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Axially chiral BINIM —Ni(Il) complexes are effective cata-
lysts in the asymmetric 1,3-dipolar cycloaddition reactions
of azomethine ylides andN-arylmaleimides to give the
corresponding adducts in good yields and up to 95%
enantiomeric excesses.

The catalytic asymmetric 1,3-dipolar cycloaddition reaction
is one of the most useful methods for the construction of
optically active five-membered heterocyclddore importantly,
the reactions between azomethine ylides (from imines) and
activated alkenes afforded tetrasubstituted pyrrolidine or proline
derivatives in one step along with the four contiguous chiral
centers Since it is well-known that pyrrolidine or proline
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Note

derivatives are the key units or building blocks in many
pharmaceuticals, biologically active natural products including
alkaloids, and organocatalysts in organic syntheaisatalytic
asymmetric version of this 1,3-dipolar cycloaddition reaction
has attracted much attention and has developed rapidly during
the past decadeThus far, many laboratories have reported
catalytic asymmetric [32] cycloadditions with azomethine
ylides (from imines) by means of a variety of liganchetal
combinationg. For example, the asymmetric cycloaddition
reactions of imines derived from glycine with electron-deficient
alkenes in the presence of chiral Zn{B)-box (up to 89% yield
and 94% ee), Ag(l)/xylyl-FAP (up to 90% yield and 96% ee),
Ag(l)-quinap (up to 92% yield and 96% ee), Ag(l)-N,P ligands
(up to 98% yield and 98% ee), and Cu(ll)-Fesulphos (up to
97% yield and 99% ee) have been reported by Jargensen,
Zhang®¢4 Schreibefe Zhou?' and Carreter89 However, com-
pared to other types of catalytic asymmetric 1,3-dipolar cy-
cloadditions, the reaction catalyzed by chiral Ni(ll) complexes
is still in its infancy especially for those involving azomethine
imines as 1,3-dipoles, which remains a great challenge for us
to study its scope and limitations. Recently, Suga and his co-
workers reported a chiral catalyst consisting of Ni(@BH.0

and chiral binaphthyldiimine (BINIM) ligand, indicating high
levels of asymmetric induction in DielsAlder reactions (up

to 94% yield and 94% ee as well a89% yield and 96% eépb
Michael additions between 2-silyloxyfurans and 3-alkenoyl-2-
oxazolidinones (up to 95% yield and 97% &&jnd 1,3-dipolar
cycloaddition of nitrones with 3-(2-alkenoyl)-2-thiazolidineth-
iones (up to 85% vyield and 95% e@) as well as fused
azomethine imines and 3-acryloyl-2-oxazolidinone (up to 93%
yield and 97% eej.We envisaged that this catalytic system
might be useful in the 1,3-dipolar cycloadditionfmetalated
azomethine ylides withN-arylmaleimides. Our interests in
developing the new chiral catalytic systems with axially chiral
binaphthalenediamine (BINAM) and binaphthalenediimine
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FIGURE 1. Structures of chiral ligands.
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TABLE 1. Optimization of the Reaction Conditions in the 1,3-Dipolar Cycloaddition of Azomethine Ylides (from Imines) and

N-Phenylmaleimide

}?h
O Metal salts (5 mol%), 0 N0
~ )
/©/\N/\002Me o NePh - Ligand L1(5.5 mol%)
cl 'ProNEt (10 mol%), 0 °C, 24 h o N CO,Me
© H
1a 2a endo-3a
entry Lewis acid solvent yield (%) ee (%Y
1 CH,COAg CHxCl» 53 4
2 Cu(CHCN)4ClO4 CHxCl» 41 2
3 Mg(ClOg)2 CH.Cl> 22 9
4 Zn(OTfy CHxCl»
5 Ni(ClO4)2:6H,0O CHClI, 78 79
6 Ni(ClOg)2:6H,0O THF 66 78
7 Ni(ClO4)2:6H-0O CHCN 30 8
8 Ni(ClO4)2°6H,0 toluene trace

a|solated yieldsP Determined by chiral HPLC.

(BINIM), ®4f which can be easily prepared and handled in very

ing adductende3ain 78% yield and 79% ee in Gi€l, (Table

simple experimental procedures, for 1,3-dipolar cycloadditions 1, entry 5). Other metal salts, such as {Ci®,Ag or Cu(CH;-
led us to undertake the current study. Herein we wish to report CN),ClO, and Mg(ClQ). (5 mol %), producedende3a in

our investigations on this subject.

