, J=15.1, 10.4 Hz, 1H), 0.81 (s, 9H), -0.05 (s, 3H), -0.20
(s, 3H). BC NMR (126 MHz, CDCl3) & 172.8, 144.7, 140.3, 139.2,
136.0, 135.3, 134.8, 130.3, 129.7, 129.5, 129.1, 128.8, 128.7, 128.3,
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128.3, 128.2, 128.1, 42.6, 26.4, 21.7, 16.5, 11.5, -4.7, -5.9. IR (neat):
2951, 2857, 1711, 1596, 1446, 1361, 1283, 1172 cm™.

3-((dimethyl(phenyl)silyl)methyl)-5-phenyl-1-tosyl-1,3-dihydro-
2H-benzo[b]azepin-2-one (3aa): Column chromatography 5-10%
EA/H; White solid; Yield: 63% (33.9 mg); M.P.: 186-188 °C. '"H NMR
(500 MHz, CDCls) 6 7.66 (d, J = 8.0 Hz, 2H), 7.61 (d, /= 8.1 Hz, 1H),
747 —7.41 (m, 1H), 7.39 — 7.36 (m, 2H), 7.36 — 7.26 (m, 7H), 7.24 —
7.18 (m, 1H), 7.11 — 7.05 (m, 2H), 7.01 (d, J= 8.1 Hz, 2H), 5.42 (d, J =
6.2 Hz, 1H), 2.81 — 2.73 (m, 1H), 2.27 (s, 3H), 1.31 (dd, J = 15.1, 4.5
Hz, 1H), 1.22 (dd, J=15.1, 10.2 Hz, 1H), 0.25 (s, 3H), 0.23 (s, 3H). 13C
NMR (126 MHz, CDCl3) & 172.7, 144.7, 140.3, 139.1, 138.3, 136.0,
135.2, 134.7, 133.6, 129.8, 129.7, 129.5, 129.2, 129.1, 128.8, 128.5,
128.2 (20), 128.1, 128.0 (2C), 42.5, 21.7, 15.3, -1.8, -2.9. IR (neat):
2954,2873, 1718, 1597, 1445, 1352, 1237, 1172 cm™’.

3-((methyldiphenylsilyl)methyl)-5-phenyl-1-tosyl-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3ab): Column chromatography 5-10% EA/H;
White solid; Yield: 61% (36.6 mg); M.P.: 202-204 °C. '"H NMR (500
MHz, CDCls) 6 7.66 (d, J = 8.0 Hz, 2H), 7.60 — 7.56 (m, 1H), 7.45 —
7.38 (m, SH), 7.37 —7.32 (m, 3H), 7.31 — 7.24 (m, 7H), 7.22 — 7.18 (m,
1H), 7.02 (d, J = 8.1 Hz, 2H), 6.93 — 6.88 (m, 2H), 5.41 (d, /= 6.1 Hz,
1H), 2.88 —2.80 (m, 1H), 2.28 (s, 3H), 1.61 — 1.53 (m, 2H), 0.49 (s, 3H).
I3C NMR (126 MHz, CDCl3) 8 172.7, 144.7, 140.3, 139.0, 136.5, 136.0,
135.8, 135.2, 134.7 (2C), 134.5, 129.6 (2C), 129.5 (2C), 129.4, 129.1,
128.8, 128.4, 128.2, 128.1 (2C), 128.0 (2C), 42.5, 21.7, 13.7, -3.4. IR
(neat): 2949, 2921, 1720, 1596, 1484, 1357, 1173, 1158 cm’".

3-((tert-butyldiphenylsilyl)methyl)-5-phenyl-1-tosyl-1,3-dihydro-

2H-benzo|b]azepin-2-one (3ac): Column chromatography 5-10%
EA/H; White solid; Yield: 39% (25.1 mg); M.P.: 183-185 °C. '"H NMR
(500 MHz, CDCl3) 6 7.69 — 7.64 (m, 2H), 7.57 — 7.49 (m, 3H), 7.48 —
7.41 (m, 1H), 7.42 —7.32 (m, 5H), 7.32 — 7.24 (m, 2H), 7.26 — 7.19 (m,
3H), 7.18 = 7.11 (m, 2H), 7.09 — 7.02 (m, 3H), 6.74 — 6.69 (m, 2H), 5.41
(d,J=6.2 Hz, 1H),2.72 - 2.64 (m, 1H), 2.31 (s, 3H), 1.71 (dd, J=15.4,
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3.2 Hz, 1H), 1.62 (dd, J = 15.4, 11.1 Hz, 1H), 1.04 (s, 9H). 3C NMR
(126 MHz, CDCl3) & 173.1, 144.7, 140.0, 139.0, 136.4, 136.0, 135.9,
135.0, 134.7, 134.5, 133.3, 129.8, 129.6, 129.3 (2C), 129.2, 129.1,
128.7, 128.3, 128.2, 128.0, 127.8, 127.7, 42.8, 27.7, 21.7, 18.0, 9.3. IR
(neat): 2928, 2855, 1715, 1596, 1487, 1356, 1173, 1149 cm!. HRMS
(ESI +ve) m/z: [M+Na]" Calcd for C40H39NO3SSiNa 664.2318; found
664.2332.

5-phenyl-1-tosyl-3-((triphenylsilyl)methyl)-1,3-dihydro-2 H-
benzo|b]azepin-2-one (3ad): Column chromatography 5-10% EA/H;
White solid; Yield: 44% (29.2 mg); M.P.:241-244 °C. "TH NMR (500
MHz, CDCls) & 7.64 (d, J = 8.3 Hz, 2H), 7.54 — 7.49 (m, 1H), 7.40 —
7.31 (m, 12H), 7.25 - 7.22 (m, 6H), 7.22 — 7.15 (m, 3H), 7.01 (d, /= 8.0
Hz, 2H), 6.67 — 6.62 (m, 2H), 5.43 (d, /= 6.3 Hz, 1H), 2.94 — 2.86 (m,
1H), 2.26 (s, 3H), 1.92 — 1.79 (m, 2H). 3C NMR (126 MHz, CDCl3) &
172.9, 144.7, 140.4, 138.9, 136.0, 135.7, 135.2, 134.8, 134.0, 129.7,
129.6, 129.5 (2C), 129.1, 128.8, 128.4, 128.2 (2C), 128.1 (2C), 127.9,
42.6,21.7, 12.5. IR(neat): 2923, 2852, 1710, 1596, 1428, 1367, 1173,
1106 cm™. HRMS (ESI +ve) m/z: [M+Na]* Calcd for C4,H3sNO3SSiNa
684.2004; found 684.2017.

