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Abstract

A mild version of the Lemieux—Johnson olefin cleavage followed by a peroxide-mediated dialdehyde oxidation
and esterification effected the conversion of 1-acyloxy-ghthalimido-2-cyclopentenyl esters teoxygenated-
N-phthalimidoglutamic ester derivatives. © 2000 Elsevier Science Ltd. All rights reserved.

Keywords:amino acids and derivatives; cleavage reactions; imides; osmylation; oxidation.

A resurgence of interest has surrounded thalidontide the development of its analogs and the
elucidation of its biological disposition in mammalian systénetabolic oxidation of thalidomide and
its hydrolysis products has been postulated as the pathway which produces the components responsible
for its teratogenic and antiangiogenic effetoth the phthalimide and the glutarimide domainslof
may be affected by putative oxidative and hydrolytic pathways in vivo which should ultimately yield
hydroxylated derivatives af-phthalic and glutamic acids (Eg. (1)). Intermediate products generated in
the hydrolytic cascade of thalidomide are a result of partial hydrolysis of either the glutarimide ring or
the phthalimide ring and include tiN:phthaloyl derivatives of glutamine and isoglutamine (glutarimide
hydrolysis) and the corresponding carboxybenzamidic acid derivatives of glutamine, isoglutamine and
-aminoglutarimide (phthalimide hydrolysid)The complex hydrolytic pathway exhibited hyogether
with the propensity ofl to racemize under physiological conditidnisivokes a number of possible
stages in the biological manifold for metabolic activation to occur. Current work in our laboratory has
involved the stereospecific synthesis ofand -hydroxy-2N-phthalimido derivatives of glutamic acid
and the corresponding-functionalized pentanoic acid derivatives with the long-term goal of preparing
the putative metabolites dfand their analogs for biological evaluati®frevious research in connection
with either the natural availability or synthesis ofhydroxyglutamic acid, a plausible starting point
for our requirements, and its derivatives has been sfaMeteover, the recent report by Stermitz
which described the isolation of an arylamide derivative-tiireo- -hydroxyglutamic acid frondustica
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ghiesbreghtianahas added further impetus to our studies in the general area of hydroxylated amino acid
synthesis. This letter details our progress in the stereospecific syntheisyafrbxythalidomidela.®
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Our initial studies utilized ( )-4-cyclopentene-1,3-diol-1-aceta@®(Scheme 1). The ()-monoacetate
2 was phthalimidated under the conditions [Pd(PRPPh/potassium phthalimide/THF/50°C/30 min]
reported by Deardorff thereby providing the ()-N-phthalimido alcohol3 as a crystalline solid in
69% vyield. Acetylation of3 with acetic anhydride/pyridine (rt/16 h) provided the){1-acetoxy-4N-
phthalimido-2-cyclopentengin quantitative yield after purification by flash-column chromatography on
silica gel. Cyclopentenyl acetatewas then submitted to the following sequence of reactions without
isolation of the intermediates (e.g., Scheme 1). Oxidative cledVaxje4 with OsQy/oxochromium-
(V1) to the intermediate dicarboxylic acid (d); intermediate glutaric anhydride formation promoted by
heating with acetic anhydride (e); intermediate glutamine/isoglutamine formation by reaction with 4-
methoxybenzylamine (2 and glutarimide cyclization promoted by heating with acetic anhydride (g).
Rather than the expectedacetoxyN-phthaloylN-PMB glutarimide, the -ketoN-phthaloylN-PMB
glutarimide5 was the major product isolated (8% overall). Presumably ttaeetate had hydrolyzed
during the oxidative cleavage and the resultant hydroxyl group suffered oxidation to give a ketoacid
intermediate.
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Scheme 1. Conditions: (a) Pd(RfhH PPh, potassium phthalimide, 50°C, THF, 30 min (69%); (b%8¢ pyr, 16 h, rt (99%);
(c) PhCOCI, DMAP, CHCI,, 0°C 1 h (94%); (d) Cr@, H,SOy, OsQ, acetone, KO, 15 h, rt; () AgO, 2 h, 100-110°C; (f)
4-methoxybenzylamine, pyr, 4 h, 100-110°C; (gh®¢2 h, 110-120°C (8% overall frod)

