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Abstract: Metal triflates have been used to catalyze synthesis of b-enamino
ketones or pyrroles from amines and 1,3-dicarbonyl or 1,4-dicarbonyl compounds
under solvent-free conditions, respectively. Among different metal triflates
screened, 0.5mol% Ga(OTf)3 efficiently promoted the reactions to give excellent
yields. In addition, the catalyst could be recovered easily after the reactions and
reused without evident loss in activity.

Keywords: b-Enamino ketones, gallium(III) triflate, pyrroles, solvent-free
conditions

INTRODUCTION

A variety of reactions using Lewis acids have been developed in organic
synthesis.[1] The majority of the strong and efficient Lewis acids such as
AlCl3, BF3, TiCl4, and SnCl4 used in various organic transformations are
prone to fast hydrolysis and deactivate readily in the presence of even a
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small amount of water. Generally, stoichiometric or even excess amounts
of conventional Lewis acids are needed, and the catalyst cannot be recov-
ered and reused after the reactions are completed. In recent decades, as
consciousness of protecting the environment has strengthened, methods
that are cheap or environmentally friendly have been advocated. Metal
triflates have advantages of being water tolerant, air stable, recoverable
from water, operationally simple (not requiring anhydrous treatment),
strongly tolerant of oxygen, nitrogen, phosphorus, and sulfur-containing
reaction substrates and functional groups, and reusable, showing their
significant potential as safe and environmentally benign catalysts.[2]

Thus, metal triflates as new versatile Lewis acids have been widely used
in organic synthesis, such as formation of the C�C bond or C�X
(X=N, O, P, etc.) bond, oxidation and reduction, rearrangement, protec-
tion and deprotection, polymerization, and miscellaneous reactions.[2]

They can be easily synthesized by reacting metallic oxides with trifluoro-
methanesulfonic acid.[3]

b-Enamino ketones are the most important intermediates, having
become increasingly important in medicinal chemistry and organic synth-
esis.[4] Consequently, an enormous number of procedures have been
developed for the construction of b-enamino ketones.[5] The direct con-
densation of 1,3-dicarbonyl compounds with amines is the most straight-
forward method for the synthesis of b-enamino ketones in the presence of
various promoting agents.[6] Recently, this condensation reaction has also
been performed in water[6l,6o] and ionic liquid medium.[6i,6m]

Pyrroles are important heterocyclic compounds, having become
increasingly important in medicinal chemistry and organic synthesis.[7]

From the extensive work on the synthesis of pyrroles,[8] the Paal–Knorr
reaction is one of the most common approaches in which c-diketones are
converted to pyrroles from 1,4-ketones and primary amines (or ammo-
nia) in the presence of various promoting agents[9] and microwave
irradiation.[10]

Although these methods are suitable for certain synthetic conditions,
some of these methods often involve the use of stoichiometric and even
excess amounts of acids because they can be trapped by nitrogen in this
condensation, hazardous organic solvents, tedious workup, and unsatis-
factory yield. Thus, they may not be preferred choices in view of green
chemistry. Therefore, the development of facile and environmentally
friendly methods for the synthesis of b-enamino ketones and pyrroles
that can overcome the shortcomings of the previous methods is
necessary.

On the other hand, the absence of solvent in organic synthesis and
the employment of a small excess of reagent make procedures simpler,
saves energy, and prevents solvent waste, hazards, and toxicity. To the
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best of our knowledge, Ga(OTf)3-promoted[11] syntheses of b-enamino
ketones and pyrroles have not been reported.

Recently, we have successfully applied metal triflates in several
reactions.[12a–13i] In continuation of our interest in solvent-free organic
synthesis,[12a,13d,12l] green chemistry, and Lewis acid–catalyzed organic
reactions,[12] we herein developed green, simple, and practical methods
for the synthesis of b-enamino ketones from 1,3-dicarbonyl compounds
with amines and the synthesis of pyrroles from 1,4-dicarbonyl com-
pounds with amines using a catalytic amount of Ga(OTf)3 under
solvent-free conditions.

Scheme 1. The model reaction of acetylacetone with aniline under difference
conditions.

Table 1. Condensation of acetylacetone with aniline under different reaction
conditionsa

Entry Solvent Catalyst (mol%) Time (min) Yields (%)b

1 None Cu(OTf)2 (5) 60 78
2 None Mg(OTf)2 (5) 80 47
3 None Bi(OTf)3 (5) 60 79
4 None Yb(OTf)3 (5) 60 76
5 None Sc(OTf)3 (5) 60 83
6 None Y(OTf)3 (5) 60 81
7 None La(OTf)3 (5) 60 77
8 None Sm(OTf)3 (5) 60 82
9 None Eu(OTf)3 (5) 60 84
10 None Ga(OTf)3 (5) 25 93
11c None Ga(OTf)3 (1) 30 92
12 None Ga(OTf)3 (0.5) 30 92, 90, 89
13 None Ga(OTf)3 (0.1) 35 82
14 H2O Ga(OTf)3 (0.5) 40 72
15 CH2Cl2 Ga(OTf)3 (0.5) 30 82
16 CH3NO2 Ga(OTf)3 (0.5) 30 86
17 None None 100 14 (22)d

a30�C for 25min.
bIsolated yield.
cCatalyst was reused three times.
dReaction was run at 50�C for 12 h.

