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Abstract

3(9 and 3R)-Benzyloxycarbonyl-pentanedioic acid motest-butyl esters §) were obtained as enantiopure
orthogonally protected tricarballylic acid (TCA) esters. These were synthesised by alkylation of the sodium enolate
derived from chiral but-3-enoyloxazolidinone imidé& ith tert-butyl bromoacetate; following the hydrolysis to
remove the chiral auxiliary, benzyl esterification afforded the 2-allyl succinic acid died}ataf were converted
to protected TCA esters after oxidation of the double bond. © 2000 Elsevier Science Ltd. All rights reserved.
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Tricarballylic acid (TCA) ) has a framework that bears structural similarity to several biologically
active compounds such as citric acid, amino aéfigxinst? and enzyme inhibitor&S In particular,
TCA has attracted the attention of several research gf8tipecause it was found as a fragment in the
mycotoxins, Fumonisins Band B, isolated from the corn pathog&usarium moliniformewhich have
been linked to human esophageal cancer in part of China and Southern Africa. To investigate the role
that the TCA framework should play in other biologically active compounds, we decided to use it as a
building block in our medicinal chemistry project$dowever, major synthetic problems arose from the

necessity to use orthogonal protection on the carboxylic groups of TCA.
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Previous syntheses of both enantiomers of dimethyl tricarballylic acid were described by Boyle
and Kishf2 using a modified Hanessian procedure for the asymmetric Michael addition of a chiral
allylphosphonoamide tebutyl sorbate as a key stégdowever, the resulting TCA dimethyl ester was
not suitable for our purposes due to lack of orthogonality between the two ester groups. Subsequently
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Wyatt et al® demonstrated that but-3-enoyloxazolidinones (of §p8cheme 1) bearing an Evans chiral
auxiliary are able to undergo diastereoselective alkylation by various electrophiles of type BixCH
(X=CN, COOMe), and the homologue of aspartic acid was synthesized stereoselectively. With this in
mind, the enantioselective synthesis of orthogonally protected TCA was planned as depicted in Scheme
1; t-butyl and benzyl esters were selected as protecting gfolgas;ing the third carboxylic functional

group unprotected (to obtain tyf@molecules). The allylic double bond of but-3-enoyloxazolidinones
3awas used as a masked carboxymethyl group and diastereoselective alkylation was performed using
t-butyl bromoacetate as the electrophile (recently Evans eg¢@brted a study on this kind of reactioh).

The resulting compoundlawas transformed into the target compoyB§6 by route ii—iii iv or iv—v. In

the first route the chiral auxiliary was removed frdmusing LiIOH/HO,/THF and, after work-up, the
resulting crude intermediate was esterified®lkylation with benzyl bromide/GE€0s. The oxidation

of compound5 with RuCk/NalOy in a biphasic systefnafforded the target compour(®)-6 in 29%

overall yield after flash chromatograpfy.
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Scheme 1. (i) BrCHCO,'Bu, NaHMDS, THF, 78°C (89%); (ii) LIOH/H,O,, THF, 0°C; (iii) C$COs, BnBr, DMF (66%);
(iv) NalOs/RuCl H,0, CCL/MeCN/H,O (49%); (v) BnOLI/BNOH, THF

In the alternative route the oxidation of the double bond of compaiandith the chiral auxiliary in
place gave a poor yield due to the difficulty of extraction of intermedrate®m inorganic salts. The
subsequent removal of the chiral auxiliary was effected by in situ benzyl esterifttatisimg freshly
prepared PhCHOLI in benzyl alcohol/THF. Although this route also furnished the expected compound
6 the separation from side-products and excess B@EHwvas, however, very tedious and the yield also
low. Using oxazolidinones a, b, ¢ and steps ii—iii—iv both enantioni@js6 and (S)-6 were obtained

(Table 1).
h
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In order to establish the enantiomeric excess of the TCA derivatives the Chiral Derivatising Agents
(CDAs) method was used and the resulting diastereoisomer ratio was checkidl K¥R. The
derivatisation of both(R)-6 and (S)-6 with D(+)-norephedrine, D(+)-methylbenzylamine and){
menthol did not give unequivocal results due to large overlapping of proton signals and poor magnitude

of the chemical shift differences. To improve the signal shift and to simplif¢thRMR spectra the free
carboxylate functional group was converted into the corresponding methyl ester and, after deprotection of
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Table 1

Entry  Product Yield%?

3a (9)-6 29
3b (R)-6 12
3c (R)-6 25

a: overall yield from acyloxazolidinone

the benzyl ester, CDAs were used on the free carboxyl group nearest to the stereocentre. The procedure is
described in Scheme 2. The methyl ester signals of compd@iaadd show'H NMR resonances at 3.59

and 3.69 ppm, respectively, and they were used to determine thé®e6dnd(R)-6.1* Mutual addition

of the NMR sampleB to 9, and vice versa, confirmed the assignment of the methyl ester resonance
signals. The diastereomeric ratio B® was 92:8 for8 and 3:97 for9.
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Scheme 2.

The absolute stereochemistry of compouR})l 6 was correlated with a compound of known absolute
stereochemistry. Compour{®)-6 was transformed (Scheme 3) in two steps into dial[ ]p3° 1.9
(c=3.2, CHCh),[ ]o 2.7 c=2.5, CHC}) lit.?2and [ ]p +2.2 c=2.6, CHC}) lit.22for the enantiomer.

The values of the optical rotation are very low and they were intended only from a qualitative point of
view to confirm the sign of optical rotation and so to correlate the absolute configuration of the TCA
derivatives with the reference compound.

¥ S SO of

Hooc. _A_ _OBn — ; -
\/}}/O Dioxane HOOC\/\H/OH 0°C HO ™~
o} o 10
R)-6
@ [@]p®!=+2.1 (c=2.2, CHCly) [@]p3=-19 (c=3.2, CHCl3)
Scheme 3.

In conclusion, an easy and approachable synthesis of both enantiomers, with good optical purity, of
tricarballylic acid (TCA) has been described. This synthesis also provides final products with orthogonal
protection in at least two out of the three carboxylic acid groups which renders the TCA moiety amenable
to regioselective insertion into larger molecules. Applications of these enantiomerically enriched TCA
derivatives as chiral building blocks for the synthesis of target compounds of medicinal interest is
currently under investigation
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