3-((diphenylsilyl)methyl)-5-phenyl-1-tosyl-1,3-dihydro-2 H-
benzo[b]azepin-2-one (3ae): Column chromatography 5-10% EA/H;
White solid; Yield: 46% (27.0 mg); M.P.: 62-64 °C. '"H NMR (500
MHz, CDCl3) 6 7.69 — 7.65 (m, 2H), 7.59 — 7.56 (m, 1H), 7.52 — 7.49
(m, 2H), 7.44 —7.38 (m, 4H), 7.36 — 7.24 (m, 9H), 7.21 — 7.18 (m, 1H),
7.05 - 6.98 (m, 4H), 5.50 (d, /= 6.2 Hz, 1H), 4.88 (t, /= 3.7 Hz, 1H),
2.92 —2.85 (m, 1H), 2.28 (s, 3H), 1.67 — 1.62 (m, 2H). 3C NMR (126
MHz, CDCl3) 6 172.5, 144.8, 140.7, 139.0, 135.9, 135.4, 135.2, 135.1,
134.6, 134.2 (2C), 133.3, 130.0, 129.9, 129.7, 129.5, 129.2, 129.1 (2C),
128.8 (2C), 128.5, 128.3 (3C), 128.2 (3C), 128.1 (4C), 128.0,42.7,21.7,
11.9. IR (neat): 2922, 2852, 1714, 1596, 1445, 1358, 1281, 1156 cm™".
HRMS (ESI +ve) m/z: [M+Na]" Calcd for C36H31NO3SSiNa 608.1692;
found 608.1701.
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3-((1,1,1,3,3,3-hexamethyl-2-(trimethylsilyl)trisilan-2-yl)methyl)-5-
phenyl-1-tosyl-1,3-dihydro-2H-benzo|b]azepin-2-one (3af): Column
chromatography 3-5% EA/H; White solid; Yield: 91% (59.2 mg); M.P.:
178-180 °C. "TH NMR (500 MHz, CDCl3) 4 7.72 — 7.64 (m, 3H), 7.50 —
7.43 (m, 1H), 7.42 —7.33 (m, 6H), 7.30 — 7.25 (m, 1H), 7.02 — 6.97 (m,
2H), 5.64 (d, J = 6.3 Hz, 1H), 2.89 — 2.82 (m, 1H), 2.27 (s, 3H), 1.66
(dd, J=15.0,4.8 Hz, 1H), 1.02 (dd, J=15.0, 7.8 Hz, 1H), 0.03 (s, 27H).
I3C NMR (126 MHz, CDCl3) 8 172.3, 144.8, 140.6, 138.7, 135.8, 135.4,
135.0, 130.7,129.8, 129.6, 129.1, 128.8, 128.7, 128.3, 128.1 (2C), 45.8,
21.7, 6.7, 1.1. IR (neat): 2950, 2895, 1719, 1596, 1445, 1365, 1244,
1173 cm™.

3-(((4-(dimethylsilyl)phenyl)dimethylsilyl)methyl)-5-phenyl-1-
tosyl-1,3-dihydro-2H-benzo|b]azepin-2-one (3ag): Column
chromatography 5-10% EA/H; White solid; Yield: 70% (41.9 mg);
M.P.: 166-168 °C. 'H NMR (500 MHz, CDCl3) 8 7.66 (d, J = 8.5 Hz,
2H), 7.62 -7.57 (m, 1H), 7.47 - 7.40 (m, 3H), 7.39 - 7.32 (m, 3H), 7.35
—7.29 (m, 3H), 7.23 — 7.18 (m, 1H), 7.12 — 7.04 (m, 2H), 7.01 (d, J =
8.1 Hz, 2H), 5.41 (d, J= 6.2 Hz, 1H), 4.41 (hept, /= 3.7 Hz, 1H), 2.79
—2.71 (m, 1H), 2.27 (s, 3H), 1.30 (dd, /= 15.0, 4.5 Hz, 1H), 1.21 (dd, J
=15.0,10.2 Hz, 1H), 0.33 (d, /= 3.7 Hz, 6H), 0.25 (s, 3H), 0.23 (s, 3H).
I3C NMR (126 MHz, CDCl3) 8 172.7, 144.7,140.2, 139.3, 139.0, 138.5,
136.0, 135.3, 134.7, 133.5, 133.0, 129.8, 129.7, 129.4, 129.1, 128.8,
128.5, 128.2, 128.1, 128.0, 42.6, 21.7, 15.2, -1.9, -3.0, -3.7, -3.7. IR
(neat): 2954, 2897, 2128, 1714, 1696, 1443, 1352, 1248, 1172 cm™.
HRMS (ESI +ve) m/z: [M+Na]* Calcd for C34H37NO3SSi:Na 618.1931;
found 618.1935.

5-(4-((((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-
trimethyltridecyl)chroman-6-yl)oxy)methyl)phenyl)-1-tosyl-3-
((triethylsilyl)methyl)-1,3-dihydro-2H-benzo|b]azepin-2-one (3ah):
Column chromatography 5-10% EA/H; Clear oil; Yield: 52% (50.0 mg).
"H NMR (500 MHz, CDCl3) § 7.74 — 7.68 (m, 3H), 7.54 (d, J= 7.9 Hz,
2H), 7.53 —=7.46 (m, 1H), 7.41 —7.34 (m, 3H), 7.31 —7.25 (m, 1H), 7.07
(d, J= 8.1 Hz, 2H), 5.61 (d, J = 6.0 Hz, 1H), 4.75 (s, 2H), 2.87 — 2.79
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(m, 1H), 2.62 (t, /= 6.8 Hz, 2H), 2.30 (s, 3H), 2.26 (s, 3H), 2.22 (s, 3H),
2.13 (s, 3H), 1.90 — 1.74 (m, 2H), 1.63 — 1.28 (m, 15H), 1.24 — 1.04 (m,
10H), 0.99 (dd, J=15.1, 10.5 Hz, 1H), 0.90 — 0.82 (m, 21H), 0.46 (q, J
= 7.9 Hz, 6H). 3C NMR (126 MHz, CDCls) & 172.9, 148.1, 144.8,
140.2, 138.8, 138.2, 136.0, 135.3, 134.8, 130.2, 129.7, 129.5, 129.1,
128.8, 128.4, 128.3, 128.1, 127.9, 126.0, 123.1, 117.8, 75.0, 74.4, 42.3,
40.2,39.5,37.6 (2C), 37.5,37.4,32.9,32.8,32.0,31.4,29.8, 29.5, 28.1,
24.9,24.5,24.0,22.8 (2C),22.7,21.7,21.1,20.8, 19.9, 19.8, 14.2, 13.0,
12.1,11.9,11.0,7.3,3.7. IR (neat): 2950, 2871, 1718, 1597, 1458, 1410,
1358, 1255, 1173 cml. HRMS (ESI +ve) m/z: [M+H]" Calcd for
Cs0HgsNO5sSSi 960.5996; found 960.6026.