4182 J. Chen et al.
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RESULTS AND DISCUSSION

Initially, we investigated the model reaction from acetylacetone with
aniline using various metal triflates as catalysts (Scheme 1), and the
results are summarized in Table 1. Most of the metal triflates bring
out this reaction efficiently under solvent-free conditions. However,
Ga(OTf)3 was particularly effective for this reaction in the shortest
time (Table 1, entries 10–13). It was observed that 3a was obtained
in only poor yield in the absence of Ga(OTf)3 even after a long reac-
tion time in higher temperature, which also further proved that
Ga(OTf)3 does play an important role in the condensation reaction
(Table 1, entry 17). Moreover, we also examined the activity of the
recycled catalyst; Ga(OTf)3 could be reused three times without any
loss of activity (Table 1, entry 12). In addition, we studied the influ-
ence of solvent and the amount of catalyst on the catalytic property
of the reaction: 0.5mol% of Ga(OTf)3 was enough, and excessive
amount of catalyst did not increase the yield (Table 1, entries
10–13). Obviously, the additional solvent does not make the reaction
rate faster. Therefore, we achieved an optimized condition using
0.5mol% of Ga(OTf)3 as the catalyst under solvent-free conditions.

Because of the good results obtained, we expanded our methodology
to synthesize other b-enamino ketones (Scheme 2, Table 2). In all cases,
the condensation reactions proceeded smoothly and gave the correspond-
ing products in good to excellent yield in the present protocol.

As shown in Table 2, aromatic amines bearing either
electron-donating or electron-withdrawing groups on the aromatic ring
were investigated. The substitution groups on the aromatic ring have
no obvious effect on the yield and reaction time under the optimal
conditions. However, amines with strongly electron-withdrawing
groups on the aromatic ring such as p-nitroaniline gave the product
of 3e with good yield in a long reaction time (Table 2, entry 5). When
an unsymmetrical b-dicarbonyl compound such as benzoylacetone was
used as a substrate, the regiochemistry was controlled by the more
reactive carbonyl group, which underwent the attack by the amine
(Table 2, entries 11–13).

Scheme 2. The reaction of amines with acetylacetone under solvent-free
conditions.
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Next, we investigated the reaction of diamines and acetylacetone
(Scheme 3). In this reaction, 2 equivalents of acetylacetone are required
in the presence of diamines. When diamines such as 1,3-propanediamine
and 1,4-butanediamine were examined, the products of 3p–3q with two
enaminone groups were obtained in excellent yields.

However, when 1,3-dicarbonyl compound was replaced with
1,4-dicarbonyl compound such as acetonylacetone, the Paal–knorr con-
densation product pyrrole was obtained under the same conditions
(Scheme 4). Therefore, we also investigated the synthesis of pyrroles in
the presence of Ga(OTf)3, and similar results are shown in Table 3.

Table 2. Synthesis of b-enamino ketones by catalyzed Ga(OTf)3
a

Entry R1 R2 R3 Time (min) Product Yieldb(%)

1 Me Me C6H5 30 3a 92
2 Me Me p-(CH3)C6H4 30 3b 94
3 Me Me p-(OCH3)C6H4 30 3c 91
4 Me Me p-(Cl)C6H4 35 3d 90
5 Me Me p-(NO2)C6H4 35 3e 65 (84)c

6 Me Me CH3CH2CH2CH2 30 3f 91
7 Me Me C6H5CH2 30 3g 92
8 Ph Ph C6H5 45 3h 83
9 Ph Ph C6H5CH2 50 3i 87
10 Ph Ph o-(OCH3)C6H4 45 3 j 85
11 Me Ph C6H5 30 3k 90
12 Me Ph C6H5CH2 40 3l 90
13 Me Ph o-(OCH3)C6H4 30 3m 89
14 Me Me R-(þ)-C6H5CH(CH3) 35 3n 91
15 Me Me S-(�)-C6H5CH(CH3) 35 3o 88

aReaction conditions: amine (5mmol), acetylacetone (5mmol), and Ga(OTf)3
(0.5mol%), 30�C.

bIsolated total yield.
cReaction was run for 2 h.

Scheme 3. The reaction of diamines with acetylacetone under solvent-free
conditions.

4184 J. Chen et al.
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In addition, we also investigated the reaction from diamines with
acetonylacetone, and similar results were observed (Scheme 5).

