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Abstract: A variety of -enamino ketones and esters
have been synthesized in high to exellent yields by re-
acting p-dicarbonyl compounds with amines in the
presence of a catalytic amount of indium tribromide.
The reaction proceeds smoothly at room temperature
in a short reaction time under solvent-free conditions.

Keywords: amines; (-dicarbonyl compounds; enami-
nones; indium tribromide; solvent-free

Introduction

Enamination of $-dicarbonyl compounds forming 3-en-
amino ketones and esters, is an important and widely
used transformation.!"! The latter compounds are a high-
ly versatile class of intermediates for the synthesis of
heterocycles and biologically active compounds.” In
particular, the enamino ketone moiety has attracted
much interest because it is a basic and versatile structure
for the synthesis of natural therapeutic and biologically
active analogues including taxo,?’ anticonvulsivant,
anti-inflammatory,” and antitumor agents,'* as well as
quinolone antibacterials”’ and quinoline antimalari-
als.[’! Pyrroles, oxazoles, pyridinones, quinolines, diben-
zodiazepines, tetrahydrobenzoxazines, tetronic acids,
aza steroids, (1 H)-pyridin-2-one, pyrazolo[1,5-a]pyrimi-
dine and isoxazole derivatives have also been prepared
from enaminones.® In addition, chiral enaminones ob-
tained from optically active compounds are useful li-
gands for diastereoselective synthesis.””’ f-Enamino es-
ters are useful precursors for the preparation of biolog-
ically active compounds such as -enamino acids, y-en-
amino alcohols or B-enamino esters.'”’ A number of re-
views have been published about the chemistry of -
enamino ketones and esters, their hydrolysis under a va-
riety of conditions, their physicochemical properties and
uses.'' It is therefore not surprising that many synthetic
methods have been developed for the preparation of
these compounds. These compounds can be synthesized
via addition of metallic ester or amide enolates to ni-
triles, ' tosylimines!" and imidoyl halides,"* via addi-
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tion of enamines!™ or ketimines!" to activated carbox-
ylic acid derivatives and the reaction of f-enamino es-
ters with organolithium reagents.!"”? Moreover, $-enam-
ino ketones or esters can also be successfully obtained
from the direct condensation of 1,3-dicarbonyl com-
pounds with amines. This is the most simple and straight-
forward procedure for their synthesis, in which the azeo-
tropic removal of water is usually required under reflux
using a Dean—Stark trap in an aromatic solvent."® A va-
riety of catalysts such as HCL!" H,S0,,*! p-TSA *!
HOAc,?  trimethylsilyl trifluoromethanesulfonate
(TMSTH),* montmorillonite K10 under microwave ir-
radiation® or ultrasound,” L, BF,-OEt,,?
ALO3P silica gel®™ Zn(ClO,),-6 H,0,”! CeCl,-
7 H,0,*” NaAuCl,,* and natural clays®” have been
employed to effect this transformation. Recently, this
condensation reaction has also been performed in wa-
ter®™* or in ionic liquid medium.**! Although these
methods are suitable for certain synthetic conditions,
sometimes, however, many of these procedures are asso-
ciated with one or more disadvantages such as long reac-
tion time, low yield, use of volatile organic solvents, re-
quirement of excess of reagents or catalysts, special ap-
paratus and harsh reaction conditions. Due to the impor-
tance of these compounds as intermediates in organic
synthesis, the development of convenient, environmen-
tally benign, high-yielding and clean approaches is high-
ly desirable.

In recent years, indium tribromide has received in-
creasing attention as a novel type of water-tolerant
green Lewis acid catalyst for organic synthesis with high-
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ly chemo-, regio- and stereoselective results. Compared
to conventional Lewis acids, it has advantages of water
stability, recyclability, operational simplicity, strong tol-
erance to oxygen and nitrogen-containing reaction sub-
strates and functional groups.”® As a part of our pro-
gram aiming at developing selective and environmental
friendly methodologies for the preparation of fine
chemicals and in continuation of our interest in Lewis
acid-catalyzed organic reactions,’”! we herein report a
green, mild and efficient method for the regio- and che-
moselective enamination of [-dicarbonyl compounds
using a catalytic amount of InBr; under solvent-free con-
ditions (Scheme 1).

