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Abstract: (TMS)cthyl malonate can be generated in-&u by irealing potassittm ethyl malonate with bimethylsilyl chkxide and 
xytated with aliphatic or ammatic ncyl imidnzoles or chlorides in the presence of DBU to prcpnre a variety of B_kc&aters. This 

comstilut#i a high yield method for pqaring p-ke&es@m. which also C~JI be extended to the formation of alkylidene malws. 

&ketoesm ate useful synthetic intermediates for the preparation of a variety of mmplex organic structares.* The. 

development of versatile methods for preparing f5-ketoesters extend their valae as synthetic tools. A number of methods involving 

the acylatioa d the enolates of malonates le3ding to fl-ketoestws have been reported? ‘Ihe otbm difficult task of avoiding 

cleavage of the acyl group on base or acid u~talyzed hydrolysis for dectixyltiiion has Ieud to various alternative methodologiw 

such as acylation of Meldrums acid? mixed malonate estersp and bi-trimethylsilylmalonates.s~6 Often a chelating effect has 

been employed to lock in the enolrte anion of malonaa using lithium and magnesium salt~.~ However, these methods o&en have 

the limitation that aliphatic pcylation do not give consistent yields. These difficulties lead as to devebp a novel preparation of 

fl-kc&esters by acybing the potassium salnlt of ethyl malonate in the presence of TMSCI and DBU. 
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Under anhydrous amditions potassium ethyl m&mate teadily rexts with TMSCI in xetcmitrik at 1~1111 tetnpuahue. 

The resulting in-situ generated (bimethylsiryl)elhyl malonatc undwgocs a facile reaction with acyl imidazoles or chknides in tht 

presence of DBU (Scheme I). On 4~31s workup ~ketoesters ace isohted in greater than 90% yields. Notwody is that bdh 

aromatic and alipbatic families of acylating species m compalible with this methodology and both give high yields. Listed in 

Table 1 are a variety of aliphatic and atyl acylating agents successfully utilized with this methodology. 
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Table 1. Prep&on of b-kcloestm with qrMS)ethyl Malonate hwnmdirte. 

lb 
90 

91 

c4f-v O# 

0 0 

92 

*For acyl imidazoles: KO$OCH2CO$t, TMsCl(1 equiv.). DBU (2 eqiv.); 

For acyl chlorides: K02COCH$O2Et, TMSCI (2 equiv.), DBU (3 e.qiv.),* 

Note thti the conditions can accommc&te a v.xiety of funtionalitiss. Acyl imidazules used were easily prepared from the 

carboxylic acid using l,l’-csrbcmyldiimidazole (CDI) in THF at room temperature or from the acyl chlorides md imidm.~le/t&thyl 

amine in THF. The acylation rmctions were aI1 done at 0-220c and the products isolated by extractive wok up. DBU is used BP 

both a base and acid scavenger. The advuntages of this methodology is the variety of organic classes which can bc accommodated, 

the ability to use the (bimethylsilyl)ethy1 malonate intermediate without isolation. and the isolation d product in high purity by a 

simple exb*Jctive w&up. This methodology is particularly suited for a sequential one-pot scale-up profess. 
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Judicious use of base appears critical lo the success of this methodology. espcctiy with aliphatic acylating agents. For 

example, when trimethylaminq/MgCI2 W(LP used in place of DBlJ as the base, rdiphatic acylatii did not occur. This is in 

agreement with previous reports by Rathke.5 With acyl imidazoles. 1 equivalent of TMSCI and 2 equivalents of DBU are 

necessary for optimum results. In contrast, ecylation of the (timethylsilyl)ethyl malomate intermediate with acid chlorides nquins 

two equivalents of TMSCl and three equivalents of DBU, one being used as the acid scavenger, to give best results. The acylation 

it~termediate daived with acid chlorides shows a popcnsity for rapid cleavage of the acyl group. which is mitigated if the 

intermediate- enolote $ trapped with the additional TMSCI. 

The ability to trap an intcrmediae enolate species as a trimethyhilyl derivative also provides a handle to extend the utility 

of this methodology to prepare alkylidene malonatcs. By treating the in-&u genemted (bimethylsilyl)ethyl maIorux!e with an 

aldehyde or ketone in the presence of DBU leads to the formation of alkylidene m&mates {Table 2).9 And unlike the classical 

Knoevenagel reoction,1° aliphatic aldehydes and ketones are suitable sub&r&s for condensation with this matonate variant . 

This method has the advantage over other reported methods1 1 developed for the condensation of aliphatic aldehydes and ketones 

with malonates in it’s mild reaction anditions and high yields. The (TMs)ethyl malonab method offers a wful scaleup 

wedure for the peparation of a. @msaturated malonates. 

Tabk 2. FTepiuation of Alkylidene Malonates with (TMS)ethyl Malonate Intermediate. 

Ertry R R2 Isolated YlfAd (%) E:Z 

1 Ph H 74 2:l 

2 W-6 W3 81 19 

In summary, a new versatile process is reported fur the preparation of p-ketoestas by generating (trimethylsilyl)ethyl 

malonate in-situ and treating this species with either xyl chlorides or ryl imidazolcs in the presence of DBU. This method is a 

high yielding reaction and can rcommodate both Pkyl and aryl acyloting agents. In addition, the QMS)ethyI malonate 

intcnnediate can be used to prepare alkylidene makmates by condensation with aryl or slkyl aldehydes and ketones. Farther 

stadies to extend this reaction’s usefulness are underway. 
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consistent with their ussigned structures. 

lo ~ohuson, I. R. Org. React. 1942, I, 2lOand Jones, G. Org Rroct. I967,15+ 294. 

l1 (a) Lehnert. W. Tetrahedron f&r. 1970.4723. (b) Idem. Tetraheciron 1973.635. (c) I&m. Tetrahedron 1972, 663. (d) Idem. 
Synthesfs 1974. 667. (e) Courtheyn. D.: Verhe. R. J. Org Chem. 1981. 46, 3226. (r) Ziegler, F. E.; Guenther, T.; NeLsm R.B. 
Synthefic Coutm. 196fJ,~O, 661~ (g) Link, R. D.; Verhe. R.; Monte. W. T,; Nugeut, S.; Dawsoh, J. R. 1. t?rg Chem 1982,47,362. 
(h) Trost. B. M.; Mussiot, G.S. J. Am. Chcn. Sot. 1977,99,4409. (i) Seebach, D. Tetrahedron. Lett. 1972,5 113. 

(Received in USA 19 Septenrber 1994; revised 12 October 1994; accepted 14 October 1994) 


