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Michael addition followed by base-induced cyclization is a 

versatile method for the construction of carbocyclic 6-mem­

bered ring옹. Generally, the Michael acceptors supply 4 car­
bons out of 6 carbons (e.g. Robinson annulation1). Another 

useful variant is one in which 4 carbons are supplied by Mi­

chael donors. And this has been a major impetus for the 

ready construction of hydroquinon-quinone subunits which 
are present in anthracycline antibiotics2 and potentially other 

naphthazarin natural products 옹uch as chry옹ophanol and fre- 

dericamycins. The Michael donors which act as 1,4-dipoles 

are typified by the presence of the o-carboalkoxybenzylic 
anion. These include anions of dimethyl homophthalate3 

3-phenylsulfonyl- and 3-cyano-phthalide4, o-toluoyl esters5 

and homophthalic anhydrides6.

In this paper, we wish to introduce another 1,4-dipole, 

o-carbomethoxybenzoyltrimethylsilane (1), which is concep­

tually related but functionally Efferent, and its behavior 

toward Michael acceptors.

尸了 CC^Me 

0/、COSiMe3

1
Acylsilanes are a versatile class of compounds which un­

dergo a variety of interesting reactions7,8. A facile method for 

the preparation of multi-functional acylsilanes is lacking even 

though there are available in literature a number of prepara- 

tively useful methods, most of which utilize acyl anion 沖i- 

valents9, due to the difficulties associated with generation of 

silyl anions under mild conditions10,11. Consequently, a new 

methodology was developed12 using the readily available 

LiAl(SiMe3)4 and Al(SiIV足3)3". Thus, phthalic anhydride 

could be converted, in the presence of CuCN, to the corres­
ponding acylsilane 2 using either LiAl(SiMe3)4 or Li Me Al 

(SiMe3)3in 80-90% yield12.

^/CO2h
<느*^COSiMe3

O 호

Having accomplished the preparation of o-carboxyben- 

zoyltrimethylsilane 오, it was further converted to the cor­

responding acid derivatives.

(COC1)2 , evCOCl
100% * «、COSiMe3

CICOOEt > ^/CO2CO2Et
—Etp, 98% > O^COSiMe3

CH2N2 > cQMe
98% ^A'COSiMe3

Subsequently, among the 3 derivatives, only o-carbome- 

thoxybenzoyltrimethylsilane 1 was found to behave properly 

as a 1,4-dipole. Thus, ester 1 was treated with a variety of 

anions in the presence of dimethyl maleate as a representa­

tive Michael acceptor. Cyanide and benzenesulfinate were 

added in anticipation of the reaction path shown below.

俨*rCQMe 〜 /극/&)2雄 Brook _
QLc0SiMe3" t^L^SiMe3^eanr_

A O-
A「= CN' or PhSC杨

Stabilized by A

However, under no circumstance did the reaction pro­

ceed. The starting material either remained intact b이ow 

23 °C or decomposed to an array of products at higher tem­

perature. But soluble fluoride sources, especially ce응ium 

fluoride and tetrabutylammonium fluoride, gave acceptable 

results: here the fluoride had to be vigorously dried,。버er- 
wise the corresponding aldehyde was obtained1 (Table 1).
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Table 1. Reaction of Acyhilane 1 with Michael Acceptors in the Presence of Huoride
Entry 1 equiv Michael Acceptors Fluoride (equiv) Condition

1 1.0 K~C()2Me CsF« (1.5) DMSO, 23 °C

2 1.0

I CO2Me

” (“) HMPA, 0°C

3 1.0 TBAF*(1.2) THF, -78 °C

4 2.0 ” (2.2) a

5 3.0 ” (3.2) a

6 1.0 EtOOC、，夕、
" (1.2) u

7 3.0 ” (3.2) n

8 H
严2电

"(“) rr

9 H 、CSEt it

10 It
Ph、、、、“f、、 

^CO2Et
“（”） H

11 1.0

PhSOcQ

" (1.2) ft

12 1.0 CsFfl (1.2) HMPA, 0°C

Dried in vacuo at 150 °C for 3 h. b Dried over activated molecular sieve 3A for 3 h.

Product (Yield)

OH

◎离
CSMe

C02Me

(22%)

(54%)

(51%)

(62%)

OH

OH

CO2Et

CO2Et

CO2Et

CO2Me 

“0

SO2Ph

(80%)

(53%)

(73%)

(33%)

(43%)

(32%)

(55%)

(59%)

One problem that had to be resolved before proceeding to 

other cases was that a 1:1 ratio of acylsilane and Michal ac­

ceptor did not give a good result. This was understandable, 

considering the reaction path leading to 나le product (Sche­

me): By the fact that only fluoride, but neither cyanide nor 

sulfinate, was essential for the successful outcome, fluoride 

atta이【s directly the silicon atom to form a transient penta­
valent species 314, which decomposes to an acyl anion 4. The 

resulting adduct 5 with a Michael acceptor would cyclize to 
form dihydronaphthoquinone and methoxide, which would 

undergo acid-base reaction to provide 7 and methanol.

