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ABSTRACT

L
‘ Siti-Pr 10 mol% O
Z "Ps oy DMLSEGPHOS Ts <
[CuMeCN)BFs  Et0,Ca N —Me 7Y pA,
+ - . / O PAI’2
Benzene, reflux < O
e siiPrg O
)J\ 92% yield Ar=3,5-Me,-CgHs;
E0,C” “H 84% ee (R)-DM-SEGPHOS
The catalytic, enantioselective [3  + 2] cycloaddition reaction of 1-alkyl-substituted allenylsilanes with o-imino ester has been achieved by

means of [Cu(MeCN) 4]BF 4/(R)-DM-SEGPHOS catalyst to afford silyl-substituted dehydroproline derivatives in high yields and enantioselectivities.

The chiral Lewis acid-catalyzed cycloaddition reaction is a heterocycles, respectivetyChiral Lewis acid-catalyzed [3
useful method for enantioselective formation of carbocyclic + 2] cycloaddition reaction with aldehydes leading to
and heterocyclic compountshich are important building  dihydrofuran derivatives has been reportéthtalytic enan-
blocks for natural product synthesis and thus attracts attentiontioselective [3+ 2] cycloaddition reaction of allenylsilane
of synthetic organic chemiste-Substituted allenylsilanés  with imine has not been reported as far as we know.
are reported to work as counterparts of a cycloaddition reac-Recently, we have reported Cu(l)-catalyzed enantioselective
tion3 Their application to enantioselective reaction is limited. [2 + 2] cycloaddition reaction of 1-methoxyallenylsilane with
For example, 1-methylallenylsilane undergoes{3] cyclo- a-imino estef® We wish to report herein enantioselective [3
addition reaction with electron deficient olefins, aldehydes, + 2] cycloaddition reaction ofu-alkylallenylsilane with
andN,O-hemiacetal to give five-membered carbocycles and a-imino ester by means of chiral Cu(l) catalyst.

At the outset, 1-methylallenylsilari&’ ando-imino ester
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Jargensen, K. A., Eds.; Wiley-VCH: Weinheim, 2002.
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Carini, D. J.J. Org. Chem1980,45, 3925. Danheiser, R. L.; Carini, D. J.; 107, 7233.
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(3) Panek, J. S. IlComprehensive Organic Synthesis; Trost, B. M., So0c.2001,123, 12095.
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Scheme 1. Catalytic [3+ 2] Cycloaddition Reaction with
a-Imino Ester

T 10 mol% Ts
Me N"'°  [CuMeCN)JBF;s g0, Ny _Me
+ b
= Si(t-Bu)Phy, EtOQC)J\H refiux .
1a 2 3a Si(+Bu)Ph,
in THF; 19%

in benzene; 91%

to give silyl-substituted dehydroproline derivati8ain 19%
yield. Use of benzene as a solvent improved the chemical
yield to 91% (Scheme 1).

We attempted the cycloaddition reactionlafwith other
imine derivatives such as Ph@HNPh, PhCH=NTs, and
EtOCOCH=NGH,4(p-OMe) using [Cu(MeCN}]BF, as the
catalyst; no cycloadducts were obtained. It was found that
use of highly reactive aldimin2 is essential for the present
cycloaddition reaction to proceed.

The asymmetric synthesis of silyl-substituted dehydro-
proline derivative3a® was investigated and the results are
shown in Table 1. Treatment dfa (1.0 equiv) and? (1.2

Table 1. Effect of Solvents and Chiral Ligangls

10 mol% Ts
Me . N“TS [CUMeON)IBFs £i0,co N\ e
=7 TSi(t-Bu)Phy EtOQCJ\H chiral ligand
1a 2 reflux 3a Si(+Bu)Ph,
O
% (] PAr,  (R-SEGPHOS; Ar=Ph
o PA.  (R)-DM-SEGPHOS; Ar=3,5-MeyCqHs
< g
yield of ee of
entry solvent chiral ligand 3a (%) 3a (%)
1 benzene (R)-BINAP 48 58
2 benzene (R)-Tol-BINAP 67 57
3 benzene (R)-SEGPHOS 65 67
4 benzene (R)-DM-SEGPHOS 53 85
5% benzene (R)-DM-SEGPHOS 74 78
6 1,4-dioxane (R)-DM-SEGPHOS 32 78
7 1,2-dichloromethane (R)-DM-SEGPHOS 55 73
8  toluene (R)-DM-SEGPHOS 60 75

a1.2 equiv of2 was employed® 2.0 equiv of2 was employed.

