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Si-Rhodamine for example.

Abstract: In this manuscript we report the synthesis of 3-amido-benzo[b]silines thanks to a 2-step strategy
involving a 3-component silylformylation of ynamides followed by a Friedel-Crafts cyclization/isomerizing
dehydration domino sequence. This reaction is tolerant to various structural variations and has allowed us to
synthesize a library of diversely substituted silacycles with yields from 33 to 85%. We also studied the
fluorescence properties of these compounds which show structural similarities with recognized probes such as

Keywords: Silacycles; Benzosiline; Fluorescence; Silylformylation; Ynamide

Introduction

Silacycles, referring to silicon-based heterocycles,
have gained significant attention in recent years for
their potential use in various fields such as materials,
medicine, electronics and fragrances.'! As a single
example, it is well established now that the C/Si switch
can modulate beneficially the pharmacokinetic param-
eters of various drugs (different biodistribution, better
stability towards metabolic pathways, modulation of
non-covalent in vivo molecular interactions).”) How-
ever, one of the main limits to a more extensive use of
such scaffolds is the restricted number of synthetic
methodologies available. Consequently, intensive work
has been done over the last two decades to access
various families of silacycles, with silole derivatives as
the first focus.'" Although less studied, 6-membered
ring silacycles, i. e. the siline derivatives, have demon-
strated their very high potential as biomaging fluores-
cent probes”! and in drug design® (Figure 1.a). These
applications are particularly identified for benzosiline-
based scaffolds. Notably, the available synthesis
strategies are much less abundant in comparison to

Adv. Synth. Catal. 2024, 366, 111 Wiley Online Library

These are not the final page numbers! 7

1

siloles and are essentially focused on the synthesis of,
mainly symmetrical, dibenzosilines (silanthracene de-
rivatives) thanks to the double nucleophilic attack of
diaryl lithium species on dichlorosilanes (Figure 1.b-
). However, over the last 15 years, several groups
have focused their efforts on developing new ap-
proaches involving modern metal catalysis to these
specific silacycles. These strategies include, non-
exhaustively, intramolecular™ or intermolecular® ring
expansion of silacyclobutanes!” (Figure 1.b-II), metal-
catalyzed ring closing reaction of silicon tethered
partners, such as ring-closing metathesis (RCM),™
intramolecular ~C—H  activation”  or  radical
cyclization"” (Figure 1.b-I1I), and finally intramolecu-
lar silylation reactions on alkenes or alkynes (Fig-
ure 1.b-IV).["!

Although often highly effective, these approaches
are generally limited in terms of the structural
variations possible around silylated heterocycles and,
for most of them, require several synthesis steps to
obtain the substrates, which further limits the possibil-
ities for rapid structural variations required in the case

© 2024 Wiley-VCH GmbH
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lanes). To our knowledge, this apprf)aCh WO}lld 3 See Figure 3.a for the structure of Z-4f.

represent the first synthesis of benzo[b]silines carrying

a non-heteroaromatic nitrogen (e.g. pyrrole or Figure 2. Scope of the silylformylation of ynamides using
pyrazole) in position 3, opening the door to other electron-rich arylsilanes and Xray-diffraction structure of 2 a.
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Satisfactorily, once these conditions had been deter-
mined, the reaction proved to be tolerant to diverse
variations (Figure 2) such as the nature of the silane
(2a-2f), the distal ynamide chain (2g-2i) or nitrogen
substitution (2j-2m). Interestingly, the silylformyla-
tion involving a more nucleophilic 1,3-dipyrrolidine-5-
(dimethylsilyl)benzene led directly to the benzosiline-
type product Z-4f (see structure Figure 3.a) upon
acidic hydrolysis. It should be noted that a partial
isomerization of the C=C double can be observed in
the case of a Moc substituted ynamides (2j) and that
yne-sulfonamides (2 k—2m) led to the desired acroleins
in lower yields of around 30-40%. Attempts to
perform the silylformylation on aryl ynamides only led
to the formation of hydrosilylated products while the
ones on terminal ones led to a complete degradation of
the starting material.

