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FIGURE 1. Structures of imines.

to high enantioselectivities have been repofigédihese findings
suggest an alternative strategy to improve enantioselectivity in
asymmetric aza-MBH reactions, such as using more syntheti-
cally useful imines as substrates. We have reported some
preliminary results regarding the use of ethyl (arylimino)acetates
1 (Figure 1) as the reactive imine electrophitesjth MVK
and EVK to produce the corresponding highly functionalized
adducts ethyl 3-acetyl-2-arylaminobut-3-enoates and ethyl 2-aryl-
amino-3-propionylbut-3-enoate® in good yields, using tri-
phenylphosphine as a Lewis base promét8ince this class
of adducts can be transformed to various nitrogen-containing
compounds by simple reactions, we investigated the corre-
sponding asymmetric aza-MBH reaction of ethyl (arylimino)-
acetated with MVK and EVK in the presence of bifunctional
chiral phosphine Lewis baseR){LB1, (9-LB1, and §)-Hs-
LB2, and monofunctional organocataly®{MOP (Figure 2).

For optimization studies, the aza-MBH reaction of imiee
with MVK catalyzed byLB1 (10 mol %) was selected as the
model reaction. We initiated our investigation by screening a
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Recently, aza-MoritaBaylis—Hillman (aza-MBH) reactions of
N-sulfonated imines (ArCH= NTs) or N-phosphorated imines
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TABLE 2. Asymmetric Aza-MBH Reaction of 1 with MVK or
QO OG ‘g ge EVK under the Optimized Conditions?
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FIGURE 2. Bifunctional organocatalystSR][-LBl, (9-LB1, and §- entry Ar R  product (h) (%) (%)
Hs-LB2 and the monofunctional organocataly®)-MOP. 1 p-CHiCola (13) = P 28 99 o
TABLE 1. Asymmetric Aza-MBH Reaction of 1a with MVK 2 m-CHyCeHa(1b) Me 2c 48 82 92
under a Variety of Conditions? 3 Et 2d 48 86 96
Me 4 p-BrCesHa (1¢) Me 2e 60 65 9G
Me 5 Et 2f 60 69 94
O/ 0 _ ) \©\NH o 6  p-CICsHa(Ld) Me  2g 60 76 96
N . chiral LB (10 mol% ) 7 Et 2h 60 60 88
Eto_ | | MS 44, solvent EfO\'H\H)K 8  GHs(le Me 2i 48 92  9F
o 9 Et 2j 48 89 92
o} ) 10  p-Cl,0-CHsCgH3 (1f) Me 2k 60 81 66
Ta a 11 Et 2 60 66 92
temp time yeiloP ee 12 p-CH30GCsH4 (19) Me 2m 60 80 93
entry  solvent  chiralB cc) (h (%) (%) 13 Et 2n 60 85 86
14 m-CRsCeHy (1h) Me 20 60 75 8%
1 MeCN ®)-LB1 25 48 58 68 15 Et 2p 60 67 98
2 THF R)-LB1 25 48 trace n.d. 16 p-FCeH4 (1i) Me or 48 53 93
3 DMSO  (R-LB1 25 48  complex n.d. 17 Et 2s 48 66 97
4 DMF (R-LB1 25 48 complex  n.d.
5 toluene  R)-LB1 25 48 80 84 a Ethyl (arylimino)acetate (0.5 mmol), MVK or EVK (0.75 mmolB1
6 ELO (R-LB1 25 48 83 84 (0.05 mmol, 22.5 mg), molecular sieves (100 mg), and 1.5 mL of ether
7 CHCl; (R-LB1 25 48 79 83 were used at-10 °C under argon atmospherelsolated yields¢ Deter-
8 EtO (R-MOP 25 48 n.rd n.dd mined by chiral HPLCY Using Chiralpak AS-H columrt Using Chiralpak
9 ELO (R-LB1 0 48 81 88 OD-H column.f Using Chiralpak AD-H column.
10 toluene  R)-LB1 -10 48 98 89
11 EtO (R-LB1 -10 48 98 92 . ) ) )
12 ELO (R-LB1 -20 60 90 91 or —30°C in ether did not improve the ee B&(Table 1, entries
13 EtO (R-LB1 —30 72 90 90 12 and 13). With use of§-Hg-LB2 and §-LB1 as the catalysts
14 EO (9-HelB2  —-10 48 81 —92 in ether at—10 °C, 2a was obtained in 92% ee and 93% ee
15 EtO (9-LB1 -10 48 80 -93