4-(2-0x0-1-tosyl-3-((triethylsilyl)methyl)-2,3-dihydro-1H-
benzo|b]azepin-5-yl)benzyl 2-(3-cyano-4-isobutoxyphenyl)-4-
methylthiazole-5-carboxylate (3ai): Column chromatography 15-20%
EA/H; yellowish solid; Yield: 58% (48.3 mg); M.P.: 76-78 °C. TH NMR
(500 MHz, CDCl3) 6 8.20 - 8.16 (m, 1H), 8.10 (dd, J=8.9, 2.4 Hz, 1H),
7.72 — 7.66 (m, 3H), 7.52 — 7.43 (m, 3H), 7.39 — 7.34 (m, 3H), 7.28 —
7.23 (m, 1H), 7.05 (d, /= 8.1 Hz, 2H), 7.01 (d, /=8.9 Hz, 1H), 5.61 (d,
J=16.1 Hz, 1H), 5.39 (s, 2H), 3.90 (d, J = 6.5 Hz, 2H), 2.84 — 2.81 (m,
1H), 2.80 (s, 3H), 2.28 (s, 3H), 2.24 — 2.15 (m, 1H), 1.14 (dd, J = 15.1,
4.2 Hz, 1H), 1.09 (d, J= 6.7 Hz, 6H), 0.97 (dd, J=15.1, 10.4 Hz, 1H),
0.84 (t,J=7.9 Hz, 9H), 0.44 (q, J = 7.9 Hz, 6H). 3C NMR (126 MHz,
CDCl3) 6 172.9, 167.7, 162.7, 161.9 (2C), 144.8, 139.9, 139.4, 136.0,
135.7, 135.1, 134.8, 132.7, 132.3, 130.7, 129.8, 129.6, 129.4, 129.1,
128.8, 128.5, 128.4 (20), 128.2, 127.4, 126.0, 121.4, 115.4, 112.7,
103.1, 75.8, 66.6, 42.4, 28.3, 21.7, 19.1, 17.7, 11.0, 7.3, 3.7. IR (neat):
2951, 2873, 2227, 1711, 1604, 1432, 1369, 1256, 1162 cm™'. HRMS
(ESI +ve) m/z: [M+Na]" Calcd for C47Hs1N306S2SiNa 868.2886; found
868.2914.

4.10.5 General procedure for Germylation of 1,7-dienes

To an oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar

1,7-diene 1 (0.1 mmol), hydrogermane 4 (0.3 mmol, 3 equiv.), 1 mol%
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4DPAIPN (0.8 mg, 0.001 mmol), and 2.0 equivalents of hydrogen atom
transfer reagent (HATR) (0.2 mmol, 78.5 mg)were added. The reaction
tube was sealed and placed under an argon atmosphere, then 1 mL of
acetonitrile was added via syringe. The reaction mixture was then
degassed via freeze-pump-thaw (three times) and refilled with argon.
The sealed reaction tube was then placed in a blue LEDs Kessil lamp (A
= 456 nm) and irradiated for 30 minutes. After the completion of the
reaction, the mixture was transferred to an RB flask and evaporated
under reduced pressure. The crude product was purified by column
chromatography on silica gel (mesh 100-200) using gradient eluent
hexane/ethyl acetate (50:1 to 5:1) to give the germylated benzazepine
product 5.

Characterization data of 5a-51

5-phenyl-1-tosyl-3-((triethylgermyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (5a): Column chromatography 3-5% EA/H;
White solid; Yield: 84% (47.3 mg); ML.P.: 117-119 °C. "TH NMR (500
MHz, CDCl3) 6 7.73 — 7.66 (m, 3H), 7.51 — 7.45 (m, 1H), 7.42 — 7.32
(m, 6H), 7.27 — 7.24 (m, 1H), 7.03 (d, /= 8.1 Hz, 2H), 5.57 (d, J = 6.2
Hz, 1H), 2.88 — 2.80 (m, 1H), 2.28 (s, 3H), 1.26 (dd, J = 14.0, 4.8 Hz,
1H), 1.12 (dd, J = 14.0, 10.1 Hz, 1H), 0.92 (t, J= 7.9 Hz, 9H), 0.65 (q,
J=17.9 Hz, 6H). 3C NMR (126 MHz, CDCl3) & 172.9, 144.7, 140.5,
139.2, 136.0, 135.3, 134.8, 130.2, 129.7, 129.5, 129.1, 128.8, 128.7,
128.3 (20), 128.2, 128.1, 43.3, 21.7, 11.2, 8.9, 4.5. IR (neat): 2947,
2888, 1704, 1595, 1444, 1358, 1254, 117 cm™'. HRMS (ESI +ve) m/z:
[M+Na]" Calcd for C30H3sNO3SGeNa 586.1453; found 586.1465.

5-(p-tolyl)-1-tosyl-3-((triethylgermyl)methyl)-1,3-dihydro-2 H-

benzo|b]azepin-2-one (Sb): Column chromatography 3-5% EA/H;
White solid; Yield: 77% (44.4 mg); ML.P.: 154-156 °C. 'TH NMR (500
MHz, CDCl3) 6 7.71 — 7.66 (m, 3H), 7.49 — 7.43 (m, 1H), 7.37 — 7.32
(m, 1H), 7.25 —7.18 (m, 5H), 7.04 (d, J = 8.1 Hz, 2H), 5.53 (d, /= 6.1
Hz, 1H), 2.86 — 2.78 (m, 1H), 2.41 (s, 3H), 2.29 (s, 3H), 1.24 (dd, J =
14.1,4.7 Hz, 1H), 1.11 (dd, J = 14.1, 10.1 Hz, 1H), 0.92 (t, /= 7.9 Hz,
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9H), 0.65 (q, J = 7.9 Hz, 6H). 13C NMR (126 MHz, CDCls) & 173.0,
144.7, 140.4, 138.2, 136.4, 136.0, 135.5, 134.7, 129.7, 129.4 (2C),
129.1, 128.8, 128.1, 128.0, 43.2, 21.7, 21.3, 11.2, 8.9, 4.5. IR (neat):
2925,2869, 1715, 1596, 1447, 1355, 1284, 1172 cm™'. HRMS (ESI +ve)
m/z: [M+Na]" Calcd for C3;H37NO3SGeNa 600.1609, found 600.1620.