Once the 2-aminoacroleins were obtained, we
optimized the Friedel-Crafts type cyclization to effi-
ciently lead to the desired benso[b]silines. While the
addition reaction of an electron-rich aromatic ring to
an aldehyde has been known for more than a century,
here several specific challenges had to be addressed.
The first one was related to the C=C isomerization
problem already evoked previously during the hydrol-
ysis of the imine intermediate. Indeed, the starting
acroleins appear to be sensitive to acidic conditions
and isomerization from the £ to the Z configuration
would make any cyclization impossible. The second
relates to the potential sensitivity of vinylsilanes to the
exposure to prolonged acidic conditions. Satisfyingly,
after optimization of the reaction conditions (Table 1),
we were able to cyclize stereoselectively acrolein 2a
to benzosiline Z-4 a, after dehydration of intermediary
benzosilinol 3a, in a good 71% yield. Notably, 1
equivalent of Lewis acid was required to reach full
conversion of the starting material while an excess of
AICl; (2 equiv.) led to a lower yield due to partial
degradation of the product. To the best of our knowl-
edge, this work represents the first example of intra-
molecular Friedel-Crafts cyclization on acrolein deriv-
atives to form a 6-membered ring as well as the first
one involving a subsequent isomerizing dehydration in
a domino sequence. Remarkably, the reaction only led
to a single stereoisomer of the Z-configuration product
4.a most probably due to allylic strain.™

Surprisingly, cyclization of the mono methoxylated
substrate E-2d (meta position) did not lead to the
targeted benzosiline but to an indene 5d (44%,
Figure 3.b) that could result from a Salvadori-type
rearrangement!” (see Figure 4 and related paragraph
for mechanistic consideration). Once the optimized
conditions were in hand, we explored the scope of this
cyclization (Figure 3.a). To begin with, it appeared that
the nature of the substituent on the silicon, other than
the cyclizing aromatic ring, has relatively little
influence on the efficiency or the selectivity of the
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a. Scope of benzosilines

Z-4a (R=Me) 71% BBrs (4.0 equiv.) Z-4b (R=Me) 66%* Z4c
j CH,Cly, |:1 mmol scale = 55% 59%
742 (R=H) 85% 78°C-rt, 24h 241’ (R=H) 83%

MeO. Siz

o
OMe (W

Z-4
l\/O CCDC 2218886
elipsoid probability level = 50%

AICI3 (100 mol%) X
—_

toluene, 25 °C
6h

H NMR ratio

0:100
78:22

2d (X=OMe) 3d
20 (X=H) 30

5d (44%)
50 (20%)

(isolated yield)

Cyclization conditions: AICl; (100 mol%) in toluene at a
concentration of 5.102 M for 6h at 25 °C; ® 55% yield when
performed on 1 mmol scale; ® The cyclization took place
directly, without addition of AICls, during the hydrolysis of
the imine to form the acrolein E-2j, see Figure 2; © 200
mol% of AICl; at 70 °C during 24 h were required to obtain
a complete conversion.

Figure 3. Scope of the cyclization leading to 3-

amidobenzo[b]silines.

reaction (Z-4a, Z-4b and Z-4¢). Off note, reactions of
4a and 4b with BBr; led efficiently to the correspond-
ing hydroxyphenols 4a’ and 4b’.

© 2024 Wiley-VCH GmbH
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Table 1. Deviation from optimized conditions of the Friedel-
Crafts cyclization

Me AlCl Me Me
(100 mol%)
N' 2
| O Toluene (5.10% M),

OM 5 L 25°C, 6 OMe OH L

Ph

Me, Me
Si
N \D

Entry Deviation Conv. Yield 4a
(%0) (%0)

1 none 100 71

2 BiCl; as acid 100 59

3 Sc(OTH); or TfOH as acid 100 0

4 BF;.Et,0 or CSA as acid 0 -

5 AICl; (50 mol%) 80 38

6 AlCl; (200 mol%) 100 29

7 CH,C1, as solvent 80 53

Plausible mechanisms for the formation of 4 & 5

Ar = electron rich
X=Y=0OMe or

X= OY H/O X® Si

q

X qs,’ Frledel Crafts Si H

ICHe | e

Ac, NN

Vs v
2

Ar = lightly electron rich | Activation by vs
or neutral alcohol 3 @
X=H or X=OMe ROH Protodesilylation
_H® Isomerization T
RO
j J
.SI
Sl@ - OH @ l
@ < /. Salvadorl
type
H ‘ rearrangement
atal

Cl

Figure 4. Proposed mechanisms for the formation of 4 and 5.

