Cu(l)-Catalyzed Enantioselective [2
Cycloaddition of 1-Methoxyallenylsilane

ORGANIC
LETTERS

2003
Vol. 5, No. 20
3691—3693

+ 2]

with o-Imino Ester: Chiral Synthesis of

o, -Unsaturated Acylsilanes

Takahiko Akiyama,* Kazunori Daidouji, and Kohei Fuchibe

Department of Chemistry, Faculty of Science, Gakushuin&igity, Mejiro,

Toshima-ku, Tokyo 171-8588, Japan
takahiko.akiyama@gakushuin.ac.jp

Received July 22, 2003

ABSTRACT
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The catalytic, enantioselective [2

+ 2] cycloaddition reaction of 1-methoxyallenylsilanes with

100%, 97% ee

a-imino ester has been achieved by means of

the [Cu(MeCN) 4]BF 4/(R)-Tol-BINAP catalyst to afford 3-methylene-azetidine 2-carboxylates in good yields and with excellent enantiomeric excesses.
The acid-catalyzed ring opening of the azetidines afforded chiral acylsilanes quantitatively.

The chiral Lewis acid-catalyzed cycloaddition reaction is a

reaction of 1-methylallenyltrimethylsilane leading to five-

useful method for the stereoselective synthesis of carbo- andnembered carbo- and heterocydéts application to chiral

heterocycles. The development of novel cycloaddition

Lewis acid-catalyzed enantioselective cycloaddition reaction

reactions has attracted the attention of synthetic organicwith aldehyde has been realized quite recently, giving chiral

chemists. We wish to report herein a novel chiral Cu(l)-
catalyzed enantioselective [2 2] cycloaddition reaction.
While a-substituted-allenylsilafienas been recognized as
a useful component of the cycloaddition reactiéniss
application to chiral Lewis acid-catalyzed enantioselective
cycloaddition reaction is quite limited at present. For
example, Danheiser extensively studied{2] cycloaddition
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dihydrofuran derivative® Chiral Lewis acid-catalyzed [2

2] cycloaddition of 1-methylthio-substituted allenylsilane
with a,5-unsaturated carbonyl compounds gave cyclobutane
derivatives enantioselectively? [2 + 2] cycloaddition
reaction of allenylsilane with a carbeteteroatom double
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Table 1. Effect of Solvent and Lewis Acid

OMe N,Ts (10 mol%)
¢°)\SiMe3 EO,C Pl Lewi Acid
1 2
Ts OMe TSNH O
N S|M93 EtO
+ NSiMeS
EtO,C bo)
3 4
entry Lewis acid solvent yield of 3/%* yield of 4/%
1 [Cu(MeCN)4Cl104 THF 74 (100:0) 0
2 [Cu(MeCN)4ClOs CHsCly 39 (74:26) 3
3 [Cu(MeCN)4ICIOs  Et20 19 (82:18) 3
4 Cu(OTf)2 THF 10 (50:50) 10
5 TiCly THF 15 (50:50) 15
6 Sc(0OTo)s THF 8(67:33) 2

aFigures in parentheses correspond to the ratio of the diastereomer.

Table 2. Effect of Lewis Acid and Chiral Ligand

10 mol% OMe

Me J\f’T [CuMeCN)JX ~ '° )N%tsm(es
-~ "SiMe Chiral Ligand
z 3 E1O,C 9 EIO,C
1 2 THF 8
2 equiv
entry X chiral ligand temp/°C  yield/% ee/%
1@ ClOs (R)-BINAP rt 42 30
2¢ PF¢ (R)-BINAP rt 45 58
3¢ BF, (R)-BINAP rt 50 59
4a BF4 (R,R)-DIOP rt 10 5
5¢ BF4 (R)-Tol-BINAP rt 58 68
6 BF4 (R)-Tol-BINAP rt 69 68
7° BF4 (R)-Tol-BINAP Tt 98 68
8b BF4 (R)-Tol-BINAP —-40 97 74
90 BF4 (R)-Tol-BINAP —-78 90 97

a performed with 1.0 equiv of and 1.2 equiv oR. ? In the presence of
4 A molecular sieves.

bond, however, has not been reportédBecause four-

membered heterocycles are potently useful synthetic inter-

mediates for the biologically active compounds, we started
our program to develop a novel enantioselectivet22]
cycloaddition reaction of allenylsilane with imin€sWe
already reported that the [Cu(MeCJgI10.4/(R)-Tol-BINAP-
catalyzed? addition of allenylstannanes ta-imino ester
furnished homopropargylic amines highly enantioselectiely
and have selected-imino ester2 as a substrate.

