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Recent advances in the desilylative acylation of 1-alkenylsilanes with acid anhydrides under transition
metal catalysis are summarized. This catalytic desilylative acylation of 1-alkenylsilanes provides an
efficient route to o,f-unsaturated ketones by using rhodium or iridium as the catalyst. Moreover, various
one pot sequence reactions have been developed, which can synthesize «,s-unsaturated ketones from

simple starting materials in an economic way. Additionally, this approach is applied to the asymmetric
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synthesis of atropisomers possessing silanol groups with excellent enantioselectivity.
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1. Introduction

a,f-Unsaturated ketones are key reagents and can be widely
used in organic transformations [1,2]. They can be employed in a
variety of transformations such as epoxidation [3-5], Morita-
Baylis-Hillman reaction [6-8], Michael addition [9-13], and
hydrogenation [14-19]. Due to their significant importance in
organic synthesis, various methods for the synthesis of a,s-
unsaturated ketones have been developed (Scheme 1). The most
common way is Claisen-Schmidt condensation of ketones with
aldehydes in the presence of base (Scheme 1a) [20]. Condensation
of aldehydes with acetophenones is also a concise route to
chalcones (Scheme 1b) [21]. Mukaiyama aldol reaction with the
subsequent Lewis acid-catalyzed dehydration (Scheme 1c¢) [22]
and catalytic aldol condensation of aldehyde with trichloroace-
tates (Scheme 1d) [23] can also give rise to a,p-unsaturated
ketones. Additionally, oxidation of allylic alcohols (Scheme 1e)[24]
and Friedel-Crafts acylation of arenes from a,s-unsaturated acyl
chlorides (Scheme 1f) [25] can generate stereodefined a,f-
unsaturated ketones. Moreover, photoinduced reactions under
visible light irradiation have been applied for the preparation of a,
p-unsaturated ketones as well (Scheme 1g) [26]. Transition-metal-
catalyzed approaches including rhodium-catalyzed carbonylative
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addition of arylboronic acids to terminal alkynes (Scheme 1h) [27],
ruthenium-catalyzed cross-metathesis of terminal alkenes with
vinyl ketones (Scheme 1i) [28], palladium-catalyzed Heck-type
coupling of vinyl ketone derivatives with arylboronic acids or
iodoarenes (Scheme 1j) [29,30], palladium-catalyzed carbon-
ylative Heck reaction of aryl triflates or aryl halides with styrenes
(Scheme 1k) [31] and Rupe rearrangement (Scheme 11) [32], are
also regarded as a powerful tool for the generation of a,3-
unsaturated ketones.

Although continuous efforts have been given to the synthesis of
a,p-unsaturated ketones, complementary methods are still highly
desirable due to the substrates tolerance and functional groups
compatibility in transformations. Acylation of 1-alkenylsilanes is
an alternative and concise way for the preparation of a,-
unsaturated ketones, especially in the outcomes for regioselec-
tivity and stereoselectivity. However, this method usually required
the use of more than a stoichiometric amount of Lewis acid such as
AlCl3 [33], which limited its further application. Therefore,
developing catalytic process for the acylation of 1-alkenylsilanes
is of significant importance. In 2004, Narasaka’s group developed
the first example of rhodium-catalyzed acylation of 1-alkenylsi-
lanes with acid anhydrides [34]. Subsequently, further develop-
ment of this powerful method was disclosed by Wagner, Pawlu¢
and Gu. Additionally, this approach is applied to the asymmetric
synthesis of atropisomers possessing silanol groups with excellent
enantioselectivity. Since the catalytic synthesis of a,s-unsaturated
ketones from the acylation of 1-alkenylsilanes and acid anhydrides
is promising, recent advances in the desilylative acylation of 1-
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Scheme 1. Synthesis of a,p-unsaturated ketones.

alkenylsilanes with acid anhydrides under transition metal
catalysis is summarized (Scheme 2).