Conversely, the mono pyrrolidine substrate E-2e
cyclized to give the desired benzosiline Z-4e in 56%
yield, accompanied by 20% of the isomerization
product Z-2e. The cyclization of acrolein E-2g
involving a sterically hindered substrate bearing an
isopropyl substituent on the C=C double bond did not
react under standard conditions and only degradation
could be obtained while using higher temperature or
Lewis acid loading. Notably, it appeared that the nature
of the substituent on position 3 of the starting acroleins
2 has a clear influence on the diastereoselectivity of
the reaction with respect to the C=C double bond
(erosion of the selectivity in the case of phenyl-
substituted 4h and pentyl-substituted 4i). Nicely, the
reaction revealed to be tolerant to various protecting
groups on the nitrogen substitution on position 2 of
acroleins 2 as the reaction proved to be equally
effective with Moc (Z-4j), Ms (Z-4k) or Ts (Z-41)
groups. The synthesis of benzosilines with a terminal
exocyclic alkene (4m, 67%). Conversely to what has
been observed in the case of the dimethoxy substrate
Z-2h, the analogous substrate 2m substituted by a
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pyrrolidine led to the targeted benzosiline Z-4n as a
single stereoisomer. Notably, the transformation ap-
plied to a substrate bearing a phenyl-substituted silicon
group (£-20) led to a 78:22 mixture of the hydroxy-
lated benzosiline 4 o (Figure 3.b), which did not under-
go isomerizing dehydration, and the indene 50. Note-
worthy, substrates bearing an amide group proved
incompatible with this cyclization and led to a complex
mixture. Altogether, the various observations made
during the scope evaluation enabled us to propose,
starting from a common benzosilinol 3, two divergent
mechanisms for the formation of the benzosilines 4 on

one side and the indenes 5 on the other side (Figure 4):

e Benzosiline (4) pathway: Knowing that when the
aromatic ring is not electron-rich, benzosilinol 3 can
be identified, it seems likely that, in the case of an
electron-rich aromatic silicon-substituent, a dearo-
matization induces the dehydration which is then
followed by a re-aromatizing isomerization leading
almost exclusively to the diastereomer Z (allylic
strain).

e Indene (5) pathway: Starting with benzosilinol 3,
the silicon atom could be activated by another
alcohol 3 to form a hypercoordinated intermediate
that could subsequently rearrange to transfer the
electron rich aromatic ring via a dehydroxylating
S\” type reaction to form a silylated indene
(Salvadori-type rearrangement''®)). Finally, a proto-
desilylation/isomerization sequence could lead to the
product 5.

In recent years, as mentioned previously, replacing
the central oxygen atom of fluorescein and rhodamine
by a silicon atom has become very popular as it can
dramatically modulate the fluorescence properties of
these valuable bioimaging probes.”! So, logically, we
then evaluated the photophysical properties of these
new benzo[b]silines (Figure 1). First and foremost,
preliminary investigations pointed out that no
fluorescence could be observed for the silylated
acroleins 2. As another control, we also examined the
silicon atom influence on the fluorescence of silacycles
4 by carrying out a proto-desilylation of compound 4 a.
This reaction, promoted by TBAF in THF, led to the
desired product 6a in 58% yield without isomerization
of the formerly exocyclic C=C double bond. As
anticipated, the resulting product 6a no longer
exhibited detectable luminescence (Figure 5).

The photophysical properties of silacycles 4 were
then evaluated by UV-Vis absorption and fluorescence
spectroscopy in 1,2-dichlorethane. Compound 4a
showed a maximum absorbance at a wavelength of
358 nm for a maximum fluorescence emission at a
wavelength of 428 nm resulting in an interesting A, s
of 70 nm (Stokes shift of 0.57eV) (Figure 6 and
Table 2). The quantum yield (®y) on its side, indirectly
measured using Rhodamine 6G as standard,"'” ap-
peared particularly modest with a value of 2%. Note

© 2024 Wiley-VCH GmbH
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Protodesilylation of benzosiline 2a

Pi

h Ph
Me Me
MeO Si 7 TBAF (1.1 equiv) MeO Z
Fluorescent <_I _ EE—— _
THF
N /> 0°Ctort. N /3
1h OMe //Lo
[e]
6a

No Detectable
Fluorescence

oMe

(0] 58%

Figure 5. Critical influence of the silicon atom in the

fluorescence of benzosiline derivative 4a.
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3 Measured in 1,2-DCE, C=(1.10° - 1.10%) M.

