Tetrahedron Letters, Vol.31, No.47, pp 6789-6792, 1990 0040-4039/90 $3.00 +.00
Printed in Great Britain Pergamon Press plc

A Versatile Synthesis of Butenolides
Total Synthesis of (+/-)-Mintlactone

Robert M. Cory,* Brian M. Ritchie and Anita M. Shrier
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Summary: The butenolide monoterpenes, mintlactone and isominilacione, have been synthesized by a
new method for the preparation of butenolides from o.B-unsaturated esters by deconjugation, epoxid-
ation and rearrangement.

The o,B-butenolide (2(5H)-furanone) functionality is widely distributed in nature and has attracted a great deal
of synthetic interest.! We have now developed a new approach to the synthesis of butenolides and have applied it to
the total synthesis of three naturally occurring butenolides, terelactone (1) and the monoterpenes mintlactone (2) and
isomintlactone (3).2 Butenolide 1 has been isolated from the essential oils of a variety of plants,® while 2 and 3 are
found in peppermint oil, and 2 is also present in other Mentha species, including spearmint oil.
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The key sequence involves the preparation of the butenolide moiety from an o,B-unsaturated ester (4) by the
following series of reactions: deconjugations (LDA, HMPA, THF; AcOH or Mel) (with or with out concomitant
methylation at the a-position) to a B,y-unsaturated ester (5), epoxidation (MCPBA, CHCl,), and rearrangement of the
resulting B,y-epoxy ester (6) to an a,B-butenolide (7) with loss of alcohol (R;OH). The last step may be carried out
under either acidic or basic conditions,® and representative examples are shown in the table.

The yields are generally acceptable, and the conversion of the B,y-unsaturated ester (5) to the butenolide (7)
may be carried out without isolation of the epoxy ester (6). For example, treatment of unsaturated ester 5¢ with
MCPBA in chloroform followed by addition of trifluoroacetic acid {TFA) gave butenolide 7¢ in 72% yield.5 The
overall yield of 7¢ in two steps from o.B-unsaturated ester 4¢ was thus 43%.
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Conjugated Ester Deconjugated Ester | Epoxy Ester | Butenolide

Entry or Acid (% yield) % yicld) (% yield) | Method®
1 Y\ch“a 5a (62) 6a (55) 1o (26) A
da

2 /k%co “ 5b (70y° 6 (73) ™ (75) B
3 /‘\¢\co,cu, S (60) 6c (76) 7¢ (70) B

4 8 9 (80) 10 (70) 2/3 (68) A

9For 6 - 7. A = LDA, THF, HMPA, reflux; B = CF;CO,H, CHCl,.
bHydroxy ester (no butenolide formed).
“Over two steps: deconjugation (KOH, H,0, reflux) and esterification.
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The synthesis of mintlactone and isomintlactone started with Emmons-Wadsworth olefination of 4-methyl-
cyclohexanone ([MeO],POCH,CO,Me, NaH, benzene, 60-65 °C), which afforded o.,B-unsaturated ester 8 in 65%
yield. Alkylative deconjugation to 9 (mixture of diastereomers) and epoxidation to 10 (also a mixture) proceeded
without difficulty, and the key rearrangement step, performed under basic conditions, gave a 9:1 mixture of (+)-mint-
lactone (2) and (£)-isomintlactone (3), from which (+)-mintlactone could be isolated pure in 68% yield.? Rearrange-
ment of epoxy ester 10 under acidic conditions gave a complex mixture of products.
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A limitation of this method became evident when attempts to prepare the B-methyl substituted butenolide 7a
were not successful due to the failure of the last step. In this case acid-catalyzed rearrangement of epoxy ester 6a
gave a mixture in which 7a was not present, and treatment of 6a with LDA in HMPA/THF gave only a relatively low
yield of hydroxy ester 11, the remainder of the product mixture being non-volatile. Interestingly, 11 has been
converted to 7a by other methods.!0
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Although the formation of hydroxy ester 11 was not the desired result, it did offer some insight into the
mechanism of the base-catalyzed rearrangement. In fact, if HMPA and heat are avoided in those reactions which
would otherwise produce butenolides, only the corresponding (frans) hydroxy esters are isolated. For example, epoxy
ester 6b gave a 63% yield of hydroxy ester 12! on treatment with LDA in THF at -78 °C, and no butenolide could be
detected. As with 11, 12 has previously been transformed into the corresponding butenolide, terelactone (1 = 7b), by
more cumbersome sequences of reactions.” It would thus appear that HMPA is essential to facilitate the isomeriz-
ation of the intermediate E-o,B-unsaturated ester-alkoxide to its geometric isomer by intramolecular alkoxide
addition to the o,B-unsaturated ester moiety.'2 Cyclization of the Z-o,8-unsaturated ester-alkoxide to the correspond-
ing butenolide is presumably quite rapid.

OH
LDA
CO,cH, ——— > ™ co,CHs
(no HMPA)
6b 12

Failure of the acid-catalyzed rearrangement in the cases of epoxy esters 6a and 10 may be attributed to regio-
selective ring-opening of the epoxide in a sense opposite to the other examples, driven by carbocation stability. It is
particularly noteworthy that, in contrast to acid-catalysis, base-induced rearrangement of 10 to mintlactone and
isomintlactonec was successful, demonstrating that the two conditions are complementary to each other to some
extent and that both are therefore useful.
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