4-(2-ox0-1-tosyl-3-((triethylgermyl)methyl)-2,3-dihydro-1H-
benzo|b]azepin-5-yl)benzonitrile (5c¢): Column chromatography 15-
20% EA/H; White solid; Yield: 57% (33.5 mg); M.P.: 146-148 °C. 'H
NMR (500 MHz, CDCl3) 6 7.73 — 7.66 (m, SH), 7.55 — 7.48 (m, 1H),
7.47-7.42 (m, 2H), 7.42 - 7.36 (m, 1H), 7.17 (dd, /= 7.8, 1.6 Hz, 1H),
7.08 (d, J=8.1 Hz, 2H), 5.71 (d, J = 6.2 Hz, 1H), 2.90 — 2.82 (m, 1H),
2.32 (s, 3H), 1.28 (dd, J=14.1, 5.1 Hz, 1H), 1.12 (dd, J = 14.1, 9.7 Hz,
1H), 0.92 (t, J = 7.9 Hz, 9H), 0.64 (q, J = 7.9 Hz, 6H). 3C NMR (126
MHz, CDCIl3) 6 172.5, 145.1, 143.6, 139.0, 135.9, 134.9, 134.2, 133.2,
132.6, 129.6, 129.3, 129.2, 128.9, 128.8, 128.7, 128.4, 118.7, 112.0,
43.6,21.7,11.2,8.9,4.5. IR (neat): 2929, 2870, 2228, 1720, 1598, 1446,
1357, 1285, 1171 cm™'. HRMS (ESI +ve) m/z: [M+Na]" Caled for
C31H34N203SGeNa: 611.1406; found 611.1415.

5-(3-chlorophenyl)-1-tosyl-3-((triethylgermyl)methyl)-1,3-dihydro-
2H-benzo[b]azepin-2-one (5d): Column chromatography 3-5% EA/H;
White solid; Yield: 63% (37.6 mg); M.P.: 132-134 °C. 'H NMR (500
MHz, CDCl) 6 7.70 (d, J = 8.3 Hz, 3H), 7.53 — 7.46 (m, 1H), 7.42 —
7.27 (m, 4H), 7.24 — 7.18 (m, 2H), 7.08 (d, /= 8.1 Hz, 2H), 5.59 (d, J =
6.2 Hz, 1H), 2.87 — 2.79 (m, 1H), 2.30 (s, 3H), 1.28 (dd, /= 14.1, 5.2
Hz, 1H), 1.12 (dd, J = 14.1, 9.8 Hz, 1H), 0.92 (t, /= 7.9 Hz, 9H), 0.65
(q,J=7.9 Hz, 6H). BC NMR (126 MHz, CDCl3) 6 172.6, 144.9, 141.0,
139.2, 135.8, 134.7, 134.7, 131.5, 130.0, 129.6, 129.5, 129.1, 128.8,
128.6, 128.3 (20), 128.2, 126.4, 43.4, 21.7, 11.2, 8.9, 4.5. IR (neat):
2946, 2868, 1714, 1593, 1444, 1355, 1242, 1176 cm™'. HRMS (ESI +ve)
m/z: [M+Na]® Calcd for C3oH34CINO3SGeNa 620.1059; found
620.1072.
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6-methyl-5-phenyl-1-tosyl-3-((triethylgermyl)methyl)-1,3-dihydro-

2H-benzo|b]azepin-2-one (5e): Column chromatography 3-5% EA/H;
White solid; Yield: 96% (55.4 mg); M.P.: 159-161 °C. 'H NMR(500
MHz, CDCl3) ¢ 7.67 (d, J= 8.1 Hz, 2H), 7.53 (d, J= 8.0 Hz, 1H), 7.42
—7.31 (m, 4H), 7.28 — 7.25 (m, 2H), 7.25 - 7.21 (m, 1H), 6.95 (d, J =
8.1 Hz, 2H), 5.67 (d, /= 6.9 Hz, 1H), 2.95 — 2.87 (m, 1H), 2.27 (s, 3H),
1.89 (s,3H), 1.17 (dd, J=14.2,4.3 Hz, 1H), 1.10 (dd, /= 14.2, 10.7 Hz,
1H), 0.92 (t, J = 7.9 Hz, 9H), 0.65 (q, J = 7.9 Hz, 6H). 3C NMR (126
MHz, CDCIls) 6 173.8, 144.6, 140.1, 139.7, 137.8, 135.9, 135.5, 133.8,
132.3,131.2, 129.0, 128.9, 128.1, 127.9, 126.7, 126.5, 43.5, 21.7 (2C),
10.7, 8.9, 4.5. IR (neat): 2949, 2869, 1706, 1596, 1459, 1358, 1266,
1171 cm!'. HRMS (ESI +ve) m/z: [M+Na]® Calcd for
C31H37NO3SGeNa 600.1609; found 600.1620.

7-methoxy-5-phenyl-1-tosyl-3-((triethylgermyl)methyl)-1,3-
dihydro-2H-benzo|b]azepin-2-one (5f): Column chromatography 5-
10% EA/H; White solid; Yield: 78% (46.2 mg); M.P.: 127-129 °C. 'H
NMR (500 MHz, CDCl3) 6 7.68 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 8.9 Hz,
1H), 7.43 — 7.32 (m, 5H), 7.05 - 6.99 (m, 3H), 6.72 (d, /= 3.0 Hz, 1H),
5.54 (d,J=6.2 Hz, 1H), 3.77 (s, 3H), 2.94 —2.86 (m, 1H), 2.27 (s, 3H),
1.25(dd,J=14.1,49 Hz, 1H), 1.11 (dd, J=14.1, 10.1 Hz, 1H), 0.93 (t,
J=7.9 Hz, 9H), 0.66 (q, J = 7.9 Hz, 6H). 1*C NMR (126 MHz, CDCl5)
0 172.9, 158.8, 144.6, 140.4, 139.1, 136.5, 135.9, 130.7, 130.4, 129.0,
128.8, 128.7, 128.3, 128.2, 128.0, 114.3, 114.1, 55.7, 43.3, 21.7, 11.2,
8.9,4.5. IR (neat): 2949, 2870, 1708, 1597, 1492, 1356, 1225, 1171 cm”
. HRMS (ESI +ve) m/z: [M+H]" Calcd for C31H3sNO4SGe: 594.1739;
found 594.1755.