Figure 6. UV-Vis absorption and fluorescence spectra of
representative benzosilines 4.

that replacing the methyl substituents on the silicon
atom with one (4b) or two (4c¢) phenyl groups had
very little influence on the quantum yields of
fluorescence (similar @, around 2%). However, these
modifications resulted in a significant decrease of the
molar absorption coefficients (approx. twofold reduc-
tion in intensity between 4a and 4c¢) and a slight
batochrome shift in the maximum absorption and
fluorescence wavelengths (A, 4c—A,4a=8 nm; A, 4c—
Aemda =15 nm).

Interestingly, when the benzosiline aromatic ring is
substituted by a pyrrolidine in position 7 (4e), in
comparison to 4a substituted by two methoxy groups
in position 5 and 7, shifts of 33 nm in absorption and
34 nm in emission are observed. Even more interest-
ingly, the quantum yield of 4e was measured more
than 30 times higher (72%) than in 4a. Notably, the
addition of a second pyrrolidine in position 5 on the
aromatic ring of benzosiline (4f) led to a significant
batochromic shift in both the absorption and emission
wavelengths compared with compound 4 e and the A,
as Was increased by 14 nm. However, the molar
extinction coefficient was 2-fold lower, and the

Adv. Synth. Catal. 2024, 366, 111 Wiley Online Library
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quantum yield was measured at 63%. A study of the
solvent effect on the photophysical properties of 4e
and 4 f has shown that solubilization in aprotic solvents
of different polarities has virtually no impact on the
absorption wavelength and slightly on the molar
extinction coefficient. Nevertheless, the Stokes shift
was found to increase significantly with increasing
solvent polarity. Then we observed that the nature of
the electron-withdrawing group (Moc 4] or tosyl 41)
on the nitrogen in position 3 of the benzosilines has
very little impact on absorption and emission proper-
ties (similar values to those of 4a). Interestingly, if a
benzosiline bearing an unsubstituted exocyclic C=C
double bond (4m) appeared to have similar €, A, and
Aem to those substituted with an alkyl chain (41), Oy
was twice as high (2% vs 5%) demonstrating that alkyl
substitution has a negative effect on the radiative
process. Finally, the substitution of the exocyclic C=C
double bond with a phenyl group (4n) significantly
impacted both the absorption and the emission proper-
ties in comparison to those of the alkyl-substituted
analog (4e). Indeed, a 23 nm bathochrome shift in the
lowest-energy absorption band could be observed, as
well as a 2-fold drop in molar extinction coefficient. In
addition, we observed a significant broadening of both
the absorption and emission bands of fluorescence.
Under photoexcitation, in 1,2-DCE, at the absorption
maximum of the lowest-energy band, an emission band
centered at 565 nm with a quantum yield measured at
26% indicated a particularly high A, of 152 nm
(Stokes shift=0.81¢eV). A study of the effect of
solvent on the physicochemical properties of 4n
revealed, similarly to what has been observed for 4e
and 4f, a bathochromic shift in the emission band
correlated with increasing solvent polarity. As the
absorption wavelength remained roughly similar, this
phenomenon induces a significant increase in the A,
s Up to a remarkable 166 nm (Stokes shift=0.88 eV)
in acetonitrile. Altogether, this study shows that light
structural modifications of the benzosiline scaffold
lead to valuable modulation of the emission properties
(Figure 7).

To gain a better understanding of the influence of
substitutions of these benzo[b]silines on their photo-
physical properties, we analyzed the absorption and
emission properties of selected compounds using
Density Functional Theory (DFT) and Time Depend-
ent-DFT (see Computational Details section and
Supporting Information for details). In particular, we
focused on compounds 4a, 4e, 4f, 4h and 4n to
understand the nature of the electronic transitions
responsible for the observed photophysical behavior
and the influence of the substituents both on their
energy and intensity.

In agreement with the experimental data, all the
compounds in 1,2-DCE show a rather intense absorp-
tion (as can be seen from the computed oscillator

© 2024 Wiley-VCH GmbH
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Table 2. Photophysical properties of selected 3-amidobenzo[b]silines.

