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- Synthesis of acylsilanes from carboxylic acids and a silylborane
- In situ generation of mixed anhydrides
- Less toxic and cheap Zn catalyst

ABSTRACT: Zinc-catalyzed synthesis of acylsilanes using
carboxylic acids and a silylborane has been achieved in the
presence of pivalic anhydride. Various carboxylic acids were
converted to the corresponding acylsilanes. The in situ for-
mation of mixed anhydrides was essential in the present reac-

tion.

Acylsilanes are carbonyl compounds in which silicone
and oxygen atoms are directly bound to the same carbon at-
om.! As a result of this unique feature, acylsilanes are very
versatile and can be used in many organic transformations,
such as reactions with various nucleophiles via Brook rear-
rangement,2 photochemical reactions,® and transition-metal
catalyzed reactions.*

Classically, acylsilanes are synthesized by silylation of
lithiated 1,3-dithianes followed by a deprotection step.5 Al-
ternative preparation methods include the oxidation of orga-
nosilicon compounds.67 Direct synthesis of acylsilanes via
silylation of carbonyl compounds using silyl metals such as
lithium,® magnesium,® or aluminum0 species was also report-
ed. However, functional group tolerance was quite low due to
their high reactivity. Although silyl copper species provided
acylsilanes with various functional groups,! a stoichiometric
amount of copper wastes was generated after the reaction.

In contrast to classical synthetic methods, transition met-
al-catalyzed preparation of acylsilanes using mild silylation
reagents are highly reliable. Yamamoto reported the palladi-
um-catalyzed synthesis of acylsilanes from acid chlorides and
disilanes (Scheme 1a).12 Later, Riant reported that acylsilanes
could be synthesized by the reaction of acid anhydrides with
silylboranes in the presence of Cu catalysts (Scheme 1b).13
These methods result in various acylsilanes, however, the
reaction starting materials, such as acid chlorides or acid an-

Scheme 1. Transition Metal-Catalyzed Synthesis of
Acylsilanes

(a) Pd-catalyzed reaction using acid chlorides
o (e}

Pd cat.
M+ Messi—siMe, d cat

R”Cl _— RJ\SiMe:,»

(b) Cu-catalyzed reaction using acid anhydrides
o O o

)]\ )]\ . ) Cu cat. )l\
R” Y07 SR * MeyPhSi—B(pin) —_— R” “SiPhMe,
(c) Zn-catalyzed reaction using carboxylic acids (This Work)
(0]
)0]\ R Zn cat. )]\
R” NOH + Me,PhSi—B(pin) —_———— R SiPhMe,

(tBuCO),0, NaH

hydrides, must be prepared from the corresponding carbox-
ylic acids before use. Herein, the Zn-catalyzed synthesis of
acylsilanes using carboxylic acids and a silylborane is report-
ed, where pivalic anhydride was found to be indispensable
additive (Scheme 1c). The key to success of this reaction is the
in situ formation of a mixed anhydride.14

First, sodium benzoate (1a-Na) was reacted with a silyl-
borane, PhMe;Si-B(pin), using pivalic anhydride as an addi-
tive in the presence of a zinc catalyst in 1:1 (v/v)
CICH2CH2Cl/toluene at 90 °C for 18 h (Table 1).15 Without a
zinc catalyst, the reaction did not proceed at all (entry 1). Em-
ploying ZnCl; as the catalyst, an acylsilane (2a) was obtained
in 76% GC yield (entry 2). Zn(OAc)2 was found to be less effec-
tive as the catalyst (entry 3), producing the product 2a in 66%
yield, while Zn(02CtBu)2 showed high catalytic activity (entry
4). A commercially available ZnEt; was also effective for the
reaction, giving 2a in 86% yield (entry 5). Lithium benzoate
(1a-Li) and potassium benzoate (1a-K) were not effective
substrates for the reaction (entries 6 and 7). In the case of
benzoic acid (1a) as the substrate, the desired product was
not detected at all (entry 8). On the other hand, in situ depro-
tonation using NaH dramatically improved the yield of 2a
(entry 9). Under the reaction conditions, pure 2a was isolated
in 82% yield. The Reaction using 2.0 mol of 1a (0.24 g) afford-
ed 3a in 64% yield (0.31 g). Next, other catalysts were tested
and Pd(OAc)z, Cu(OAc), and AlCls were found to be ineffective
(entries 10-12). When other silyl sources such as Et3Si-B(pin)
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Table 1. Optimization of Reaction Conditions for Zn- Table 2. Scope of Carboxylic Acids for the Synthesis of

