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Figure 3 Absorption data of polymerized siloles.

In a follow up study, Tamao’s group synthesized a number of 2,5-symmetric arylsiloles to
optimize their physical properties.2® This was part of continuing research towards the development
of efficient electron transporting materials. Different arylsiloles were synthesized using a modified
method that employs a zinc intermediate to make 2,5 substituted siloles in one-pot fashion. These
siloles included pyridine, thiophene, various mono-substituted phenyl rings, and extended m-
conjugated systems shown in (Figure 4). The 2,5-di(2-pyridyl)silole showed low reduction
potential making it a good candidate as an electron-transport material (ET), while the 2,5-

bis(bithienyl)silole 12 showed promise as an emissive material.
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Figure 4 Synthesis of symmetric 2,5-diaryl siloles.



decay by increasing the steric bulk of the silole substituents is another way to improve the PL. The
Pagenkopf group has synthesized modified silole 20 designed to impart rigidity and thus minimize
vibrational-rotational events compared to 19 (Figure 7). The results of this study provided the
most efficient fully substituted monomeric siloles in solution 20 having a 63% quantum efficiency
(referenced to fluorescein).** This is compared to 19, which has a quantum efficiency of 9%,
proves the development of a tunable silole scaffold. This led to the examination of the ECL
properties of these compounds, where only moderate ECL quantum yields were obtained. The
cause of these low quantum yields might be the instability of the radical cations produced for ECL

generation. %
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Figure 8 The steric rigidity of 2,5-arylene ethynylenes.

To further improve quantum yields of 3,4-diphenylsiloles Tamao’s silole 12 (Figure 4)
was modified at the Si, C2 and C5 positions. As 2,5-bis(bithienyl)silole 22 (n = 2) proved to be an
efficient electron transporting material we expected that increasing barriers to non-emissive decay
would result in enhanced PL and ECL efficiency. This led to synthesizing a series of substituted
C2 and C5 bis(thiophenyl) and bis(bithiophenyl) siloles substituted with bulkier silyl groups such
as iPr, tBu, and nHex (Figure 9). This would hopefully result in superior electronic properties
(UV-vis, PL, ECL) via the stabilization of the electrogenerated radical anions and cations.'® It was
found that generally chromophores with extended conjugation (n = 2) showed easier and more
reversible conjugation and of these, branched silicon substituents improved properties further.
Additionally, the radical cations are much more stable than radical anions as shown in cyclic

voltammograms (CVs). The tuning of the thiophene-silole hybrids translated into improved ECL
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Scheme 20 Attempted synthesis of 2-triethylphenylboronic acid.

These failures to synthesize 2-triethylsilylphenylboronic acid caused two changes in
strategy. The first change was abandoning the synthesis of ethyl substituted benzosiloles because
of poor ECL properties in previous studies of siloles.*® Also, cleaving an ethyl-silicon bond causes
longer reaction times and reduced yields over cleaving a methyl-silicon bond in the rhodium
catalyzed cycloaddition reaction (Scheme 8). The route to access 2-silylphenylboronic acids was
also changed to a route detailed by the Chatani group in 2012.7° This entailed switching to a longer

route that would take 5 steps but would avoid cold temperatures and low yielding reactions.

This synthesis that will be discussed later in Scheme 22 starts via protection of 2-
bromophenol with the desired chlorosilane. This necessitates the synthesis of
dialkylmethylchlorosilanes, as the vast majority of products that fit this category are not
commercially available. The methyl group specifically, was necessary to facilitate rhodium
catalyzed C-Si bond cleavage in the formation of the benzosilole. In consulting previous work in
the Pagenkopf group regarding the luminescent properties of siloles,'® it was decided that work
should begin with diisopropylmethylchlorosilane. This would hopefully give us the corresponding
diisopropyl substituted benzosiloles, which in theory should yield better luminescent properties

because it would increase barriers to non-emissive decay. To synthesize 94 an isopropyl Grignard
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The benzosiloles containing nitriles were synthesized by the same procedure as in Scheme
24. Product 109 was achieved by heating for one day followed by column chromatography. In the
course of doing this reaction multiple times it was discovered that heating times between 1 and 3
days did not cause significant changes in yield. The reaction progress cannot be followed because
the starting material, 86, is masked by multiple byproducts making TLC analysis challenging.

The next benzosilole 110 was synthesized by heating for 2 days before being stopped after
no change was seen by TLC analysis from the first day to the second day. The last product in the
series 111 was synthesized successfully according the same procedure,” giving the product as a
bright orange solid in low yields. The success of this reaction, like 108 depends greatly on the
purity of 87. If the acetylene used has decomposed, it will reduce yields as well as complicate the

column chromatography needed to purify the reaction.
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Scheme 25 Synthesis of nitrile substituted benzosiloles.

The synthesis of benzosiloles with diisopropylsilyl substituents was attempted from 112.
This rhodium catalyzed reaction was first attempted with 86 because of its ease of synthesis and
good yields reported previously. There were two products that were expected from this reaction.
The first product (114) is a result of the rhodium catalyst cleaving the Si-C bond on the methyl
group in 112. The second product (113) can result from cleaving the Si-C bond from an isopropyl

group, which would reduce the sterics of the system allowing the benzosilole to form. It is expected
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2.6 Results of ECL Experiments

ECL experiments have been done for more than 50 years since Hercules and Bard
performed the first detailed ECL experiments in the mid-1960s;19%1%? since that time ECL has
become a powerful analytical technique.!®® Electrogenerated chemiluminescence (or
electrochemiluminescence) is the process whereby high energy species are created at electrodes
and then undergo electron-transfer reactions to create an excited species. The excited state then
emits light upon relaxation to the ground state.’%® This process can occur by either annihilation
ECL or coreactant ECL. Annihilation ECL is observed by scanning the electrode within a short
time interval to generate high energy radical anions (R™) and radical cations (R*) from a
luminophore (R), (Equation 1 and 2, Figure 14). These species then react with each other to give
the excited species (R™) (Equation 3, Figure 14), and a ground state species (R). The excited

species then relaxes to the ground state to emit light (Equation 4, Figure 14).

