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Abstract: Alkylidene Meldrum’s acid easily reacted with silyl en01 ethers without any catalyst to afIord hetero 
Diels-Alder adducts which could bc. quantitatively hydrolyzed to obtain Michael adducts in good yields. The Michael 
adducts could he obtained d~~~~tive~y and could be converted to corregronding &ketoesters quantitativeiy. 

Michael reaction of silyl enol ethers is one of the most important tools for C-C bond formation. Although 

Michael reaction of silyl enol ethers with cx,&unsaturated esters are not successful, Lewis acid-promoted Michael 

addition of silyl enol ethers to a,&unsaturated orthoesters’ and thioesters2 have been developed.3 However, 

Michael reaction in a neutral condition is still desired. Meanwhile, alkylidene Meldmm’s acid 1, which can be 

readily synthesized from Meldrum’s acid4 and aldehyde,5’6. 1s known to be a strong electrophile, and is expected 

to be a good Michael acceptor. Although the reaction of 1 with vinyl ethers has been reported,7’8 hete.ro Diels- 

Alder adducts are obtained in poor yields and synthetic utility of the adducts has not been examined. Considering 

rhat silyl enol ethers are more nucleophilic and more easily available than the corresponding alkyl vinyl ethers, we 

examined the reaction of silyl enol ethers with 1 to find that hetero Diels-Alder adducts could be obtained and 

readily hydrolyzed to obtain Michael adduct diastereoselectively in high yield.9 In this paper, we wish to report a 

novel two step Michael reaction of 1 and silyl enol ethers 2. 

1) WHO, NaOMe 

2) HCI 

Meld~m’s acid 

The reaction of la with 2a proceeded spontaneously at room temperature in CDCl,, and finished within 30 

min. IH- and ‘3C-NMR spectra of the crude product clearly indicated the formation of herero Diels-Alder adduct 

3aa.‘O Any product other than 3aa could not be detected by NMR spectra. Since hydrolysis of 3aa proceeded 

during isolation, hydrolysis of the crude product with 1M aqueous HCI was positively carried out to obtain 

Michael adduct 4aa’ ’ instead of 3aa in 92 % yield. Further, benzylaimethylammonium fluoride-catalyzed 

desilylation in the presence of methanol was also carried our to obtain 4aa in 79 % yield. The reaction of la and 

2a was carried out in some solvent, such as dichloromethane, benzene, toluene, acetonitrile, THF, and DNF, 
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Table 1. Reaction of A~ylidene Mel~m’s Acids with Sibyl En01 Ethers 

1 2 Time (h) Yield of 4(%) syn : anti 

0 x JPMhS 2a 

0 

la la JI.yy 2b 

9TMS 

la 
2C 

la 

OTMS 
2d 

la 
?TMS 2* 

% 

la E:Z=12:88 
E:Z=67:33 

Et 

2a 6 96 

0 
Ph x 

O lc 

6 92 

12 69 14:86a) 

12 83 80 : 20 b, 

12 87 90 : 70 b, 

12 83 

12 80 24 : 76 bf 
12 72 28:72 

6 51 
24 80 

a) detemined by HPLC. b) determined by ‘H-NhlR 
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ahql~ no notable solvent effect on the yield of 4aa (80-92 %) was observed except for DMF. Since 1 

decomposed in DMF, only 30 % of 4aa was obtained. Thus, the reaction of 1 and 2 with various substituents 

was carried out in dichloromethane, and the results are summarized in Table 1. In every case, 4 was obtained in 

high yield by the hydrolysis with aqueous HCl, and any by-product was not detected. Longer reaction time were 

required to complete the reaction in the case of less reactive substrates. 

A significant feature of this reaction is its high diastereoselectivity. 
12 

It is noteworthy that silyl en01 ethers 

obtained from cyclic ketones, 2 c and 2 d, afforded mainly syn product, while silyl enol ethers obtained from 

acyclic ketones afforded mainly u&product. Interestingly, almost the same diastereo-ratio mixture was obtained 

using either Z-rich 2 for E-rich 2 f. Thus, the diastereuchemistry of the adduct is independent of the stereo- 

structure of the starting silyl enol ethers but dependent on the cyclic structure of the starting silyl enol ethers. 

