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Abstract—Aza-Morita–Baylis–Hillman (aza-MBH) reaction of ethyl (arylimino)acetate with methyl vinyl ketone and ethyl vinyl
ketone has been investigated. We found that aza-MBH adducts 1 could be formed in the presence of DABCO (30 mol %) and
the corresponding adducts 2 could be obtained in the presence of PPh3 (30 mol %) in moderate to good yields in acetonitrile under
mild conditions, respectively.
� 2006 Elsevier Ltd. All rights reserved.
Recently, the aza-Morita–Baylis–Hillman (aza-MBH)
reaction of N-sulfonated imines (ArCH@NTs) or N-
phosphorated imines [ArCH@NP(O)R2] with various
Michael acceptors such as methyl vinyl ketone and ethyl
vinyl ketone has received much attention,1 and several
excellent reaction systems using chiral nitrogen and
phosphine Lewis bases such as multifunctional organo-
catalysts to achieve high enantioselectivities in aza-
MBH reaction have been reported.2 Therefore, it is
interesting to explore a novel type of aza-MBH reaction
of other imines with various Michael acceptors. During
our ongoing investigation on the aza-MBH reaction, we
found that the aza-MBH reaction of ethyl (aryl-
imino)acetate3 with methyl vinyl ketone (MVK) and
ethyl vinyl ketone (EVK) afforded different products
using 1,4-diazabicyclo[2,2,2]octane (DABCO) and tri-
phenylphosphine (PPh3) as the Lewis base catalysts
under otherwise identical conditions. Herein, we report
the initial scope of this finding and present a preliminary
mechanistic study revealing the transformation of these
two products.

An initial examination was carried out using ethyl
(phenylimino)acetate (0.5 mmol) as a substrate in the
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aza-MBH reaction with MVK (0.75 mmol) in the pres-
ence of DABCO (30 mol %) and molecular sieves 4 Å
(100 mg)4 without solvent (in a neat condition) at room
temperature (20 �C). We found that the corresponding
aza-Baylis–Hillman adduct 1a was obtained in a 55%
yield after four days (Table 1, entry 1). In order to im-
prove the yield of 1a, solvent effects were examined by
carrying out the reaction in a variety of solvents
such as tetrahydrofuran (THF), 1,2-dichloroethane
(DCE), dichloromethane (DCM), N,N-dimethylform-
amide (DMF), dimethyl sulfoxide (DMSO) and so on
under otherwise identical conditions (Table 1, entries
2–13). We found that in acetonitrile (CH3CN), 1a was
obtained in a 76% yield (Table 1, entry 9) and in other
solvents, 1a was obtained in trace to moderate yields
even in mixed solvents of CH3CN and DMF (Table 1,
entries 12 and 13). Using 1,8-diazabicyclo[5.4.0]undec-
7-ene (DBU) or 4-dimethylaminopyridine (DMAP) as
the Lewis base catalyst in CH3CN, 1a was either
obtained in a 12% yield or a disordered reaction was
observed (Table 1, entries 14 and 15). These results indi-
cated that the present best reaction conditions for the
formation of 1a are to carry out the reaction in CH3CN
using DABCO as the catalyst. However, using triphen-
ylphosphine (PPh3) (30 mol %) as a Lewis base catalyst
in the reaction, a different aza-MBH adduct 2a was
obtained in a 69% yield after three days in CH3CN
(Table 1, entry 16). Other more nucleophilic tertiary
phosphines such as PBu3, PPh2Me and PPhMe2 gave
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Table 1. Aza-MBH reaction of ethyl (phenylimino)acetate with methyl vinyl ketone in the presence of various lewis base catalysts in a variety of
solventsa

EtO
N

C6H5

O

O  MS 4A, r.t.
+ EtO

NH O

O

C6H5

EtO
NH O

O

C6H5

+

1a 2a

Entry Solvent Catalyst Time (day) Yieldb (%)

1a 2a

1 Neat DABCO 4 55
2 THF DABCO 4 22
3 DCE DABCO 4 Trace
4 DCM DABCO 4 Trace
5 DMF DABCO 4 36
6 DMSO DABCO 4 Trace
7 Toluene DABCO 4 19
8 tert-Amyl-OH DABCO 4 25
9 CH3CN DABCO 4 76

