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Abstract

Silica supported perchloric acid (HCIGIO;,) has been utilized as a heterogeneous recyclable catalyst for a highly efficient and chemo- and
stereoselective conversion pfdicarbonyl compounds by treatment with amines at room temperatur@{at@minones anfl-enamino esters
under solvent-free conditions.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction general applicability, higher temperatures, applications of non-

available and costly reagents, uses of hazardous solvents and

B-Enaminones ang-enamino esters are useful synthonestedious experimental procedures. Thus, there is still a need to

for the synthesis of various pharmaceutiddland bioactive develop a suitable method for the synthesis of enaminones and
heterocycled2]. They have been utilized for the preparation enamino esters conveniently.
of different important antibacterigBa,b], anticonvulsanf3b], In continuation of our work7] on the synthetic applications
anti-inflamatory[3b] and antitumour agenf8b,c]. They are the  of heterogeneous catalysts we have recently observed that silica-
intermediates for the synthesis of several aminoapidsc] supported perchloric acid (HCKSBIO) is a highly efficient
aminols[4b], peptided4d] and alkaloid44e,f]. Classically3-  catalyst for the preparation @-enaminones an@-enamino
enaminones are prepared by direct condensatiprdiarbonyl  esters fronB-dicarbonyl compounds by treatment with amines
compounds with amines under reflux in an aromatic solvent witl{Scheme 1
azeotropic removal of watg¢b]. Several other improved meth- The generality of the method has been shown by the prepara-
ods for the preparation @-enaminones anfl-enamino esters tion of a series of3-enaminones an@-enamino esters using
have been reported to utilize AD3 [6a], SiOx/microwavegbb],  various B-dicarbonyls and aminesigble ). The conversion
montmorillonite K-10[6¢], NaAuCIQ, [6d], Bi(TFA)3 [6€], proceeded at room temperature and under solvent-free con-
Zn(CIOy)2-6H20 [6f], CeCk-7H20 [64], etc. However, most ditions. The reaction took place within only a few minutes
of the methods suffer from certain drawbacks including longto afford the product in excellent yields. As for an exam-
reaction times, unsatisfactory yields, low selectivity, lack ofple, acetylacetone reacted with aniline in the presence of

HCIO4-SiO, to form the correspondin@-enaminone (entry

3a) in 14 min (yield 98%) while in the presence of Bi(TEA)

* Part 64 in the series “Studies on novel synthetic methodologies.” ICT Com ] .
munication No. 051114, T6e], Zn(ClOy)2-6H,0/MgSQy [6f] and Ced-7H,0 [69] the

* Corresponding author. Tel.: +91 40 27160512; fax: +91 40 27160512. reaction was reportgd to undergo in 1h (vield 64%)’ 4h (yield
E-mail address: biswanathdas@yahoo.com (B. Das). 95%) and 35min (yield 76%), respectively. TBedicarbonyl
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_ R° available HCIQ and silica gel. It can conveniently be handled
o 9 E'Cl'ofsf'oz NH and removed from the reaction mixture. Thus the process is envi-
M + R*—N Soven e ™ ronmentally benign. The catalyst was recovered, activated and
R! R rt,5-14min R’ oS reused for three consecutive times with only slight variation in

90-99% the yields of the products.

In conclusion, we have developed a novel and highly effi-
Scheme 1. cient method for the synthesis pfenaminones anfl-enamino
esters by treatment g-dicarbonyl compounds with amines

compounds included here bophdiketones (linear and cyclic) N the presence of HCIPSIO, as a heterogeneous catalyst.
andp-ketoesters. They reacted equally with aromatic as well ad he solvent-free conditions, mildness of the conversion, simple

aliphatic amines. Both activated and weakly activated amine§XP€rimental procedure, clear reaction profiles, high yields and
afforded B-enaminones an@-enamino esters in high yields. chemo- and stereoselectivities, short reaction times and reusabil-