Figure 14 General mechanism for annihilation ECL, where radical cation and radical anion to
form R*. This excited species relaxes back down to the ground state and releases light.

Recently coreactant ECL has become the preferred method, as all analytical ECL
instruments available for commercial use are based on coreactant technology. In coreactant ECL
a reagent (coreactant) is added to a solution of the ECL luminophore (the emitter). This is done
when one of the radical species (R or R™) of the luminophore is unstable, or as a way to increase
ECL intensity.*®> Common coreactants include tri-n-propylamine, benzoylperoxide, and oxalate.

Tri-n-propylamine for example, loses H* when oxidized to form radical intermediate TPrA
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(Equation 1, Figure 15). This species is a powerful reducing agent and can react with the oxidized
luminophore (D™) to generate an excited luminophore species, which emits light (Equation 3 and
4, Figure 15).1% The benefit of a coreactant is the oxidizing and reducing intermediates are
generated in a single potential step. Annihilation ECL on the other hand requires a double potential

step to generate both high energy intermediates (oxidation followed by reduction).

TPIA - 6 —3 [TPrA*|—3 TPrA + H* (1)

D-e” — D" (2)
TPrA + D*— D"+ P (3)
D° —» D + light (4)

+
P = Pr,N=CHCH,CHj

Figure 15 General mechanism of coreactant ECL with TPrA as coreactant. The chromophore
(D) gets oxidized to radical cation while TPrA is oxidized followed by loss of H*. The two
resulting radical species then react to form the excited species D* which emits light upon
relaxation.

ECL has now found uses in a number of fields including: biomedical diagnostics (eg.
immune assays), food and water testing, and biowarfare agent testing. This has led to a dramatic
increase in research being on ECL and ECL luminophores. The development of new luminophores
is focused on those which possess high quantum efficiency, sensitivity, selectivity, ease of
preparation, and low cost. In addition, the new material should produce stable radical ions that
allow for efficient diffusion between layers of OLEDs, for example. The luminophores are
separated into three categories: nano particle systems, inorganic systems, and organic systems. The
most popular luminophore in inorganic systems is Ru(bpy)s?* (tris(bipyridine)ruthenium(11)),
responsible for taking ECL from a simple curiosity to a technique with many real world
applications.** Siloles are used in organic systems where they are relatively new to the world of
ECL, the first study of the ECL properties of siloles being done in 2006 by Pagenkopf and Bard.%®
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The benzosiloles that were synthesized above were given to the Ding group in order to
determine their ECL and PL properties. Of all the compounds studied 108 and 111 displayed the
best luminescent properties. This due to the extended n-conjugation present in the system which
stabilizes radical ions and lowers the HOMO-LUMO gap.1% Only the results of the ECL

experiments performed on 108 and 111 will be discussed in this section.

The ECL experiments were first performed by annihilation and the data is presented as a
CV overlaid with the ECL photocurrent/voltage curve recorded simultaneously (Figure 16). A
cyclic voltammogram shows the current flowing through the system as a function of potential. The
electrode potential sweeps linearly with time in a cyclic pattern. The ECL-voltage curve represents

the light emission from the compound, reported as photocurrent.

The CV shows that 108 undergoes two oxidations, as shown by plateaus between 0 and 0.5
V. These oxidations are non-reversible because we do not see the same step-wise transition upon
lowering the potential back to 0 V. Scanning to negative potentials reveals two reduction steps that
happen below 2.0 V. The location of the ECL-voltage curve at the time of reduction reveals that
the radical anions formed are not as stable as the radical cations. Light is only emitted once the
radical anion has been generated, which means that the radical cation is stable in solution until the
potential sweeps from positive to negative. The ECL generated in this experiment is not very
efficient, registering around 17 nA, this is poor when contrasted against previous work in the
Pagenkopf group, where previous siloles (12) had photocurrents of over 1 mA.*® This is possibly
due to all the aryl rings not being in the same plane, which would cause ineffective conjugation.
The radical cations generated in the experiment can therefore not be stabilized across the entire ©

system.
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Figure 16 Cyclic Voltammogram (red) and ECL-voltage curve (blue) of 108 in an annihilation
system. The applied voltage sweeps from 1 V to -3 V and back to 1 V in a cyclic pattern over a
period of time. The CV shows 2 non-reversible oxidations and reductions, while the ECL-
voltage curve shows photocurrent of over 15 nA.

To improve the results of the ECL experiments TPrA was added as a coreactant (Figure
17). The coreactant acts to enhance ECL because both radical species are generated at the same
electrode simultaneously and react together within the vicinity of the electrode. The addition of
TPrA causes the intensity of ECL to increase fivefold to over 80 nA. Comparisons can be made to
similar systems using Ru(bpy)s?*/TPrA designed for DNA hybridization detection, where they
reported ECL intensities of around 300 nm.2%" If the benzosiloles described above are to have any

commercial application the ECL intensities would have to be increased to this standard.
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Figure 17 Cyclic voltammogram (red) and ECL-voltage curve (blue) of 108 with TPrA as
coreactant. The voltage is applied linearly versus time from 0 V to 1.2 V. The ECL intensity is
represented as the photocurrent generated, which is 80 nA for 111.