10 CH3OH DABCO 4 Disordered
11 CCl4 DABCO 4 Trace
12 CH3CN:DMF = 1:1 DABCO 4 33
13 CH3CN:DMF = 4:1 DABCO 4 46
14 CH3CN DBU 4 12
15 CH3CN DMAP 4 Disordered
16 CH3CN PPh3 3 69
17 CH3CN PBu3 3 Disordered
18 CH3CN PPh3Me 3 Disordered
19 CH3CN PPhMe2 3 Disordered

a Ethyl (phenylimino)acetate (0.5 mmol), methyl vinyl ketone (0.75 mmol), DABCO (0.15 mmol), PPh3 (0.15 mmol) and solvent (1.5 mL) were used.
b Isolated yield.
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disordered reactions (Table 1, entries 17–19). Using
PPh3 as the Lewis base promoter in neat condition,
toluene or THF, 2a was produced in 40%, 46% and
35% yields, respectively. While in DMF, a disordered
reaction was observed. Therefore, acetonitrile is the best
solvent for this interesting PPh3 promoted aza-MBH
reaction.

In order to further optimize these conditions, we next
examined the aza-MBH reaction of ethyl (phenyl-
imino)acetate with MVK in different ratios of imine with
MVK, temperatures and concentrations in CH3CN. The
results are summarized in Tables 2 and 3, respectively.
Table 2. Aza-MBH reaction of ethyl (phenylimino)acetate with methyl
vinyl ketone in CH3CN at different temperaturesa

EtO
N

C6H5

O

O
MS 4A, DABCO

+
CH3CN

1a

Entry Molar ratio Temperature (�C) Time (day) Yieldb (%)
Imine:MVK 1a

1 1:1.5 85 2 Disordered
2 1:1.5 rt 4 76
3 1:1.5 0 23 Trace
4 1:3 85 2 Disordered
5 1:3 rt 3 Disordered

a Ethyl (phenylimino)acetate (0.5 mmol), methyl vinyl ketone (0.75–
1.5 mmol), DABCO (0.15 mmol), (0.15 mmol) and acetonitrile
(1.5 mL) were used.

b Isolated yields.
When the reaction was carried out with
imine:MVK = 1:1.5 at 85 �C, a disordered reaction
was observed. At 0 �C, trace of 1a was obtained even
after a prolonged reaction time (Table 2, entries 1–3).
Increasing the amount of MVK did not improve the
yield of 1a at room temperature and at 80 �C (Table 2,
entries 4 and 5). When the employed amounts of DAB-
CO was reduced to 20 and 10 mol %, the yields of 1a de-
creased to 45% and 38%, respectively (Table 3, entries 1
and 2). Increasing or decreasing the concentrations of
substrates in CH3CN did not improve the yields of 1a
Table 3. The aza-MBH reaction of ethyl (phenylimino)acetate with
methyl vinyl ketone in the presence of various amounts of DABCO
and in different concentrations in CH3CN at room temperaturea

EtO
N

C6H5

O

O
MS 4A, DABCO

+
CH3CN

1a

Entry DABCO (mol %) Solvent (mL) Yieldb (%)
1a

1 20 1.5 45
2 10 1.5 38
3 30 1 34
4 30 2 34
5 30 3 30
6 30 4 28
7 30 5 21

a Ethyl (phyenylimino)acetate (0.5 mmol), methyl vinyl ketone
(0.75 mmol) and acetonitrile (1.5–5.0 mL) were used.

b Isolated yields.



base (30 mol%)

MS 4A, CH3CN, r.t.

bases: DABCO, 90%; Et3N, 52%; i-Pr2NEt, 4%; DBU, disordered;

K2CO3, disordered.

2a 1a

Scheme 1. Transformation of 2a to 1a in the presence of various bases.

Table 4. The aza-MBH reaction of a variety of ethyl (arylimino)acetate with methyl vinyl ketone in CH3CN in the presence of DABCO and PPh3 at
room temperaturea

EtO
N

Ar

O
R

O

CH3CN, r.t.
+ EtO

HN O

O

Ar

EtO
HN O

O

Ar

+

1 2

 MS 4A, catalyst

Entry Ar Catalyst R Time (day) Yieldb (%)