RY
O o . InBrs NH O
1 I
R JHjU\R solvent-free R’ R
R R2
1 2 3
Scheme 1.

Results and Discussion

Firstly, the efficacy of various Lewis acids was investigat-
ed in the model reaction using acetylacetone with 4-
ethoxyaniline under solvent-free condition at room tem-
perature and the results are summarized in Table 1. The
results established that InBr; was superior with respect
to amount of catalysts, reaction times and product yields.
Entry 1 shows the blank reaction without addition of any
catalyst, in this case only 48% product was reached after
24 h. Although the reactions also proceeded with InCl;,
long reaction times are typical to achieve comparable
yields to those obtained with InBr;. Lower catalyst load-
ing can be used with only a decline in reaction rate (Ta-
ble 1, entry 21). We next planned to determine the influ-
ence of solvent on the catalytic property of the reaction
of acetylacetone with 4-ethoxyaniline. Obviously, the
presence of additional solvents makes the reaction
rate lower (Table 1, entries 22,23 and 24). So we choose
to perform this reaction under solvent-free conditions.

To evaluate the scope and limitations of this catalyst’s
application, various cyclic and acyclic -keto esters such
as methyl acetoacetate, ethyl acetoacetate, 2-acetybu-
tyrolactone, and ethyl 2-oxocyclopentanecarboxylate
were treated with a range of primary, secondary, benzyl-
ic and aromatic amines in the presence of catalytic
amounts (1 mol %) of InBr; under solvent-free condi-
tions and the results are summarized in Table 2. The re-
action was clean and highly diastereoselective and pro-
ceeded smoothly to give the corresponding [3-enamino
esters in good to excellent yields. In all reactions, the
products were obtained with the Z-geometry stabilized
by an intramolecular hydrogen bonding and their struc-
tures were confirmed by detailed '"H NMR.1**%)
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Table 1. Condensation of acetylacetone with 4-ethoxyaniline
in the presence of various Lewis acids under various reaction

conditions.™
OEt
NH,
Catalyst
NH O

(0] (0]
MM+
HsC CHs solvent-free
OFt HscMCHe,

Entry Catalyst Time [h] Yield [% ]!
1 none 24 48
2 Mg(Cl0O,), 4 92

3 BiCl; 0.8 90
4 Cu(Cl, 2 89

5 FeCl, 5 90
6 ZnCl, 5 87
7 AlCl, 5 82
8 LiClO,-3 H,O 8 85
9 NiCl,-6 H,O 3.5 89
10 Zn( OTY), 1 92
11 LaCl, 4 90
12 LiBr-H,O 10 62
13 Ti(SO,), 1 81
14 LiCl 15 58
15 ZnBr, 4 89
16 SrCl,-6 H,O 15 56
17 CdCL-2.5 H,0 16 76
18 1, 1.5 93
19 InCl, 1 90
20 InBr; 0.3 96
21 InBr; 8 94!c]
22 InBr; 3 914
23 InBr; 3 89lel
24 InBr; 4 86!

() General reaction conditions: acetylacetone (5 mmol), 4-
ethoxyaniline (5 mmol), catalyst (1.0 mol %).

[l Yields are given for isolated products.

[} 50 mmol of substrates and 0.1 mol % catalyst were used.

€' 5 mL of CH,CL, were added.

ll' 5 mL of H,0 were added.

M5 mL of EtOAc were used.