The CV for 111 displays two oxidations that are non-reversible (Figure 18), which is
consistent with 108. There are also two successive reductions that occur, but their peak potentials
are convoluted. Similar to 108 the radical anions are unstable and react immediately with radical
cations. The ECL intensity in this system is only 6 nA of photocurrent, which is less than half
photocurrent generated by annihilation in 108. Interestingly 1 nA photocurrent is also generated
upon scanning to positive potentials. This is likely due to creating a radical anion on the nitrile

moiety, which is stable enough to react with a radical cation of 111.
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Figure 18 Cyclic Voltammogram (red) and ECL-voltage curve (blue) of 111 in an annihilation
system. The applied voltage sweeps from 1 V to -3 V and back to 1 V in a cyclic pattern over a



46

period of time. The CV shows 2 non-reversible oxidations and reductions, while the ECL-
voltage curve shows photocurrent of 7 nA plus an additional 1 nA being generated via a side
reaction with the nitrile.

Adding TPrA to this system again resulted in an increase in ECL intensity, approximately
ten fold higher than those seen in the annihilation system (Figure 18). The cause for this drastic
increase in ECL is probably the reduction of the nitrile to generate radical anions that react with
the radical cations to produce an excited state. The nitrile can be reduced by the powerful reducing
agent TPrA" which usually reacts with the radical cation of the chromophore to produce an excited
state, but can also reduce the nitrile in this case. Overall these compounds display moderate to poor
ECL properties even when a coreactant is used. ECL intensity could be improved by tuning the

silyl substituents of the thiophene-benzosiloles, similar to the work done in Figure 9.
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Figure 19 Cyclic voltammogram (red) and ECL-voltage curve (blue) of 111 with TPrA as
coreactant. The voltage is applied linearly versus time from 0 V to 1.4 V. The ECL intensity is
represented as the photocurrent generated, which is 70 nA for 111.

The ECL spectra for this compound (Figure 20) shows a peak wavelength of around 500
nm, which is comparable to ECL spectra for siloles reported previously.t®
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Figure 20 ECL spectra of 108 showing Amax of around 500 nm.

3.0 Conclusions and Future Work

Presented herein is the synthesis of benzosilole-thiophene chromophores. In total 6 novel
benzosiloles have been synthesized using a rhodium catalyzed cycloaddition from 2-silylphenyl
boronates and bis(thiophenyl)acetylenes. This includes benzosiloles supporting both electron-
withdrawing groups and electron donating groups. These benzosiloles were then submitted to Dr.
Zhifeng Ding’s group at the University of Western Ontario in order to examine their ECL and PL
properties. It was revealed that benzosiloles possessing the most thiophenes, and therefore the most
conjugation, displayed the highest degree of luminescence. Additionally, benzosiloles possessing

electron-withdrawing groups displayed superior ECL properties over their analogues.

An attempt was also to made to synthesize benzosiloles with varying silyl substituents.
Benzosiloles with isopropyl groups at the 1,1-positions were targeted specifically to increase the
steric bulk of the molecule and reduce non-emissive energy decay. Introducing alkyl groups of
different size to the 1,1-positions could also change the angle of the thiophenes resulting in a higher
degree of coplanarity between the benzosilole and the thiophene moiety. The resulting increase in
conjugation could lead to more efficient ECL. The synthetic route was stopped here because the
system proved too sterically hindered to form the product and work in this area was stopped
because of time constraints. The rhodium catalyzed cycloaddition works when small trimethylsilyl
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substituents are used, but limitations are evident when we try to synthesize benzosiloles with
diisopropylsilyl substituents. The rhodium catalyst cannot undergo oxidative addition in sterically
hindered systems to cleave the carbon-silicon bond, and therefore the benzosiloles are not
synthesized. Synthesis of 1,1-diisopropyl substituted benzosiloles must therefore be done via a
different route in the future. Alternatively, 1-isopropyl-1-methyl substituted benzosiloles could be
synthesized from dimethylisopropylsilylphenylboronic acid, which has been reported previously
by the Chatani group.” By synthesizing 1-isopropyl-1-methylbenzosiloles we could determine if
increasing the sterics of the groups at the silicon atom plays a significant role in improving the

ECL properties compared to less bulky 1,1-dimethylbenzosiloles.

Future work would see the completion of the 1,1-dimethyl substituted benzosiloles to
include a full series of benzosiloles with benzyl amine moieties. These benzosiloles containing
primary amines could then be coupled to biomolecules to gauge their potential applications as ECL
chromophores. If it turns out these electron-donating benzosiloles displays inferior ECL properties
work would be done in the future to synthesize benzosiloles with carboxylic acid substituents to

facilitate biomolecule coupling.