Z-4 Solvent Nabs £ Nem Stokes Shift o
(polarity)®™ (nm)™ (x10°* M 'em™) (nm)™ (ev) (%)

4a 1,2-DCE 358 1.4 428 0.57 2
(0.327)

4b 1,2-DCE 362 0.9 434 0.57 2
(0327

4c 1,2-DCE 365 0.6 443 0.60 2
(0.327)

4e Toluene 391 1.1 453 0.43 57
(0.099)
1,2-DCE 391 1.0 462 0.49 72
(0.327)
CH,;CN 393 1.0 469 0.51 64
(0.460)

4f Toluene 410 0.7 490 0.49 58
(0.099)
1,2-DCE 414 0.6 499 0.51 63
(0.327)
CH;CN 409 0.8 501 0.56 49
(0.460)

4j 1,2-DCE 356 0.9 420 0.53 n.d.
(0327

41 1,2-DCE 357 1.5 414 0.48 2
(0.327)

4m 1,2-DCE 355 1.4 414 0.50 5
(0.327)

4n Toluene 414 0.2 560 0.78 17
(0.099)
1,2-DCE 413 0.4 565 0.81 26
(0.327)
CH;CN 409 0.3 575 0.88 20
(0.460)

[} Normalized solvent polarity EN; using water and TMS as extreme references.!

18]

(*] ) refers to the wavelength of maximum absorption or emission, measured in 1,2-DCE, C=(1.10"°-1.10") M.

[l Relative quantum yields using Rhodamine 6G as reference.
' Quantum yield too low to be accurately measured.

strengths, f, Table 3) in the visible range. The observed
band originates from a single S, — S, electronic
transition of dominant HOMO-LUMO character. Anal-
ysis of the Natural Transition Orbitals involved (Fig-
ure 8) and of the associated Charge Transfer character
(measured by the means of the D index, Table 3)
demonstrate how for all compounds this transition is of
n-n* character and largely involving delocalization
over the C—C single-double network extending over
the benzo[b]siline ring. No significant delocalization of
both NTOs involved is instead observed on the nitro-
gen-containing substituent in position 3 which is
consistent with the little dependence of absorption (and
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emission) experimentally observed on the nature of the
electron-withdrawing group on the nitrogen in position
3. On the other hand, donor groups present in positions
5 and 7, sizably contribute as donors (as demonstrated
by their large contribution to the NTOs) thus explain-
ing the observed redshift in absorption between
compounds 4e and 4f. More interestingly, the possi-
bility of extending the single-double bond length
alternation (and conjugation) network with substituents
such as the tosyl group acting as acceptor, significantly
red shifts both absorption and emission of the
compounds with respect to analogues substituted with
alkyl chains. This is clear comparing the results

© 2024 Wiley-VCH GmbH
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Visual comparison of fluorescence of compounds 4e, f, n

Irradiation with a 150 W / 400 nm Xe lamp of solutions of compounds 4 in acetonitrile
in a quartz cuvette.

Figure 7. Visual comparison of irradiated (400 nm/150 W)
solutions in acetonitrile of compounds 4 e, 4f and 4n.

Table 3. Photophysical properties computed for selected 3-
amidobenzo[b]silines in 1,2 DCE at the PBEO level using the
6311+ G(d,p) basis set.

Z-4 Aabs f Der Aem Stokes
(nm) (a.u) (A) (nm)™ shift
(eV)
4a 368 0.62 1.99 463 0.70
4e 398 0.67 3.93 497 0.62
4f 422 0.64 3.04 533 0.61
4h 410 0.61 2.80 560 0.81
4n 446 0.63 4.41 611 0.75

[} Using the state-specific approach.

obtained for 4a to those of 4h or the results obtained
for 4e with respect to those of 4n. Indeed, in the case
of 4a and 4e the delocalization is limited to the
exocyclic C=C bond (refer to Figure 8), while in 4h
and 4n it extends up to the exocyclic C=C phenyl
substituent thus significantly increasing the conjuga-
tion and the associated Charge Transfer (CT) character
of the corresponding excited state. This effect can be
clearly quantified comparing the excited state hole-
electron separation as provided by the D¢; index. This
index (Table 3) increases from 1.99 A to 2.80 A going
from 4a to 4h and from 3.93 A to 4.40 A going from
4e to 4n. In other words, extending the single-double
bond alternation out of the benzo[b]siline ring red
shifts the absorption, increases the CT character and
the Stokes shift. Not surprisingly, the compounds
showing the largest CT are also those for which a
larger solvatochromism is observed and computed (as
reported in SI).

