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Abstract: DL-3 3-Difluoroglutamic acid was synthesized from a masked 3-hydroxyprolinol, 6-hydroxy-1-aza-3-
. oxabicyclo[3.3.0)octan-2-one, in eight steps. The described synthetic route expands the utility of fluoroproline
derivatives as precursors of fluoroglutamic acids.

Prior research in this laboratory has identified the fluoroglutamic acids as useful modulators of folate poly-
Y¥-glutamate biosynthesis.! Specifically, L-threo-4-fluoroglutamic acid (25,4S5) has been shown to act as a
chain-terminating inhibitor of the enzyme folylpolyglutamate synthetase (FPGS, EC 6.3.2.17).2 The L-erythro
(25,4R) diastereomer is much less effective. Similarly, the erythro and threo diastereomers of 4-fluoroglutamic
acid, when incorporated into folic acid and the anticancer drug, methotrexate, have proven to be useful probes of
the role of polyglutamate biosynthesis in both folic acid-mediated one-carbon biosynthesis! and methotrexate
cytotoxicity.3 In contrast, we have shown recently that DL-3,3-difluoroglutamic acid acts as an enhancer of
polyglutamate chain elongation# Thus, we have the ability either to inhibit or stimulate the biosynthesis of the
polyanionic, polyglutamate "conjugates” of intracellular folates (and pharmacologically useful folic acid
derivatives such as leucovorin) or anticancer drugs such as methotrexate.5

Previous syntheses of 4-fluoroglutamic acid isomers or 3,3,-difluoroglutamic acid involved the use of
diethylfluoromalonate or 2,2-difluoro-4-pentenenitrile, respectively.34 Unfortunately, the supply of these
precursors is quite limited and the overall yield of the final fluoroglutamic acid product, especially in the case of
the 3,3-difluoro derivative, is extremely low. Therefore, we have initiated a synthetic program to provide an
ample supply of several fluoroglutamates for further biochemical and pharmacological studies. The general
approach is outlined in Scheme 1 and involves the use of proline derivatives as glutamate precursors.6
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In the present research, we have taken this approach to synthesize DL-3,3-difluoroglutamic acid. Based
on our previous experience with (diethylamino)sulfur trifluoride, (DAST), in the synthesis of 4-
fluoroglutamate,5 we planned to use this reagent to convert a 3-oxoproline to the corresponding 3,3-difluoro
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derivative. However, the requisite 3-ketoproline esters have been studied extensively by Rapoport et al., and
have been shown to be prone to facile rearrangement.” Therefore we chose a masked 3-hydroxyprolinol (2),8
with both the secondary amino and hydroxymethyl groups incorporated in a cyclic carbamate, as the starting

material (Scheme 2). In this communication the sunthecis of 1 from 6-hvdroxv-1-aza.3-oxabicvclol3.3.01
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octan-2-one (2) is reported.

Scheme 2*
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*Reagents: (a) (CF3C(0))20; DMSQ; EtsN; CH,Cl; (73%); (b) DAST, CHyCly, -78 °C — RT (64%);
(c) RuO, *xH70, 10% NalO;, EtOAc; (d) 6N HCl, A; () (Boc)20, NaHCO3CHCl3, HoO (92% from 4);
(f) CH2N2, Et,0 (93% from 6); (g) Conc. HC, A (7 — 1, 40%).

Oxidation of compound 2 under Swern conditions? afforded the ketone 3 (mp 98-99 °C) in 73% yield;
attempts to oxidize 2 with RuO4 resulted in low yields of 3. Treatment of 3 with DAST provided compound 4
in 64% yield as a yeliow 0il.10: 11 Attempts to oxidize 4 to the desired bicyclic lactam § with RuOy4 yielded
only recovered starting material after 5 days at ambient temperature.

Literature precedent is available for the oxidation of proline!2 and 4-fluoroprolineS derivatives to the
desired lactams in high yield. However, with a fluoromethylene group adjacent to the desired site of oxidation,
the latter compound is oxidized much more slowly than the non-fluorinated proline derivative. The presence of
an adjacent difluoromethylene moiety completely prevents RuQy4 oxidation.13 In this research, the
difluorooxazolidinone 4 was hydrolyzed to the prolinol derivative and converted to 7 in order to determine if a
3,3-difluoromethylene group would prevent RuO4-mediated oxidation to the difluoro lactam 8. Compound 4
was hydrolyzed in refluxing 6N HCI; the resulting crude difluoro amino alcohol solution was evaporated to
dryness and the secondary amine protected as the t-butyl urethane 6 in 92% yield from 4.14



4919

Compound 6 was oxidized to the carboxylic acid and the acid esterified with diazomethane to provide 7 in 93%
yield.15 The oxidation!2 of 7 to the B,B-difluorolactam 8 required 6-12 days stirring at room temperature. The
reaction mixture turned from yellow (RuQj) to black (RuO5) several times during the 12 days and required five
additional aliquots of 10% aq. NalO4 (2 mL/aliquot) to maintain the RuOy4 oxidation state. An analytical sample
of compound 816 was obtained by recrystallization from EtyO/hexane. Although attempts to purify 8 by column
chromatography failed,!7 the material isolated from the reaction mixture was sufficiently pure for use in the next
step. Thus, hydrolysis of compound 8 in refluxing 12 N HCl provided 1,18 the desired 3,3-difluoroglutamic
acid, in 40% overall yield from 7.

Having successfully achieved our goal of effecting an improved synthesis of DL-3,3-difluoroglutamic acid
using a racemic precursor, we should be able to extend this method to the stereospecific synthesis of the L-
enantiomer using an appropriate chiral precursor (Scheme 1). Such experiments are currently in progress.
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7: 1H NMR (300 MHz; CDCl3) 5 4.5 (m, 2 H, aCH), 3.70-3.50 (m, 5 H 3 CHp and CH3) 2.50-2.35
(m, 2 H, YCH3), 1.5 (d, 9 H, C(CH3)); 13C NMR (90 MHz; CDCl3) 3 167.8, 153.0, 126.1 (m), 81.0,
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5.41; N, 5.02. Found: C, 47.33; H, 5.23; N, 4.90.

Attempted purification of 8 by chromatography (solid phase-neutral alumina, silica gel, silica gel treated
with Et3N or (Me3Si);NH; mobile phase - 66% hexane in EtOAc) resulted in the elimination of HF.

1: 1H NMR (300 MHz; D70) § 4.65-4.51 (dd, 1 H, aCH), 3.60-3.36 (m, 2 H, YCH3); 13C NMR (360
MHz; D70) 3 170.7 (d), 167.2 (d), 119.2 (1), 57.5 (q), 39.9 (). 19F NMR & (282 MHz; CDCl3) 5 -22.1
(dm), -27.5 (dm). 19F and 1H NMR properties of 1 agree with authentic sample from Marion Merrell-
Dow.4
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