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The Michael reaction of 1,3-dicarbonyl compounds with enones Table 1. Michael Reaction of 1,3-Dicarbonyls with 2a in Water?

has provided a powerful method for the synthesis of 1,5-dioxo units o Q9 o o
as valuable intermediates in steroid chemidtip. a quest for o phr - COOE S e
improving the reaction, various metal complexes have been @’COOB te R _cooet o, 0% @(u/\\fo
developed as Lewis acid catalysts instead of conventional strong 1a =1 o 0 %o )I\)K 3d 3e
base< From the environmental standpoint, the reaction in water 1o n=4 )j?d)\ gz 2:1 o
as the solvent is desirable and has been reported with the use of temp. time yield®
rare earth metal complexé&mong these, rare earth metal trifluoro- ~ ©™Y  catalyst donor product  “ol Ty (k)
methanesulfonates [RE(OTf)are known as water-compatible 1 sc**-mont 1a 3a 30 0.5 99
catalysts' in which the RE™ aqua complexes, surrounded by the 2 Sc(OTh;, 1a 3a 30 0.5 7
less-nucleophilic OTf counteranions in the second coordination 2 YS;;mO"t 1a 3a 30 0.5 83
sphere, can act as Lewis acfds. particular, Sc(OTHis promising 4 Yo -mont 1a 3a 005 e
because of its significantly stronger acidity in comparison with that Z ;y:}z:i 1: g: gg g‘g Gi
of other RE(OTf}.° 7 no 1a 3a 30 05 0
Montmorillonites, hereafter referred to as monts, are hydrophilic  g¢ sc*-mont 1b 3b 60 2 80
clays and can be structurally defined as layers of negatively charged 9 Sc*-mont 1c 3c 50 2 97
two-dimensional silicate sheets that are separated by interlayer cat- 10 Sc**-mont 1d 3d 45 3 28
ionic species with high exchange ability for other metal polycations. Sc**-mont le 3e S0 1 97

Recently, we found that various metal cations are successfully ) ?ZRZeactiorlu)c&rgi(t?nsl;_)acTti%/e mgtal SP;CieLS (0.04 morlntol),fq“;)‘rlql[l(% mmol),
. - . . : . a(2.2 mmol), mL). The order of the Lewis acidity of M triflates
introduced within the interlayers, via a simple ion-exchange method, ;.2 foliows: sc (1.005 Y (0.85)> Yb (0.83)> La (0.82)> zn (0.71).

to afford metal ion species in unique structures as efficient solid The values of parentheses were the binding energy"dfwith O,*~. See
catalysts? In this contribution, we describe anBaqua complex ref 16 !n deiail.b Yields of products were determined by GC based on
that is enwrapped within the interlayer spaces of monts, using the g]oLr;or. S¢**-mont (0.05 g).1b (0.5 mmol), 2a (0.55 mmol), water (1
silicate sheet as the macrocounteranion having low nucleophflicity. '
This Sé*-exchanged mont (S8t-mont) was demonstrated 10 for the stabilization of monomeric metal species within the
function as an efficient catalyst for the Michael reaction of 1,3- interlayers of monts to serve as a heterogeneous catalyst.
dicarbonyls in heterogeneous systefh®ur protocol can be con- Initially, Michael reactions of ethyl 2-oxocyclopentanecarboxy-
sidered as environmentally friendly due to the following reasons: |gte 1a with 3-buten-2-onea (1.1 equiv) in the presence of W+
(1) employment of a nearly stoichiometric amount of the acceptors, mont catalysts were carried out using various solvéhits which
(2) use of water as the solvent, and (3) ability to recycle the solid water was the optimal solvent with respect to the yield of ethyl
catalyst. 2-o0x0-1-(3-oxobutyl)cyclopentanecarboxyl@a 5