A tentative mechanism for the formation of b-enamino ketones is
proposed in Scheme 6. Species 5 is very prone to react immediately with
amine by attack of the nitrogen nucleophile at the carbonyl carbon,
which is activated by Ga(OTf)3 to produce the product of 3. The catalyst
is regenerated for further reaction. The (Z)-selectivity in the product of 3
derived from 1,3-dicarbonyl compound was stabilized by intramolecular

Table 3. Condensation of acetonylacetone with amines in the presence of
Ga(OTf)3

a

Entry R Time (min) Product Yield (%)b

1 C6H5 30 4a 91
2 p-(CH3)C6H4 40 4b 89
3 2,6-(iPr)2C6H3 35 4c 87
4 p-(F)C6H4CH2 30 4d 91
5 C6H5CH2CH2 40 4e 88
6 p-(Cl)C6H4 30 4f 95
7 p-(NO2)C6H4 40 4g 86
8 p-(OCH3)C6H4CH2 35 4h 90

aReaction conditions: amine (5mmol), acetonylacetone (5mmol), and
Ga(OTf)3 (0.5mol%), 30�C.

bIsolated total yield.

Scheme 4. The reaction of amines with acetonylacetone under solvent-free
conditions.

Scheme 5. The reaction of diamines with acetonylacetone under solvent-free
conditions.
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hydrogen bonding. A tentative mechanism for the formation of pyrroles
is proposed in Scheme 7.

To sum up, a new catalytic protocol for the regioselectivity synthesis of
b-enamino ketones from 1,3-dicarbonyl compounds and amines and the
facile synthesis of pyrroles from 1,4-dicarbonyl compounds and amines
have been developed. Compared with previously reported methodologies,
the present method has the following noteworthy features: simple workup,
the shorter reaction times, environmental friendliness, recovery and reuse
of metal triflates, and mild reaction conditions with excellent yield. A wide
range of b-enamino ketones and pyrroles were synthesized successfully by
employing this present reaction system. Currently, studies on the extension
of this protocol are ongoing in our laboratory.

EXPERIMENTAL

All the melting points were uncorrected and determined on digital
melting-point apparatus WRS-1B. Infrared (IR) spectra were recorded
on an Avatar 370 FI-IR spectrophotometer. Mass spectra were measured
with a Thermo Finnigan LCQ-Advantage. 1H NMR and 13C NMR
spectra were recorded on a Varian Mercury Plus-400 or Bruer-300

Scheme 7. A tentative mechanism for the formation of pyrroles.

Scheme 6. A tentative mechanism for the formation of b-enamino ketones.

4186 J. Chen et al.
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instrument using CDCl3 as the solvent with tetramethylsilane (TMS) as
an internal standard at room temperature. Chemical shifts are given in
d relative to TMS; coupling constants (J) values are given in hertz. All
reagents used are commercially available. Silica gel 60 GF254 was used
for analytical and preparative thin-layer chromatography (TLC).

General Procedure for the Synthesis of b-Enamino Ketones

Ga(OTf)3 (0.025mmol, 0.5mol%) was added to a mixture of 1,3-dicarbo-
nyl compound (5mmol) and amines (5mmol) or diamines (10mmol). The
mixture was stirred at 30�C for the appropriate time. After completion of
the reaction as indicated by TLC, the reaction mixture was diluted with
water, and the product was extracted with ethyl acetate (3� 10mL). The
combined organic layer was dried (MgSO4) and evaporated; the crude pro-
duct was purified by flash-column chromatography to provide the desired
product. The catalyst in the aqueous phase was concentrated in vacuo to
give a crystalline residue, which was finally heated at 180�C for 48h in
vacuo. The recovered Ga(OTf)3 could be reused in another reaction.

Characterization Data of All the Products

(Z)-4-(Phenylamino)pent-3-en-2-one (3a)

Yield: 92%; mp 47–48�C (lit.[6o] 47�C). IR (KBr), (n=cm�1): 3439 (NH),
1625 (CO). 1H NMR (300MHz, CDCl3) ppm d: 1.99 (s, 3H), 2.10 (s,
3H), 5.19 (s, 1H), 7.11 (d, J¼ 8.4Hz, 2H), 7.17–7.21 (m, 1H), 7.34 (t,
J¼ 7.6Hz, 2H), 12.48 (br s, 1H, NH). 13C NMR (75MHz, CDCl3)
ppm d: 19.8, 29.1, 97.6, 124.7, 125.5, 129.1, 138.8, 160.2, 196.1.

(Z)-4-(p-Toluidino)pent-3-en-2-one (3b)

Yield: 94%; mp 67–68�C (lit.[6n] 65–67�C). IR (KBr), (nmax=cm
�1): 3414

(NH), 1631 (CO). 1H NMR (300MHz, CDCl3) ppm d: 1.97 (s, 3H),
2.09 (s, 3H), 2.33 (s, 3H), 5.16 (s, 1H), 7.00 (d, J¼ 8.4Hz, 2H), 7.14 (d,
J¼ 8.4Hz, 2H), 12.37 (br s, 1H, NH).