Catalyzed Synthesis of an Acylsilane 2a“® Acylsilanes @
o Catalyst (5.0 mol %) o

. (tBuCO),0 (1.5 equiv) ZnEt, (5.0 mol %) o
@/“\OM + Me,PhSi—B(pin) TR SiPhMe, j\ v Me,PhSi—Bein) _ (BUCORO (15 equiv) L
zrz rouens R” OH z R” “SiPhMe,

1a-M (M = Na, K, Li) (1:1,2.0 mL) 2a NaH (1.1 equiv)
orla(M=H) 90°C,18h 1 CICH,CH,Clitoluene 90 2
°C,18h

entry catalysts M yield of 2a (%)? -

o 1 ) yield of
1 none Na 0 entry 2 (%)?
2 ZnCl2 Na 76 Q o
3 Zn(0Ac): Na 66 /@)‘\OH /@)‘\SmhMez
4 Zn(02CtBu): Na 86 R R
5 ZnEt2 (1.0 M in hexane) Na 86 1 R=Me, 1b 2b 71
6 ZnEt; Li 56 2 R= OMe, 1c 2c 73
7 ZnEts K 13 3 R=Cl1d 2d 63
8 ZnEt, H (1a) 0 4 R=Br,1e Ze 7

5¢ R=1 1f 2f 42
9c ZnEt; H (1a) 86 (82)¢

6¢ R=CFs 1g 2g 61
10¢ Pd(0Ac): H (1a) 0

7 R =B(pin), 1h 2h 52
11¢ Cu(0Ac) H (1a) 0

Me O Me O

12¢ AlCls H (1a) 0

8 OH SiPhMe, 80
@ Reaction conditions: 1a (0.40 mmol), Me2PhSi-B(pin) (0.52 mmol),
catalyst (0.020 mmol, 5.0 mol %), (tBuC0)20 (0.60 mmol) in 1i 2i
CICH2CH2Cl/toluene (1:1 (v/v), 2.0 mL) at 90 °C for 18 h. » GC Yield
by an internal standard method. ¢ NaH (1.1 equiv) was added. O o O o
dIsolated yield of 2a. 9 O OH O SiPhMe, 75

or MesSi-SiMes were tested in place of MezPhSi-B(pin), the
desired products were not obtained at all15.

1j 2j
0 o}
N h T min in ri
exF, t e. su.bst ate scope was examined using va Ol{S 10 Ph/\)J\OH Ph/\)J\SiPhMez -
carboxylic acids in the presence of NaH (Table 2). Aromatic

carboxylic acids bearing electron-donating (1b and 1c) and

1k 2k
electron-withdrawing groups (1d-g) on the phenyl ring af- i 5 i
H iPhMe:
forded the corresponding acylsilanes (2d-g) in moderate-to- 11 /©/\)\S Fitez 5

good yields (entries 1-6). In the reaction, bromo and iodo

groups were intact (entries 4 and 5). A boronic ester moiety o u o o 2 o
was also tolerated (entry 7). The reaction of a sterically hin-
dered substrate (1i) was smoothly converted to the product 12 MGOWOH MSOMG\)J\S‘P“M% 74
(2i) in 80% yield (entry 8). 1-Naphthoic acid (1j) also gave 1m Zm
the product (2j) in good yield (entry 9). Aliphatic carboxylic O o
acids (1k-n) also afforded the corresponding products (2k- 13 don—q O)‘\SiPhMez 46
n) (entries 10-13). Ester functional group in 1m was tolerat-
ed (entry 12). Cyclohexanecarboxylic acid (1n) also reacted 1n 2n
with silylborane, giving 2n in moderate yield (entry 13). On 0 o
the other hand, bulky pivalic acid 10 did not afford the corre- >Hk ﬁ)l\ )
i . i 14 OH SiPhMe, 0
sponding product at all (entry 14). Other carboxylic acids
having a chiral center at the aposition such as N,N- 1o 20
dibutylalanine were not suitable substrates. aReaction conditions: 1 (0.40 mmol), MezPhSi-B(pin) (0.52 mmol),
To obtain insights into the reaction mechanism, some con- ZnEt; (1.0 M in hexane, 0.020 mmol, 5.0 mol %), (tBuC0).0 (0.60