Interestingly a qualitative explanation of the ob-
served emission quantum yield can also be given.
Indeed, an increase of conjugation of substituents of
the benzo[b]siline is expected to decrease the effi-
ciency of non-radiative channels occurring via vibra-
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Figure 8. Graphical representation of computed NTOs associ-
ated to the S, — S, transition of 4a, 4e, 4f, 4h and 4n.

tional relaxation and internal conversion. On the other
hand, the addition of non-conjugated substituents
which might have a positive impact on the energetic
(i.e. red shift absorption and emission, increase the
charge transfer character and thus the Stokes shift) is
expected to also increase the efficiency of non-
radiative relaxation pathways and thus to be detrimen-
tal for the quantum yield. This reasoning qualitatively
explains why for molecules displaying a larger degree
of conjugation at the excited state (such as 4h and 4n
with respect to 4a and 4e) a higher quantum yield is
observed and, on the opposite, why the 5,7 pyrrolidine
di-substituted derivative (4f) a red-shifted absorption
but a lower quantum yield are measured with respect
to the 7 mono substituted analogue (4 e).

© 2024 Wiley-VCH GmbH

85UB017 SUOWIWOD BAIER.D) 3qedt|dde ay) Aq peusenob afe sajone YO 8sn JO Sa|nJ 10} Aid 18Ul UQ A8|IA\ UO (SUONIPUCD-pUe-SLLBIAWCY A8 1M ATelg U1 [UO//:SANY) SUOIIPUOD PUe SW.B 1 8L 89S *[yZ02/70/6T] Uo ARid1T 8uIluO A8|IM ‘SoUeIH 8UeIY00D AQ 62001202 9SPe/Z00T OT/I0p/Wi0d A1 Ale.q 1 puluoy/sdny wou) papeojumod ‘0 ‘69TYSTOT


http://asc.wiley-vch.de

RESEARCH ARTICLE

asc.wiley-vch.de

Adva
Synthesis &
Catalysis

Conclusion

In summary, we have developed a modular 2-step
synthesis of various 3-Amido-benzo[b]silines. Most of
these scaffolds fluoresced with quantum yields and
Stokes shifts of up to 76% and 0.88 eV respectively. In
addition, the emission wavelengths could be signifi-
cantly modified by slight structural modifications and
these photophysical properties were rationalized by
computational TD-DFT studies. Overall, these silacy-
clic molecular scaffolds offer interesting prospects for
applications such as bioimaging probes or OLED
materials.

Experimental Section'"”
General Procedure for 3-Component Silylformyla-
tion of Ynamides to form 3-silyl-2-Amidoacroleins

o))

In an oven-dried sealed tube under argon, Rh,(CO),,
(1.5 mol%) was dissolved in dry toluene (C=0.09 M) and
isocyanide (2.5 equiv.) was added to the red solution. The
mixture was stirred at room temperature for 5 min and the
solution turned from dark red to yellow accompanied by the
release of gas (bubbles). Then, ynamide (1.0 equiv.) and silane
(2.5 equiv.) were added to the solution. The reaction mixture
was placed in a heating mantle and stirred at 85°C for 3 hours.
After full consumption of the starting material (followed by
TLC), the reaction was cooled down to room temperature. To
hydrolyse the newly formed imine intermediate, water (same
volume as the toluene used to set up the initial reaction) and
acetic acid (10.0 equiv.) were added, and the reaction was
stirred at room temperature for another 3 h. The organic layer
was separated, and the aqueous layer was extracted twice with
EtOAc. The combined organic layers were washed twice with
water, dried over MgSO,, filtered, and concentrated in vacuo.
The crude product was purified by column chromatography on
silica gel to afford the desired aldehyde.

(E)-3-(dimethyl(phenyl)silyl)-2-(2-oxooxazolidin-3-
yl)-5-phenylpent-2-enal (2 a)