At the outset, treatment of 1-methoxyallenyltrimethylsilane
115 and a-imino ester2 with [Cu(MeCN)]CIO4 (10 mol
%) in THF at room temperature for 2 h gave a mixture of
azetidine3 and acylsiland after the usual workup. Because
azetidine3 is labile under acidic conditions, basic workup
and subsequent purification by Si@lumn chromatography
by use of an eluent containing 10%;Htafforded3 in 74%

inferior results both in chemical yield and stereoselectivity.
The relative stereochemistry 8thas not been determiné®l.
Use of other Lewis acids such as TiCBnCl, and Bk
OEt, resulted in the formation of botB and 4 in modest
yields (entries 2-6). The ring opening 08 proceeded under
acidic conditions. Treatment &with 1 N HCl in THF at O

°C for 12 h furnished4 quantitatively. This is the first
example of the [2+ 2] cycloaddition reaction of an
allenylsilane with a carbon—nitrogen double bond.

Next, we attempted the cycloaddition reactionlofvith
other imine derivatives such as PhCH=NPh, PhCH=NTs,
and EtOCOCH=NPh using [Cu(MeCHNIO, as the cata-
lyst; no cycloadducts were obtained. It was found that use
of highly reactive aldimine? is essential for the present
cycloaddition reaction to proceed.

The asymmetric synthesis 8fwas next investigated by

yield as a single stereoisomer, which was determined by 400use of chiral phosphine ligand, and the results are shown in

MHz H NMR (Table 1, entry 1). Other solvents gave
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Table 2. Treatment of (1.0 equiv) and (1.2 equiv) with
10 mol % [Cu(MeCN)]CIO4/(R)-BINAP catalyst at room
temperature in THF afforded in 42% yield with 30% ee
(entry 1). Enantiomeric excess was determined by HPLC
with a chiral stationary phase column (Chiralpak AD-H). The
counteranion of the Lewis acid affected the enantioselectivity;
[Cu(MeCN)]BF, was found to be the most effective in
improving the enantioselectivity (entry 3R[R)-DIOP was
not effective (entry 4). Use of (R)-Tol-BINAP significantly
improved the enantioselectivity (entry 5). Use of 2.0 equiv
of 1 and 1.0 equiv o improved the chemical yield to 69%
(entry 6). The addition of 4 A molecular sieves further
improved the yield to 98% (entry 7). The highest enantio-
selectivity (97% ee) was observed-at8 °C (entry 9).

Other allenyl compounds were examined, and the results
are shown in Table 3. Allenylsilanes bearing dimethylphe-
nylsilyl and tert-butyldimethylsilyl moieties afforded cy-

(16) We could not obtair8 as crystals. All our attempts to determine
the relative stereochemistry 8fby NOE experiments failed.
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Table 3. Reaction with Other Allenyl Derivatives

10 mol%
oMe | Nl’TS (R)-Tol-BINAP
P EtOQC) [Cu(MeCN),JBF,
1 2 THF, MS4A
2 equiv —78°C,9-24 h
OMe
Ts N R INHCI o TsNH O
. R
EtO,C 0°C
> 3 © 4
entry R yield of 3 /% ee/% yield of 4/% eel/%
1 SiMes 90 97 100 97
2¢ SiMeoPh 89 89 100 89
3 Si(z-Bu)Mes 60 95 100 92
4 Si(i-Pr)s 600 58 100 58
5¢ GeEts 92 75 100 75

a[Cu(MeCN)]PFs was used? Reaction was run at €C.

cloadducts highly enantioselectively (entries 2 and 3).

Allenyltriisopropylsilane gave a cycloadduct with moderate
enantioselectivity (entry 4). Interestingly, allenyltriethylger-

Scheme 1. Reaction with Butoxyvinylsilane

oBU" 10 mol%
Py (R)-Tol-BINAP TshNH Q
. N HCI
SiMeg  [Cu(MeCN),]BF, ClEO SiMes
+ Ts THF, MS4A THF 0
)NI —40°C,24h  0°C,12h 96%, 7% ee
Et0,C

It is noted that use of 1-butoxyvinylsilane gave an
acylsilane derivative in an excellent yield, but the enanti-
oselectivity was as little as 7% (Schemé®1The result
clearly demonstrates that the use of an allenylsilane moiety
is essential for attaining high enantioselectivity. Furthermore,
the fact that methoxyallene did not show reactivity under
the identical reaction conditioffsclearly indicates that the
presence of the silyl group is essential for the present
cycloaddition reaction to proceed.

In summary, we have developed a novel {2 2]
cycloaddition reaction of 1-methoxyallenylsilane witimi-
no ester catalyzed by a Cu(l) complex. Use of a chiral Lewis
acid resulted in the highly enantioselective cycloaddition
reaction. Ring opening of the azetidines furnished chiral
o-amino esters bearing an acylsilane moiety with excellent

mane also furnished the corresponding cycloadduct with goodgnantioselectivities.

enantioselectivity (entry 5). All the cycloadducsswere
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°C for 24 h in the presence of 4 A molecular sieves gave TsKH0%
yield. TsNH was the sole identifiable product.
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