7-chloro-5-phenyl-1-tosyl-3-((triethylgermyl)methyl)-1,3-dihydro-

2H-benzo[b]azepin-2-one (5g): Column chromatography 3-5% EA/H;
White solid; Yield: 86% (51.4 mg); ML.P.: 142-144 °C. 'TH NMR (500
MHz, CDCI3) ¢ 7.68 (d, J= 8.1 Hz, 2H), 7.63 (d, J= 8.7 Hz, 1H), 7.47
—7.37 (m, 4H), 7.34 — 7.28 (m, 2H), 7.23 (d, /=2.4 Hz, 1H), 7.05 (d, J
= 8.1 Hz, 2H), 5.60 (d, J = 6.1 Hz, 1H), 2.85 — 2.77 (m, 1H), 2.29 (s,
3H), 1.26 (dd, J = 14.1, 4.9 Hz, 1H), 1.11 (dd, J = 14.1, 9.9 Hz, 1H),
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0.94 (t,J = 7.9 Hz, 9H), 0.66 (q, J = 7.9 Hz, 6H). '3C NMR (126 MHz,
CDCl3) 6 172.4, 145.0, 139.7, 138.6, 136.8, 135.7, 134.0, 133.2, 131.3,
130.7, 129.3, 129.2, 128.9, 128.8, 128.6, 128.5, 128.2, 43.3, 21.7, 11.2,
8.9, 4.5. IR (neat): 2926, 2901, 2867, 1704, 1598, 1480, 1357, 1279,
1170 cm'. HRMS (ESI +ve) m/z: Caled for [M+Na]
C30H34CINO3SGeNa 620.1059; found 620.1071.

5-phenyl-1-tosyl-3-((tributylgermyl)methyl)-1,3-dihydro-2 H-
benzo|b]azepin-2-one (5h): Column chromatography 3-5% EA/H;
White solid; Yield: 65% (42.1 mg); M.P.: 129-131 °C. "TH NMR (500
MHz, CDCl3) 8 7.73 — 7.66 (m, 3H), 7.51 — 7.44 (m, 1H), 7.41 — 7.32
(m, 6H), 7.28 — 7.23 (m, 1H), 7.04 (d, /= 8.2 Hz, 2H), 5.58 (d, /= 6.2
Hz, 1H), 2.88 — 2.80 (m, 1H), 2.29 (s, 3H), 1.28 — 1.16 (m, 13H), 1.12
(dd, J=14.1, 10.5 Hz, 1H), 0.86 — 0.75 (m, 9H), 0.69 — 0.59 (m, 6H).
I3C NMR (126 MHz, CDCl3) 4 173.0, 144.7, 140.5, 139.2, 136.0, 135.4,
134.8, 130.3, 129.7, 129.4, 129.1, 128.8, 128.7, 128.3, 128.2, 128.0,
43.4, 27.4, 26.6, 21.7, 13.8, 13.1, 12.1. IR (neat): 2955, 2850, 1712,
1596, 1443, 1354, 1174, 1158 cm™'. HRMS (ESI +ve) m/z: [M+Na]*
Calcd for C36H47NO3SGeNa 670.2393; found 670.2408.

5-phenyl-1-tosyl-3-((triphenylgermyl)methyl)-1,3-dihydro-2 H-
benzo[b]azepin-2-one (5i): Column chromatography 5-10% EA/H;
White solid; Yield: 83% (58.7 mg); M.P.: 239-242 °C. 'H NMR (500
MHz, CDCl3) 6 7.67 (d, J = 8.4 Hz, 2H), 7.53 — 7.47 (m, 1H), 7.42 —
7.37 (m, 1H), 7.37—7.32 (m, 10H), 7.31 —7.25 (m, 7H), 7.24 — 7.18 (m,
3H), 7.04 (d, J = 8.1 Hz, 2H), 6.75 — 6.69 (m, 2H), 5.50 (d, /= 6.3 Hz,
1H), 2.98 —2.90 (m, 1H), 2.29 (s, 3H), 2.03 — 1.94 (m, 2H). 13C NMR
(126 MHz, CDCl3) & 172.8, 144.7, 140.7, 138.9, 136.0, 135.2, 134.9,
134.7, 129.6, 129.5 (2C), 129.2, 129.1, 128.8, 128.4 (2C), 128.2 (2C),
128.1,127.9,43.1, 21.7, 13.4. IR (neat): 2921, 2851, 1709, 1582, 1429,
1363, 1174, 1159 cm™'. HRMS (ESI +ve) m/z: [M+Na]" Calcd for
C4H3sNO3SGeNa 730.1456; found 730.1483.

3-((diphenylgermyl)methyl)-5-phenyl-1-tosyl-1,3-dihydro-2 H-
benzo|b]azepin-2-one (5j): Column chromatography 5-10% EA/H;

295



White solid; Yield: 30% (19.1 mg); M.P.: 181-183 °C. "TH NMR (500
MHz, CDCl3) 8 7.71 — 7.65 (m, 2H), 7.56 — 7.51 (m, 1H), 7.46 — 7.39
(m, 3H), 7.42 —7.34 (m, 3H), 7.37 — 7.25 (m, 9H), 7.22 — 7.17 (m, 1H),
7.06 — 6.99 (m, 4H), 5.52 (d, J= 6.1 Hz, 1H), 5.07 (t, /= 3.1 Hz, 1H),
2.95 —2.87 (m, 1H), 2.29 (s, 3H), 1.85 — 1.72 (m, 2H). 3C NMR (126
MHz, CDCIl3) 6 172.5, 144.8, 140.8, 139.0, 135.9, 135.8, 135.5, 135.1,
135.0, 134.6, 129.7, 129.5, 129.2 (2C), 129.1 (2C), 128.8, 128.5, 128.4,
128.3,128.2,128.1, 128.0,43.6,21.7, 12.9. IR (neat): 2922, 2863, 2062,
1704, 1596, 1433, 1360, 1164, 1133 cm'. HRMS (ESI +ve) m/z:
[M+Na]" Calcd for C3sH31NO3SGeNa 654.1141; found 654.1146.