4.0 Experimental

4.1 General Experimental Details

All reactions were run in an atmosphere of argon and all flasks were either stored overnight
in a 110 °C oven or were flame dried under vacuum prior to use. Toluene, dichloromethane,
tetrahydrofuran, diethylether, 1,4-dioxane were all purified by passing through activated alumina
columns. All other solvents and reagents were purified using standard procedures.%® All chemicals
used were of reagent grade and were obtained from commercial sources unless otherwise stated.
The progress of reactions was monitored by TLC on F254 silica gel plates. The plates were
visualized using UV light (254 nm) or stained with ceric ammonium molybdate (CAM)% or with
KMnO.. Standard column chromatography was performed on Silica Flash P60 60 A silica gel
(from Silicycle) using flash column chromatography techniques.°
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13C and *H spectra were recorded on INOVA 600 or 400 MHz spectrometers. The chemical
shifts are reported in parts per million (ppm) and were all run in deuterochloroform and referenced
to the residual chloroform peak at & 7.26 ppm for *H spectra and the center peak of the triplet at
77.0 ppm for 13C spectra. When peak multiplicities are given the abbreviations are as follows: s,
singlet; d, doublet; t, triplet; doublet of doublets; dt, doublet of triplets; m, multiplet. Infrared
Spectra (IR) were obtained using a Bruker Tensor 27 spectrometer. Absorptions are reported in
reciprocal centimeters with the relative intensities as follows: s (strong), m (medium), w (weak).
Electron ionization mass spectra were obtained on a Thermo Scientific DFS spectrometer at an

ionizing voltage of 70 eV.

4.2 Experimental Details

The following compounds were synthesized according to literature procedures and the NMR data
is consistent with that of the literature: 54,2° 62,111 63,112 67,57 71,58 74,113 75,114 76 11583 70 84 "1
86,72 89(synthesis,? data''®).

(2-(trimethylsilyl)phenyl)boronic acid (55)
L,
TMS
To a 25 mL round bottom flask equipped with a stir bar 10 mL of THF was added. The solution
was cooled to -78 °C and nBuLi (1.8 mL, 1.7 M, 3.0 mmol) was added and then the solution was
further cooled to -90 °C. Another dry 25 mL flask with a stir bar was charged with 71 (834 mg,
2.6 mmol, 1 equiv) and THF (3 mL). The solution of 71 was added to the -90 °C nBuL.i solution
slowly over 5 min. The solution was allowed to warm to -78 °C and was stirred for 20 min,
followed by cooling to -90 °C. TMSCI was added slowly to the solution followed by stirring for
30 min. A solution of 1 M HCL (10 mL) was added and the reaction was allowed to warm to room
temperature. The organic layers were separated and were evaporated under reduced pressure. The

crude residue was loaded onto a silica gel plug and flushed with hexanes. Flushing the plug with

ethylacetate and evaporating the resulting solution under reduced pressure gives the title
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compound as a white solid (183 mg, 37%).%® Rr 0.31 (4:1 hexanes/ethyl acetate). The 'H NMR

data for this compound is consistent with that of the literature.?®

trimethyl(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)silane (68)

©:TMS
g-O
\
(@]

To adry 100 mL flask equipped with a stir bar, 67 (407 mg, 1.2 mmol, 1 equiv) in 30 mL of THF
was added. The flask was cooled down to -78 °C and iPrMgCI-LiCl (3.5 mL, 0.4M, 1.1 equiv)
was added dropswise (The iPrMgCI-LiCl reagent was prepared from a literature procedure).*’
The solution was stirred for 1 h at -78 °C and then CuCN-LiCl (1.7 mL, 1.2 mmol, 1 equiv) was
added (The CUCN-LiCl was made from a literature procedure).'® The solution was stirred at -78
°C for 20 min and then TMSCI (1.7 mL, 13 mmol, 11 equiv) was added dropwise. The reaction
mixture was allowed to warm to room temperature and an aqueous solution of NH4Cl was added.
The mixture was extracted with Et2O (3 x 10 mL) and CHCI3 (2 x 10 mL) then the organic extracts
were dried over MgSQOs. The solution was filtered through Celite and evaporated under reduced
pressure. The resulting crude mixture was purified by column chromatography (5% EtOAc in

hexanes) to afford the product as a white solid (43 mg, 13%).7®

1,2-di([2,2'-bithiophen]-5-yl)ethyne (85)

/| |\
S S

S S
To a dry 50 mL flask equipped with a stir bar, PdCl2(PPhs)2 (230 mg, 0.33 mmol, 5 mol %), Cul
(125 mg, 0.66 mmol, 10 mol %), DBU (2.8 mL, 19 mmol, 3 equiv), 75 (1.556 g, 6.3 mmol, 1

equiv), and PhMe (25 mL) were added. The solution was degassed with argon for 15 min followed
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by addition of (trimethylsilyl)acetylene (0.45 mL, 3.3 mmol, 0.5 equiv) and H20 (0.02 mL). The
solution was then heated at 80 °C for 18 h and then allowed to cool to room temperature. The
solution was then filtered through a silica gel plug with CH.Cl, and evaporated under reduced
pressure. The crude mixture was then purified by column chromatography (5% CH2Cl> in hexanes)
to give the product as a bright yellow solid (430 mg, 37%).”2 The *H NMR data for this compound

are consistent with those previously reported in the literature.*°

chlorodiisopropyl(methyl)silane (94)

~ o

~

To a dry round bottom flask equipped with a stir bar, magnesium shaving (11.1 g, 457 mmol, 3.3
equiv), 2-chloropropane (30 mL, 329 mmol, 3 equiv), and THF (65 mL) were added. A reflux
condenser was then added and the solution heated at reflux for 2 h and the allowed to cool to room
temperature. The isopropylmagnesium chloride that was synthesized was then cannulated into
another dry flask quipped with a stir bar. Cuprous cyanide (138 mg, 1.6 mmol, 1.4 mol %) was
then added to the solution and the flask was equipped with a reflux condenser. Then
trichloromethylsilane was added slowly to the solution and the mixture was heated to reflux for 1
h. The flask was then allowed to cool to room temperature and the THF was removed under
reduced pressure. A large excess of Et,O was added to the flask and the mixture was filtered
through Celite, followed by rotary evaporation. The resulting oil was then distilled (72 °C/45
mmHg) and the distillate was placed in a fridge. Left in the fridge for 1 month a hydrophobic and
hydrophilic layer formed. The hydrophobic layer was separated and the resulting clear oil was
identified as the pure product (9.012 g, 50%). The *H NMR data for this compound are consistent
with those previously reported in the literature.’