For instance, aniline reacted with ethylacetoacetate (entry 3g Of the catalyst are the noteworthy advantages of the protocol.
to form the product in 95% yield but earlier some methods efeelthe procedure_can be utilized for_large-scale eco-friendly
reported only moderate yield$e]. However, aniline with a  Preparation op-enaminones anfl-enamino esters.
strong electron-withdrawing group afforded low yield of the
products. As for an example, 4-nitroaniline reacted with ethy2. Experimental
lacetoacetate in the presence of HGIEIO, to form the corre-
sponding3-enamino esters in an yield of only 31%. Previously, 2.1. General procedure
the similar reaction carried out using Bi(TFAyielded no any
product[6e]. When 1,2-diaminoethane was used as an amine To a mixture of a dicarbonyl compound (1 mmol) and an
two equivalents of3-dicarbonyl compounds were required to amine (1.2 mmol) HCI@ SiO, (50 mg) was added. The mixture
form the products with two enamino groups (entries 3h and 3y)was stirred at room temperature. The reaction was monitored
The method was found to be highly chemoselective. Amineby TLC. After completion of the reaction mixture was diluted
attack only at the ketone carbonyl for both diketones gpd with EtOAc (5 ml) and filtered. The catalyst was recovered from
ketoesters. TheZj-selectivity in the products derived from the residue. The filtrate was concentrated and the gummy mass
acyclic diketones anfl-ketoesters was secured by intramolecu-was subjected to column chromatography over silica gel using
lar hydrogen bonding. In thEH NMR spectra the proton of the hexane—EtOAc (4:1) as eluent to obtain prenaminone.
—NH- group appeared in the regions®.5-12.5. However, the When ethanediamine (1.2 mmol) was used as an amine a
B-enaminones derived from cyclic diketone, sgimethyl-1,3-  dicarbonyl compound (2 mmol) was required and with-
cyclohexadione, displayed thel NMR spectra having the sig- propylamine (2.5mmol) a dicarbonyl compound (1 mmol)
nals for the non-hydrogen bonded proton of the -NH- group irwhile with iso-butylamine (2.5mmol) 5/&dimethyl-1,3-
the region ob 4.5—-6.5 and thus indicating thE)¢tconfiguration.  cyclohexadione (1 mmol) were reacted.
The X-ray crystallographic analysg8] of these molecules The spectral (IR'H NMR and MS) and analytical data of
also supported this stereostructure. The X-ray structure of ongome representative compounds are given below.
representativ@-enaminone3i) derived from aniline and 5/5 Compound3a: (Viscous); IR (Neat) (cml) 3209, 2924,
dimethyl-1,3-cyclohexadione is shownhiig. 1 1597, 1570, 1278, 752H NMR (CDClz, 200 MHz) § 12.48
The catalyst, HCI@ SiO, works under solvent-free hetero- (brs, 1H), 7.39-7.18 (m, 2H), 7.20-7.02 (m, 3H), 5.14 (s, 1H),
geneous conditions. It can easily be prepd@drom readily  2.08 (s, 3H), 2.0 (s, 3H); EIMS#{/z) 175 (M**); Anal. Calcd
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Fig. 1. X-ray structure of-enaminonedi).
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Table 1
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Synthesis of3-enaminones anfl-enamino esters using HCGBiO, under solvent-free conditiofs

Entry R! R? R Time (min) Product Isolated yield (%)
i
a Me Me Ph 14 <;>*NH—?:CH—C—CH3 98
CH,
i
b Me Me o-Me-Ph 14 NH—(|3=CH—C—CH3 90
CH,
i
c Me Me Ph-CH 12 QCHT NH—(|3=CH—C—CH3 93
CH,
i
d Me Me Ph-(CH)2 10 Q(CHQ)T NH—(|3=CH— C—CH, 97
CH,
I
e Me Me (CH)2CH 10 >*NH— ?: CH—C—CHj, 99
CH,
i
f Me Me (CHg)2CH-CH, 10 >—CH2— NH— (|3= CH—C—CH, 97
CH,
i
g Me Me CH-(CHa)7 10 CH3—(CH,);=NH—C=CH—C—CH; 98
CH,
i
h Me Me FoN-(CHy)> 12 —+ CH;—NH—C=CH—C—CH,], 95
CH,
(0]
i CHy-C(CHa)2-CH, Ph 10 @NH 92
(0]
i CH2-C(CHg)2-CHy o-Me-Ph 10 NH 91
O
k CH,-C(CHg)2-CH> Ph-CH 10 ©7CH2—NH 96
(0]
CH2-C(CHg)2-CH; Ph-(CH)2 8 ®(CH2)7NH 98
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Entry R! R? R Time (min) Product Isolated yield (%)
(0]
m CH,-C(CHg)2-CH> (CH3)2CH 6 >* NH 99
O
4
n CH,-C(CHg)2-CH2 (CHg)2CH-CH, 6 >*CH2— NH 99
(0]
o CHp-C(CHg)2-CH; CHs-(CHy)7 7 CH3—(CH,)>—NH 97
i
p Me OEt Ph 8 @*NH—C'): CH—C— OEt 95
CH,
. Il
q Me OFt o-Me-Ph 10 NH—?—CH—C—OEt 93
CH,
i
Me OEt p-Cl-Ph 10 C"@*NH—C'):CH—C—OE o
CH,
i
s Me OEt p-OH-Ph 12 HO—©7NH— ?: CH—C— OEt 92
CH,
i
t Me OEt Ph-CH 5 @CH; NH—lC:CH—C—OEt 98
CH,
i
u Me OFEt Ph-(CH)2 5 (CHZ)Z—NH—(I): CH—C— OEt o8
CH,
> I
v Me OEt (CHp)2CH 5 NH— cI:: CH—C—OEt %
CH,
i
w Me OEt (CH;)2CH-CH, 5 >*CH2— NH—(|3= CH—C— OEt 99
CH,
I
|
X Me OEt CH-(CHy)7 5 CH;—(CH,);—NH—C= CH—C—OEt 08

|
CH,
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Table 1 Continued)