4-(2-0x0-1-tosyl-3-((triethylgermyl)methyl)-2,3-dihydro-1H-
benzo|b]azepin-5-yl)benzyl 2-(3-cyano-4-isobutoxyphenyl)-4-
methylthiazole-5-carboxylate (5k): Column chromatography 15-20%
EA/H; White solid; Yield: 76% (67.8 mg); M.P.: 72-74 °C. 'H NMR
(500 MHz, CDCl3) 6 8.18 (d, /= 2.3 Hz, 1H), 8.10 (dd, /= 8.8, 2.3 Hz,
1H), 7.73 = 7.65 (m, 3H), 7.50 — 7.43 (m, 3H), 7.40 — 7.33 (m, 3H), 7.28
—7.22 (m, 1H), 7.05 (d, J= 8.1 Hz, 2H), 7.01 (d, J = 8.9 Hz, 1H), 5.61
(d, J=6.2 Hz, 1H), 5.39 (s, 2H), 3.90 (d, J = 6.5 Hz, 2H), 2.88 — 2.80
(m, 1H), 2.80 (s, 3H), 2.28 (s, 3H), 2.20 (hept, J = 6.7 Hz, 1H), 1.16 —
1.11 (m, 1H), 1.09 (d, J = 6.7 Hz, 6H), 0.91 (t, J = 7.9 Hz, 9H), 0.90 —
0.83 (m, 1H), 0.65 (q, J = 7.9 Hz, 6H). 1*C NMR (126 MHz, CDCl3) &
172.9, 167.7, 162.7, 161.9 (2C), 144.7, 139.9, 139.3, 136.0, 135.7,
135.2, 134.8, 132.7, 132.2, 130.7, 129.6, 129.4, 129.1, 128.8, 128.5,
128.4 (20), 128.1, 126.0, 121.4, 115.4, 112.7, 103.1, 75.8, 66.6, 43.3,
28.2,21.7,19.1,17.7, 11.2, 8.9, 4.5. IR (neat): 2923, 2870, 1714, 1605,
1433, 1369, 1257, 1171 cm™'. HRMS (APCI +ve) m/z: [M+H]" Caled
for C47H52N306S2Ge 892.2520; found 892.2546.

5-(4-((((R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-
trimethyltridecyl)chroman-6-yl)oxy)methyl)phenyl)-1-tosyl-3-
((triethylgermyl)methyl)-1,3-dihydro-2H-benzo|b]azepin-2-one
(S1): Column chromatography 5-10% EA/H; Clear gum-oil; Yield: 33%
(33.2 mg). '"H NMR (500 MHz, CDCls) & 7.73 — 7.68 (m, 3H), 7.56 —
7.51 (m, 2H), 7.51 — 7.46 (m, 1H), 7.40 — 7.34 (m, 3H), 7.28 — 7.26 (m,
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1H), 7.07 (d, J = 8.1 Hz, 2H), 5.60 (d, J = 6.1 Hz, 1H), 4.74 (s, 2H),
2.89-2.81 (m, 1H), 2.61 (1, J = 6.9 Hz, 2H), 2.30 (s, 3H), 2.25 (s, 3H),
221 (s, 3H), 2.12 (s, 3H), 1.88 — 1.75 (m, 2H), 1.58 — 1.30 (m, 15H),
1.22 — 1.03 (m, 10H), 0.93 (t, J = 7.9 Hz, 9H), 0.89 — 0.83 (m, 13H),
0.66 (g, J = 7.9 Hz, 6H). 3C NMR (126 MHz, CDCl3) & 173.0, 148.1,
144.8, 140.3, 138.8, 138.2, 136.0, 135.3, 134.8, 130.2, 129.7, 129.5,
129.1, 128.8,128.4,128.3, 128.1, 127.9, 126.0, 123.1, 117.8, 75.0, 74 .4,
43.3,40.2,39.5,37.6 (2C), 37.5,37.4,32.9,32.8,32.0,31.4, 29.8, 28.1,
24.9,24.6,24.0,22.8,22.7,21.7,21.1,20.8,19.9, 19.8, 14.2, 13.0, 12.2,
12.0, 11.2, 8.9, 4.5. IR (neat): 2924, 2868, 1718, 1597, 1458, 1366,
1255, 1172 cm. HRMS (ESI +ve) m/z: [M+H]" Calcd for
CeoHgsNOsSGe 1006.5454; found 1006.5516.

4.10.6 Procedure for further transformation of silylated

benzazepines 3a

4.10.6.1 Procedure for synthesis of the thioamide derivative of silylated

benzazepine 3a

Step I: To a 10 mL oven-dried Schlenk tube with a magnetic stir bar, 3a
(0.1 mmol, 51.7 mg), Mg (0.6 mmol, 14.6 mg) and DMF (1 mL) were
added. The Schlenk tube was then sealed and placed at 0 °C, and TMSCI
(0.5 mmol, 65 pL) was added dropwise. The reaction mixture was stirred
at 0 °C for 11 h. After the reaction was completed, H>O was added to
the reaction mixture and extracted with ethyl acetate three times (20 mL
each). The combined organic layer was dried over anhydrous Na;SOs,
filtered, and evaporated. The crude residue was purified by silica gel
column chromatography (100-200 mesh) using ethyl acetate-hexane to

afford the desired product 6a.

Step II: To a 10 mL oven-dried Schlenk tube with a magnetic stir bar,
6a (0.1 mmol, 36.3 mg), and Lawesson’s reagent (0.05 mmol, 20.2 mg)
were dissolved in toluene (0.34 mL) and placed in an oil bath at 80 °C

for heating. After completion of the reaction, diluted with ethylacetate,
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filtered through a small pad of celite, washed with ethylacetate and
evaporated. The crude residue was purified by silica gel (100-200 mesh)
column chromatography using ethyl acetate-hexane to afford the desired

product 6b.

5-phenyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-benzo[b]azepin-

2-one (6a): Column chromatography 10-15% EA/H; White solid; Yield:
92% (33.5 mg). M.P.: 153-155 °C 'H NMR (500 MHz, CDCl;3) 8 8.16
(brs, 1H), 7.37 - 7.28 (m, 4H), 7.23 — 7.18 (m, 3H), 7.15 - 7.06 (m, 2H),
5.78 (d,J=6.3 Hz, 1H), 2.71 —2.58 (m, 1H), 1.38 — 1.31 (m, 1H), 1.13
(dd, J=15.0,10.3 Hz, 1H), 0.94 (t, /= 7.9 Hz, 9H), 0.57 (q, /= 7.9 Hz,
6H). 13C NMR (126 MHz, CDCl3) 8 175.1, 141.3, 140.4, 136.7, 131.5,
131.4,130.9, 128.9 (2C), 128.4,127.8, 123.8, 121.6,39.8,11.1, 7.5, 3.9.
IR (neat): 3197, 2949, 2873, 1668, 1601, 1572, 1480, 1380, 1296 cm™'.

5-phenyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-benzo|b]azepine-
2-thione (6b): Column chromatography 5-10% EA/H; Clear oil; Yield:
51% (19.4 mg). "TH NMR (500 MHz, CDCl3)  8.21 —8.15 (m, 1H), 7.39
—7.28 (m, 4H), 7.24 — 7.17 (m, 3H), 7.15 — 7.06 (m, 2H), 5.78 (d, J =
6.3 Hz, 1H), 2.64 (s, 1H), 1.38 — 1.31 (m, 1H), 1.13 (dd, /= 15.0, 10.4
Hz, 1H), 0.94 (t, J = 7.9 Hz, 9H), 0.57 (d, J = 7.9 Hz, 6H). *C NMR
(126 MHz, CDCI3) 6 175.1, 141.3, 140.4, 136.6, 131.4 (2C), 130.9,
128.9 (2C), 1284, 127.8, 123.9, 121.6, 39.7, 11.1, 7.5, 3.9. IR (neat):
3170, 2950, 2873, 1656, 1612, 1534, 1448, 1381, 1133 cm™'. HRMS
(ESI +ve) m/z: [M+H]" Calcd for Ci3H3oNSSi 380.1868; found
380.1885.