Off white solid. mp: 79-82°C (recrystallized from pentane)).
TLC Rf: 0.25 (Cyclohexane/EtOAc 70:30). IR (neat) v,
3017, 2956, 1741, 1677, 1426, 1412, 1295, 1140, 1085, 1047,
1032, 827, 775, 736, 699, 531 cm™'. '"H NMR (500 MHz,
C¢Dy) 6 9.77 (s, 1H, CHO), 7.11-7.07 (m, 2H), 7.01 (ddd, J=
6.2, 3.0, 1.7Hz, 3H), 6.93 (d, J=2.3 Hz, 2H), 6.55 (t, J=
2.3 Hz, 1H), 3.58 (t, J=7.8 Hz, 2H), 3.46 (s, 6H), 2.86 (t, J=
7.9 Hz, 2H), 2.75 (ddd, J=38.5, 6.7, 1.3 Hz, 2H), 2.67 (dd, J=
9.1, 6.5 Hz, 2H), 0.33 (s, 6H). *C{'H} NMR (126 MHz, C(D)
& 187.5, 165.4, 161.7 (2 C), 157.3, 144.0, 141.4, 139.8, 128.7
(2C), 128.8 (20), 126.6, 111.7 (2 C), 102.5 (CAr), 62.5 (O-
CH,), 55.2 (x2, O-CH,), 45.7 (N-CH,), 36.5 (CH,), 35.5 (CH,),
—0.1 (x2, Si-CH;). *Si{'H} NMR (99 MHz, C,D) 6 —6.74.
HRMS (ESI-TOF) m/z [M + Na*] Calcd for C,,H,,NO;SiNa
462.1708; Found 462.1707.

Adv. Synth. Catal. 2024, 366, 111 Wiley Online Library

These are not the final page numbers! 7

8

General Procedure for Friedel-Crafts Cyclization of
3-silyl-2-amidoacroleins (2) to Form 3-amido-1,2-
dihydrobenzo[b]silines (4).

In an oven-dried round bottom flask under argon, the 2-
amidoacrolein 2 was dissolved in freshly distilled toluene (C=
0.05 M) followed by the addition of AICI; (100 mol%). The
mixture was stirred 6 hours at room temperature. The reaction
was quenched using a saturated solution of potassium sodium
tartrate (Rochelle salt). The aqueous layer was washed twice
with EtOAc. The combined organic layers were washed twice
with brine, dried over MgSO,, filtered, and concentrated to give
the crude benzosiline 4 which was purified by flash column
chromatography on silica gel (treated with Et;N).

(E)-3-(5,7-Dimethoxy-1,1-dimethyl-2-(2-phenylethyli-
dene)-1,2-dihydrobenzo[b]silin-3-yl)oxazolidin-2-one
(4a)

Off white solid. mp: 88-91°C. TLC Rf: 0.30 (Cyclohexane/
EtOAc 70:30). IR (neat) v,,, 2953, 1740, 1586, 1408, 1294,
1254, 1198, 1044, 837 cm™'. '"H NMR (500 MHz, CDCL,)
7.32 (t, J=7.4 Hz, 2H), 7.25-7.18 (m, 3H), 6.97 (s, 1H), 6.61
(d, J=2.4 Hz, 1H), 6.50 (t, J=7.8 Hz, 1H), 6.42 (d, J=2.4 Hz,
1H), 4.42-4.35 (m, 2H), 3.85 (s, 3H), 3.81 (s, 3H), 3.76 (m,
2H), 3.73 (d, J=7.8 Hz, 2H), 0.50 (s, 6H). “C{'H} NMR
(126 MHz, CDCl;) 6 160.0, 157.0, 157.0, 141.2, 139.4, 136.8,
132.8, 130.4, 128.3 (2C), 128.1 (2 C), 126.0, 122.5, 120.8,
109.3, 98.7, 61.5, 55.2, 55.0, 47.9, 38.0, 0.0 (2 C). *Si{'H}
NMR (99 MHz, CDCI13) 6 —17.29. HRMS (ESI-TOF) m/z
[M + Na*] Caled for C,H,,NO,SiNa 444.1602; Found
444.1607.

Computational Details Section

In order to compute the photophysical properties of selected
molecules, DFT and TD-DFT calculations were performed to
describe ground and excited states, respectively. The Gaussian
16 package™ was employed for all calculations. The global
hybrid PBEO exchange-correlation functional®'*?! as well as the
range-separated hybrid functional (LC-PBE) were used.””
Results reported in the main text are those corresponding to the
PBEO calculations, while LC-PBE results are discussed in
Supporting Information. The 6-311+ G(d,p)*** all-electron
basis set was used to describe all atoms. Solvent effects were
included implicitly by the means of the conductor like polar-
izable continuum model (CPCM).?%*1 A state-specific formal-
ism was applied to describe excited states relaxation. For
structural optimizations, the default force and energy thresholds
were applied as convergence criteria. Analysis of the excited
states was performed using the Natural Transition Orbitals”
while their charge transfer character has been evaluated using
the density based D¢y descriptor.*”!
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