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A Convenient Stereoselective Synthesis of a (-)-Vertinolide
Precursor!
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Abstract: A short practical method for the enantioselective synthesis of (-)-vertinolide precursor 2 is described. The
readily available chiral B-alkoxy substituted acrylate 7 has been reacted with ethyl levulinate to form the tetronic acid
nucleus 8, which in three subsequent steps was converted (o the known precursor 2 in high overall yield.

Vertinolide (1), a tetronic acid derivative of fungal origin, was isolated from Verticulium intertextum? and
its chemical structure determined by X-ray analysis3. Three total syntheses have since been reported confirming
the assigned structure and establishing the 5-(S)-configuration45.6, However, considering the diverse biological
properties exhibited by tetronic acids and derivatives?, it remains worthwhile to develop new methods for the
synthesis of these compounds in optically pure form. Recent work from this laboratory89 has established a
simple route for the stereoselective synthesis of various substituted tetronic acid derivatives, utilizing the rea-
dily available g-C-lithiated acrylates as a C; building unit!®11, In continuation, we planned to utilize the above
mentioned pathway for a short enantioselective synthesis of the known (-)-vertinolide precursor 2 which can be
readily converted into 15-6. The results of our work are described herein.

From the retrosynthetic perspective, it is evident that a properly substituted p-lithioacrylate 3A, on reac-
ting with a levulinic acid derivative 4, should afford the fully substituted tetronic acid derivative 2 (Scheme 1),
a key intermediate in two of the reported total syntheses5-6 of (-)-vertinolide.
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Induction of the desired stereochemistry in the product was expected to te achieved by using a proper chiral -
alkoxy substituent in the starting acrylate.
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However, to our dismay, attempted reactions of ethyl B-lithio-2-methyl-3(1-phenylethoxy)propenoate
(5A)° with ethyl levulinate (4) failed to form the expected product 6 (Scheme 2), and the starting material was
recovered unchanged. This probably was due to the low nucleophilicity of the vinyl carbanion SA which in-
stead underwent proton exchange with the added levulinate.
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To circumvent this problem, we then reacted the vinyllithium derivative 7aA of 2-unsubstituted ethyl 3-(1-phe-
nylethoxy)acrylate (7a)® with ethyl levulinate (4) which underwent smooth addition to give the expected 5,5-
disubstituted tetronate 8a (Scheme 3) in good yield12; however, presumably due to similar steric demand of the
substituents in ketone 4 diastereoselectivity was not observed.
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i. LDA/THF, -100 °C, 45 min (- 78A, 7TbA); ii. H,c}k/\cozEt /THF, -100°--60 °C, 1 h.
+ yields in parentheses are based on 7 consumed
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In order to achieve better stereocontrol, the more bulky 1-mesitylethoxy group was then introduced as chiral
auxiliary in the starting acrylate (— 7b). Generation of 7bA and reaction with 4 improved the selectivity satis-
factorily and the product 8b (Scheme 3) was obtained in equally good yield. To complete the proposed synthe-
sis and in order to assign the stereochemistry, enantiomerically pure (R)-7b was reacted as above to yield the
tetronate (RS)- and (RR)-8b (Scheme 4); the minor diastereoisomer [(RR)-8b] was separeted by flash column
chromatography. The major isomer [(RS)-8b], a white crystalline solid (m.p. 119°C), was then converted to the
corresponding acid under standard reaction conditions. Introduction of the methyl group at 2-position was done
following a previously reported procedure!3. Trimethylsilyl iodide assisted O-deprotection then afforded the
pivotal vertinolide intermediate 214, This, on the basis of its spectral and analytical data and comparison of its
optical rotation ([a]p?® = + 5.8°, ¢ = 0.6, EtOH) with the reported compound ([a]p = + 5.2°, ¢ = 1.73, EtOH)!5,
was assigned the (§)-configuration, thus achieving the intended synthesis of 2 in high overall yield.
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i. LDA/THF, -100 °C, H,c)k/\cozst (68 %. Diastereoisomers separated by flash column chromatography).
ii. NaOH-MeOH; (qu). iii. LDA/THF, -0 °C, CHgl (85 %). iv. MeySil/CH,Cl,, r.t. (qu).

Scheme 4

In conclusion, the present method offers a short and enantioselective approach for the construction of a
key intermediate in the synthesis of (-)-vertinolide, using easily available and well established starting materi-
als; thus, it should prove to be a method of choice for the synthesis of this important structural unit.
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Preparation of 8: To a solution of LDA (5.2 mmol) in dry THF (15 mL) at -100 °C and under N, at-
mosphere, 7 (5 mmol) in THF (10 mL) is added dropwise with stirring. After 45 min a solution of 4 (5
mmol) in THF (5 mL) is injected to the reaction mixture and the temp. allowed to warm up to -60 °C
within 1 h. The reaction is quenched by addition of 25 mL of aq. saturated NH4Cl. Extraction with
ether (3 x 50 mL), drying (Na,SQ,) and removal of solvent gave the crude product as a yellow oil. Pu-
rification by flash chromatography (petroleumether/cthylacetate, 7:1) yielded the pure products. 8b
(major isomer): White crystalline solid (CHCly/petroleum ether), m.p. 119 °C. IH NMR (250 MHz,
CDCl3): § 1.27 (t, ] = 7.1 Hz, 3 H), 1.47 (s, 3 H), 1.69 (d, J = 6.8 Hz, 3 H), 2.08-2.39 (m, 13 H), 4.14
(q, J=7.1Hz, 2 H), 4.62 (s, 1 H), 5.48 (q, J = 6.8 Hz, 1 H), 6.84 (s, 2 H). 8b (minor isomer): White
crystalline solid (CHCly/petroleum ether), m.p. 75 °C. IH NMR (250 MHz, CDCl,): 5 1.21 (t, J=7.1
Hz, 3 H), 1.50 (s, 3 H), 1.67 (d, J = 6.8 Hz, 3 H), 1.94-2.28 (m, 7 H), 2.33 (s, 6 H), 4.07 (q, J = 7.1 Hz,
2H),4.67 (s, 1 H), 5.49 (q, ] = 6.8 Hz, 1 H), 6.81 (s, 2 H).
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The spectral and analytical data of all the compounds prepared are consistent with the assigned struc-
tures.
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