白/COOMe 矿 〃그fCOOMe-M^SiF 石/COOMe
U*VSiMe3-------" ◎頌안虬一— ◎歸

o O F 40
1 3 I
O- o I K

丿JW ji w COOMe◎◎齢 MeOH+

o 0 0
7 6 5

Scheme

Unfortunately, 아le overall species, 7 and MeOH, were 

thought to destroy acyl anion 4. Various attempts to sca- 

venge these proton sources by employing additional NaH, 

LDA etc. were fruitless. Thus, it was imperative to utilize 3 

equiv. of acylsilane to get a good yield of the product. Under 

나Hs condition, various Micha이 acceptors underwent the pro­

jected reaction although the yields were moderate. But 1-cy- 

clohexenyl phenyl sulfone provided only uncyclized Michael 

adduct in 59% yield (Table l).15,16
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One of the most important application of chromium (VI) 

compounds is the oxidation of alcohols to the carbonyl com­
pounds1,2. Chromium salts and com 이exes of heteroaromatic 

bases seem to be preferable to the conventional reagents in 
aqueous acids3-5. Excellent procedures utilizing neutral 
chromium(VI) compounds such as chromyl chloride6 and di- 

t-butyl chromate(DTBC)7 are also available.

The insertion of chromic anhydride into silicon-oxygen 

bonds of siloxanes to form silyl chromates has been known 
for a long time8. However, the useful application of these 

silyl chromates in organic reactions are scarce. Bis(triphenyl- 

silyl) chromate was reported as an initiator for the polymeri­
zation of olefins9 and as an oxidizing agent for hydroxyalkyl 

ferrocenes10. Chromic anhydride is known to be easily in­
serted to produce bis(trimethylsilyl) chromate11. We now 

report that this reagent in the presence of pyridine is mild 

and efficient for the oxidation of alcohols to carbonyl com­

pounds. The procedure is very simple and convenient.

R, CrO3- TMSOTMS -C6H5N R(
/CHOH ----------------------------------------1)C=Q

R2 CCI4 , r.t R2

Chromic anhydride was stirred with hexamethyldisiloxa- 

ne in carbon tetrachloride. It was readily dissolved to form a 

red nearly homogeneous solution. Pyridine (0.1 mol) was ad­

ded followed by an alcohol to be oxidized in a minimum 

amount of carbon tetrachloride. After 4 hour of stirring, the 

reaction mixture was filtered through a short column of silica 

gel. Carbonyl compounds of high purity can usually be ob­

tained by simply evaporating off the low boiling solvents and 

by-products.

All primary alcohol tested were oxidized to aldehydes and 

secondary alcohols to ketones. Allylic alcohols were oxidized 

without carbon-carbon double bond cleavage. The role of 

pyridine remains unclear. In the absence of it, however, the 

oxidation is very sluggish yielding aldehyde in less than 30% 

yield. The reaction conditions and the yield of the carbonyl 

compounds are listed in Table 1.

Table 1. Oxidation of Alcohols with BTSC-Pridinefl

Substrate
Time 

(hr)
Product

%

Yield^

1-hexanol 4 1-hexanal 80.0

l-Octan 이 4 1-octanal 84.6

2-hexanol 4 2-hexanone 87.5

cyclohexanol 4 cyclohexanone 81.6

menthol 4 menthone 81.6

borneol 4 camphor 77.9

cinnamyl alcohol 2 cinnamaldehyde 91.0

benzyl alcohol 2.5 benzaldehyde 85.0

p-methoxybenzyl alcohol 2 p-anisaldehyde 88.5

geraniol 3 geranial 67.3。

2-methyl- 3-buten-2-ol 2d 3-methyl-2-butenal 72.5

2-phenyl-3-buten-2-ol 1.5d 3-phenyl-2-butenal 18.0,

1-vinylcyclopentanol 1.5rf "-unsaturated aldehyde 43.0

l-methyl-2-cyclohexen-l-ol LX 3-methyl-2-cyclohexenone 84.0

a2 equivalents of BTSC and pyridine were used, ^isolated yi이d. 

^starting alcohol was not recovered. ^Reaction at -10°C, fAceto­

phenone was the major product (72%).

The oxidizing properties of BTSC closely resemble those 

of di-t-butyl chromate(DTBC). When prepared in an anhy­

drous form from the reaction of chromyl chloride and t-butyl 

alcohol in the presence of pyridine, DTBC can oxidize alco­
hols to carbonyl compounds in very high yields7.

Chromic anhydride-hexamethyldisiloxane-pyridine sys­

tem has definite advantages over anhydrous DTBC. The re­

agent system can be easily prepared from the cheap off the 

shelf chemicals. The reaction conditions are very mild. The 

workup procedure is simple. The yield is higher or compara­

ble to those using the other popular chromium(VI) oxidizing 

agents.

Some tertiary allylic alcohols were oxidized to produce 

a,^-unsaturated carbonyl compounds, 2-Methyl-3-buten-2-olf


