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Amination of the Baylis–Hillman Acetates
in Ethanol

Young Sang Park

Graduate School of Biotechnology, Korea University, South Korea

Min Young Cho, Young Bum Kwon, Byung Woo Yoo, and

Cheol Min Yoon
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Abstract: Baylis–Hillman acetates in EtOH were substituted by various nitrogen

nucleophiles to give the corresponding trisubstituted alkenes in high yields.
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The Baylis–Hillman reaction is one of the carbon–carbon bond-forming

reactions in organic synthesis.[1] The Baylis–Hillman adducts were prepared

by the reaction of activated alkenes such as ethyl acrylate, acrylonitrile, and

methyl vinyl ketone with aldehydes or imines in the presence of nucleophilic

catalysts such as 1,4-diazabicyclo[2.2.2]octane (DABCO), quinuclidine, 4-

(N,N-dimethylamino)pyridine (DMAP), and phosphine.[2] In addition to the

usefulness of the Baylis–Hillman adducts by themselves, they and their

acetates are very useful precursors for the preparation of a variety of trisubsti-

tuted alkenes with various functional groups such as ester, ketone, and nitriles

by the reaction with a variety of nucleophiles.[3,4] Quinoline and dihydroquino-

lines are the important moiety of biological active compounds in medicinal

chemistry[5– 7] and prepared from the Baylis–Hillman adducts.[3b,4]

During a study for the palladium-catalyzed one-pot synthesis of dihydro-

quinolines 3 by the reaction of the Baylis–Hillman adducts or their acetates 1
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with p-toluidine (Scheme 1), Baylis–Hillman acetates 1 were found to

undergo the substitution to give the corresponding substituted amines 4.

Amination of the Baylis–Hillman acetates was one of the most

straightforward reactions to synthesize the corresponding trisubstituted

alkenes with amino functional group. However, only two methods have

been reported, to the best of our knowledge: the substitution of the Baylis–

Hillman acetates with amine nucleophile in THF under reflux[8] and the

palladium-catalyzed substitution of the Baylis–Hillman acetate in THF

using Pd (PPh3)4 at rt.[9] The two reactions posed some problems such as rela-

tively low yield, extended reaction time, high reaction temperature, low

regioselectivity, and generality. Here we are going to report a mild,

efficient, and convenient protocol for the nucleophilic displacement of the

Baylis–Hillman acetates by aromatic amine, benzylamine, and potassium

phthalimide in EtOH at rt to give the corresponding trisubsituted alkenes 3

in good to high yields (Scheme 2).

The optimum condition was investigated using ethyl 2-(acetoxy(2-

bromo-phenyl)methyl)acrylate as a model substrate and p-toluidine as an

amine nucleophile in various solvent systems such as acetonitrile, THF,

DMSO, ethanol, and water in the presence or absence of palladium catalyst.

Various palladium reagents did not have any role in the reaction, and EtOH

turned out to be the choice of solvent. The reaction of ethyl 2-(acetoxy(2-

bromophenyl)methyl)- acrylate in ethanol after 8 h gave the trisubstituted

product in 87% isolated yield as shown in entry 1 of Table 1. With this

result in hand, the substitution of ethyl 2-(acetoxyarylmethyl)acrylates with

p-anizidine, benzylamine, potassium phthalimide, p-toluenesulfonylamide,

diethylamine, and N-benzylmethylamine under optimized condition were

attempted to give the corresponding products with (E)-stereoselectivity

(entries 2–13). The reaction of ethyl 2-(acetoxyphenylmethyl)acrylate with

amides such as acetamide and t-butoxycarbamate did not proceed at

Scheme 1.

Scheme 2.
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Table 1. Amination of the Baylis–Hillman acetates in EtOH

Entry Acetate Nucleophile Product Time (h) Yield (%)a

1 p-Toluidine 8 87.0

2 p-Anisidine 8 82.0

3 Benzylamine 8 90.0

4 Potassium phthalimide 8 83.6
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Table 1. Continued

Entry Acetate Nucleophile Product Time (h) Yield (%)a

5 p-Toluenesulfonylamide 8 71.2

6 p-Toluidine 8 94.6

7 p-Anisidine 8 92.0

8 Benzylamine 4 87.3

9 Potassium phthalimide 4 80.1
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10 Diethylamine 2 84.5

11 N-Bezylmethylamine 2 92.3

12 p-Anisidine 5 90.5

13 Potassium phthalimide 6 86.0

14 p-Toluidine 4 92.0

(continued )
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Table 1. Continued

Entry Acetate Nucleophile Product Time (h) Yield (%)a

15 p-Anisidine 3 94.0

16 Benzylamine 6 82.0

17 Potassium phthalimide 5 82.3

18 p-Anisidine 1 94.8

19 Potassium phthalimide 3 87.2
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20 p-Anisidine 8 97.0

21 Potassium phthalimide 3 91.4

22 p-Toluidine 8 97.0

23 p-Anizidine 1 89.3

24 Benzylamine 2 85.0

25 Potassium phthalimide 4 81.0

aIsolated yields.
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all, even under reflux condition. b-Acetoxy-a-methylene ketones reacted with

p-toluidine, p-anizidine, benzylamine, and potassium phthalimide in ethanol

at rt to afford the corresponding products (E)-stereoselectively in good to

high isolated yields (entries 14–19). Further, the reactions of 3-acetoxy-2-

methylene-3-phenylacrylonitriles with p-toluidine, p-anizidine, benzylamine,

and potassium phthalimide in ethanol produced the corresponding alkenes

having (Z)-stereochemistry in good to high yields (entries 20–25).

The amination product prepared from Baylis–Hillman adduct was

attempted for the cyclization.[10] A amine obtained by the reaction of

Baylis–Hillman acetate and p-toluenesulfonylamide in ethanol at rt

undergoes the cyclization in the presence of palladium acetate and BINAP

in toluene at 1008C for 12 h to give a dihydroquinoline in 82% yield

(Scheme 3). The dihydroquinoline generated during the reaction seemed to

be quite stable under the reaction condition even after a long reaction time

(48 h), based on thin-layer chromatography (TLC). The further study for the

one-pot synthesis of dihydroquinolines from Baylis–Hillman acetate using

palladium catalyst are under way.[11]

In summary, we have described a simple, convenient, and efficient

protocol for the substitution reaction by various amines and amides on

Baylis–Hillman acetates in EtOH at rt to give the corresponding trisubstituted

alkenes in good to high yields. A success of palladium-catalyzed cyclization

of a Baylis–Hillman amine opened the possibility of new synthetic route

for the dihydroquinoline.

EXPERIMENTAL

General Procedure

The mixture of Baylis–Hillman acetate (0.1528 mmol) and amine (0.3056 mmol,

2 equiv) in EtOH (1 mL) was stirred at room temperature for the appropriate

time (see Table 1). After the reaction was complete (monitored by TLC using

a solution of EA and hexane), the reaction mixture was concentrated under

reduced pressure, and the concentrate was chromatographed on a short

silica-gel pad using a solution of ethyl acetate and hexane (1:10) to give the

corresponding products in good to high yield.

Scheme 3.
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