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Absiract: 'The solid phase synihesis of unsymmeirical substituied methylene malonamic acids 7 and methylene malonic
ester mono acids 8 is reported.  Resin-bound malonic acid 3 is obtained by treatment of Wang’s resin with Meldrum’s
acid. The free carboxylic acid can be derivatized to atford either esters or amides, which readily undergo Knoevenagel
condensation with aldehydes. Cleavage with TFA affords unsymmetrical B-substituted methylene malonamic acids or
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malonate mono acids. © 1998 Elsevier Science Lid. All rights reserved.

Combinatorial chemistry and the construction of libraries of small organic molecules have been shown to be

highly useful tools for accelerating lead discovery and development in both pharmaccutical and agrochemical
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paraliel synthesis and combinatorial techniques.” We have previously reported on the solid phase synthesis of
pyrrolidinones,® pyrimidines’ and oligomeric N-substituted-B-amino acids.® Knoevenagel condensations of f-
ketoesters and malonate esters on solid supports have also been reported.” In the course of our work, we
required a method for the preparation of novel B-substituted methylene malonates as intermediates in
heterocyclic synthesis and a means of preparation of unique malonamic acids. We describe here the direct
preparation of resin-bound malonic acid and malonyl chloride as versatile intermediates for the solid phase

svnthesis of malonates and malonamates,
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We investigated resin-bound unsymmetrical derivatives of malonic acid as a means of obtaining the
simultaneous protection of one carbonyi group via attachment to the resin support. This approach ieaves the free
carboxylic acid functionality available for derivitization to amides or esters. Lenzoff and coworkers® had
previously reported the synthesis of polymer-bound unsymmetrical diacid derivatives; however, they had not
reported on the use of malonic acids in their studics. Our attempts to prepare support bound malonic acid in an
analogous manner from malonyl dichloride were unsuccessful. However, we found that ethyl malonyl chloride
was readily converted to N-benzylmalonamic acid 1, which was attached to Wang’s resin using DIC/DMAP
coupling to give 2. FTIR of the resin 2 showed the presence of two carbonyl stretches at 1740 and 1683 cm’'

>
corresponding to the ester and amide, respectively. Resin bound unsymmetrical malonates have been prepared
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directly from methyl malonyl chloride, however these intermediates do not have a free carboxylic acid for
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bound malonic acid 3 directly. The malonic acid resin can be converted to malonamic ester 2 by sequential
treatment with oxalyl chloride to give acid chloride intermediate 4 followed by benzylamine. Loadings of 2 by
either the acid chloride route or directly from N-benzyl malonic acid monoamide were similar, providing greater
than 90% conversion as determined by %N analysis of the polymer. The acid chloride 4 is a highly versatile
intermediate for preparation of a wide variety of malonic acid derivatives from amines and alcohols. Treatment
of 4 with trifluoroethanol gave unsymmetrical malonate 5, which displayed two absorptions by FTIR at 1741 and
1770 cm’. Gel-phase "’F NMR of a suspension of § in "d-DMF gave a signal for the CF; group at -74 ppm.'’
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Solution-phase conditions for the Knoevenagel condensation typically utilize catalytic amounts of piperidine
(as the free amine or acetate salt) in benzene or toluene.'' Treatment of 2 with 3 equivalents of benzaldchyde,
using 0.25 equivalent of piperidine acetate in toluene, provided quantitative conversion to the desired
condensation product 6. FTIR spectroscopy showed a shift in the carbonyl frequencies to 1717 and 1671 cm’,
as expected for an unsaturated ester-amide. Treatment of polymer 6 with TFA gave the methylene malonic acid-
amide 7 in a 98:2 mixture of isomers as determined bv LC-MS and NMR of the crude cleavage product. The

s using the standard conditions'? is illustrated in the accompanying table.
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Knoevenagel condensation of malonate ester 5 was also demonstrated with benzaldehyde and 4-

fluorobenzaldehyde. Since the ester contains a CF; group, the products were observed directly by gel-phase "°F
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ratio corresponding to the two geometric isomeric products. Cor
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resin 9, which shows an additional fluorine signal in the nmr, correspondin
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e determination of the E:Z ratio directly on the resin for comparison

to the ed materia eavage in products 8 and 9 afforded a 1:1 mixture of the E:Z
isomeric malonate mono acids.
Table. Knoevenagel Condensation of 2 with Aldehydes.
Entry R FTIR Carbonyl Yield of 7 Ratio (E:Z)
.\_/ %
6a g 1713, 1668 45% >08:<2

H
VI T
6b N7 ¢ 1709, 1667 48% (78%)" >98:<2

, 1669 89% 92:8

F— TN
| \ /) § 1719 14££0 £10/ 00.19
6a — 1712, 1668 61% 86:12
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L4 1713, 1000 “J7/0 “40.00
A 1A jedicate lonlatad smatarial aftar giling  ohramatagranhy © Viald af cmida  smatarial  omeiae fo
1 ICIUD aicalc DUiaicu 1 iCllal ailci >Milva uvinulnl I.U51a 11 IICIU ULl vluug itatuiiar PllUl o
chromatrography. The cleavage products have been fully characterized by nmr, ms and elemental analysis
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9  gel-phase "°F nmr: 5-73.4,
-73.9, -109.0 ppm

In conclusion, we have successfully applied the Knoevenagel condensation to polymer-bound malonic acid
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intermediates as a means of monitoring reactions and determining the structure of new products. In our case, '’F

NMR allowed analysis of E:Z ratios of isomeric products directly on the resin. We are currently pursuing the
preparation of heterocyclic and oligomeric libraries using these novel substituted methylene malonic acid
derivatives.
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