The chiral binaphthalenediimine (BINIM) ligandsl—L3
were synthesized from the reaction of commercially available
(R)-1,1-binaphthyl-2,2diamine (binaphthalenediamine, BI-
NAM) with a variety of aldehydes in the presendedoA MS
in toluene, respectivel§1°The ligandd.41! andL5? were also
prepared from BINAM according to the previous literature
(Figure 1).

Initial examinations with iminela and N-phenylmaleimide
2aas the substrates in the presence of chiral BINIM ligahd
(5.5 mol %), PLNEt (10 mol %), and various metal salts (5
mol %) at 0 °C were aimed at determining the optimal

moderate yields and lower enantioselectivities under the standard
conditions (Table 1, entries—13). No reaction occurred if using
Zn(OTf), as a Lewis acid under otherwise identical conditions
(Table 1, entry 4). Among the solvents examined, in;CN,

a more polar solvengnde3a, was formed in 30% yield along
with 8% ee, and when using toluene as the solvent, a trace of
ende3awas observed (Table 1, entries 7 and 8). Althoegtie

3a could be produced in comparable enantioselectivity (78%
ee) in THF, the isolated yield slightly decreased (Table 1, entry
6). Therefore, Ni(ClQ),-6H,0 is the most effective Lewis acid
and dichloromethane is the solvent of choice in this reaction.

Having the partially optimized reaction conditions in hand,

conditions and the results of these experiments are summarized, o next carefully examined the temperature effect on this

in Table 1. As expected, Ni(Cip-6H,O was found to be a
fairly effective catalyst to promote 1,3-dipolar cycloaddition of
imine 1a andN-phenylmaleimide?a, affording the correspond-

(9) Zhang, W.; Shi, MSynlett2007, 19—-30 and references cited therein.

(10) Colombo, F.; Benaglia, M.; Orlandi, S.; Usuelli, F.; Celentano, G.
J. Org. Chem2006 71, 2064.

(11) Bernardo, K. D. S.; Robert, A.; Dahan, F.; MeunierNBw J. Chem
1995 19, 129.

(12) Lin, J.; Che, C.; Lai, T.; Poon, C.; Cui, Y. Chem. So¢cChem.
Commun.199], 7, 468.
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reaction. No significant improvement could be realized at
—20°C or under reflux in CHCI, at 40°C (Table 2, entries 1
and 4). However, to our delight, raising the temperature to
15 °C improved the yield of3a to 84% along with 82% ee
(Table 2, entry 2).

To better understand the nature of the catalytic system and
to propose a possible transition state for the reaction, a few
experiments for comparison with the performance of the ligands
L2—L5 were carried out under the standard conditions. The
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TABLE 2. Optimization of the Reaction Conditions in the 1,3-Dipolar Cycloaddition of Azomethine Ylides (from Imines) and
N-Phenylmaleimide

Ph
|
o Ligand (5.5 mol%), O N -0
/@ANACOZMe o Neph NiSCIO4)2' 6H,0 (5 mol%)
cl 'ProNEt (10 mol%), al N~ TCOxMe
o CHyCly, 24 h H
endo-3a
entry ligand tempC) yield (%} ee (%Y
1 L1 40 72 75
2 L1 15 84 82
3 L1 0 78 79
4 L1 —-20 67 56
5 L2 0 20 8
6 L3 0 45 2
7 L4 0 trace
8 L5 0 trace
3|solated yields® Determined by chiral HPLCE Reaction time is 2 h.
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FIGURE 2. Proposed mechanism for the enantioselectivity.

results are summarized in Table 2 (entries8). As can be seen  91% ee values (Table 3, entries 1, 2, artb). By using other
from Table 2, the strong interaction of the nitrogen atoms in N-arylmaleimides as the substrates, the corresponding 1,3-
imine moiety and pyridine seems to be very important in the dipolar cycloaddition adductk—n were obtained in 7383%
assembly of chiral ligand with nickel cation. For those ligands yields and 8490% ee values (Table 3, entries-114).
without imine or pyridine structurega could not be obtained In conclusion, chiral binaphthalenediimine (BINIM) ligand
in satisfactory yields and enantioselectivities (Table 2, entries L1, which can be readily prepared from commercially available
6—8). However, to our surprise, BINIM ligand2 bearing two (R)-1,1-binaphthyl-2,2-diamine (BINAM) and 2-pyridinecar-
quinoline moieties also did not effectively catalyze the 1,3- boxaldehyde, has been found to be an effective chiral ligand
dipolar cycloaddition to givéain only 20% yield along with  for Ni(ll)-promoted 1,3-dipolar cycloaddition of azomethine
8% ee presumably due to the steric hindrance, which blocks ylides and\N-arylmaleimides to give the corresponding adducts
out the approach oN-phenylmaleimide (Table 2, entry 5). in good to high yields and enantioselectivities. These results
Therefore, the best reaction conditions is to carry out the reactionwill allow us to design and synthesize a new effective chiral
with Ni(ClOg4)2-6H:0 as a metal salt andl as a chiral ligand  catalytic system for this interesting asymmetric 1,3-dipolar
in CHCI; at 15°C. The possible transition state of this highly cycloaddition reaction. Further investigations to explore other
enantioselective 1,3-dipolar addition can be explained as thediploes as well as azomethine ylides and dipolarophiles are
approach oN-phenylmaleimide toward the hexacoordinated Ni- currently underway.
(1) complex as illustrated in Figure 2.