1 2

1 p-CH3C6H4 DABCO Me 3 1b, 34
PPh3 Me 2 2b, 81

2 p-BrC6H4 DABCO Me 2 1c, 64
PPh3 Me 4 2c, 54

3 p-ClC6H4 DABCO Me 4 1d, 70
PPh3 Me 4 2d, 57

4 m-CH3C6H4 DABCO Me 3 1e, 63
PPh3 Me 3 2e, 53

5 m-CF3C6H4 DABCO Me 2 1f, 85
PPh3 Me 2 2f, 55

6 p-Cl, o-CH3C6H3 DABCO Me 4 1g, 75
PPh3 Me 3 2g, 52

7 p-CH3C6H4 DABCO Et 4 1h, 51
PPh3 Et 4 2h, 79

8 m-CH3C6H4 DABCO Et 4 1i, 72
PPh3 Et 3 2i, 82

9 p-Cl, o-CH3C6H3 DABCO Et 4 1j, 50
PPh3 Et 3 2j, 51

a Ethyl (arylimino)acetate (0.5 mmol), methyl vinyl ketone (0.75 mmol), DABCO (0.15 mmol), PPh3 (0.15 mmol) and solvent (1.5 mL) were used.
b Isolated yields.
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under otherwise identical conditions (Table 3, entries 4–
7). Thus, this aza-MBH reaction should be carried out
in CH3CN at room temperature (20 �C) with a ratio of
imine:MVK = 1:1.5.

Under these optimized reaction conditions, we next car-
ried out this interesting aza-MBH reaction of a variety
of ethyl (arylimino)acetate with MVK in CH3CN in
the presence of DABCO and PPh3 at room temperature.
The results are summarized in Table 4. As can be seen
from Table 4, the corresponding aza-MBH adducts
1b–j and 2b–j were obtained in moderate to good yields
in the presence of DABCO (30 mol %) and PPh3

(30 mol %) in CH3CN, respectively (Table 4, entries
1–6). For sterically encumbered ethyl (arylimino)ace-
tate, the corresponding aza-Baylis–Hillman adducts 1g
and 2g were obtained in 75% and 52% yields in the pres-
ence of DABCO (30 mol %) and PPh3 (30 mol %),
respectively (Table 4, entry 6). Using EVK as a Michael
acceptor, similar results were obtained (Table 4, entries
7–9). However, using methyl acrylate (R = OMe) or
acrolein (R = H) as a Michael acceptor, no reaction
occurred under identical conditions.

Since adducts 1 are a kind of ‘abnormal’ products5 in
aza-MBH reaction, it is necessary to confirm the path-
way for the formation of 1 in the presence of DABCO.
Thus, several control experiments were carried out for
the transformation of 2a to 1a in the presence of various
bases. We found that in the presence of DABCO
(30 mol %) and Et3N (30 mol %), 2a could be trans-
formed to 1a in 90% and 52% yields, respectively, under
the standard reaction conditions (Scheme 1). iPr2NEt, a
non-nucelophilic and weak base, is less effective in the
transformation. In addition, disordered reactions were
observed in the presence of strong base DBU and inor-
ganic base K2CO3 (Scheme 1). On the basis of the above
results, we believe that adducts 1 are derived from the
normal aza-MBH adducts 2 during the reaction using
DABCO as a Lewis base catalyst. A plausible mecha-
nism is shown in Scheme 2. DABCO abstracts a proton
from 2a to give intermediate A, which is in equilibrium
with intermediate B. The reprotonation of B with
(DABCO)H+ produces 1a (Scheme 2).

In summary, we have presented an interesting aza-MBH
reaction of ethyl (arylimino)acetate with MVK and
EVK under mild conditions.6 We found that aza-
MBH adducts 1 could be formed in the presence of
DABCO (30 mol %) and the corresponding adducts 2
could be obtained in the presence of PPh3 (30 mol %)
in moderate to good yields in acetonitrile under mild
conditions. Efforts are in progress to further confirm
the mechanistic details of this aza-MBH reaction and
to understand its scope and limitations.
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Scheme 2. Mechanism of the transformation of 2a to 1a in the
presence of DABCO.
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rid of the moisture, since part of the imine will be
decomposed by ambient moisture during the reaction.

5. For ‘abnormal’ aza-Morita–Baylis–Hillman reaction: (a)
Shi, M.; Xu, Y.-M. Chem. Commun. 2001, 1876–1877; (b)
Shi, M.; Xu, Y.-M. Eur. J. Org. Chem. 2002, 696–701; (c)
Shi, M.; Xu, Y.-M.; Zhao, G.-L.; Wu, X.-F. Eur. J. Org.
Chem. 2002, 3666–3679; (d) Shi, M.; Xu, Y.-M. J. Org.
Chem. 2003, 68, 4784–4790; (e) Zhao, G.-L.; Huang, J.-W.;
Shi, M. Org. Lett. 2003, 5, 4737–4739; (f) Xu, Y.-M.; Shi,
M. J. Org. Chem. 2004, 69, 417–425; (g) Shi, M.; Zhao,
G.-L. Adv. Synth. Catal. 2004, 346, 1205–1219.

6. General reaction procedure.To a mixture of ethyl (aryl-
imino)acetate (0.5 mmol), methyl vinyl ketone (0.75 mmol),
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