4.10.6.2 Procedure for bromination of Silylated Benzazepine 3a

To an oven-dried 10 mL Schlenk tube with a magnetic stir bar, 3a (0.1
mmol, 51.7 mg), NBS (0.5 mmol, 89 mg), and 1 mL of acetonitrile were
added and sealed, then stirred for 36 h at room temperature. After the
reaction was completed, it was quenched with sodium thiosulfate and
washed with sodium bicarbonate using ethyl acetate as the organic

solvent. The organic layer was collected, dried over sodium sulphate,
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filtered, and evaporated. Purified by silica gel column chromatography

using ethyl acetate/hexane as eluent to afford the desired product 7.

4-bromo-5-phenyl-1-tosyl-3-((triethylsilyl)methyl)-1,3-dihydro-2 H-
benzo|b]azepin-2-one (7): Column chromatography 5-10% EA/H;
White solid; yield: 87% (52.0 mg). ML.P.: 134-136 °C. '"H NMR (500
MHz, CDCL) 6 7.82 (d, J = 8.4 Hz, 2H), 7.72 — 7.67 (m, 1H), 7.49 —
7.44 (m, 1H), 7.44 — 7.37 (m, 3H), 7.33 — 7.28 (m, 3H), 7.19 (d, J=8.1
Hz, 2H), 7.06 (dd, J=17.9, 1.5 Hz, 1H), 3.26 (t,J= 7.1 Hz, 1H), 2.34 (s,
3H), 1.25 (dd, J = 15.0, 7.5 Hz, 1H), 1.07 (dd, J = 15.0, 6.7 Hz, 1H),
0.81 (t,J=7.9 Hz, 9H), 0.43 (q, J = 7.9 Hz, 6H). 3C NMR (126 MHz,
CDCl) 6 170.2, 145.0, 140.3 (2C), 136.3, 135.7, 134.3, 130.4, 130.2,
129.4, 128.9, 128.7 (2C), 128.4, 128.3, 124.3,46.4,21.7, 12.2, 7.3, 3.6.
IR (neat): 2950, 2873, 1717, 1595, 1442, 1357, 1175, 1128 cm™'. HRMS
(ESI+ve) m/z: [M+Na]" Caled for C30H34BrNO3SSiNa 620.1093; found
620.1110.

4.10.7 Procedure for the kinetic isotope effect experiment

To an oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar
1,7-diene 1a (18.7 mg, 0.0465 mmol), 1a-d (21.7 mg, 0.0535 mmol),
Et3SiH (80 pL, 0.5 mmol, 5 equiv.), 1 mol% 4DPAIPN (0.8 mg, 0.001
mmol), and 2.0 equivalent of hydrogen atom transfer reagent (HATR)
(0.2 mmol, 78.5 mg) were added. The reaction tube was sealed and
placed under an argon atmosphere, then 1 mL of acetonitrile was added
via syringe. The reaction mixture was then degassed via freeze-pump-
thaw (three times) and refilled with argon. The sealed reaction tube was
placed in a blue LEDs Kessil® PR-160 lamp (A = 456 nm) and irradiated
for 30 minutes. After completion of the reaction, the mixture was
transferred to a round-bottom flask and evaporated under reduced
pressure. The crude product was then purified by column
chromatography on silica gel (mesh 100-200) using a gradient eluent
hexane/ethyl acetate (50:1 to 5:1), which provided the silylation product
3a/3a-d.
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4.10.8 Stern-Volmer fluorescence quenching studies

All fluorescence quenching experiments were recorded on the HORIBA
SCIENTIFIC FLUOROMAX PLUS C model. A 2.0x10* M stock
solution was prepared by dissolving 2.4 mg 4DPAIPN photocatalyst in
15 mL of spectroscopic grade acetonitrile. The quenching experiment
was performed by taking an appropriate volume of 4DPAIPN
photocatalyst from the stock solution, along with different
concentrations of the quencher. The Emission intensity was observed at

536 nm with an excitation wavelength of 360 nm.

PC (0.1 mM)
PC (0.1 mM) + 1a (0.025 M)
PC (0.1 mM) + 1a (0.050 M)
PC (0.1 mM) + 1a (0.075 M)
PC (0.1 mM) + 1a (0.100 M)

8.0x10°

4.0x10° 4

Intensity (A.U.)

0.0 1

T T T T T T T d T T T
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Wavelgngth(nm)
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Figure 4.4 Fluorescence quenching and Stern-Volmer plot of 4DPAIPN
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Figure 4.5 Fluorescence quenching and Stern-Volmer plot of 4DPAIPN

vs 2a
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Figure 4.6 Fluorescence quenching and Stern-Volmer plot of

4DPAIPN vs 4a

4.10.9 Quantum yield calculation/5"%/

Following the literature-reported procedure. A potassium ferrioxalate
solution (0.15 M) was prepared by dissolving 2.21 g of potassium
ferrioxalate trihydrate in 30 mL H2SO4(0.05 M). A buffer solution was
prepared by dissolving 50 mg of phenanthroline and 11.25 g of sodium
acetate in 50 mL H>SO4 (0.5 M). Both solutions were stored in dark and

wrapped with aluminium foil.

A 10 mL reaction tube was covered with black electrical tape and
wrapped in aluminium foil, except for a small window at the bottom for
irradiation. Then, the reaction tube was charged with 5 mL of
ferrioxalate solution and irradiated for 10 seconds. This solution was
treated with 0.875 mL of buffered phenanthroline solution. After
irradiation, the reaction tube was completely covered with aluminium
foil and stirred for 1 hour in a dark condition, allowing the ferrous ion
to coordinate with phenanthroline completely. The absorbance of

resulting solutions was measured on HORIBA
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FLUOROMAX PLUS C modal at 510 nm. A non-irradiated solution

was also prepared, and absorbance was measured at 510 nm.

The conversion of ferrioxalate was calculated as:

VXAA
Ixe

Mole Fe?' =

_0.005875 L x (2.595114946 — 1.483394504)
N 1cm x 11100 L mol-1cm~=1

= 5.88410594 X 10”7 mole

Where V is the total volume (0.005875 L) of the solution after the
addition of phenanthroline solution, AA is the difference in absorbance
between irradiated and non-irradiated solutions at 510 nm
(2.595114946-1.483394504 = 1.111720442), [ is the path length (1.0

cm), and ¢ is the molar absorptivity at 510 nm.