(Z)-4-(4-Methoxyphenylamino)pent-3-en-2-one (3c)

Yield: 91%; mp 42�C (lit.[6r] 40.5–42.1�C). IR (KBr), nmax=cm
�1: 3430

(NH), 1621 (CO). 1H NMR (300MHz, CDCl3) ppm d: 1.90 (s, 3H),

b-Enamino Ketones and Pyrroles 4187
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2.09 (s, 3H), 3.80 (s, 3H), 5.16 (s, 1H), 6.86 (d, J¼ 7.6Hz, 2H), 7.04 (d,
J¼ 7.6Hz, 2H), 12.30 (br s, 1H, NH). 13C NMR (75MHz, CDCl3)
ppm d: 119.5, 28.9, 55.3, 96.7, 114.1, 126.5, 131.3, 157.6, 161.1, 195.6.

(Z)-4-(4-Chlorophenylamino)pent-3-en-2-one (3d)

Yield: 90%; mp 60–61�C (lit.[6n] 60–62�C). IR (KBr), (nmax=cm
�1): 3456

(NH), 1619 (CO). 1H NMR (300MHz, CDCl3) ppm d: 1.97 (s, 3H),
2.11 (s, 3H), 5.20 (s, 1H), 7.03 (d, J¼ 8.4Hz, 2H), 7.30 (d, J¼ 8.4Hz,
2H), 12.41 (br s, 1H, NH).

(Z)-4-(4-Nitrophenylamino)pent-3-en-2-one (3e)

Yield: 84%; mp 142–143�C (lit.[13] 143.6–144.1�C). IR (KBr), (nmax=cm
�1):

3405 (NH) 1634 (CO). 1H NMR (300MHz, CDCl3) ppm d: 2.06 (s, 3H),
2.19 (s, 3H), 5.34 (s, 1H), 7.18 (d, J¼ 8.8Hz, 2H), 8.21 (d, J¼ 8.8Hz, 2H),
12.72 (br s, 1H, NH).

(Z)-4-(Butylamino)pent-3-en-2-one (3f)

Yield: 91%; oil (lit.[6r]). IR (neat), (nmax=cm
�1): 3378 (NH), 1617 (CO).

1H NMR (300MHz, CDCl3) ppm d: 0.96 (t, J¼ 7.2Hz, 3H), 1.36–1.46
(m, 2H), 1.54–1.61 (m, 2H), 1.92 (s, 3H), 2.07 (s, 3H), 3.18–3.26 (m,
2H), 4.94 (s, 1H), 11.03 (br s, 1H, NH).

(Z)-4-(Benzylamino)pent-3-en-2-one (3g)

Yield: 92%; oil (lit.[6r]). IR (KBr), (nmax=cm
�1): 3431 (NH), 1622 (CO).

1H NMR (300MHz, CDCl3) ppm d: 1.90 (s, 3H), 2.04 (s, 3H), 4.45 (d,
J¼ 6.4Hz, 2H), 5.02 (s, 1H), 7.29–7.33 (m, 5H), 11.13 (br s, 1H, NH).

(Z)-1,3-Diphenyl-3-(phenylamino)prop-2-en-1-one (3h)

Yield: 83%; mp 96–97�C (lit.[14] 103�C). IR (KBr), (nmax=cm
�1): 3353

(NH), 1617 (CO). 1H NMR (300MHz, CDCl3) ppm d: 6.11 (s, 1H),
6.76 (d, J¼ 7.6Hz, 2H), 6.96–7.01 (m, 1H), 7.08–7.12 (m, 2H),
7.24–7.49 (m, 8H), 7.96 (d, J¼ 6.9Hz, 2H), 12.87 (br s, 1H, NH). 13C
NMR (75MHz, CDCl3) ppm d: 97.0, 123.1, 124.2, 127.2, 127.9, 128.5,
128.6, 128.9, 131.4, 135.8, 139.4, 140.1, 161.3, 189.5.

4188 J. Chen et al.
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(Z)-3-(Benzylamino)-1,3-diphenylprop-2-en-1-one (3i)

Yield: 87%; mp 100–101�C (lit.[14] 100�C). IR (KBr), (nmax=cm
�1): 3351

(NH), 1624 (CO). 1H NMR (300MHz, CDCl3) ppm d: 4.41 (d,
J¼ 6.8Hz, 2H), 5.83 (s, 1H), 7.21–7.26 (m, 3H), 7.27–7.45 (m, 10H),
7.90 (t, J¼ 7.6, 2H), 11.68 (br s, 1H, NH). 13C NMR (75MHz, CDCl3)
ppm d: 48.3, 93.9, 127.0, 127.2, 127.5, 127.9, 128.4, 128.7, 129.1, 129.6,
130.8, 135.4, 138.4, 140.2, 166.8, 188.6.

(Z)-3-(4-Methoxyphenylamino)-1,3-diphenylprop-2-en-1-one (3j)

Yield: 85%; mp 102�C (lit.[6r] 100–101�C). IR (KBr), (nmax=cm
�1): 3452

(NH), 1626 (CO). 1H NMR (300MHz, CDCl3) ppm d: 3.90 (s, 3H),
6.07 (s, 1H), 6.37 (t, J¼ 8.4Hz, 1H), 6.53–6.56 (m, 1H), 6.86 (t,
J¼ 8.4Hz, 1H), 6.91–6.94 (m, 1H), 7.30–7.51 (m, 8H), 7.99 (dd,
J¼ 7.8, 1.5Hz, 2H), 12.72 (br s, 1H, NH).