2-(diisopropyl(methyl)silyl)phenol (97)
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OH

b

A 50 mL round bottom flask, equipped with a stir bar was charged with 96 (1.9 g, 6.4 mmol, 1
equiv) taken crude from the previous reaction. Then THF was added (25 mL) and the solution was
cooled to -78 °C by a dry ice/acetone bath. nBuLi (5.7 mL, 2.2 M, 2 equiv) was then added slowly
over 5 minutes. This solution was then stirred for 2 h at -78 °C, and then NH4CIl (50 mL) was
added to stop the reaction. The solution was then allowed to warm to room temperature and diluted
with EtOAc (65 mL). The phases were then separated, and the organic layer was washed with
NaCl (2 x 30 mL). Then MgSO4 was added and the solution was filtered through a Celite pad and
concentrated in vacuo. The crude residue was then purified by column chromatography (10%
EtOAc/hexanes) to yield the title compound as a colourless oil (972 mg, 81%). Rf 0.66 (4:1
hexanes/ethyl acetate); *H NMR (600 MHz, CDCls); § 0.25 (s, 3 H), 0.96 (d, J = 7.0 Hz, 6 H),
1.03(d, J=7.6 Hz, 6 H), 1.31 (sep, J = 7.6 Hz, 2 H), 4.74 (s, 1 H), 6.68 (dd, J = 1.2 Hz, 8.2 Hz, 1
H), 6.93 (ddd, J = 1.2, 8.2, 7.0 Hz, 1 H), 7.24 (ddd, J = 1.8, 8.2, 7.0 Hz, 1 H), 7.34 (dd, J = 1.8,
7.0 Hz, 1 H). ®°C NMR (101 MHz, CDCls) § -9.8, 11.9, 18.0, 18.2, 114.5, 120.3, 121.8, 130.4,
136.7, 160.4. HRMS (m/z); 222.1438 (calcd for C13H2,0Si 222.1440).

2-(diisopropyl(methyl)silyl)phenyl trifluoromethanesulfonate (98)

OoTf \
Si
>\
A 25 mL round bottom flask, equipped with a stir bar was charged with 97 (914 mg, 4.1 mmol, 1
equiv) and Et.O was added (16 mL). The solution was cooled to 0 °C by a dry ice/acetone bath
and nBuLi (1.9 mL, 2.2 M, 1 equiv) was then added slowly over 10 minutes. This solution was
then stirred at 0 °C for 1 h before Tf.O (0.68 mL, 4.1 mmol, 1 equiv) was added. The resulting

solution was then allowed to warmed to room temperature and NH4Cl (30 mL) was added to stop

the reaction. The layers were separated and the aqueous was extracted with hexanes (3 x 20 mL).
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The organic layer was then washed with NaCl (2 x 30 mL). Then MgSO4 was added and the
solution was filtered through a Celite pad and concentrated in vacuo. The crude residue was then
purified by column chromatography (100% hexanes) to yield the title compound as a colourless
oil (1.39 g, 95%). Rr 0.45 (hexanes); *H NMR (600 MHz, CDCls); § 0.31 (s, 3 H), 0.91 (d,J=7.4
Hz, 6 H), 1.04 (d, J=7.4 Hz, 6 H), 1.34 (sep, J = 7.4 Hz, 2 H), 7.33 (ddd, J = 1.2, 8.5, 7.4 Hz, 1
H), 7.37 (dd, J = 1.2 Hz, 8.5 Hz, 1 H), 7.44 (ddd, J = 2.0, 7.4,85Hz, 1 H), 7.52 (dd, J = 2.0, 7.4
Hz, 1 H). *C NMR (101 MHz, CDCls) § -10.0, 11.8, 17.9, 18.0, 118.5 (g, 320.5 Hz), 119.0, 127.0,
129.0, 131.0, 137.3, 155.6. 1°F NMR (376 MHz, CDCl3) § -74.2.

(2-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)diisopropyl(methyl)silane (100)

°

Nipte

\
Si
)\

A 25 mL round bottom flask, equipped with a stir bar was charged with 98 (845 mg, 2.4 mmol, 1
equiv), bis(neopentylglycolato)diboron (598 mg, 2.6, 1.1 equiv), KOAc (729 mg, 7.4 mmol, 3
equiv), PdClz(dppf) (118 mg, 0.14 mmol, 6 mol %) and dissolved in DMSO (8 mL). The solution
was heated under argon at 80 °C for 18 h. This solution was then allowed to cool to room
temperature and filtered through Celite with excess EtOAc. After rotary evaporation the solution
was partitioned in water (5 mL) and EtOAc (6 mL). The organic layer was then washed with water
(3 x 3 mL). Then MgSO4 was added and the solution was filtered through a Celite pad and
concentrated in vacuo. The crude residue was then purified by column chromatography (100%
hexanes) to yield the title compound as a colourless oil (517 mg, 68%). R¢ 0.59 (9:1 hexanes/ethyl
acetate); *H NMR (600 MHz, CDCls); & 0.20 (s, 3 H), 0.85 (d, J = 7.4 Hz, 6 H), 1.04-1.06 (m, 12
H), 1.34 (sep, J = 7.4 Hz, 2 H), 3.75 (s, 4 H), 7.29-7.36 (m, 2 H), 7.53-7.55 (m, 1 H), 7.73-7.75

