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a b s t r a c t

It is the first time that a chemoselective EtPPh2-catalyzed three-component reaction of aromatic alde-
hyde, alkyl acrylate, and phthalimide or methyl toluenesulfonamide has been achieved. A variety of
highly functional adducts can be generated efficiently in one step within 1–72 h in 38–93% yields. The
reaction mechanism is proposed to undergo Morita–Baylis–Hillman reactions of aryl-substituted alde-
hydes and alkyl acrylates followed by Michael additions of amides. Our studies indicated that, in combi-
nation of EtPPh2, alkyl acrylate also catalyzed this process.

� 2010 Elsevier Ltd. All rights reserved.
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Carbon–carbon or carbon–heteroatom bond formation is of
importance in organic synthesis with numerous interesting studies
concerning reactivity, chemoselectivity, and stereoselectivity.1

Among all well-developed methodologies, the multicomponent
reaction plays an important role due to its allowance of generation
of an adduct in a single operation from three or more reactants
with high atom economy and bond-forming efficiency.2 Successful
application of a multicomponent reaction highly relies on the good
chemoselectivities in the presence of all the reactants.3

The Baylis–Hillman reaction adduct, resulting from alkyl acry-
late and aldehyde is a good Michael acceptor according to the ester
function activated by the neighboring hydroxy group.4,5 Numerous
successful applications for syntheses of highly functional com-
pounds were achieved by the Michael addition of nucleophiles to-
ward the Baylis–Hillman adducts as routine protocols.5 However,
the Baylis–Hillman reaction is notorious for its slow reaction rate
with moderate to high yield6 and, therefore, the whole process of-
ten takes several days to obtain the final Michael product. Further
effort to simplify the whole process was taken by one-pot sequen-
tial Baylis–Hillman and Michael reactions with aldehyde, methyl
acrylate, and nitroalkane in the presence of DBU (1.0 equiv) with
26–62% yields, albeit the one-step three-component reaction failed
due to dominant Michael addition of DBU-deprotonated nitroal-
kane toward methyl acrylate.7 Therefore, a strong demand remains
to develop an efficient approach.
ll rights reserved.
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Instead of using a basic tertiary amine as organocatalyst, we as-
sume that it should be possible to proceed a phosphine-catalyzed
three-component reaction starting from the Baylis–Hillman reac-
tion of aldehyde 1 and alkyl acrylate 2, which is followed by the
Michael addition of amide 3 toward the resulting adduct. To the
best of our knowledge, there are no reports of successful reactions
or related studies that utilize this strategy. Herein, we wish to
report a highly efficient three-component reaction of aldehyde 1,
alkyl acrylate 2, and amide 3 catalyzed by ethyl diphenylphosphine
(Scheme 1).

Thus, 4-nitrobenzaldehyde (1a), methyl acrylate (2a) (1.2
equiv), and methyl tosylamine (3a) (1.2 equiv) in the presence of
EtPPh2 (20 mol %) in tBuOH reacted smoothly at room temperature
4.5-24 h

Scheme 1. A three-component reaction of aldehyde 1, alkyl acrylate 2, and amide 3
catalyzed by ethyl diphenylphosphine.
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Table 2
A three-component reaction of aldehyde 1, alkyl acrylate 2, and methyl toluenesul-
fonamide (3a) catalyzed by EtPPh2

a

RO

O

+
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(20 mol%)

t BuOH, RT

erythro-4

+

1 2 3a

NH
Me

Ts
ArCHO +

CO2R
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TsN
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CO2R
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TsN
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Entry Ar R Time (h) Yield of 4 (%)b; drc,d

1 4-NO2C6H4 (1a) Me 1 4a, 80; 48:52e

2 3-NO2C6H4 (1b) Me 1 4b, 93; 48:52f

3 2-NO2C6H4 (1c) Me 5 4c, 55; 35:65e

4 4-CNC6H4 (1d) Me 2 4d, 83; 53:47
5 4-CF3C6H4 (1e) Me 2.5 4e, 70; 48:52
6 2,4-Cl2C6H3 (1f) Me 1.5 4f, 60; 31:69e

7 4-BrC6H4 (1g) Me 2 4g, 52; 48:52
8 4-NO2C6H4 (1a) Et 1 4h, 82; 47:53
9 3-NO2C6H4 (1b) Et 1 4i, 78; 47:53f,g

