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Abstract: Several title compounds have been synthesized in good overall yields through highly
stereoselective Wiltig-Homer condensations of suitable phosphonates with enantiopure aldehydes easily

ohtained from og-ninene as chiral nrecurcor Theee nroducts nrecentine twn acymmetric carhone twa or
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four prochiral centers, and appropriate chemical functions, are versatile precursors to a variety of
cyclobutane amino acid derivatives. © 1998 Elsevier Science Ltd. All rights reserved.

The cyclobutane unit is present in an important number of natural products and pharmaceutically
interesting compounds.2 Among them, amino acids and peptides are relevant. Thus, Bell ef al’ isolated for the
first time, in 1980, 2,4-methanoglutamic acid and 2,4-methanoproline from the seeds of the plant Atelia Herbert
Smithii. Later, Austin et g al isolated other non- protein amino acids such as cis-1-amino-3-hydroxy-
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mcthylcnecyclobutanc- -carboxylic acid from the same material. These types of compounds have attracted great
attention during the last decade because of their biological activity owing to their antiviral, neurotropic,
analgesic, depressant, and antimicrobial propemcs Moreover, amino acids containing both a cyciobutane and a
cyclopropane ring have been synthesized and showed potent anticonvulsant activity. % Among the peptides,
(15,25)-1-hydroxy-2-[(S)-valylamino]-cyclobutane-1-acetic acid is an unusual dipeptide with antimicrobial
activity produced by Streptomyces species X-1092,” and synthetic methano tuftsin analogs show enhanced
biological properties with respect to the parent immunomodulatory peptide tuftsin.®

Although several cyclobutane amino acids and derivatives have been prepared, the syntheses described
for the optically pure products are scarce.” Therefore, our own interest in the synthesis of enantiopure

ates’ prompted us

ompted us to investig
optically active cyclobutane-containing compounds and related chiral synthons.

We present in this paper the efficient syntheses of the enantiopure aldehydes 3 and 4 which are useful
chiral building blocks to prepare a variety of products, and their application to the synthesis of the novel
cyclobutane dehydro amino acids 1 and 2 (Scheme 1). All these compounds are very versatile precursors to
polyfunctional amino acids with conformationally constrained structures. It is noteworthy that molecules 1 and
2 bear two asymmetric carbons with determined absolute configuration, provided by o-pinene, and two or four

prochiral centers at the olefinic carbons.
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Scheme 1

Oxidation of (+)-a-pinene vig a literature proccciure11 gave (+)-cis-pinonic acid 5 which is the starting
material for the two divergent synthetic routes shown in Scheme 2. This acid was methylated with diazomethane
to give keto ester 6'% which was treated with ethyleneglycol and PPTS in refluxing benzene to afford ketal 7."
The synthesis of aldehyde 3 was achieved through reduction of 7 with LiBHj, in refluxing THF to provide the
new alcohol 8" in 80%, followed by Swern oxidation (85% yield). Compound 3 was then obtained in 67%
overall yield from keto acid §. Wittig-Horner condensation of 3 with phosphonates 9a-c"’ gave

qtereosf.flecnvclv the dehydro amino acid derivatives 1a-c in about 70-75% yields of purified products. The

selective irradiation of the olefinic proton in 1a-c (triplet at 6.5 ppm) resuited in enhancement of the absorption
due to methoxyl protons (singlet at 3.75 ppm) as shown in Scheme 1. In no case was NOE on NH protons
(broad singlets at 5.9-6.8 ppm) observed. Moreover, olefin 1la was partially isomerized on standing as a
chloroform solution for several days. Actually, the 'H NMR spectrum showed two triplets for the two olefinic
protons and two singlets at 3.70 and 3.75 ppm. Only the latter, corresponding to the Z isomer, was enhanced
when both olefinic protons were presaturated.

In the second synthetic route, keto acid § was submitted to Lleben degradation by the action of sodium
hypobromlte in aqueous dioxane to afford (+)-c

subsequently reduced to diol 11. Swem oxidatic

~pinic acid 10."® This compound was methylated and
immediately condensed with phosphonates 9a,b to afford the bis(dide
40% yield for the two steps. Once again, the stereoselectivity of these condensations leading exclusively to Z
isomers as shown by 'H and ">C NMR is notable. Stereochemical elucidation was also made through NOE
experiments as described above for compounds 1a-c.

In conclusion, (+)-a-pinene has proved to be a convenient precursor to prepare the new cyclobutane
derivatives 1 and 2. Application of these products to the synthesis of other enantiopure amino acids is under

active investigation in our laboratory.
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PPTS, benzene, reflux, 3 h. d:. LiBH4, THF, reflux, 4h. e: (COCI),, DMSO, TEA, -60 °C.
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