The nucleophilic addition of amines to carbonyl com-
pounds, catalyzed by InBr;, was found to be dependent
on steric and electronic factors of f-keto esters and
amines. The reaction of aniline with cyclic 3-keto esters
with carrying a substituent different than hydrogen in
the a-position (Table 2, entries 41 and 47) took longer
compared to the corresponding reaction with ethyl ace-
toacetate (Table 2, entry 18) under similar conditions.
The different reactivities of the anilines were dependent
on the substituents on the benzene ring. The presence of
an electron-withdrawing group on the benzene ring de-
creased the reactivity of the substrate (Table 2, entries
29 and 30). Anilines containing strongly electron-with-
drawing groups, such as 3-nitroaniline and 4-nitroaniline

asc.wiley-vch.de 185



FULL PAPERS

Table 2. Synthesis of B-enamino esters 3 via condensation of -keto ester 1 with amine 2 catalyzed by InBr;.

Zhan-Hui Zhang et al.

o O R* InBr;
" . R
R! MR s Solvent-free R
2
1 R

Entry R! R? R? Amines Time [min] Yield [%]®

1 Me H OEt CH,(CH,);NH, 15 92

2 Me H OMe (CH,),CHNH, 90 94

3 Me H OEt (CH,),CHNH, 90 )

4 Me H OMe CH,=CHCH,NH, 15 93

5 Me H OEt CH,=CHCH,NH, 20 96

6 Me H OMe NH, 15 95

7 Me H OEt <:>>NH2 15 95

8 Me H OMe H,NCH,CH,CH,NH, 10 95

9 Me H OEt H,NCH,CH,CH,NH, 15 96
10 Me H OMe PhCH,CH,NH, 10 95
11 Me H OMe PhCH,NH, 10 92
12 Me H OEt PhCH,NH, 10 94
13 Me H OMe (R)-PhCH(CH,)NH, 15 95
14 Me H OEt (R)-PhCH(CH,)NH, 15 94
15 Me H OMe p-MeO-C,H,CH,CH(CH;)NH, 25 91
16 Me H OEt p-MeO-C4H,CH,CH(CH;)NH, 20 96
17 Me H OMe PhNH, 60 91
18 Me H OEt PhNH, 50 98
19 Me H OMe 4-Me-C4H,NH, 50 95
20 Me H OEt 4-Me-C,H,NH, 40 95
21 Me H OMe 2-Me-C,H,NH, 90 93
2 Me H OEt 2-Me-C,H,NH, 90 92
23 Me H OMe 4-MeO-C,H,NH, 50 92
24 Me H OEt 4-MeO-C,H,NH, 45 93
25 Me H OMe 4-EtO-C4H,NH, 60 )
26 Me H OEt 4-EtO-C,H,NH, 60 95
27 Me H OMe 2-EtO-C4H,NH, 90 92
28 Me H OEt 2-EtO-C,H,NH, 90 86
29 Me H OMe 4-Cl-C;H,NH, 8h 76
30 Me H OEt 4-CI-C4H,NH, 8h 80
31 Me H OMe 2,6-Et,-C;H;NH, 6h 85
32 Me H OMe 2,6-i-Pr,-C,H,NH, 6h 81
33 Me H OEt 2,6-i-Pr,-CH,NH, 6h 80
34 Me H OFEt 3-NO,-C;H,NH, 8h 36/
35 Me H OEt 4-NO,-CH,NH, 8h 28(°]
36 Ph H OEt PhNH, 24h 23
37 Ph H OEt (R)-PhCH(CH,)NH, 24h 28
38 Me (CH,),0 CH,~CHCH,NH, 20 95
39 Me (CH,),0 PhCH,NH, 30 93
40 Me (CH,),0 (R)-PhCH(CH,)NH, 40 95
41 Me (CH,),0 PhNH, 70 95
42 Me (CH,),0 4-Me-C,H,NH, 30 86
43 Me (CH,),0 2-Me-C,H,NH, 120 84
44 Me (CH,),0 2-EtO-C4H,NH, 70 82
45 Me (CH,),0 4-EtO-C,H,NH, 60 89
46 Me CH,),0 4-MeO-C,H,NH, 30 85
47 (CH,), OEt PhNH, 90 92
48 (CH,), OEt 2-EtO-C,H,NH, 120 90
49 (CH,), OEt 4-EtO-C4H,NH, 100 93
50 (CH,), OEt 4-MeO-C,H,NH, 100 94