Several combinations/reagent systems composed of potassium metaperiodate/osmium tetraoxide/lead
tetraacetate/potassium permanganate/silver oxide and chromium trioxide were used in attempts to
mediate the mild oxidative cleavage of substras® an intermediate recognizable as the corresponding

-acetoxy dialdehyde or the corresponding dicarboxylic acid may be isolated; however, most of these
reagent systems gave intractable products or products in which there was evidence of hydrolysis of the
acetoxy group and oxidation to theketo function. The benzoate derivatida, prepared under standard
conditions (benzoyl chloride, DMAP, Gi&l,, 0°C, 1 h) in 94% yield, responded in the same fashion as
4,

In the enantiomeric series pivalate protection of2#yas explored and was a distinct improvement
in response to the oxidative cleavage. By this expedient the intermédatéhalimidodicarboxylic acid
could be isolated as the dimethyl ester f{)Scheme 2). Phthalimidation of commercially available (+)-
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(1R,39)-4-cyclopentene-1,3-diol-1-acetate (&)under similar conditions utilized for ()-2, furnished

the (+)-(1S 4R)-N-phthalimido alcohol (+38 as a crystalline solid in 74% vyield after purification by
flash-column chromatography on silica gel (3 +253, c=1.06, CHC$). Treatment of (+)3 with
pivaloyl chloride (DMAP, CHCI,)®2 for 2 h at 0°C provided the (+)-pivalate es@as a white solid

( 25+100,c=1.27, CHC}) in 96% yield after purification by silica gel flash-column chromatography
(hexanes:ethyl acetate, 3:1). The pivalate group appeared to be hardier to the conditions required
for oxidative cleavage and further oxidation to the dicarboxylic acid. The optimal conditions for the
cleavage o6 were found to be osmium tetraoxide (cat.) with KI@ glacial acetic acid (rt, 16 hY

The sensitive intermediate dialdehyde, detectable by ¥1.@as not isolated but directly treated with
peracetic acid (38% solution in aqueous acetic acid) for 4 h at 0°C and 32 h at room temperature to
provide the intermediate carboxylic acid. As in the case of the intermediate dialdehyde, the dicarboxylic
acid was not isolated but directly esterified with acetyl chloride (cat.) in methanol (rt, 12 h) which
furnished the (+)-(R, 49-diester7 (63% from6) after purification by flash-column chromatography

on silica gel (hexanes:ethyl acetate, 2:1) 3% +36 (€=1.39, CHC}).16 Interestingly, replacing the
OsQu/KlO4/peracetic acid/esterification sequence with KMn@cOH, H,O, 0°C, 2 h) resulted in a

46% isolated yield of diester (¥j-and ketodieste8 [(+)-7:8, 1:1]. In summary, we have developed a
straightforward stereospecific route teoxygenatedN-phthalimidoglutamate derivatives based on the
oxidative cleavage of intermediates procured by established functionalized cyclopentanoid cHémistry.
The glutamates will provide access to the corresponding oxygehbpddhalimidoglutarimide analogs

for evaluation as metabolites and potential angiogenesis inhibitors.
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Scheme 2. Conditions: (a) Pd(RPf PPh, potassium phthalimide, THF, 50°C, 1 h (74%); (b) pivaloyl chloride, DMAP,
CH,Cl, 0°C, 2 h (96%); (c) Os@ KIO4, AcOH, H,0, rt, 16 h; (d) CHCOOOH (38% in AcOH), AcOH, 0°C, 4 h/rt, 32 h; (e)
CH3OH, AcCl (cat.), 32 h, rt [63% from (+¥]
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