equiv) with [Cu(MeCN)]BF4/(R)-BINAP catalyst (10 mol
%)° in refluxing benzene for 7 h affordegh in 48% vyield

Table 2. Reaction with Other Allenyl Derivatives

10 mol%

. Ts [Cu(MeCN),JBF, Ts
A ) imowsearHos E0Cac M R
=7 S * Et0,C~ °H Benzene W
reflux Si
1 2 3
(2.0eq.)
yield of  ee of
entry Si R timeh) 3% 3(%)
1 Si(¢--Bu)Phe  Me 7 74 85
2 Si(¢-Bu)Phs  n-Pr 9 52 77
3 Si(¢-Bu)Phy  i-Pr 24 50 78
4  Si(t-BuPhy cyclohexyl 20 46 71
5@ Si(¢--Bu)Mes Me 3 90 75
6 SiPhg Me 5 71 84
Te Si(i-Pr)s Me 1 92 84
Si(¢--Bu)Phey H 3 0

a8 [Cu(MeCN)]PFs was employed.

AD-H). (R)-SEGPHO® (entry 3) was more effective than
(R)-Tol-BINAP (entry 2). When R)-DM-SEGPHOS was
used as a chiral ligand, the highest enantioselectivity (85%
ee) was observed (entry 4). Use of 2.0 equi sfgnificantly
improved the chemical yield to 74% (entry 5). Other solvents
gave inferior results (entries 6—8).

Other allenylsilanes were examined, and the results are
shown in Table 2. Allenytért-butyl)diphenylsilanes bearing
bulky silyl group afforded cycloadducts in good enantiose-
lective manner (entries-24). tert-Butyldimethylsilyl-, triph-
enylsilyl-, and triisopropylsilyl-subsituted allenylsilanes also
gave [3+ 2] cycloadducts (entries-57). It is noted that
parent allenylsilane gave no cycloadduct (entry 8). The
presence ofa-alkyl group is essential for the present
cycloaddition reaction to proceed.

Treatment of 2-alkyl-substituted pyrroline est&svith
aqueous HI solution at room temperature fer2h furnished
desilylatedy-amino ketonest in high yields and without
decreasing enantioselectivities (Table 3).

Table 3. Ring-Opening Reaction

with 58% ee (entry 1). Enantiomeric excess was determined

by HPLC with a chiral stationary phase column (Chiralpak

(8) For the chiral synthesis of 3-pyrroline, see: Kagoshima, H.; Okamura,
T.; Akiyama, T.J. Am. Chem. So001,123, 7182.

(9) For enantioselective Cu(l)-catalyzed nucleophilic addition reaction
with a-imino ester, see: Ferraris, D.; Young, B.; Dudding, T.; Lectka, T.
J. Am. Chem. S0d.998,120, 4548. Drury, W. J., lll; Ferraris, D.; Cox,
C.; Young, B.; Lectka, TJ. Am. Chem. S0d.998,120, 11006. Yao, S.;
Fang, X.; Jgrgensen, K. Ahem. Commuril998, 2547. Yao, S.; Saaby,
S.; Hazell, R. G.; Jargensen, K. £hem. Eur. J2000,6, 2435. Ferrars,
D.; Young, B.; Cox, C.; Dudding, T.; Ryzhkov, L.; Taggi, A. E.; Lectka,
T.J. Am. Chem. So@002,124, 67. Taggi, A. E.; Hafez, A. M.; Lectka,
T. Acc. Chem. Re2003,36, 10.
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TS TS‘NH
EtO,C N/ R 1.1 equiv. ag.HI R
Benzene Eto?c/k/\f(
Si(tBu)Ph, 1t 0
3 4
R time (h) yield of 4 (%) ee of 4 (%)
1 Me (85% ee) 3 98 85
2 n-Pr (77% ee) 2 97 77
3 cyclohexyl (71% ee) 3 89 71