[ Yields are given for isolated products.
] The reactions were performed at 50°C.
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afforded the corresponding B-enamino esters in only
36% and 28% yield at 50°C, respectively (Table 2, en-
tries 34 and 35), which showed an obvious electronic ef-
fect. ortho-Substituted anilines whatever the character
of the substituent groups required longer reaction times.
It was revealed that yields were significantly decreased
when the sizes of the ortho-substituent groups were
large. For example, 2,6-diethylaniline (Table 2, entry
31) and 2,6-diisopropylaniline (Table 2, entries 32 and
33) were found to be less active and gave the corre-
sponding [-keto esters in 80-85% yields even after
6 h. This may due to the steric hindrance exhibited by
the 2,6-diethyl and 2,6-diisopropyl groups of the aniline

towards the approaching 3-keto esters. Aliphatic amines
reacted efficiently to produce the corresponding -en-
amino esters. In the case of 1,3-diaminopropane, 2
equivs. of B-keto ester were used giving products with
two enamino ester groups (Table 2, entries 8 and 9). It
is noteworthy that optically active amines were convert-
ed into the corresponding 3-keto esters without any rac-
emization or inversion (Table 2, entries 13, 14, 37 and
40). The less reactive aryl-substituted [-keto esters
such as ethyl benzoylacetate generated the desired
products in only 23% and 28%, respectively, even on
longer reaction times (24 h) (Table 2, entries 36 and 37).

Table 3. Synthesis of B-enamino ketones via condensation of 3-diketones 4 with aniline 2 catalyzed by InBrs;.

3
R! , R
e} R3 InBrs RN 4
0 R? solvent-free e}
R? R2

Entry R! R? Amines Time [min] Yield [%]®
1 Me Me CH;(CH,);NH, 20 93
2 Me Me (CH,),CHNH, 90 96*!
3 Me Me H,C=CHCH,NH, 15 98
4 Me Me H,NCH,CH,NH, 10 93[]
5 Me Me H,NCH,CH,CH,NH, 12 95

6 Me Me QNHz 10 96!°]
7 Me Me CNH 5h 761!

O/_\NH

8 Me Me . 10h 72

9 Me Me PhCH,NH, 5 95fb!
10 Me Me (R)-PhCHCH,NH, 8 930*!
11 Me Me p-MeO-C¢H,CH,CHCH;NH, 20 92
12 Me Me PhNH, 10 94
13 Me Me 4-Me-C¢H,NH, 10 97
14 Me Me 2-Me-C¢H,NH, 12 95
15 Me Me 4-MeO-C4H,NH, 10 96
16 Me Me 4-EtO-C¢H,NH, 18 96
17 Me Me 2-EtO-C;H,NH, 40 94
18 Me Me 4-Cl-C¢H,NH, 5h 84
19 Me Me 3-Cl-C(H,NH, 5h 86
20 Me Me 2-Br-C{H,NH, 8h 85
21 Me Me 4-NO,-C(H,NH, 8h 65M]
22 Me Ph PhNH, 50 85
23 Me Ph 3-Me-C¢H,NH, 50 81
24 Me Ph 4-EtO-C;H,NH, 60 78
25 Me Ph 2-EtO-C¢H,NH, 80 72
26 Me Ph 2-MeO-C4H,NH, 80 83
27 Ph Ph PhCH,NH, 6h 75[b1
28 Ph Ph PhNH, 6h 68!
29 Ph Ph 4-EtO-C¢H,NH, 6h 72L]
30 Ph Ph 2-MeO-C,H,NH, 8h 630

