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ABSTRACT

1-Boryl-1-silylalkylcoppers react with molecular oxygen in the presence of pyridine to afford acylsilanes efficiently. The one-pot process
consists of two reactions: alkylation of 1-boryl-1-chloro-silyimethyllithium with Grignard reagents in the presence of copper(l) cyanide and
aerobic oxidation of the alkylcopper species. This procedure enables us to access the divergent synthesis of acylsilanes.

Nowadays, organoboron compounds have fairly wide utilities peroxy species. In addition, we illustrate a facile preparative
and are indispensable not only for synthetic chemistry but method for the synthesis gfem-borylsilylalkylcoppers via
also for modern science ranging from material science to 1,2-migration on ate-type copper carbenoids.

life sciencet Among a number of boron-based reagents, We have previously reported that the reaction of 1,1-
o-borylcarbanions, which argem-dimetallic species, have disilylalkylcoppers with air furnishes acylsilanes in both
been proven to be considerably useful synthetic intermediatesprotic and aprotic conditions (Scheme®IJhe initial step

to participate in Wittig-type olefination with carbonyl

compounds to afford substituted alkeAédn addition, this s
typg of 'F’Ofon reagent is also known to react with dioxygen Scheme 1. Synthesis of Acylsilanes from Disilylalkylcoppers
to give rise to carbonyl compouné3hese reagents are more via Aerobic Oxidation

effective with the assistance of their vacant orbital and small ; . Si_E RMax Si_E
) ) ) . X n-BuLi g. N -

atom size in comparison to the silicon .ana'logues. Qn the ., THF.—78°C o L cuy ol =R -MCI
other hand, it was reported that the olefination reactions of s;= ph,mesi ©
carbonyl compounds with trimetallic specias;boryl-o.- E=Si(previouswork) si _E a0, Sin_E Si

. . . . BR",(this work) X —_— _— >:
silylcarbanions, provided borylalkenes via fagfeoxygen R CuL, NHiClag R 0-OH -EOH g
elimination of silicon than borofh.

Here, we wish to report the synthesis of acylsil&n®s
aerobic oxidation of 1-boryl-1-silylalkylcoppers through is alkylative metalation of the lithium carbenoid with RMgX
selective elimination of the boryl group from intermediary and a stoichiometric amount of CuCN to afford the 1,1-
disilylalkylcopper, which is then converted to a peroxide
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Scheme 2. Synthesis of Boryldichloromethylsilanes Scheme 4. Aerobic Oxidation of Alkylcopperglain Aprotic
SiH  n-BuLi {Si Li} MeO-Bpin  Si<_Bpin Con;mons
_78° -78°C,1.5h Si.__Bpin i i ! Si<__Bpin
Ccl ¢ THF,=78°C | ¢ ¢ cl ¢l . X pyrlldlneo (4 equiv) >:O + SLOH + X
Si=Ph,MeSi 1a 0 2a 92% R Cul, arn0°C1h K R H
PhMe,Si 1b <Bpin=—B\ > 2b 85% Si=Ph,MeSi
+-BuMe,Si 1c o) 2¢c 78%
(4aaRenBu 7aa 55% 8a 32% Saa 0%
4ab R=Ph 7ab 86% 8a 0% 5ab 0%

species upon the reaction with dioxygen. After this event,
one of the silyl groups eliminates in the peroxide intermediate
to yield silanol and acylsilane. We then contemplated placement of silicon with boron gives the copper species
replacement of one of the silyl groups with a boryl group sufficient reactivity.

with one question in our mind: which migrates, the silyl or Next, we examined the aerobic oxidation of alkylcoppers

boryl group? 4aaand4ab. The previous oxidation conditions with NH
Treatment of dichloromethylsilanka’ with 1.0 equiv of Cl aq afforded disappointing results due to hydrolysis of the
n-BuLi in THF at —78 °C afforded silyldichloromethyl- copper speciegt. Aerobic oxidation of4aa in aprotic

lithium via deprotonation, which reacted with methoxy- conditions with the presence of 4.0 equiv of pyridine
(pinacolato)borane to provide the desired boryldichlorometh- proceeded smoothly to yield acylsilaiaain moderate yield,
ylsilane2ain excellent yield (Scheme 2). A series of boron- along with the formation of silan@a? On the other hand,
bearing dichloromethanes can be synthesized in a similar4ab was converted into benzoylsilar&b in 86% yield