The 2-pyrroline esters described in this study afforded
useful synthons. The vinylsilane functionality in pyrrolige

(10) Saito, T.; Yokozawa, T.; Ishizaki, T.; Moroi, T.; Sayo, N.; Miura,
T.; Kumobayashi, HAdv. Synth. Catal2001,343, 264.
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Scheme 2. Synthesis of Pyrrolidinone Scheme 4. Plausible Transition State
Ts 1.5 equiv. TS
Et0,C N/ Me MCPBA  EtO,CaN_Me
CH.Cly O
Si(:Bu)Me. 9 Si(tBu)Me
b 2 0°C,2h 5 2
90% yield
1.1 equiv. TS
Hiad.  Et0,Ca N oMe
Benzene Q
m,2h Y
6
91% yield
dr=80:20
is nucleophilic, and can be epoxidized with-CPBA to a Methylenedioxy moieties ofR)-DM-SEGPHOS are omitted

produce epoxypyrrolidines. Subsequent treatment with  for clarity.
aqueous HI solution at room temperature furnished desily-
lated 3-pyrrolidinone6 in a high yield (Scheme 2). The
relative stereochemistry @& has not been determinéd.

Next, the absolute stereochemistryomino ketoneta
(R = Me) was determined to b8 by comparison of the
optical rotation of8, which was prepared frorBa via 4a,

stereochemistries of otheramino ketones and pyrrolines
to be S by analogy.

The stereochemical outcome can be rationalized by the
plausible transition state model as shown in Schem& 4.

with that of the authentic sample prepared fromorleucine ~ Because theRe-face is blocked by the pseudoequatorial

(Scheme 3). The absolute stereochemistry of pyrroline esterdimethyphenyl moiety, allenylsilane attacks t#-face

3awas thus found to b&. We surmised that the absolute Preferentially to giveS-isomer selectively. _ _
In summary, we have developed the first enantioselective

_ [3 + 2] cycloaddition reaction of 1-alkyl-substituted alle-

s ! . nylsilanes witho-imino ester by chiral Cu(l) catalyst. Use
Scheme 3. Determination of the Absolute Configuration of (R-DM-SEGPHOS as a chiral ligand resulted in high

HS  SH LENV Ts. enantioselective cycloaddition reaction.
4a BF3-Et,0 )\/XM Raney Ni )Ni/\/
83%ee  CHC, FOL g  EOH EOC Acknowledgment. We thank the Takasago International
R=M ° . .
e -aotC — reflux (9-8 Corp. (Tokyo, Japan) for supplying the SEGPHOS ligands.
7 90% yield
90% vyield 83% ee . : H . :
[0]52° +24.5 Supporting Information Available: Experimental pro-
(¢ 1.0, CHCly) cedures, spectra data, and characterization data. This material
is available free of charge via the Internet at http://pubs.acs.org.
NH, SOCl, TsCl TSN 9 p-iip 9
HOzc/\/\/ EtOH i N EtOZC/\/\/ OL047343C
. —-10 °C-1t N*
p-norleucine 0 °C-nt ()-8 (11) We could not obtaii6 as crystals. All our attempts to determine
18%23"9“ the relative stereochemistry 6fby NOE experiments failed.
(o]p*" -31.1 (12) Ferraris, D.; Young, B.; Cox, C.; Drury, W. J., lll; Dudding, T.;
(¢ 1.0, CHClg) Lectka, T.J. Org. Chem1998,63, 6090. Yao, S.; Saaby, S.; Hazell, R.

G.; Jgrgensen, K. AChem. Eur. J2000,6, 2435.
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