Although the reason of such an unconventional selectivity is not clear at the present time, we speculated that 

thermodynamic stability of 3 may determine its stereochemistry. Furthermore, the selectivity was slightly 

enhanced by the lower temperature reaction (syn:anti = 7:93 in the case of the reaction of la and 2 b at -45 “C). 

4 could be readily converted to the corresponding 6-ketoester by the decarboxylative hydrolysis followed 

by the alkylation in high yield. For example, 4ab could be converted to &ketoester in 89 % yield. Thus, 

alkylidene Meldrum’s acid can be a synthetic equivalent of a, P-unsaturated ester as Michael acceptor, 

1) CH&OOH-H,O 

2) Mel, K2C03, acetone 
OOMe 

4ab 

COOEt 
To demonstrate the specific reactivity of alkylidene Meldrum’s acids, the reaction 

of diethyl ethylidenemalonate 5 with 2a was also examined although no reaction was 92 OOEt 

observed in spite that 2a is the most reactive silyl enol ether examined. 5 

A typical procedure is as follows: To a solution of 2a (106mg. 0.55 mmol) in 0.75 mL of dichloromethane 

was added dropwise a solution of la (85.1 mg, 0.50 mmol) in 0.75 mL of dichloromethane under an argon 

atmosphere, and the solution was allowed to stand at room temperature for 2h. After the completion of the 

reaction was checked by TLC analysis, 5 mL of dichloromethane and 5 mL of IM aqueous HCI were added, and 

the mixture was stirred vigorously for 10 min. The organic layer was separated out and the aqueous layer was 

extracted with 10 mL of dichloromethane. The organic layer was combined, washed with water, and dried over 

MgSO, before evaporation. 134.0 mg (92 %) of 4aa was purified by preparative TLC (eluenc hexane/EtOAc, 

2/l (v/v)) as white crystal. 
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In summary, silyl enol ethers reacted with alkylidene Meldrum’s acids without any catalyst to afford the 

hetero Diels-Alder adducts, which can be easily converted to the corresponding Michael adducts quantitatively. 

This novel Michael reaction may be applied for a wide variety of organic syntheses since the reaction proceed in 

neutral condition in high yield with high diastereoselectivity. 
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‘H-NMR (90 MHz, CDCl,) 6 7.65-7.30 (5H, Ar, m), 3.20-2.10 (3H, CH, and CH, m), 1.87-1.77 (6H, 

gem. CH,, three singlets), 1.43 and 1.30 (total 3H, two doublets, J=7.2Hz), 0.02 and 0.00 (total 9H, two 

singlets) ppm. 

13C-NMR (22.5MHz, CDCl,) 6 162.5, 162.1, 142.4, 142.1, 128.4, 128.2, 128.1, 127.9, 124.94, 

124.85, 105.3, 105.0, 104.9, 103.9, 84.5, 83.2, 46.4, 43.4, 27.4, 25.7, 24.4, 23.6, 22.7, 22.0, 19.5, 

18.6, 1.1, 0.7 ppm. 

‘H-NMR (90 MHz, CDCI,) 6 8.03-7.92 (2H, Ar, m), 7.65-7.35 (3H, Ar, m), 4.24 (lH, CH, d (J = 

2.9Hz)), 3.88-3.08 (3H, CH and CH,, m), 1.78 (3H, gem. CH,, s), 1.76 (3H, gem. CH,, s), 1.18 (3H, 

CH,, d (J= 6.8 Hz)) ppm. 

13C-NMR (22.5MHz, CDCl,) 6 200.0, 165.2, 164.8, 136.8, 133.4, 128.7, 128.0, 104.8, 48.8, 41.7, 

28.5, 28.4, 26.8, 16.6 ppm. 

IR (KBr) 1782, 1746, 1678, 1598, 1452, 1294, 1264,1209,754,690 cm-‘. 

Stereostructure of 4ac and 4af were determined by X-ray crystallography of the single diastereo-isomer, 

and that of the other Michael adducts were estimated by similarity of both ‘H-NMR specm and polarity 

comparing with those of 4ac and 4af. 
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