with the opposite enantioselectivity and 81% and 80% yield,
2 Ethyl (p-methylphenylimino)acetate (0.5 mmol), MVK (0.75 mmol),  respectively (Table 1, entries 14 and 15).
Le1 (005 o 225 mg)oH-82 002 il 252 1) oe@lar i the optimal reacion conditons identied. we next
< Determined by chiral HPLC, using Chiralpak OD-H colurfim.d.= not investigated the substrate scope of this interesting asymmetric
determined; n.r= no reaction. aza-MBH reaction of with Michael acceptors MVK and EVK.
The results are summarized in Table 2. Substrate generality for
series of solvents and temperatures in the presence of 4 Athis catalytic asymmetric reaction is satisfactory and the reaction
molecular sieve&.The results are summarized in Table 1. can tolerate various substituents on the aromatic ring, whether
As can be seen from Table 1, we found that the solvent they are electron donating or withdrawing. All reactions
employed significantly affected the reaction. For example, the Proceeded smoothly to give the corresponding adddcits
corresponding addu@a was obtained in 58% yield and 68% Moderate to high yields (539%) and good to high ee (66
ee at room temperature (26) in acetonitrile, and only a trace ~ 97%) under the optimal conditions (Table 2). For the reaction
of 2a or complex product mixtures were obtained in THF, ©f a sterically hindered imine with MVK, the corresponding
DMSO, or DMF under otherwise identical conditions (Table @adduct2k was obtained in moderate enantiomeric excess (66%
1, entries +4). To our delight, we found tha2a could be ee) (Table 2, entry 10).
obtained in 80% yield and 84% ee, and 83% vyield and 84% ee In conclusion, we have devised an effective bifunctional chiral
in toluene and ether, respectively (Table 1, entries 5 and 6). In phosphine Lewis base-catalyzed asymmetric aza-MBH reaction
dichloromethane?a also could be obtained in 79% vyield and of ethyl (arylimino)acetate¢ with MVK or EVK under mild
83% ee (Table 1, entry 7). WitdOP (10 mol %) as the catalyst ~ conditions to give the corresponding adducts in moderate to
in the same reaction under the standard conditions, no reactiorhigh yields as well as good to high enantioselectivities. The
occurred (Table 1, entry 8). This result suggests that the pheno|furthel’ transformation of these adducts is being investigated and
group ofLB1 is crucial in this asymmetric aza-MBH reactit. efforts are in progress to elucidate additional mechanistic details
Lowering the reaction temperature improved the e2afAt 0 of these reactions and to understand their scope and limitations.
°C in ether,2a was obtained in 81% yield and 88% ee (Table
1, entry 9). At—10°C, 2awas formed in 98% yield and 89%  Experimental Section
ee and 98% vyield and 92% ee in toluene and ether, respectively

(Table 1, entries 10 and 11). Carrying out the reactios 2 Typical Reaction Procedure.To a mixture of corresponding
ethyl (arylimino)acetate (0.5 mmol), methyl vinyl ketone (63L0
(6) Ethyl (arylimino)acetated are more moisture sensitive tha 0.75 mmol), organocataly$tB1 (22.5 mg, 0.05 mmol), and 4A
sulfonated imines andll-phosphorated imines. It is necessary to remove Molecular sieves (100 mg) was added anhydrous ether (1.5 mL)
any moisture by using molecular sieves 4A. and the reaction solution was stirred under argon atmosphere at
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—10 °C for the required time indicated in the tables. After the National Natural Science Foundation of China for financial
reaction solution was filtered and concentrated under reduced support (20472096, 203900502, 20672127, and 20732008).
pressure, the residue was purified by flash chromatography on silica
gel (eluent: EtOAc/petroleum ether 1/18) to afford the corre-
sponding pure product.
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