10 4-CNC6H4 (1d) Et 2.5 4j, 82; 49:51

a Reactions were carried out using 1 (0.5 mmol), 2 (1.2 equiv), and 3a (1.2 equiv)
in the presence of EtPPh2 (20 mol %) in tBuOH (0.5 mL) at rt.

b Yield of isolated product.
c Determined by 1H NMR analysis of the crude product.
d The stereochemistry of 4 was determined by 1H NMR analysis in comparison to

4a and 4c.
e The relative configuration was confirmed by X-ray crystallography.
f The relative configuration was not determined.
g Inseparable mixture of two diastereomers.
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within 1 h, providing the highly functional three-component ad-
duct 4a in 80% yield (entry 1, Table 1). The inferior result was ob-
tained when the reaction proceeded in iPrOH (4a: 66% yield) (entry
2). Interestingly, when polar aprotic solvent, such as THF was used,
the significant reduced reaction rate was observed (4a: 71% yield;
20 h) (entry 3). Other catalysts like PPh3, PBu3, and DABCO were
also examined in our optimized reaction condition. PPh3, which
has weaker nucleophilicity than that of EtPPh2, catalyzed the
three-component reaction of 1a, 2a, and 3a, affording 4a in 45%
yield in 22 h (entry 4). Only the dimerization of 2a occurred in
the presence of PBu3 (entry 5). DABCO, one of the best catalysts
for Baylis–Hillman reaction, failed to catalyze the reaction of 1a,
2a, and 3a and only the Baylis–Hillman adduct 6a was obtained
in 22 h without further addition of 3a (entry 6). DMAP and DBU
were also screened in the same condition, however, poor results
were given even in the prolonged time (entries 7 and 8).

The broad reaction scope of our protocol was demonstrated by
further studies disclosed in Table 2. It showed that highly chemo-
selective three-component reactions of various aromatic aldehydes
1a–g, alkyl acrylate 2 (1.2 equiv), and 3a (1.2 equiv) in the pres-
ence of EtPPh2 (20 mol %) took place in 1–5 h, leading to the corre-
sponding adducts 4a–j in 52–93% yields (Table 2). The steric effect
was observed when an ortho-substituted aromatic aldehyde partic-
ipated in our designed reaction. For example, an aromatic aldehyde
bearing a nitro group in para- or meta-position, like 1a or 1b,
reacted with 2a and 3a within 1 h to provide the corresponding ad-
duct 4a or 4b in 80% or 93% yield, respectively (entries 1 and 2).
However, 2-nitrobenzaldehyde (1c) reacted with 2a and 3a more
slowly, furnishing the adduct 4c in 55% yield within 5 h (entry 3).

Remarkably, phthalimide (3b) (1.1 equiv), which is useful for
transformation into the amine functionality, reacted successfully
with a variety of aromatic aldehyde 1 and alkyl acrylate 2
(1.2 equiv) in the presence of EtPPh2 (20 mol %) in THF at room
temperature, yielding the corresponding adducts 5 as precursors
of b2-amino acids8 (Table 3).9 The formation of the Baylis–Hillman
adduct 6 occurred together with the appearance of the correspond-
ing adduct 5 during the reaction progress monitored by 1H NMR
analysis and the ratio of 5 to 6 increased as the reaction proceeded.
Besides, the reaction rates highly depended on the reactivities of
aromatic aldehydes 1. Thus, 1a–d, bearing a nitro or cyano function
as a powerful electron-withdrawing group, reacted effectively with
2a and 3b within 4.5–6.5 h, giving the corresponding adducts 5a–d
Table 1
Optimization of reaction conditions for an organocatalytic three-component reaction
of 4-nitrobenzaldehyde (1a), methyl acrylate (2a), and MeNHTs (3a)a

CHO

O2N

+
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(20 mol%)

solvent, RT

OH

OMe

O

4a

+ NH
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Me

1a 2a 3a
O2N NTs

Me
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Entry Catalyst Solvent Time (h) Yield of 4ab (%)

1 EtPPh2 tBuOH 1 80
2 EtPPh2 iPrOH 1 66
3 EtPPh2 THF 20 71
4 PPh3 tBuOH 1 (22) Tracec; (45)
5 PBu3 tBuOH 1 Tracec

6 DABCO tBuOH 1 Tracec,d

7 DMAP tBuOH 1 (16) Tracec; (41)
8 DBU tBuOH 1 (16) 29; (44)

a Reactions were carried out using 1a (0.5 mmol), 2a (1.2 equiv), and 3a
(1.2 equiv) in the presence of catalyst (20 mol %) in solvent (0.5 mL) at rt.

