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A Novel Synthesis of Acylsilanes
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Abstract : A mild and general preparative method for acylsilanes is presented. This novel method can be applied
without any difficulty 16 a-chiral, o-aikoxy and multifunctionalized compounds.

Since the discovery of Brook rearrangement in 19581, acylsilanes have been recognized as starting
materials for silyl enol ethers? and useful synthetic intermediates3. Acylsilanes are functionally quite
unique , possessing various reactivities and selcctivity4. ‘We also developed a method for 1,2-
asymmetric induction in acyclic system utilizing a-chiral acylsilanes as a-chiral aldehyde-equivalents
to afford products with high diastercofacial selectivity3.

The synthesis of acylsilanes via 1,3-dithianes was developed by Brook® and Corey7, and
extensive studies on the synthetic methods for acylsilanes were recently reported?, However, the
reported methods are narrow in scope and have some limitations. For instances, the problem of [3-
elimination at the lithiation of dithianes derived from c-alkoxy aldehydes is unsolved yet, and partial
racemization of ot-chiral aldehydes takes place at a converting step. Acid chlorides® were found to
give some acylsilanes by treatment with tris(trimethylsilyDaluminum (Al(SiMe3)3), bur acid
chlorides generally require rather drastic conditions.
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In this communication, we report an efficient and gencral preparative method of acylsilanes, which
can be applied widely to the compounds with various substituents including an alkoxy group at o

Scheme 1
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position of the carbonyl group. Thus, carboxylic acids or their derivalives were chosen as starting
materials because of the facile availability in a-chiral form. Also examined was the trimethylsilyl
anion source, and among many reagents tested Al(SiMe3)3 was chosen because of the
chemoselectivity and the stability.

Reactions of Al(SiMe3)3 with mixed anhydrides!Q were first examined and acylsilanes were
obtained in moderate yields in the presence of CuCN. Next, thiol esters, well known as active esters
and used in peptide chemistry 11, macrolide synthesis12, and B-lactam synthesis]3were tested. No
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Table 1 Synthesis of Acylsilanes from S-2-Pyridyl Thioates

0 o)
Al(SiMes);
Ph/\)kx CuCN , THF , 0°C Ph/\/u\suvle3
Table I-1 Table 1-2 (X= S5-2-Py-)

Entry X CuCN Reaction Yield Entry Additive Temp. Reaction Yield
(equiv) Time(th) (%) (equiv) (°C) Time

1 S-Ph- 1.1 24 no reaction 1 Lil(1.1) 0 to r.t. 1h quant.

2 §-2-Py- 1.3 0.1 guant. 2 Cul(1.2) Otort. 35min 98%

3 0.1 1 75 3 CuCN(1.3) 0 1min quant.

4 0 24 trace 4 AgCN(1.2) 0Otor.t. 3h trace

reaction occurred when S-Phenyl esters were treated with Ai(SiMe3)3, but S-2-Pyridyl esters were
found to react very smoothly with Al(SiMe3)3(0.5 equiv or more) to afford desired acylsilanes in the
presence of CuCN ( Table 1-1 ). Catalytic amount of CuCN required more prolonged reaction time
with moderate yields. Use of Al(5iMe3)3 and CuCN in excess amount was found not to cause any
side-reaction. For instance, no o-bis-trimethylsilyl alcohol was detected within a few hours. Among
various additives such as Li(I), Cu(l), Ag(D) examined, CuCN was found to accelerate the reaction
very smoothly to afford the desired product in excellent yields ( Table 1-2 ). Therefore, the
conditton of entry 3 in Table 1-2 was generally used for other substrates ( Table 2 ). The
substrates listed in Table 2 were prepared by PPh3 and (PyS-)2 starting from carboxylic acids in
excellent yields. As shown in Table 2, this method was found to be applied to substrates having
various substituents such as alkoxyl group, acetal, ester, isolated double bond, and also to a-chiral
ones without losing the optical purity (see the following procedure). Especially, the acylsilane of
entry 6 in Table 2 was not prepared by any previous methods. In the case of o, p-unsaturated one
{entry 5), SiMe3 group was introduced at B-position, i.c., Michael addition occurred 3,

Though the mechanism of the reaction is not examined in detail, we specularte that Al(SiMe3)3
seems not to react with substrates directly but formation of new reactive species (such as ate
complexes) occurred, since the change in color was observed when Al(SiMe3)3 was mixed with
CuCN. The following procedure is illustrative.
(S)-3-(Benzyloxymethyl)oxy-2-methylpropionyltrimethylsilane (1)

Under Ar atmosphere, S-2-Pyridyl (8)-3-{Benzyloxymethyl)oxy-2-methylpropanethioate (169mg,
0.53mmol) was dissolved in THF (3ml), then CuCN (58mg, 0.64mmol) was added. To the well
stirred solution cooled with an ice bath, AI(TMS)3 in n-hexane (4.0ml, 0.15mmol) was added
dropwise (color of the solution turned to dark brown), and the solution was kept at room temperature.
Completion of the reaction was checked by tlc, and to the solution cooled with an ice bath acetic acid
(ca. 0.tml) was added dropwise, and stirring was continued for 30min. The precipitate was removed
by Celite filtration and the filtrate was partitioned between Et20 and sat NaHCO3 aq., then the



Table 2
. . CuCN Yield
Entry $-(2-Pyridyl) Thioate (equiv) Product %)
0 0!
t.
L CHg(CHz)B SPy 1.1 CHQ(CH2)8 SiMeg quan
Q 0
2 Ph\[))\spy 1.1 Ph\[)t\smea 82
0 0
61
3 Ph)LSPy L1 Ph*” “SiMey
o] o]
s AL, 1 AN, &
o] SiMe,0
*1
5 Ph/Vkspy 1.1 o SPy 34
o] 0
6 TBDMSO\E/ILSPY 12 TBDMSO\E)I\ sito, 9
o] o]
7 BOMO/\I)LSPy 1.1 Bomc’\rLSiMe3 98
o] Q
g PhtNH\E)kSPy 1.3 Ph[NH\E/[kSiMea 86
MeO,C Me0,C
0 0
D) W) S
Ph SPy Ph SiMe
L, .
10 H 1.3 H 76

\)ﬁ)LSiMea

*1  3-Phenylprope:

noyltrimethylsilane and 3-phenyl-3-(trimethylsilyl)-propionyl-
trimethylsilane were also produced.
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organic Jayer was washed with brine, and dried over anhydrous Na2504, filtered, concentrated
under reduced pressure. The residue was chrematographed on silicagel column (Hexane: AcOEt =
20:1) to afford 1 as pale orange oil (146mg, y.98%). By |H-NMR(400MHz) study using chiral shift
reagent ((+)Eu-DPPM)14, it was confirmed that the loss of optical purity in overall transformation
was less than 1 %.
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