The photo-flux was calculated as:

mole Fe?*

Photon flux = Sxixr

_5.88410594 x 1077

- = 5. X -8 . -1
1.01 X 10 x 0.9985 5.8345993 X 107° einstein sec

Where ¢ is the quantum yield for the ferrioxalate actinometer (1.01 for
0.15 M solution), 7 is the time, 10 seconds, and f'is the fraction of light

absorbed by the ferrioxalate actinometer solution at A = 436 nm.
Absorbance at A =436 nm by ferrioxalate actinometer is A = 2.847874.

So, the fraction of light absorbed (f) by the ferrioxalate actinometer at

436 nm is:
f=1-10"4 = 1 —107284787% = 09985

Quantum yield for silylation of 1,7-diene 1a
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The parent reaction was performed in a 10 mL reaction tube under
optimal conditions at a 0.1 mmol scale for 10 minutes, and the isolated

yield was 56%.
The quantum yield is determined as:

mole product 0.1 x0.56x 1073

T FluxXtxf  5.8345993 x 108 x 600 x 1 1.59

Where ¢ is the quantum yield of the reaction, ¢ is the reaction time (600

seconds).
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4.11 Selected NMR spectra
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1H NMR spectrum of 3r in CDCI3 [500 MHz]
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Summary

The focus of this thesis is to harness the potential of sulfamidyl radical
for  the functionalization of  Si-H/Ge-H bonds of
hydrosilanes/hydrogermanes through hydrogen atom transfer for the
photocatalytic synthesis of organosilicon and organogermanium
compounds. Firstly, the sulfamidyl radical was generated under visible
light-assisted photocatalytic reductive quenching condition by using
simple sulfonamide as a precursor for sulfamidyl radical and achieved
selective functionalization of Si-H/Ge-H bond over C-H bond of
hydrosilanes/hydrogermanes. Moreover, sulfonamides are readily
accessible from inexpensive and commercially available sulfonyl
chlorides and amines, rendering them cost-effective HAT catalyst. The
steric and electronic properties of sulfonamide can be systematically
tuned, enabling optimal matching with the varying bond dissociation
energies of the Si-H and Ge-H bond of hydrosilanes and hydrogermanes

respectively.

In addition, a complementary protocol was also developed for the
generation of sulfamidyl radical under photocatalytic oxidative
quenching condition using N-aminopyridinium salt, enabling the

synthesis of organosilicon and organogermanium compounds.

In Chapter 1, we discussed an overview of silicon and germanium,
describing their fundamental physicochemical properties and the
distinctive features that differentiate them from carbon. It then surveys
the established synthetic strategies for organosilicon and
organogermanium compounds, using different silyl and germyl sources.
Furthermore, the applications of organosilicon and organogermanium
compounds are discussed, including their use in daily life, medicinal and
agrochemical applications, as well as the role of silicon as a bioisosteres
in bioactive molecules. With our interest in the photocatalytic synthesis
of organosilicon and organogermanium compounds, a brief overview of

photoredox catalysis is also provided, including the fundamental

337



photophysical properties of photocatalyst and the mechanistic pathways
like oxidative and reductive quenching cycles. Lastly, we discuss our
approach for the synthesis of organosilicon and organogermanium
compounds via functionalization of Si-H and Ge-H bonds of
hydrosilanes and hydrogermanes with the help of an electrophilic

radical.

In Chapter 2, we describe the development of sulfonamide as a
photoinduced hydrogen atom transfer catalyst for hydrosilylation and
hydrogermylation of activated alkenes under visible light-assisted
photocatalytic condition. A series of sulfonamides, photocatalysts, bases
and solvents were screened to obtain optimized condition. The
optimized condition were tested with a wide variety of activated alkenes,
including acrylates, maleate esters, a-methylene-y-butyrolactone,
cyclopentenone, acrylamides, vinyl phosphine oxide, and vinyl sulfone,
which were shown to wundergo smooth hydrosilylation and
hydrogermylation. The protocol proved compatible with both alkyl and
aryl hydrosilanes and hydrogermanes. Also, a scale-up experiment
demonstrates the practicality and robustness of the developed
methodology. Theoretical studies further validate the selective
functionalization of Si-H and Ge-H bonds of hydrosilanes and

hydrogermanes.

In Chapter 3, we presented the development of a complementary
approach to generate sulfamidyl radical using N-aminopyridinium salt
as hydrogen atom transfer reagent for functionalization of Si-H/Ge-H
bond of hydrosilanes and hydrogermanes and employed in radical
cascade cyclization reactions for the synthesis of silylated and
germylated 4-pyrrolin-2-ones. The developed protocol exhibits mild
reaction conditions, broad substrate scope and tolerates a wide range of
functional groups. The method demonstrates synthetic and practical
utility by showing the compatibility with natural products and drug
scaffolds-tethered to the starting material, as well as with scale-up

reaction.
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In, Chapter 4, we described the access to silylated and germylated
benzazepines via regioselective addition of silyl/germyl radicals to 1,7-
dienes, followed by cascade cyclization under metal-free photocatalytic
condition using N-aminopyridinium salt as a hydrogen atom transfer
reagent through Si-H/Ge-H bond functionalization of hydrosilanes and
hydrogermanes. This method tolerates a wide range of functional groups
and extended to late-stage functionalization. Further transformation of
photoproduct is also described in this chapter for converting silylated
benzazepine into other synthetically valuable products. The proposed
mechanism has been validated through various control experiments,
including radical quenching, intermediate trapping, kinetic isotope

effect, fluorescence quenching, and quantum yield calculation.

Future scope

The development of modern and mild methodologies for the synthesis
of organosilicon and organogermanium compounds is an area of great
interest for synthetic chemists, as these compounds have widespread
applications in materials science, medicinal chemistry, and
agrochemicals. The methodologies developed in this thesis offer
versatile routes for the generation of silyl/germyl radical under metal-
free condition, and the integration of these functionalities into
heterocycles could offer the advantage of their combined inherent
properties to the final molecule, which would provide an ideal design
for investigating its pharmacological activity. Organosilicons are highly
lipophilic in nature, and the incorporation of the silyl group in bioactive
carbon analogues can enhance cell and tissue penetration, as well as
modulate the potency and selectivity. The developed protocols offer
suitable routes for the late-stage functionalization of bioactive
compounds through silyl/germyl group incorporation, which would alter
the pharmacological properties of bioactive molecules. By streamlining

the synthetic routes, these approaches would significantly reduce the
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number of steps and deliver complex target molecules in an efficient and

economical manner through radical cascade cyclization reactions.
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