(Z)-1-Phenyl-3-(phenylamino)but-2-en-1-one (3k)

Yield: 90%; mp 111–112�C (lit.[15] 110.5–111.5�C). IR (KBr), (nmax=cm
�1):

3418 (NH), 1620 (CO). 1H NMR (300MHz, CDCl3) ppm d: 2.14 (s, 3H),
5.91 (s, 1H), 7.16–7.23 (m, 3H), 7.35–7.47 (m, 5H), 7.91–7.94 (m, 2H),
12.98 (br s, 1H, NH).

(Z)-3-(Benzylamino)-1-phenylbut-2-en-1-one (3l)

Yield: 90%; mp 61–62�C (lit.[6m]). IR (KBr), (nmax=cm
�1): 3428 (NH),

1618 (CO). 1H NMR (300MHz, CDCl3) ppm d: 1.97 (s, 3H), 4.45 (d,
J¼ 6.4Hz, 2H), 5.71 (s, 1H), 7.28–7.41 (m, 3H), 7.81–7.94 (m, 2H),
11.70 (br, 1H). 13C NMR (75MHz, CDCl3) ppm d: 19.2, 46.8, 92.4,
126.6, 127.3, 128.1, 128.7, 130.4, 137.6, 140.2, 164.6, 187.7.

(Z)-3-(4-Methoxyphenylamino)-1-phenylbut-2-en-1-one (3m)

Yield: 89%; mp 92�C (lit.[15] 92–93�C). IR (KBr), (nmax=cm
�1): 3356

(NH), 1607 (CO). 1H NMR (300MHz, CDCl3) ppm d: 2.12 (s, 3H),
3.89 (s, 3H), 5.92 (s, 1H), 6.90–6.96 (m, 2H), 7.17–7.23 (m, 2H),
7.40–7.45 (m, 3H), 7.91–7.94 (m, 2H), 12.86 (br s, 1H, NH). 13C NMR
(75MHz, CDCl3) ppm d: 20.3, 55.6, 94.3, 111.5, 120.6, 125.2, 126.8,
127.0, 128.0, 130.7, 140.2, 153.0, 162.5, 188.6.
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(R, Z)-4-(1-Phenylethylamino)pent-3-en-2-one (3n)

Yield: 91%; oil (lit.[6r]); ½a�20:8D , �847.55 (c 0.70, EtOH). IR (neat),
(nmax=cm

�1): 3443 (NH), 1613 (CO). 1H NMR (300MHz, CDCl3) ppm
d: 1.52 (d, J¼ 6.9Hz, 3H), 1.77 (s, 3H), 2.03 (s, 3H), 4.60–4.68 (m,
1H), 4.98 (s, 1H), 7.23–7.35 (m, 5H), 11.22 (br s, 1H, NH). 13C NMR
(75MHz, CDCl3) ppm d: 18.7, 24.3, 28.5, 52.5, 95.6, 125.2, 127.1,
128.6, 143.9, 162.1, 194.5.

(S, Z)-4-(1-Phenylethylamino)pent-3-en-2-one (3o)

Yield: 88%; oil (lit.[6r]); ½a�20:4D : þ848.02 (c 0.70, EtOH). 1H NMR
(300MHz, CDCl3) ppm d: 1.52 (d, J¼ 6.9Hz, 3H), 1.77 (s, 3H), 2.03
(s, 3H), 4.60–4.68 (m, 1H), 4.98 (s, 1H), 7.23–7.35 (m, 5H), 11.22 (br s,
1H, NH). 13C NMR (75MHz, CDCl3) ppm d: 18.7, 24.3, 28.5, 52.5,
95.6, 125.2, 127.1, 128.6, 143.9, 162.1, 194.5; IR (neat), (nmax=cm

�1):
3443 (NH), 1613 (CO).

(3Z, 30Z)-4,40-(Propane-1,3-diylbis(azanediyl))dipent-3-en-2-one (3p)

Yield: 92%; mp 50–51�C (lit.[16], 51�C). IR (KBr), (nmax=cm
�1): 3442

(NH), 1606 (CO). 1H NMR (300MHz, CDCl3): d¼ 1.86 (t, J¼ 6.4Hz,
2H), 1.92 (s, 6H), 1.99 (s, 6H), 3.32–3.38 (m, 4H), 4.98 (s, 2H), 10.87
(br s, 2H, NH). 13C NMR (75MHz, CDCl3) ppm d: 18.8, 28.8, 30.2,
39.6, 95.6, 163.2, 195.2.

(3Z, 30Z)-4,40-(Propane-1,3-diylbis(azanediyl))dipent-3-en-2-one (3q)

Yield: 94%; mp 61–62�C (lit.[17] not reported). IR (KBr), (nmax=cm
�1):

3272 (NH), 1622 (CO). 1H NMR (300MHz, CDCl3) ppm d: 1.57–1.61
(m, 4H), 1.85 (s, 6H), 1.97 (s, 6H), 3.18–3.23 (m, 4H), 4.96 (s, 2H),
10.75 (br, 2H). 13C NMR (75MHz, CDCl3) ppm d: 18.9, 28.6 29.8,
40.3, 95.6, 163.2, 195.1.

