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Retention of Valine Methyl Hydrogens in Penicillin Biosynthesis!

By D. Joun ABERHART* and JonN YEoUu-Ruon Cuu
(Maloney Chemical Laboratory, Catholic University of Amevica, Washington, D.C. 20017)

and NorBERT NEUss, CLAUDE H. NasH, JoHN Occorowirz, LYELL L. HucksTEP, and Nancy D La HIGUERA
(Antibiotic Development and Manufacturing and Lilly Research Labovalories, Eli Lilly Co., Indianapolis, Indiana 42606)

Summary [Mey,-*Hg]-D,L-valine has been synthesized and
incorporated into penicillin V. The mass spectrum of
the penicillin V methyl ester showed the retention of all
six deuterons in the biosynthetic product.

THE biosynthesis of penicillin, (I), has been suggested to
occur via a thioaldehyde dehydrovaline intermediate, (II),
derived from wL-cysteinyl-L-valine (R = H) or possibly
L-a-aminoadipyl-L-cysteinyl-L-valine (R = ¢-aminoadi-
pyl).%:® A variation on this mechanism, based on the ‘ene’
reaction of (III) was recently suggested.* In addition, the
structure (IV) was suggested® as an intermediate in the
biosynthesis of cephalosporin C, (V).

It appeared to us that an intermediate such as (IV),
bearing an isopropenyl group instead of an isopropylidene
group as in (II), could be also considered a reasonable inter-
mediate in the biosynthesis of penicillin. A variety of sul-
phenic acid derivatives have been observed® to cyclize
forming thiazolidine rings, e.g. (VI) — (VII). To test the
involvement of intermediates such as (IV) in penicillin
biosynthesis, [Me,-2Hg]-valine was synthesised. [Me,-*Hg]-
2-Bromopropane® was converted into diethyl{Mey,-2Hg]-2-is0-
propylmalonate which was hydrolysed, decarboxylated, and
brominated? to [Me,-2Hy]-2-bromo-isovaleric acid, which
with ammonia® afforded [Me,-2Hg]-D,L-valine. The N-
acetyl derivative had M+ 165 (C,H,DgNO;).

[Mey,-2H,)-Valine was added to a culture of Penicillium
chrysogenum, and the resultant phenoxymethylpenicillin
(penicillin V), (I) (R = PhOCH,CO), isolated as the potass-
ium salt. The 'H n.m.r. indicated the presence of ca. 109,
deuterium in the methyl groups. The corresponding methyl
ester of (I), prepared with diazomethane, was examined by
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mass spectrometry. The most prominent fragment at m/e consequently structures such as (IV) must be excluded from
174 [C,H;NGO,S, (VIIIa)] in the mass spectrum of unlabelled consideration as intermediates in penicillin biosynthesis.
penicillin V methyl ester was accompanied by a new frag- This work was supported by the National Institute of
ment (ca. 22%,) at m /e 180 [C,HgDgNO,S, (VIIIb)]. Thus, General Medical Sciences, U.S. Public Health Service.

the incorporation of [Me,-?Hg]-valine into penicillin pro-

ceeded without loss of any of the methyl hydrogens, and (Received, 8th May 1974; Com. 528.)
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