(m, 1 H). **C NMR (101 MHz, CDCls) & -9.5, 12.6, 18.6, 18.8, 22.0, 31.6, 72.1, 127.4, 128.3,
133.6, 135.3, 142.2, 186.8. HRMS (m/z); 319.2253 (calcd for C1gH3:BO,Si+H" 319.2253).
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(2-(diisopropyl(methyl)silyl)phenyl)boronic acid (102)

The boronic ester 100 (359 mg, 1.1 mmol, 1 equiv) was dissolved in ether/isopropanol (50 mL/10
mL). Then DEA (248 mg, 2.4 mmol, 2.1 equiv) was added to the solution and it was stirred for
3.5 h. The solution was then concentrated in vacuo to give a white solid. This solid was then
dissolved in ether and 1 M HCl acid was added and stirred for 12 h. The solution was then extracted
with ether (3 x 5 mL). The organic layers were then combined and washed with brine (1 x 10 mL).
Then MgSO4 was added and the solution was filtered through a Celite pad. The crude product was
obtained after rotary evaporation as an off white solid. Rr 0.41 (9:1 hexanes/ethyl acetate); H
NMR (600 MHz, CDCls); & 0.23 (s, 3 H), 0.94 (d, J = 7.4 Hz, 6 H), 1.01 (1, J = 7.4 Hz, 6 H), 1.30
(sep, J = 7.4 Hz, 2 H), 6.67 (dd, J = 0.8, 8.6, 1 H), 6.92 (ddd, J = 1.2, 7.4, 8.6 Hz, 1 H), 7.23 (ddd,
J=0.8,2.0,7.0Hz, 1 H), 7.33 (dd, J = 2.0, 7.4 Hz, 1 H). No 3C NMR or HRMS data was recorded

for this compound.

General Benzosilole Reaction: To a round bottom was charged 2-silylphenylboronic acid (0.5
equiv., 1 mmol), DABCO (1 equiv, 2 mmol), thiophene-acetylene species (2 equiv, 2 mmol),
[RhCI(cod)]> (2.5 mol %, 0.05 mol), 1,4-dioxane (2 mL), and H2O (0.5 equiv, 1 mmol). The
solution was then stirred for 1 day at 80 °C under argon. The reaction mixture was then filtered
through a silica gel/ Celite bilayer pad using excess dichloromethane. This reaction was then

concentrated under reduced pressure and purified by column chromatography.

1,1-dimethyl-2,3-di(thiophen-2-yl)-1H-benzo[b]silole (106)
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Me,
The general benzosilole procedure was followed with bis(thiophene)ethyne (186 mg, 0.98 mmol,
2 equiv), 2-trimethylsilylphenylboronic acid (102 mg, 0.52 mmol, 1 equiv), DABCO (112 mg,
1.1 mmol, 2 equiv), [RhCl(cod)]2 (29 mg, 0.06 mmol, 6 mol %), H-O (0.02 mL), in 1,4-dioxane
(2.5 mL) for 26 h to afford 106 as pale yellow solid (40 mg, 24%). R¢ 0.32 (hexanes) The 'H
NMR data and IR data for this compound is consistent with previously reported literature

values.’®

2,3-di([2,2"-bithiophen]-5-yl)-1,1-dimethyl-1H-benzo[b]silole (107)

The general benzosilole procedure was followed with bis(dithiophene)ethyne (322 mg, 0.9 mmol,
2 equiv), 2-trimethylsilylphenylboric acid (88 mg, 0.45 mmol, 1 equiv), DABCO (56 mg, 0.5
mmol, 1.1 equiv), [RhCl(cod)]2 (14 mg, 0.03 mmol, 3 mol %), H20 (0.01 mL), in 1,4-dioxane (1
mL) for 18 h to afford 107 as a bright yellow solid (50 mg, 23%). Rs 0.32 (4:1 hexanes/ethyl
acetate); 'H NMR (600 MHz, CDCls); 6 0.57 (s, 6 H), 7.04 (dd, J = 3.9, 5.0 Hz, 3 H), 7.12-7.16
(m, 2 H), 6.92-6.96 (m, 3 H), 7.23-7.26 (m, 3 H), 7.31-7.35 (m, 2 H), 7.59 (d, J = 7.0 Hz, 1 H).
13C NMR (101 MHz, CDCl3) § -2.7,123.1, 123.7, 123.8, 124.4, 124.47, 126.8, 127.8, 127.8, 129.0,
129.1, 130.4, 131.5, 136.1, 136.5, 137.4, 138.7, 139.1, 139.4, 141.4, 141.6, 151.2. IR (KBr): 2955
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m, 2924 s, 2952 m, 1580 w, 1433 m, 1250 m, 1061 m, 1040 m, 843 m, 800 s, 690 s. HRMS (m/z);
488.0212 (calcd for C26H20S4Si 488.0217).