General Procedure for the Synthesis of Pyrroles

Ga(OTf)3 (0.025mmol, 0.5mol%) was added to a mixture of 1,3-dicarbo-
nyl compound (5mmol) and amines (5mmol) or diamines (10mmol). The
mixture was stirred at 30�C for the appropriate time. After completion of
the reaction as indicated by TLC, water was added, and the product was
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extracted with diethyl ether (3� 10mL). The organic layer was dried
(MgSO4) and evaporated; the crude product was purified by flash column
chormatography to provide the corresponding product. The catalyst in
the aqueous phase was concentrated in vacuo to give a crystalline residue,
which was finally heated at 180�C for 48 h in vacuo. The recovered
Ga(OTf)3 could be reused in another reaction.

Data

2,5-Dimethyl-1-phenyl-1H-pyrrole (4a)

Yield: 91%; mp 50–51�C (lit.[9k]). IR (KBr), (nmax=cm
�1): 3060, 2922,

1599, 1520, 1498, 1403, 1321. 1H NMR (400MHz, CDCl3) ppm d: 2.04
(s, 6H), 5.92 (s, 2H), 7.22–7.27 (m, 2H),7.41–7.49 (m, 3H). 13C NMR
(100MHz, CDCl3) ppm d: 139.9, 129.0, 128.8, 127.6, 105.6, 13.0.

2,5-Dimethyl-1-p-tolyl-1H-pyrrole (4b)

Yield: 89%; mp 45–46�C (lit.[9k]). IR (KBr), (nmax=cm
�1): 3033, 2923,

1549, 1515, 1409, 1384. 1H NMR (400MHz, CDCl3) ppm d: 2.02 (s,
6H), 2.41 (s, 3H), 5.89 (s, 2H), 7.09 (d, J¼ 7.6Hz, 2H), 7.24 (d,
J¼ 7.6Hz, 2H). 13C NMR (100MHz, CDCl3) ppm d: 137.4, 136.3,
128.8, 127.9, 105.4, 21.1, 13.0.

1-(2,6-Diisopropylphenyl)-2,5-dimethyl-1H-pyrrole (4c)

Yield: 87%; mp 55–56�C. IR (KBr): 3070, 2965, 2927, 1580, 1473, 1459,
1398, 1382 cm�1. 1H NMR (400MHz, CDCl3) ppm d: 1.11 (d, J¼ 6.8Hz,
12H, CHCH3), 1.91 (s, 6H, CH3), 2.39–2.32 (m, 2H, CHCH3), 5.94 (s,
2H, pyrrole), 7.25 (d, J¼ 8.0Hz, 2H, ArH), 7.41 (t, J¼ 7.2Hz, 1H,
ArH). 13C NMR (100MHz, CDCl3) ppm d: 12.7, 24.1, 27.8, 105.1,
123.8, 128.6, 128.9, 133.8, 147.5. MS (EI): m=z (%)¼ 256 (22) [Mþ 1]þ,
255 (100), [Mþ], 240 (50). Anal. calcd. for C18H25N: C, 84.65; H, 9.87.
Found: C, 84.73; H, 9.69.

1-(4-Fluorobenzyl)-2,5-dimethyl-1H-pyrrole (4d)

Yield: 91%; mp 56–57�C. IR (KBr): 3067, 2932, 1509, 1444, 1409, 1347,
1224, 1157 cm�1. 1H NMR (400MHz, CDCl3) ppm d: 2.13 (s, 6H, CH3),
4.97 (s, 2H, CH2), 5.85 (s, 2H, pyrrole), 6.98 (t, J¼ 8.8Hz, 2H, ArH),
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6.98 (m, 2H, ArH). 13C NMR (100MHz, CDCl3) ppm d: 12.4, 46.0,
105.5, 115.6 (d, 2JCCF¼ 21.2Hz), 127.2 (d, 3JCCCF¼ 7.5Hz), 127.8,
134.1, 161.9 (d, 1JCF¼ 243.4Hz). MS (EI): m=z (%)¼ 203 (55) [Mþ],
109 (100), 83 (40). Anal. calcd. for C13H14FN: C, 76.82; H, 6.94. Found:
C, 76.90; H, 7.03.

2,5-Dimethyl-1-phenethyl-1H-pyrrole (4e)

Yield: 88%; oil (lit.[18]). IR (neat): 3063, 2928, 1604, 1518, 1496, 1454,
1407, 1359, 1299 cm�1. 1H NMR (400MHz, CDCl3) ppm d: 2.15 (s,
6H, CH3), 2.88 (t, J¼ 7.8Hz, 2H, CH2CH2Ph), 3.94 (t, J¼ 7.8Hz, 2H,
CH2CH2Ph), 5.77 (s, 2H, pyrrole), 7.10 (d, J¼ 7.2Hz, 2H, ArH),
7.26–7.22 (m, 1H, ArH), 7.30 (t, J¼ 7.2Hz, 2H, ArH). 13C NMR
(100MHz, CDCl3) ppm d: 12.3, 37.5, 45.2, 105.2, 127.3, 128.6, 128.8,
138.5. MS (ESI): m=z (%)¼ 200.2 (100) [Mþ 1]þ.