Entry R? R? R Time (min) Product Isolated yield (%)
0]

I
—FcH— NH—|C:CH— C—OEt],

y Me OEt HoN-(CHz)2 6 96

CH,

a The structures of the products were determined from their spectroséepiNIR and MS) data.

for C11H13NO: C, 75.4; H, 7.4; N, 8.0. Found: C, 75.7; H, 7.1;  Crystal data of compoundi: X-ray data were col-
N, 7.4. lected on Bruker Smart Apex CCD diffractometer with
Compound3e: (Viscous); IR (Neat) (cm') 3390, 2925, graphite monochromated Mo oK radiation @=0.71073&).
1633, 1597, 1236, 87&H NMR (CDClz, 200MHz)§ 10.80  The structure was solved by direct methods using SHELXS97
(brs, 1H), 4.87 (s, 1H), 3.72 (m, 1H), 1.96 (s, 3H), 1.94 (s, 3H),(SHELDRICK, 1997) and refinement was carried out
1.26 (dJ=7.0Hz, 6H); EIMS fu/z) 141 (M**); Anal. Calcd for by full-matrix least-squares technique using SHELXL97
CgH1s5NO: C, 68.0; H, 10.6; N, 9.9. Found: C, 68.3; H, 10.9; N, (SHELDRICK, 1997). Anisotropic thermal parameters were
10.2. included for all non-hydrogen atoms. All hydrogen atoms
Compound3h: (Colorless crystals); mp 112-11€; IR  were geometrically fixed and were allowed to ride on the
(Neat) (cnm?) 3105, 2948, 1684, 1608, 1086, 738§ NMR parent atoms. GHi7NO, M=215.29, Pale yellow, crys-
(CDClz, 200 MHZz) 6 10.94 (brs, 2H), 4.98 (s, 2H), 3.46-3.41 tal of size 0.30 mnx 0.18 mmx 0.11 mm, Unit cell dimen-
(m, 4H), 2.0 (s, 6H), 1.94 (s, 6H); EIMS$(z) 224 (M**); Anal.  sion a=10.2805(6Q, »=13.0301(8R, ¢=9.4757(6)A and
Calcd for G2H2oN202: C, 64.3; H, 8.9; N, 12.5. Found: C, 63.9; 8=105.502(1), V= 1223.15(13)33, crystal system: mon-
H, 8.3; N, 12.9. oclinic, space group:P2i/c, Z=4, D;=1.169 Mg ms, u
Compound3j: (Brown color crystals); mp 108-1XC; IR (Mo Ka)=0.073mntl, F(000)=464, measured reflec-
(Neat) (cnT1); 3208, 2960, 1576, 1521, 1038, 726§ NMR tions =13820, unique reflections = 29021 = 0.0445 for 2408
(CDCls, 200 MHZz)$ 7.22—7.04 (m, 4H), 6.68 (brs, 1H), 4.96 (s, 1> 20(I) and 0.0523 for 2902 reflections k2 =0.1212 for 2408
1H), 2.33 (s, 2H), 2.18 (s, 3H), 2.22 (s, 2H), 1.08 (s, 6H); EIMSI > 25(I) and 0.1280 for 2902 reflections, GOOF = 1.056.
(mlz) 229 (M**); Anal. Calcd for GsH1gNO: C, 78.6; H, 8.3;

N, 6.1. Found: C, 78.0; H, 8.7; N, 6.3. Acknowledgements
Compoundk: (Pale yellow color crystals); mp 185-18C;
IR (Neat) (cnm?); 3227, 3032, 1684, 1540, 1151, 73H NMR The authors thank and CSIR and UGC, New Delhi, for finan-

(CDClg, 200 MHz) § 7.60-7.42 (m, 5H), 5.48 (brs, 1H), 5.22 cial assistance.
(s, 1H), 4.42 (dJ=7.0Hz, 2H), 2.43 (s, 2H), 2.24 (s, 2H), 1.16

(s, 6H); EIMS ¢n/z) 229 (M**); Anal. Calcd for GsH1gNO: C,  References
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