2,3-di([2,2":5',2"-terthiophen]-5-yl)-1,1-dimethyl-1H-benzo[b]silole (108)

The general benzosilole procedure was followed with crude bis(terthiophene)ethyne (767 mg, 1.5
mmol, 2 equiv), 2-trimethylsilylphenylboric acid (141 mg, 0.73 mmol, 1 equiv), DABCO (163
mg, 1.5 mmol, 2 equiv), [RhCl(cod)]. (23 mg, 0.05 mmol, 3 mol %), H.O (0.02 mL), in 1,4-
dioxane (3 mL) for 1.5 days to afford 108 as a bright orange solid (15 mg, 3%). R¢ 0.44 (7:3
hexanes/dichloromethane); *H NMR (400 MHz, CDCls); § 0.57 (s, 6 H), 6.94 (d, J = 4.11, 1 H),
6.95-6.96 (m, 2 H), 6.99 (dd, J = 4.11, 5.28, 1 H), 7.02 (d, J = 4.11 Hz, 1 H), 7.03-7.05 (m, 1 H),
7.12 (d, J=3.5Hz, 1 H), 7.13-7.15 (m, 3 H), 7.19 (dd, J = 1.2, 5.3 Hz, 1 H), 7.21 (dd, J = 1.2, 3.5
Hz, 1 H), 7.24 (d, J = 4.7 Hz, 1 H), 7.25-7.26 (m, 1 H), 7.32 (d, J = 3.5 Hz, 1 H), 7.34 (ddd, J =
1.2,7.6,8.8 Hz, 1 H), 7.60 (d, J = 7.0 Hz, 1 H). 3C NMR (101 MHz, CDCls) § -2.7, 123.11, 123.7,
123.7, 123.8, 124.4, 124.4, 124.4, 124 .5, 124.5, 126.8, 127.8, 127.9, 129.2, 129.3, 130.4, 131.5,
136.2, 136.2, 136.2, 136.3, 136.3, 136.7, 137.1, 137.2, 138.4, 139.1, 139.2, 141.6, 141.7, 151.1.
IR (KBr); 2957 s, 2924 s, 2854 s, 1580 w, 1460 m, 1423 m, 1261 w, 1101 w, 1038 m, 835 m, 793
s, 690 m. HRMS (m/z); 651.9946 (calcd for C34H24SeSi 651.9972).
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1,1-dimethyl-2,3-di(thiophen-2-yl)-5-(trimethylsilyl)-1H-benzo[b]silole-6-carbonitrile (109)

~
s
—
MesSi LS
\
Si
NC S,

The general benzosilole procedure was followed with bis(thiophene)ethyne (371 mg, 2.0 mmol, 2
equiv), (4-cyano-2,5-bis(trimethylsilyl)phenyl)boronic acid (350 mg, 0.96 mmol, 1 equiv),
DABCO (218 mg, 1.9 mmol, 2 equiv), [RhCl(cod)]> (26 mg, 0.05 mmol, 2.5 mol %), H2.0 (0.02
mL), in 1,4-dioxane (3 mL) for 24 h to afford 109 as an orange solid (104 mg, 28%). R¢ 0.19 (4:1
hexanes/dichloromethane); *H NMR (400 MHz, CDCls); & 0.35 (s, 9 H), 0.61 (s, 6 H), 7.00-7.04
(m, 2 H), 7.08 (dd, J = 0.8, 3.5 Hz, 1 H), 7.20 (s, 1 H), 7.27 (d, J = 1.2 Hz, 1 H), 7.28 (s, 1 H),
7.62 (dd, J = 1.2, 5.1 Hz, 1 H), 7.86 (s, 1H). 3C NMR (101 MHz, CDCls)  -3.1, -1.9, 114.6,
120.7, 126.4, 127.7, 128.1, 128.3, 128.4, 128.8, 129.2, 135.8, 136.6, 137.2, 141.2, 141.7, 142.7,
147.4, 153.7. IR (KBr): 2962 w, 2924 w, 2899 w, 2852 w, 2212 s, 1574 m, 1410 m, 1248 s, 1099
m, 841 s, 788 m, 698 m. HRMS (m/z); 421.0812 (calcd for C22H23NS,Si» 421.0810).

2,3-di([2,2"-bithiophen]-5-yl)-1,1-dimethyl-5-(trimethylsilyl)-1H-benzo[b]silole-6-carbonitrile
(110)

The general benzosilole procedure was followed with excess bis(bithiophene)ethyne, (4-cyano-
2,5-bis(trimethylsilyl)phenyl)boronic acid (240 mg, 0.82 mmol, 1 equiv), DABCO (193 mg, 1.7
mmol, 2 equiv), [RhCl(cod)]2 (24 mg, 0.05 mmol, 6 mol %), H-O (0.02 mL), in 1,4-dioxane (3
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mL) for 2 days to afford 110 as an orange solid (49 mg, 10%). Rs 0.43 (8.5:1.5 hexanes/EtOAC);
'H NMR (400 MHz, CDCls); § 0.33 (s, 9 H), 0.57 (s, 6 H), 6.92 (dd, J = 0.8, 3.5 Hz, 1 H), 6.94
(dd, J =0.8,3.9 Hz, 1 H), 6.97 (d, J = 3.5 Hz, 1 H), 7.02-7.07 (m, 3 H), 7.16 (dd, J = 0.8, 5.1 Hz,
1 H), 7.23-7.25 (m, 2 H), 7.30 (s, 1H), 7.32 (d, J = 3.5 Hz, 1 H), 7.82 (s, 1 H). 3C NMR (101
MHz, CDCls) 6 -3.0, -1.5, 114.6, 120.6, 123.3, 124.0, 124.2, 124.5, 124.6, 124.9, 127.9, 127.9,
128.8, 129.3, 130.4, 135.2, 135.8, 137.1, 137.2, 137.2, 139.9, 140.1, 140.4, 140.6, 142.8, 147.6,
153.4. IR (KBr): 2951 w, 2926 w, 2897 w, 2854 w, 2214 m, 1574 m, 1441 m, 1250 m, 1097 m,
839 s, 798 m, 692 m. HRMS (m/z); 585.0562 (calcd for C3oH27NS4Si> 585.0565).