2 Yields are given for isolated products.
[*] The reactions were performed at 50°C.
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As shown in Table 3, the condensation reaction be-
tween [-diketones like acetylacetone and 1-benzoylace-
tone and amines was explored in order to extend the
present method to the synthesis of 3-enamino ketones.
For most of the amines tested, good yields were obtained
when the reaction was carried out at room temperature.
However, along reaction time was needed when an aryl-
amine with an electron-withdrawing group on the ben-
zene ring was used, which is consistent with the observa-
tion for the reaction of 3-keto esters. In addition, secon-
dary amines also gave low conversion as evidenced by
the fact that the reaction of acetylacetone with morpho-
line provided the product in 72% yield and required a
long reaction time (Table 3, entry 8). In some cases, ace-
tylacetone gave a precipitate with aliphatic amines (Ta-
ble 3, entries2,4,6,9 and 10) because of the formation of
a carbinolamine derivative.” These compounds were
relatively unstable and they were dehydrated by heating
to give B-enamino ketones. In the case of 1,2-diamino-
ethane and 1,3-diaminopropane, 2 equivs. of $-keto es-
ter was used giving products with two enaminone groups
(Table 3, entries 4 and 5). In the case of unsymmetrical
p-diketones the regiochemistry is controlled by the
more reactive carbonyl group, which undergoes the at-
tack by the amine. 1-Benzoylacetone reacted with ani-
line to obtain exclusively a single regioisomer (Table 3,
entries 22—-26). Reactions involving deactivated diben-
zoylmethane afforded good isolated yields, but longer
reaction times and higher temperatures were required
(Table 3, entries 27—30). However, in the case of 2-ace-
tylcyclopentanone (4), the condensation reaction be-
tween the cyclic p-diketone and aniline under our ex-
periment conditions occurred on both the side-chain
and ring carbonyls to furnish a mixture of 5 and 6

(Scheme 2).
InBrg @ ©

o O NH,
MMe * © solvent-free é}\ G)k
4

Scheme 2.

In order to evaluate the possibility of applying this
methodology in a large-scale reaction, we carried out
the reaction of equimolar amounts of acetylacetone
with 4-ethoxyaniline starting from 13.7 g (100 mmol)
of amine. The yield in the f-enamino ketone (94%)
was almost the same as that of the small-scale
(5 mmol) run.
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Conclusion

In conclusion, indium tribromide was found to be a high-
ly efficient and convenient catalyst for the preparation
of B-enamino ketones and esters in good to excellent
yields under solvent-free conditions. This method offers
several advantages including mild reaction conditions,
enhanced reaction rates, clean reaction profiles, small
quantity of catalyst, operational and experimental sim-
plicity. With increasing environmental concerns the sol-
vent-free reaction conditions!*”’ make this process envi-
ronmentally friendly and applicable for the large-scale
synthesis of 3-enamino ketones and esters.

Experimental Section

Melting points were measured using an X-4 apparatus and are
uncorrected. NMR spectra were taken with a Bruker 300 spec-
trometer in CDCI; solution with tetramethylsilane as an inter-
nal standard. IR spectra were obtained using a Bruker-TEN-
SOR 27 spectrometer. Mass spectra were performed on a Ther-
moFinnigan LCQ Advantage instrument with an ESI source
(4.5keV). Elemental analyses were carried out on an MT-3 an-
alyzer.

General Procedure for the Preparation of 3-Enamino
Ketones or Esters

A mixture of the 3-dicarbonyl compound (5 mmol), the amine
(5 mmol) and InBr; (0.05 mmol) was stirred at room tempera-
ture for the appropriate time (Table 1). After completion of the
reaction as indicated by GLC or TLC, the reaction mixture was
diluted with H,O (10 mL) and extracted with EtOAc (2 x
10 mL). The combined organic layers were dried over
MgSO,, concentrated, and the resulting product was purified
by column chromatography on SiO, with EtOAc-cyclohexane
(2:8) to afford pure f-enamino ketones or esters in good yields.

Most of the products are known, except for entries 8, 15, 16,
19,25,27, 28,29, 31, 33, 44, 45, 46, 49 in Table 2 and entries 11,
14,17, 24, 25,29, 30 in Table 3. All new compounds were char-
acterized by IR, '"H NMR, *C NMR, MS and elemental analy-
sis.

Supporting Information Available

The details of the characterization of products and references
to known compounds can be found in the Supporting Informa-
tion.
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