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Co-symmetric chiral bisoxazoline-metal complexes enjoy high
prestige in asymmetric catalysistor example, bisoxazoliné
derived Cu(ll) complexéishave been well established as versatile
catalysts for asymmetric ©€C bond formations such as aldbol,
cycloadditiont ene? Michael® amination’ Friedel-Crafts® Henry?
and Mannick? reactions. In most cases, excellent enantioselectivity
could be achieved only wheart-leucinol-derived bisoxazolingb

was used. In sharp contrast to the great success of bisoxazolines,

the development and application of trisoxazolines are rather
limited.!! In our efforts to develop superior catalysts which are

. . d
cheap, easy to access, air-stable, and water-tolerant, we considered 4

a sidearm approach, focusing on the improvement of bisoxazoline
into pseudoCs-symmetric trisoxazoling, for the following rea-
sons: (1) compared witB,-symmetric bisoxazoline$, coordina-

tion of three nitrogen atoms of trisoxazoli@¢o the metallic center
induces a more tunable pseu@g-symmetric chiral space, to shield
distant reactive sites; (2) tridentate ligad@ expected to increase
the stability of active intermediates with respect to ordinary
bidentate bisoxazolinéd Thus, the metal complex may be tolerable
to moisture, and it is possible to improve the catalytic activity. In
this communication, we report our preliminary results on this

subject.
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The trisoxazolin€ can be easily synthesized fr@andL-valinol
by two steps. Compour@lreacted with_-valinol without solvent?
at 70°C to afford white hydroscopic solidlin 61% yield. Treatment
of compound4 with PPh/CCIl, 4 afforded desired trisoxazolirz
as colorless oil in 75% vyield.
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Very recently, Jgrgensen et al. pioneered asymmetric Michael
addition of indoles to alkylidene malonaf&s hey found that chiral
Lewis acid1b/Cu(OTf), could promote this reaction in moderate-
to-good ee value (up to 69% ee). To examine if our design is

operative, we tried the above reaction using the newly designed

trisoxazoline2/Cu(ClQy),-6H,0'2015complex as the chiral Lewis
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* This reaction is also regarded as Frieg€fafts reaction in ref 8c.

9030 = J. AM. CHEM. SOC. 2002, 124, 9030—9031

Table 1. Effect of Temperature and Additive on the Reaction
between Indole 5a and Benzylidene Malonate 6a
Ph,, _CH(COOEY)
@ . X COCE 2/CU(CI04); 6HA0 e :
N COOEt acetone-ether | \
5a H 6a N Ta
H
entry catalyst loading (%) additive temp (°C) yield? (%) ee® (%)
10 None 15 88 82
2 10 None 0 50 85
3 10 HFIP 0 99 85
1 HFIP 0 90 78
10 HFIP -20 84 89
10 HFIP —25 56 93

a|solated yield and performed on 0.25 mmol scale unless otherwise noted.
b Determined by chiral HPLCS Absolute configuration was assigned by
chemical transformatiort. Performed on 4 mmol scaleAll reactions were
run in acetoneether (1:3, v/v).

acid. We are pleased to find that the catalytic activity was
comparable to that otb/Cu(OTf), and the enantioselectivity of
the reaction of indole with benzylidene malonate was enhanced
greatly (entry 1, Table 1).

The alkylation of indolesa with malonate6a proceeded quite
slowly at 0°C, and the yield was only 50%; even the reaction time
was prolonged to 72 h (entry 2 in Table 1) in the absence of
hexafluoroi-PrOH (HFIP). To our delight, we found that the
addition of 2 equiv of HFI can greatly improve the reactivity
without loss of ee (entry 3). The reaction was proved to be
temperature-dependent. When the reaction temperature decreased
from 0 to—25°C, the ee value of compour@increased from 85
to 93% (entries 3, 5, and 6 in Table 1).

The high yield and excellent enantioselectivity encouraged us
to study the generality of this reaction by investigating a variety of
structurally different indole derivatives and alkylidene malonates
(Table 2). Arylidene malonates with indole worked well to afford
the desired products in excellent yields with high ee. Unlike the ee
that were different between dimethyl and diethyl malonates in the
case ofLlb/Cu(OTf),, both methyl ester and ethyl ester maintained
excellent face selectivity when trisoxazoline was used (entrie.1
Enantiomeric excesses ranging from 90 to 92% were obtained in
high yields for various substituted arylidene malonates (enti§)4
Diethyl ethylidene malonate could also react with indole smoothly,
but it was less enantioselective (entry 9). The reaction of ben-
zylidene malonate with 4-methoxyindole, 5-methoxyindole, and
5-methylindole resulted in the alkylation products in high-to-
excellent yields with excellent ee value (entries 10, 11, 12),
indicating that the substituents on indole ring had almost no effect
on the enantioselectivity.

It is noteworthy that trisoxazoling/Cu(CIQOy),-6H,0 complex
is an air- and water-stable compourtl.maintained the same

10.1021/ja026936k CCC: $22.00 © 2002 American Chemical Society



COMMUNICATIONS

Table 2. Asymmetric alkylation of indoles 5 with various
alkylidene malonates 6

entry malonate 6 indole 5 yield %°  ee%*
COOEt
1 = B 84 89
COOEt N
COOMe
2 - @ 98 88
COOMe N (50
COOMe
3 Q/\( @ 99 91
s
ON COOMe N (56)
COOEt
4 m @ 99 91
o COOEt N
0N COOEt
5 2 S [ 99 91
COOEt N
COOEt
Br COOEt H (50)°
COOEt
o
o) COOE N (69)
COOEt
8 \ @ 84 90
ol COOEt N
9¢ TR e CE} 84 60
COOEt H
COOEt MeO
10 oS @ 73 91
COOEt N (60)°
COOEt Me
o @ 92 93
11 COOEt N
OMe
COOEY
12 A @ 97 91
COOEt N
COOEt
13 o @ 95 91’
COOEt N
Cl H

aReactions were run in acetonether (1:3 v/v) with 10 mol % chiral
catalyst at-20 °C. ° Isolated yields¢ Determined by chiral HPLC! Num-
ber in parentheses refers to the best result in the litergtiten at—35
°C. f Performed under air atmosphere.

catalytic reactvity almost without loss of enantioselagty even
when the reaction was carried out under air atmosph@rmry 13
in Table 2).

Optical purity of the products could be enhanced by recrystal-
lization. For example, 99.6% ee was obtained in 71% yield after
compoundra (86% ee) was recrystallized from a mixed solvent of
petroleum ether, C¥Cl,, and acetone. These indole derivatives

prepared by the current method are potentially synthetically useful
because they can undergo many chemical transformations, in

particular for the preparation ¢f-substituted tryptophahsand
some bioactive indole derivativé%.
The high ee values obtained witkvalinol-derived trisoxazoline

2 are rather intriguing. The proposed transition-state model shown
below supports all the experimental observation and is consistent 1e) E

Re favoured

useful. In particular, our ligand design strategy may also provide a
basis for further optimization of the sidearmed bisoxazoline to
enhance both enantioselectivity and catalytic efficiency.
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