2,3-di([2,2":5',2"-terthiophen]-5-yl)-1,1-dimethyl-5-(trimethylsilyl)-1H-benzo[b]silole-6-
carbonitrile (111)

Me3Si

NC

The general benzosilole procedure was followed with crude bis(terthiophene)ethyne (237 mg, 0.46
mmol, 2 equiv), (4-cyano-2,5-bis(trimethylsilyl)phenyl)boronic acid (74 mg, 0.25 mmol, 1 equiv),
DABCO (38 mg, 0.39 mmol, 2 equiv), [RhCl(cod)]2 (13 mg, 0.03 mol, 10 mmol %), H>0 (0.01
mL), in 1,4-dioxane (2 mL) for 3 days to afford 111 as a bright orange solid (12 mg, 6%). R¢ 32
(7:3 hexanes/dichloromethane); *H NMR (400 MHz, CDCls3); § 0.35 (s, 9 H), 0.60 (s, 6 H), 6.95-
6.96 (m, 1 H), 6.98 (d, J = 3.5 Hz, 1 H), 6.99-7.01 (m, 2 H), 7.02 (d, J = 3.5 Hz, 1 H), 7.04 (dd, J
=1.2,47Hz,1H),7.06(d,J=35Hz,1H),7.13(d, J=3.5Hz,1H),7.15(dd, J=1.2, 3.5 Hz,
1H),7.16 (d, J =3.5Hz, 1 H), 7.20 (dd, J = 5.3, 1.1 Hz, 1 H), 7.22 (dd, J = 3.5, 1.2 Hz, 1 H), 7.25
(dd, J=5.3,1.2 Hz, 1 H), 7.31 (s, 1 H), 7.34 (d, J = 3.5 Hz, 1 H), 7.84 (s, 1 H). *3C NMR (101
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MHz, CDCls) § -3.0, -1.50, 114.7, 120.7, 123.2, 123.8, 123.9, 124.4, 124.5, 124.6, 124.7, 124.9,
127.9, 127.9, 128.8, 129.5, 135.4, 135.8, 135.9, 135.9, 136.0, 136.6, 136.9, 137.0, 137.0, 137.2,
139.7, 139.8, 140.4, 140.7, 142.8, 147.6, 153.3. IR (KBr): 2952 s, 2924 s, 2854 s, 2214 m, 1575
m, 1464 w, 1441 w, 1099 w, 839's, 793 s, 692 w. HRMS (m/z); 749.0319 (calcd for CagHai NS4S
749.0319).

(1,1-dimethyl-2,3-di(thiophen-2-yl)-5-(trimethylsilyl)-1H-benzo[b]silol-6-yl)methanamine (115)

S~
S
—
Me3Si S
A\ Q|
H,oN Si
Me2

A 10 mL flask, equipped with a stir bar was charged with NaBH4 (71 mg, 1.9 mmol, 9 equiv) and
suspended in THF (1 mL). Then TFA (1 mL, 13 mmol) was dissolved in THF (2.5 mL) in another
10 mL flask. Of this 5.2 M solution, 0.36 mL was taken and added dropwise to the NaBH4
suspension at room temperature. The solution was stirred for 15 min and then 109 (87 mg, 0.21
mmol, 1 equiv) in THF (2.5 mL) was added dropwise. This was then stirred for room temperature
for 2 h followed by adding H20 and EtOAc and separating the layers. The organic layer was dried
with MgSO4, filtered through Celite, and evaporated in vacuo. This residue was purified by
column chromatography (8:2 hexanes/EtOAc) to yield a yellow solid (24 mg, 27%). Rt 0.33 (15%
EtOAc in hexanes); 'H NMR (600 MHz, CDCls); § 0.28 (s, 9 H), 0.57 (s, 6 H), 3.75 (br, 2 H),
4.04-4.07 (m, 2 H), 6.97 (dd, J = 4.1, 5.3 Hz, 1 H), 7.00 (dd, J = 1.2, 3.5 Hz, 1 H), 7.02 (dd, J =
4.1,1.2 Hz, 1 H), 7.16 (s, 1 H), 7.20 (dd, J = 1.2, 4.1 Hz, 1 H), 7.24 (dd, J = 3.5, 5.3 Hz, 1 H), 7.53
(s, 1H), 7.58 (dd, J=1.2,5.3 Hz, 1H). ®*C NMR (101 MHz, CDCl3) § -2.9, 0.1, 53.4, 126.3, 127.4,
127.5, 128.0, 128.1, 128.4, 129.9, 132.2, 137.2, 138.8, 139.5, 139.8, 141.5, 141.8, 142.1, 151.0.
IR (KBr): 3261 s, 3230 m, 2957 m, 2924 m, 2852 w, 1583 s, 1454 w, 1416 w, 1365 m, 1252 s,
1169 s, 1101 s, 1038 m, 839 s, 777 s, 690 s. HRMS (m/z); 425.1129 (calcd for Co2H27NS;Si
425.1123).
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