1-(4-Chlorophenyl)-2,5-dimethyl-1H-pyrrole (4f)

Yield: 95%; mp 62–63�C (lit.[19]). IR (KBr), (nmax=cm
�1): 3045, 2923,

1596, 1493, 1406. 1H NMR (400MHz, CDCl3) ppm d: 2.02 (s, 6H)
5.90 (s, 2H), 7.15 (d, J¼ 8.4Hz, 2H), 7.43 (d, J¼ 8.4Hz, 2H). 13C
NMR (100MHz, CDCl3) ppm d: 13.0, 106.0, 128.7, 129.3, 129.5, 133.5,
137.5.

2,5-Dimethyl-1-(4-nitrophenyl)-1H-pyrrole (4g)

Yield: 86%; mp 143–144�C (lit.[9c]). IR (KBr), (nmax=cm
�1): 3106, 3075,

2920, 1604, 1595, 1518, 1492, 1398, 1337, 1311. 1H NMR (400MHz,
CDCl3) ppm d: 2.08 (s, 6H), 5.96 (s, 2H), 7.39 (d, J¼ 8.8Hz, 2H), 8.35
(d, J¼ 8.8Hz, 2H). 13C NMR (100MHz, CDCl3) ppm d: 146.8, 144.7,
128.8, 128.6, 124.6, 107.4, 13.1.

1-(4-Methoxybenzyl)-2,5-dimethyl-1H-pyrrole (4h)

Yield: 90%; mp 76–77�C. IR (KBr), (nmax=cm
�1): 3028, 2958, 2931, 1584,

1513, 1443, 1409, 1353, 1304, 1291, 1250, 1170. 1H NMR (400MHz,
CDCl3) ppm d: 2.14 (s, 6H), 3.77 (s, 3H), 4.94 (s, 2H), 5.84 (s, 2H),
6.82 (s, 4H). 13C NMR (100MHz, CDCl3) ppm d: 158.5, 130.5, 127.9,
126.7, 114.0, 105.3, 55.2, 46.1, 12.4. MS (EI): m=z (%)¼ 215 (10) [Mþ],
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121 (100). Anal. calcd. for C14H17NO: C, 78.10; H, 7.96. Found: C, 77.86;
H, 8.02.

1,2-Bis(2,5-dimethyl-1H-pyrrol-1-yl)ethane (4i)

Yield: 92%; mp 136–137�C (lit.[20]). IR (KBr): 3101, 2970, 1607, 1575,
1520, 1474, 1405, 1301, 1224 cm�1. 1H NMR (400MHz, CDCl3) ppm
d: 2.01 (s, 6H, CH3), 3.93 (s, 4H, CH2CH2), 5.75 (s, 4H, pyrrole). 13C
NMR (100MHz, CDCl3) ppm d: 127.9, 106.0, 44.1, 12.2. MS (EI): m=z
(%)¼ 216 (100) [Mþ], 201 (21), 122 (33), 108 (95), 106 (47), 94 (10), 79
(24), 67 (27).

1,6-Bis(2,5-dimethyl-1H-pyrrol-1-yl)hexane (4j)

Yield: 94%; mp 103–105�C (lit.[18]). IR (KBr): 3103, 3093, 2969, 2924,
1518, 1475, 1410, 1373, 1301 cm�1. 1H NMR (400MHz, CDCl3) ppm
d: 1.38–1.34 (m, 4H), 1.65–1.58 (m, 4H), 2.20 (s, 12H, CH3), 3.70 (t,
J¼ 7.6Hz, 4H), 5.76 (s, 4H, pyrrole). 13C NMR (100MHz, CDCl3)
ppm d: 127.2, 105.0, 43.5, 30.9, 26.7, 12.5. MS (EI): m=z (%)¼ 272
(100) [Mþ], 257 (8), 164 (38), 108 (30), 94 (18).

ACKNOWLEDGMENTS

We are grateful to the National Natural Science Foundation of China
(No. 20676123 and 20476098) and Natural Science Foundation of
Zhejiang Province (No. Y405015) for financial support.

REFERENCES

1. (a) Yamamoto, H. (Ed). Lewis Acids in Organic Synthesis; Wiley: Weinheim,
2000; vols. 1 and 2; (b) Pons, J. M.; Santelli, M. (Eds.). Lewis Acids and Selec-
tivity in Organic Synthesis; CRC: Boca Raton, Fl., 1995; (c) Schinzer, D.
Selectivities in Lewis Acid Promoted Reactions, Kluwer: Dordrecht, 1989.

2. Kobayashi, S.; Sugiura, M.; Kitagawa, H.; Lam, W. L. Rare-earth metal
triflates in organic synthesis. Chem. Rev. 2002, 102, 2227.