2. Rh-catalyzed desilylative acylation of 1-alkenylsilanes with
acid anhydrides

In 2004, Narasaka’s group developed the first catalytic process
to synthesize a,p-unsaturated ketones from 1-alkenylsilanes and
acid anhydrides by using rhodium as the catalyst [34]. pg-Alkyl
vinysilanes with phenyl and methyl substitutions were well
tolerated, affording the corresponding carbonyl compounds in
good yields. Additionally, a variety of acid anhydrides, such as
acetic, propionic, and isobutyric anhydrides were compatible
under the conditions, providing the desired ketones in moderate to
good yields. Moreover, a-acyloxy vinylsilane could participate in
this reaction well. A plausible mechanism was proposed, as shown
in Scheme 3. It was reasoned that intermediate 6 would be
generated from 1-alkenylsilane 1 and rhodium catalyst 4, which
would subsequently undergo oxidative addition with acid anhy-
dride 2 to afford rhodium species 7. Further reductive elimination
of intermediate 7 would occur, leading to a,s-unsaturated ketone 3.
A control experiment showed that no reaction took place when a
stoichiometric amount of rhodium salt 4 reacted with acetic
anhydride at 80 °C, indicating that the reaction was initiated by the
transmetallation from 1-alkenylsilane 1 and rhodium catalyst 4.
Since the transmetallation occurred selectively between rhodium
catalyst and 1-alkenylsilane, o,f-unsaturated ketones would be
afforded regioselectively and the stereoselectivity was remained.

Later, Narasaka and co-workers reported a full account of this
Rh-catalyzed acylation reaction from 1-alkenylsilanes and acid
anhydrides, and described the synthetic method for the generation
of a-diketones, a-acyloxy enones and their derivatives in details
(Scheme 4) [35].

transition metal
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P+ —TTE .
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Y

o
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Scheme 2. Desilylative acylation of 1-alkenylsilanes with acid anhydrides.
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In 2009, Wagner’'s group developed a sequential Hiyama
coupling/Narasaka acylation reaction of (E)-1,2-disilylethene to
produce a,p-unsaturated ketones (Scheme 5) [36]. In this
transformation, (E)-1,2-disilylethene underwent Hiyama coupling
in the presence of ionic gel palladium catalyst leading to 1-
alkenylsilanes, which were employed in the subsequent Narasaka
acylation reaction after simple filtration on celite. a,-Unsaturated
ketones could be rapidly assembled through this sequential
reaction. Additionally, a,f-unsaturated ketones bearing isoxazole
moiety and substituted chalcone skeletons could be provided in
moderate to good yields.

A highly stereoselective one-pot synthesis of (E)-,-unsaturat-
ed ketones through sequential ruthenium-catalyzed silylative
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Scheme 3. Rh-catalyzed synthesis of ,f-unsaturated ketones from vinylsilanes and
acid anhydrides.
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Scheme 4. Rh-catalyzed acylation reaction from 1-alkenylsilanes and acid anhydrides.
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Scheme 5. Sequential Hiyama coupling/Narasaka acylation reaction.
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coupling and rhodium-catalyzed desilylative acylation was de-
scribed by Pawlu¢ and co-workers in 2011 [37]. Diverse ap-
unsaturated ketones possessing various functional groups were
produced in moderate to good yields from simple and inexpensive
starting materials such as styrenes, vinylsilanes and carboxylic acid
anhydrides. A cascade Ru/Rh catalyzed cycle was proposed for this
reaction, as shown in Scheme 6. Initially, the addition between
ruthenium catalyst 9 and vinylsilane would generate ruthenium
species 10, which subsequently underwent reductive elimination
to provide intermediate 11 and ethylene. Then, another addition
between intermediate 11 and styrene would occur, leading to 1-
alkenylsilane 1 for the next cycle. The procedure for generating a,-
unsaturated ketones was similar to that in Scheme 3. This method
provided a more reactive way for trimethylsilyl-substituted
styrenes. In 2012, the same group reported a similar transforma-
tion to synthesize (E)-g-silyl-o,p-unsaturated ketones (Scheme 7)
[38].

In 2015, Pawlu¢ and co-workers further developed the
synthesis of 1,3-butadiene 14 from vinylsilane via ruthenium
catalysis (Scheme 8) [39]. The generated 1,3-butadiene 14 could
react with acid anhydride under rhodium catalysis to produce a,f-
unsaturated ketone 15 in 70% yield.