way as stable solids at room temperature undet air. without the formation of silanol (Scheme 4).
The addition ofn-BuLi to a solution of boryldichloro- Hence, we attempted the synthesis of aroylsilanes with
methylsilane2a in THF at—78 °C provided borylchlorosi-  various aryl Grignard reagents. Several features of the

lylmethyllithium 3a as a yellow solution quantitatively reaction are noteworthy. As shown in Table 1, mesityl
through chlorine-lithium exchange. Fortunately, a byproduct

via 1,2-migration of the butyl group on the boron center was _
not deteF: ted.Organollth'lurrBawas sequentially tr(zated with Table 1. Synthesis of Acylsilanes via Aerobic Oxidation of

1.1 equiv of CuCN-2LiCl anch-BuMgBr at—78 °C, and 1-Boryl-1-silylalkylcoppers

the mixture was warmed gradually t6G. After quenching ' _ 1)CuCN ‘ _

with dilute HCI aq under argon, we obtained the butylated Si~¢BPIN nBuli ~ 2)RMgBr  SisBPIN _air (Oy)

_ : — 0
product5aain 81% vyield. The use of PhMgBr also afforded CI CI THF  -78°Cto0°C R Cul, Ppyridine
the desired produ&abin 85% vield. An addition of methy! 2 78°C 4 7
iodide instead of HCI aq to trap the intermediary copper entry si RMeBr 7 yield
speciesda furnished the desired producaa and 6ab, (%)
respectively, in good yields (Scheme 3). In sharp contrast 1 Ph,MeSi PhMgBr 7ab 86
2 Ph,MeSi mesityIMgBr 7ac 73
Scheme 3. Preparation of 1-Boryl-1-silylalkylcoppers and 4 Ph,MeSi @—czc@mgsr 7ae 65
Their Electrophilic Trapping
RMgBr (1.1 equiv _
SiXBpin n-BuLi SiXBpin CuCg:’N-2(LiCI (‘1.1 e)zquiv) 5 Ph;MeSi MeO@CZCOMQBf 7af 71
cl ¢l THF,-78°C ¢ Lj —-78°Cto0°C )
2a 3a 6 PhMe,Si n-Bu 7ba 81
j i 7 PhMe,Si Ph 7bb 76
H;0* S/><Bp|n5aa _ ‘
, _ R=n-Bu: 81% . i -
st [ S MRERA ) e o
. . - €231 €
R Mel SN BP gaa e nBu: 85% o
R=n-Bu:4aa R Me 6ab R= ’I;-h'lg6°/ ° aConditions: CUCN2LICI (1.1 equiv), RMgBr (1.1 equiv), and pyridine
R= Ph: 4ab ' ° (4.0 equiv) were employed. S+ PhMeSi, PhMeSi, t-BuMeSi. ° 2-

Thienyllithium was prepared by an addition afBuLi (1.1 equiv) to
thiophene (1.1 equiv) in THF.

to 1,1-disilylalkylcoppers which cannot be utilized as nu-

cleophiles in a carboncarbon bond-forming process, re- Grignard reagent can be efficiently employed despite its low

nucleophilicity due to the steric hindrance by ortho-disub-
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stitution (entry 2). The premixed reagent with 2-thienyl- enables the synthesis of acyltrialkylsilanes with a variety of
lithium and magnesium bromide provided 2-thiophenecar- silyl groups.

bonylsilane7ad in good yield (entry 3), whereas 2-thienyl- In conclusion, we have achieved the selective conversion
lithium itself did not work at all, affording no trace gfad. of 1-boryl-1-silylalkylcoppers with molecular oxygen to the
This reaction procedure can be applied to incorporation of corresponding acylsilanes. In addition, we have developed
silylcarbonyl groups into tolan derivatives as shown in entries a simple and efficient method to prepare variaysm-

4 and 5. In contrast to our previous method where we borylsilylalkylcopper reagents via alkylation reaction of boryl
observed a decrease in yields due to hydrolysis of benzylic silyl carbenoids with various Grignard reagents and copper
copper species, the present protocol with pyridine does notcyanide. This one-pot process using air as the oxidant enables
provide hydrolysis produd. To our delight, similar copper  the divergent synthesis of acylsilanes.

reagents with other silyl groups such as Ph$leand
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