3. Forsberg, J. H.; Spaziano, V. T.; Balasubramanian, T. M.; Liu, G. K.;
Kinsley, S. A.; Duckworth, C. A.; Poteruca, J. J.; Brown, P. S.; Miller, J.
L. Use of lanthanide(III) ions as catalysts for the reactions of amines with
nitriles. J. Org. Chem. 1987, 52, 1017.

4. (a) Rappoport, Z. The Chemistry of Enamines; Wiley: New York, 1994; part 1;
(b) Sweeney, T. R.; Strube, R. E. Burger’s Medicinal Chemistry; Wiley:

b-Enamino Ketones and Pyrroles 4193

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
M

ia
m

i]
 a

t 1
2:

14
 1

5 
Se

pt
em

be
r 

20
13

 



New York, 1979; part 2, p. 333; (c) Foster, J. E.; Nicholson, J. M.;
Butcher, R.; Stables, J. P.; Edafiogho, I. O.; Goodwin, A. M.; Henson, M.
C.; Smith, C. A.; Scott, K. R. Synthesis, characterization, and anticonvulsant
activity of enaminones, part 6: Synthesis of substituted vinylic benzamides as
potential anticonvulsants. Bioorg. Med. Chem. 1999, 7, 2415; (d) Spivey, A.
C.; Srikaran, R.; Diaper, C. M.; Turner, D. J. Traceless solid phase synthesis
of 2-substituted pyrimidines using an ‘‘off-the-shelf’’ chlorogermane-
functionalised resin. Org. Biomol. Chem. 2003, 1, 1638; (e) Bartoli, G.;
Cimarelli, C.; Marcantoni, E.; Palmieri, G.; Petrini, M. Chemo- and diaster-
eoselective reduction of b-enamino esters: A convenient synthesis of both cis-
and trans-c-amino alcohols and b-amino esters. J. Org. Chem. 1994, 59, 5328;
(f) Ferraz, H. M. C.; Pereira, F. L. C.; Leite, F. S.; Nuns, M. R. S.;
Payret-Arrua, M. E. Synthesis of N-substituted pyrrole and tetrahydroindole
derivatives from alkenyl b-dicarbonyl compounds. Tetrahedron 1999, 55,
10915; (g) Reddy, G. J.; Latha, D.; Thirupathaiah, C.; Rao, K. S. A facile
synthesis of 2,3-disubstituted-6-arylpyridines from enaminones using
montmorillonite K10 as solid acid support. Tetrahedron Lett. 2005, 46, 301.

5. (a) Hannick, S. M.; Kishi, Y. An improved procedure for the Blaise reaction:
A short, practical route to the key intermediates of the saxitoxin synthesis. J.
Org. Chem. 1983, 48, 3833; (b) Jiang, N.; Qu, Z.; Wang, J. 1,2-Aryl and
1,2-hydride migration in transition metal complex catalyzed diazo decompo-
sition: A novel approach to a-aryl-b-enamino esters. Org. Lett. 2001, 3, 2989;
(c) Cimarelli, G.; Palmieri, G.; Volpini, E. The reaction of b-enaminoesters
with organolithium reagents: A convenient method for the regioselective
synthesis of enaminoketones. Tetrahedron Lett. 2004, 45, 6629; (d) Katritzky,
A. R.; Fang, Y.; Donkor, A.; Xu, J. Imine acylation via benzotriazole deri-
vatives: The preparation of enaminones. Synthesis 2000, 2029; (e) Fustero,
S.; de la Torre, M. G.; Jofre, V.; Carlon, R. P.; Navarro, A.; Fuentes, A.
S.; Carrio, J. S. Synthesis and reactivity of new b-enamino acid derivatives:
A simple and general approach to b-enamino esters and thioesters. J. Org.
Chem. 1998, 63, 8825.

6. (a) Hickmott, P. W.; Sheppard, G. Enamine chemistry, XIV: Reaction of a,b-
unsaturated acid chlorides with tertiary enamino ketones and esters. J. Chem.
Soc., Perkin Trans. 1 1972, 1038; (b) Yapi, A. D.; Mustofa, M.; Valentin, A.;
Chavignon, O.; Teulade, J. C.; Mallie, M.; Chapat, J. P.; Blache, Y. New
potential antimalarial agents: Synthesis and biological activities of original
diaza-analogs of phenanthrene. Chem. Pharm. Bull. 2000, 48, 1886; (c)
Brown, R. J.; Carver, F. W. S.; Hollingsworth, B. L. The synthesis of oximes.
J. Org. Chem. 1967, 32, 2624; (d) Brandt, C. A.; da Silva, A. C. M. P.;
Pancote, C. G.; Brito, C. L.; da Silveira, M. A. B. Efficient synthetic method
for b-enamino esters using ultrasound. Synthesis 2004, 1557; (e) Valduga, C.
J.; Squizani, A.; Braibante, H. S.; Braibante, M. E. F. The use of
K-10=ultrasound in the selective synthesis of unsymmetrical-enamino
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