3. Ir-catalyzed desilylative acylation of 1-alkenylsilanes with
acid anhydrides

In the above studies, the desilylative acylation reaction of
vinylsilanes was catalyzed by rhodium catalysts. In 2017, Pawluc's
group discovered that iridium complex could promote the
desilylative acylation reaction smoothly, affording the correspond-
ing a,p-unsaturated ketones in 58%-85% yields. This report was
slightly better in most cases than Rh catalysts, although a higher
temperature was required [40]. A similar mechanism was
proposed with Rh catalysis cycle, as shown in Scheme 9. It was
reasoned that Ir species would react with vinylsilane to afford Ir
species 16, which subsequently underwent reductive elimination
to provide intermediate 17. Then, oxidative addition of intermedi-
ate 17 with acid anhydride would occur, giving rise to Ir species 18.
Further reductive elimination would take place to provide the final
product.
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Scheme 6. Ruthenium-catalyzed silylative and desilylative acylation reaction.
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Scheme 7. Ruthenium-catalyzed desilylative acylation reaction for the synthesis of
(E)-p-silyl-a,p-unsaturated ketones.
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Scheme 8. Synthesis of a,f-unsaturated ketones from 1,3-butadiene.

4. Asymmetric synthesis of atropisomers possessing silanol
groups via desilylative acylation

Atropisomers play an important role in natural products, drugs
and chiral catalysts. However, the catalytic synthesis of atro-
pisomers possessing silanol groups is quite challenging. In 2020,
Gu and co-workers developed a rhodium-catalyzed asymmetric
ring-opening reaction to synthesize a-silyl biaryl atropisomers
(Scheme 10) [41]. The reaction was promoted by torsional strain,
and the stereochemistry was controlled by a phosphoramidite
ligand L1. Diverse e-silyl biaryl atropisomers containing various
groups were prepared in good yields with excellent enantiose-
lectivity. A plausible mechanism was shown in Scheme 11. The
interaction between rhodium catalyst and L1 would afford another
active rhodium species, which would react with substrate 21
leading to intermediate 23. Next, the Rh-Si bond of intermediate 23
would undergo cleavage to produce intermediate 24. Subsequent-
ly, oxidation addition between intermediate 24 and acid anhydride
would take place, giving rise to intermediate 25. Further reductive
elimination of intermediate 25 and subsequent hydrolysis would
afford the final product.

5. Conclusion

In conclusion, recent advances in the desilylative acylation of 1-
alkenylsilanes with acid anhydrides under transition metal
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Scheme 9. Iridium-catalyzed desilylative acylation.

Chinese Chemical Letters 32 (2021) 2751-2755

[Rh(CO),Cl], (2.5 mol%)

- O o 0,
i . )J\ )J\ L1 (6.25 mol%) o7
Ph R™ 70" 'R Na,CO;, dioxane, 70 °C, 24 h SiOH
21 examples OO Pr< \ph
up to 98% vyield

up to 95% ee

86% yield
92% ee 85% ee 94% ee

L1

Ph

Scheme 10. Synthesis of a-silyl biaryl atropisomers.

catalysis is summarized. Since the first report by Narasaka in
2004 describing the rhodium-catalyzed acylation of 1-alkenylsi-
lanes with acid anhydrides [19], continuous efforts have been
made for the development of this powerful method. This catalytic
desilylative acylation of 1-alkenylsilanes provides an efficient
route to o, f-unsaturated ketones, which can be catalyzed by either
rhodium or iridium. Moreover, various one pot sequence reactions
have been developed, which can synthesize «,p-unsaturated
ketones from simple starting materials in an economic way.
Additionally, this approach is applied to the asymmetric synthesis
of atropisomers possessing silanol groups with excellent enantio-
selectivity.
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Scheme 11. Plausible mechanism for the synthesis of a-silyl biaryl atropisomers.
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Although the strategy for the synthesis of a,p-unsaturated
ketones via desilylative acylation of 1-alkenylsilanes has been
studied, there are still some issues to be solved. In this reaction, an
equivalent amount of silane compounds is produced, which is
wasteful during the reaction process. Additionally, this approach
can be only utilized to synthesize a,f-unsaturated ketones or aryl
ketones, preparation of more unsaturated ketones with functional
groups diversity and excellent stereoselectivity is anticipated by
using this method.
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