The generality of this Ni(CIG),-6H,O/L1-catalyzed enanti-  gyperimental Section
oselective 1,3-dipolar cycloaddition reaction was examined by
using a variety of imines and seversarylmaleimides. The Typical Reaction Procedure.The catalyst was prepared by
results are summarized in Table 3. All reactions proceeded stirring Ni(ClO,),-6H;0 (5.5 mg, 0.015 mmol, 5 mol %), powdered
smoothly to give the corresponding produdti moderate to 4 A MS (100 mg), and ligand1 (7.6 mg, 0.0165 mmol, 5.5 mol

; ; ; . %) in CH,Cl; (2.0 mL) for 1 h atroom temperature. After imine
iel n high enantioselectiviti nder th S
good yields and good to high enantioselectivities under the substratel (0.30 mmol),N-phenylmaleimide2 (0.45 mmol, 1.5

opt|m§1| conditions (Table 3). As for |m|rfbb9ar|ng an electron- _equiv)2® and'PENET (0.03 mmol, 5.0iL, 10 mol %) were added
donat_lng methoxy group on the benzene fng, th_e Correspond'ngsubsequently to the catalyst suspension, the resulting mixture was
1,3-dipolar cycloaddition adduc was obtained in 52% yield  gijrred at 15°C for 24 h. When the reaction was complete as
and 72% ee (Table 3, entry 3). Higher enantioselectivity was monitored by TLC plates, and the corresponding crude adduct was
obtained in the reaction of imingj, derived from 1-naphthy-  purified by column chromatography on silica gel [petroleum ether/
laldehyde, with2a to afford the adducBj in 90% yield and up
to 95% ee (Table 3, entry 10). In other cases, 1,3-dipolar (13)yvoshitake, Y.; Misaka, J.; Setoguchi, K.: Abe, M.; Kawaji, T.; Eto,
cycloaddition adduct8 were formed in good yields and 82 M.; Harano, K.J. Chem. Sog¢Perkin Trans. 22002 1611.
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TABLE 3. Enantioselective 1,3-Dipolar Cycloaddition of Azomethine Ylides (from Imines) andN-Arylmaleimides Catalyzed by
Ni(ClO 4)2*6H,0 in the Presence of L1

Ni(ClO4),.6H,0 (5 mol%),

0
AT — R2 N
o= N™ "CO,Me R Ligand L1 (5.5 mol%), MS 4A 0 0
| Y
o \ 7/
R1
0

iPr,NEt (10 mol%), CH,Cl,,15°C

N~ TCOMe
R’ H
1 2 endo-3

entry R R? product yield (%) ee (%}
1 p-Cl (13 H (24a) 3a 84 82
2 p-Br (1b) H (2a) 3b 86 89
3 p-MeO (1o H (2a) 3c 52 72
4 p-Me (1d) H (24) 3d 84 84
5 o-Cl (1¢ H (2a) 3e 92 91
6 H (1f) H (2a) 3f 81 87
7 m-Br (10) H (24) 39 80 82
8 p-F (1h) H (24) 3h 78 84
9 0-Br (1i) H (2a) 3i 82 85
10 1-naphthyl §j) H (2a) 3 90 95
11 1-naphthyl {j) p-Me (2b) 3k 75 88
12 1-naphthyl 1)) m-Cl (2¢) 3l 73 84
13 1-naphthyl {j) p-MeO (2d) 3m 82 90
14 1-naphthyl {j) p-F (2¢ 3n 83 86

a|solated yieldsP Determined by chiral HPLC.

ethyl acetate (1% of triethylaminej 2:1] to give the pure product.  pure imino esters were directly used in 1,3-dipolar cycloadditions
Since a trace oéxoadducts might be included in the products, in  without further purification.

some cases thEC NMR spectra are not very clean. . . .
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