mmol), NaH (0.44 mmol) in CICH2CH:Cl/toluene = 1:1 (v/v, 2.0 mL) at

trol experiments were carried out (Scheme 2). When sodium
90 °C for 18 h. ? Isolated yield of 2. <10 mol % of ZnEt, was used.

benzoate (1a-Na) was reacted with PhMe:Si-B(pin) in the
absence of pivalic anhydride, the product 2a was not obtained
at all (Scheme 2a). Thus, carboxylate was not directly silylated
and the formation of a mixed anhydride by the reaction of 1a-
Na and pivalic anhydride (in equilibrium) is indispensable.
Next, benzoic anhydride (3) as an alternative substrate for the
mixed anhydride reacted with PhMe2Si-B(pin). Although 2a
was obtained, the yield was low (Scheme 2b). In order to gen-

erate the mixed anhydride, sodium pivalate was added to the
reaction with 3 (Scheme 2c). As a result, the yield of 2a was
increased to 52% yield, indicating in situ generated mixed
anhydride is a key intermediate for the present reaction.
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Scheme 2. Control Experiments to Elucidate the Reaction . .
Mechanism. Scheme 3. A Plausible Catalytic Cycle
ZnEty + (1BuCO),0
o ZnEt, (5.0 mol %, o ¢
(@) Ph)l\ONa + Me,PhSi—8(pin) 10Min hexane) ©)\SiPhMe2 o
1aNa (;Igt—léc:-l;(;lltoluene 2 R)I\s’_ Zn(0,CtBu), PhMe;Si-B(pin)
' 0% 2 A (si—B)
ZnEt, (5.0 mol % Buco-8
o o nEt, (5.0 mol %, step ¢ step a )
(b) Ph)I\OJ\Ph + MePhSi—B(pin) ~ _OMinhexane) 2a RJ\OH
CICH,CH,Cl/toluene o BUCO.,-Zn . 1
3 90°C, 18 h 25% uCO2=2nvgy RCO,-Zn—Si
NaH
R/tp)l\tBu B o o l ?
!
o Zneta (5.0 mol %, D N T
© 3+, )l\ON + Me,PhSi—B(pin) -0 M in hexane) 2a step b R)I\OJ\IB -~
u a CICH,CH,Clitoluene 5294 Y R™ ONa
(1.0 equiv) 90°C, 18 h ° ¢ 1-Na
tBu” "ONa

A plausible catalytic cycle for the reaction discovered in
this work is presented in Scheme 3. First, ZnEt: reacts with
pivalic anhydride, giving zinc carboxylate A. Next, transmeta-
lation with silylborane affords silylzinc intermediate B, which
was recently reported by Uchiyama.l6 Then, B reacts with in-
situ generated mixed anhydride C to afford an intermediate D.
In this step, B selectively reacts with a less hindered carbonyl
group in C due to the bulky tBu group. Such steric difference is
important for site selectivity.!4 Finally, an elimination step
results in the formation of product 2 and the zinc carboxylate
species regenerates. Considering what is outlined in Scheme
2¢, an in-situ generated sodium carboxylate may support the
transmetalation step (step a).

In conclusion, a zinc compound was found to catalyze the
reaction of carboxylic acids with a silylborane in the presence
of pivalic anhydride. The reactions yielded the corresponding
acylsilanes in moderate-to-high yields. Further studies on the
reaction mechanism and the application of the principles of

this study to other silylation reactions are currently underway.
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