b Yield of isolated product.
c Almost undetectable.
d There was no formation of 4a, and significant amount of 6a was observed in

22 h.
in 80–86% yields (entries 1–4). Other aryl-substituted aldehyde,
such as 4-trifluoromethylbenzaldehyde (1e), 2,4-dichlorobenzal-
dehyde (1f), 4- or 2-bromobenzaldehyde (1g or 1h), or 4- or 2-
chlorobenzaldehyde (1i or 1j), reacted with 2a and 3b more slowly,
affording the corresponding adducts 5e–j in 68–86% yields within
10–24 h (entries 5–10). A heteroaromatic aldehyde, like nicotinal-
dehyde (1k), 2-furaldehyde (1l), or 2-naphthaldehyde (1m) was
also suitable for the reaction with 2a and 3b, providing the adduct
5k, 5l, or 5m in 85%, 70%, or 70% yield, respectively, within 8–24 h
(entries 11–13). Benzaldehyde (1n) was less reactive, and its reac-
tion with 2a and 3b underwent in the same reaction condition
within 26 h, furnishing the adduct 5n in 58% yield (entry 14). Poor
results were obtained when an aromatic aldehyde bearing an elec-
tron-donating group, like 1o or 1p, was used (entries 15 and 16).
Similiar reactivities were also observed when ethyl acrylate (2b)
reacted with an aryl-substituted aldehyde 1a–e or 1i and 3b, lead-
ing to the corresponding adduct 5q–v within 4.5–19 h in moderate
to good yields (66–88%) (entries 17–22). Additionally, DABCO
(20 mol %) was examined with 1a, 2a (1.2 equiv), and 3b
(1.1 equiv) in the same reaction condition (rt, up to 3 days), mainly
giving rise to 6a without the formation of 5a.

This excellent catalytic protocol was demonstrated again in our
preliminary study. According to the traditional two-step process,
the Morita–Baylis–Hillman adduct 6a was synthesized in the pres-
ence of EtPPh2 (20 mol %) in tBuOH (66% yield, 1 h) or in THF (67%
yield, 24 h) in the first step (Scheme 2).10 Only moderate yield of 6a
was obtained due to the decomposition of 6a in the presence of
EtPPh2. In order to elucidate the role of EtPPh2 in the addition of
2a or 2b toward the Morita–Baylis–Hillman adduct 6, seven exper-
iments were carried out (Scheme 3).11 No reaction of 6a and 3 (3a
in tBuOH; 3b in THF) occurred when EtPPh2 was absent. Surpris-
ingly, the most efficient addition of 3a or 3b toward 6a underwent
only when both of EtPPh2 and 2a were present (4a: 30 min in
tBuOH, 88% yield; 5a: 4.5 h in THF, 92% yield). Without the pres-
ence of 2a, EtPPh2 catalyzed the reaction of 3a and 6a or that of
3b and 6a less efficiently, leading to 4a in 88% yield (2 h in tBuOH)
or 5a in 85% yield (12 h in THF), respectively.



Table 3
A three-component reaction of aldehyde 1, alkyl acrylate 2, and phthalimide (3b)
catalyzed by EtPPh2
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Entry Ar R Time (h) Yield of 5 (%)b; drc,d

1 4-NO2C6H4 (1a) Me 4.5 5a, 85; 28:72
2 3-NO2C6H4 (1b) Me 4.5 5b, 86; 32:68f

3 2-NO2C6H4 (1c) Me 6.5 5c, 85; 57:43g

4 4-CNC6H4 (1d) Me 5.5 5d, 80; 29:71
5 4-CF3C6H4 (1e) Me 14 5e, 86; 32:68
6 2,4-Cl2C6H3 (1f) Me 11 5f, 73; 61:39e

7 4-BrC6H4 (1g) Me 12 5g, 77; 39:61e

8 2-BrC6H4 (1h) Me 24 5h, 71; 68:32e

9 4-ClC6H4 (1i) Me 18 5i, 72; 38:62
10 2-ClC6H4 (1j) Me 10 5j, 68; 67:33
11 3-Pyridyl (1k) Me 8 5k, 85; 69:31f