Numerous metal cation-exchanged monts™{honts) were As shown in Table 1, higher yields &a were obtained with
prepared by treatment of Namont (Kunipia F, Kunimine Industry increasing Lewis acidity of the metal cations (entries 6316
Co. Ltd.; Na, 2.69; Al, 11.8; Fe, 1.46; Mg, 1.97%) with aqueous and accordingly, the most acidic 8emont corresponded to the
solution of various metal triflates. For example, &'Smont was highest yield of3a (entry 1). This trend clearly demonstrates that
obtained from Sc(OT#)(Sc content: 0.396 mmolg) as a light- the Lewis acid sites of the M-monts play an important role in
gray powder!12X-ray diffraction studies verified the retention of  the above Michael reactions. Furthermore, th& Soont exhibited
its layered structure with a basal spacing of 3.6 A, and its XPS significantly higher catalytic activities than the homogeneous Sc-
spectra (Sc 2y = 402.6 eV) revealed the formation of trivalent  (OTf); complex (entry 2). Since elemental analysis showed the
Sc species. The lack of peaks in the vicinity of 2.8 A in the Fourier absence of the OTf groups in the solid catalyst, the remarkable
transform ofk®-weighted Sc K-edge EXAFS showed that the Sc catalytic activity of S&-mont might be attributable to the low
species is monomeric. The peak at 1.7 A was assignable to-a® Sc  nucleophilic silicate layers as the macroaniérsnder aqueous
moiety; the interatomic distance and the coordination number were conditions, the Michael reactions were extended to other 1,3-
2.13 A and 6, respectivelp. Conclusively, a monomeric aqua Sc  dicarbonyl substrates (entries-81).
ion | is formed within the interlayer of the mont. It has been reported  Treatment of a 1:1 mixture dfaandl1b with acceptorain the
that, under agueous conditions, a homogeneous aqua complex, [Scpresence of the St-mont catalyst in water afforde8a predomi-
(H20)s)3", readily underwent hydrolysis to yield OH-bridged dimers nantlyl” This preference can be attributed to highly hydrophilic
and trimerst* The present preparation method, which involves the character of the S¢-mont, in which water molecules on the
cation-exchange ability of monts, can provide a powerful protocol interlamellar surfaces exclude the more hydrophdbicfrom a
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Table 2. Michael Reaction by Sc3*-mont without Solvents?@ Scheme 1
4 t duct temp. time yield”
entry donor acceptor product c) () (%) _|3+ o o . —|2+ ”
1 1a Y2 3 20 3 97 e RO Rs —Fq R, Ra o |
0 H,0< 1 _OH, Ra 5 o)j’\ N
2° 1b 2a 3b 50 4 80 it —2 . O R o LR
3 1 2 3 50 1 99 o | o 2 o | on Ho 8K R
c a c OHy Pz 2 OHSHz I 2 [ oH,
4 1d 2a 3d 40 2 94 + H0* HO ot
5 1e 2a 3e 50 1 99 1 |
o
6 1a A COoH 40 2 9% o o~
O 2 3 /“\/X:'“
o R )R
7 1a Q COOEt 70 5 999 [¢}
o2c 3g
@ R coo y Sct-montl® and (ii) Sc(acag)did not catalyze the Michael reaction
’ a o %o oo % of 1d with 2a2°
2d N 3h In conclusion, the monomeric Sc species, having hexa-
9° 1a #"COOEt cogoEtOEt 160 2 70 coordinated aqua ligands, was formed within the interlayers of
2e o 3i montmorillonite via a remarkably simple method. This protocol

10° EtOOCCOOEt 2 QCOOE‘ 120 2 91 provided a highly active heterogeneous catalyst for Michael
1f 3 ookt reactions under aqueous or solvent-free conditions. Moreover, this

a Reaction conditions; S¢-mont (0.1 g, Sc: 0.04 mmol), donor (4 catglyst was reugaple without any. appreCIabIe Iosse§ in Its hl.gh
mmol), acceptor (4.4 mmolY. Yields of products were determined by GC ~ activity and selectivity. Further application to asymmetric catalysis
based on donof. S¢T-mont (0.025 g)1b (1 mmol),2a (1.5 mmol).¢ A remains to be exploited.

1:1 diastereomeric mixturé. A stainless steel autoclave was used®'Sc : :

mont (0.1 g), donor (1 mmol), acceptor (1.1 mmol). &M (1 mL). Acknc_)wledgment. We thank Dr. Hisao Yoshida at Nagoya
University for XAFS measurements.

catalytic site of S&" species. This selectivity is markedly in contrast Supporting Information Available: Experimental details and curve

to that of the Bransted acicsurfactant-combined catalyst. fitting analysis (PDF). This material is available free of charge via the

Upon completion of the reaction, the Bamont catalyst was Internet at http://pubs.acs.org.
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