12 2-Furyl (1l) Me 10 5l, 70; 63:37f

13 2-Naphthyl (1m) Me 24 5m, 70; 44:56f

14 C6H5 (1n) Me 26 5n, 58; 45:55
15 4-CH3C6H4 (1o) Me 48 5o, 53; 45:55
16 4-CH3OC6H4 (1p) Me 72 5p, 38; 48:52
17 4-NO2C6H4 (1a) Et 4.5 5q, 88; 29:71
18 3-NO2C6H4 (1b) Et 6 5r, 88; 34:66f

19 2-NO2C6H4 (1c) Et 12 5s, 73; 54:46
20 4-CNC6H4 (1d) Et 7.5 5t, 83; 31:69
21 4-CF3C6H4 (1e) Et 18 5u, 84; 34:66
22 4-ClC6H4 (1i) Et 19 5v, 66; 41:59

a Reactions were carried out using 1 (0.5 mmol), 2 (1.2 equiv), and 3b (1.1 equiv)
in the presence of EtPPh2 (20 mol %) in THF (0.5 mL) at rt.

b Yield of isolated product.
c Determined by 1H NMR analysis of the crude product.
d The stereochemistry of 5 was determined by 1H NMR analysis in comparison to

5g and 5h.
e The relative configuration was confirmed by X-ray crystallography.
f The relative configuration was not determined.
g Inseparable mixture of two diastereomers.
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Scheme 2. An EtPPh2-catalyzed Morita–Baylis–Hillman reaction of 1a and 2a in
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On the basis of experimental results (Tables 1–3 and Scheme 3)
a plausible reaction mechanism for this highly chemoselective
three-component reaction was proposed (Scheme 4). First, an
EtPPh2-catalyzed Morita–Baylis–Hillman reaction took place, giv-
ing rise to the corresponding adduct 6. The in situ formed basic
intermediate 7, which was the nucleophile in the Morita–Baylis–
Hillman reaction, deprotonated amide 3, and then 8 underwent
the Michael addition toward 6 followed by protonation, affording
the corresponding adduct 4 or 5 with the regeneration of EtPPh2.

Furthermore, an additional experiment was carried out to ex-
clude another possible pathway for the formation of 4 via the Mi-
chael addition of 3 to 2, which was then followed by 1,2-addition of
the corresponding adduct toward 1. When the reaction of 1a, the
Michael adduct 9 (1.2 equiv) and 2a (1.2 equiv) proceeded in the
presence of EtPPh2 (20 mol %) in tBuOH, only 6a was observed
without the formation of 4a (Scheme 5). Besides, a competitive
experiment for the Michael addition of 3a toward 2a or 6a has also
been demonstrated, indicating that 6a is the better Michael accep-
tor than 2a (crude 1H NMR ratio of 4a:9 = 2:1). The excellent
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chemoselectivity was shown in case of the Michael addition of 3b
toward 6a in the presence of 2a. Only the adduct 5a, resulting from
the addition of 3b toward 6a was observed without the occurrence
of the addition of 3b toward 2a.

Interestingly, not only an amide, such as 3a or 3b, but also an
alcohol like MeOH, was a suitable nucleophile. A highly chemose-
lective three-component reaction via the addition of MeOH toward
6a resulting from 1a and 2a (1.5 equiv) was accomplished in 4 h in
the presence of EtPPh2, affording the corresponding product 10 in
60% yield without the competitive reaction of the Michael addition
of MeOH toward 2a (Scheme 6).12,13

In conclusion, we have developed a general procedure for a new
type of chemoselective three-component reaction with aromatic
aldehyde 1, alkyl acrylate 2, and amide 3 catalyzed by EtPPh2.
The reaction condition is very mild, and numerous aromatic alde-
hydes 1 can react efficiently with 2 and 3 in moderate to high
yields. The reaction mechanism is proposed to undergo the Mori-
ta–Baylis–Hillman reaction of 1 and 2 followed by the Michael
addition of 3 toward the corresponding adduct 6. Our study indi-
cated that in combination of EtPPh2, alkyl acrylate also catalyzed
this process. Further studies and the extensions of this work in imi-
nes or other activated alkenes, as well as the use of other nucleo-
philic reagents are currently underway.
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